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HOW.| NG ®EMOVER COVPOSED OF ADJUSTABLE EQUALI ZERS FOR ATTENUATI NG

COVPLI'GATED NO SE PEAKS BACKGROUND OF THE | NVENTI ON The present invention
relFates\tofa how i ng renover of an audio anplifying apparatus for _
efficientlly renoving or reducing a howing noise generated in a listening
room or )t e like having a conplicated frdquency response. In the audio.
anpl i fyi'ngNapparatus or system concurrently using a m crophone and a

| oudspeakei’, a s gf%% f @%@E& y walls
of the room andﬂ@Wﬁzmmm mﬂ/ﬁ? _ tiﬁiﬁt‘éiﬁu d_erate

t he how i ng nois Lng I I o .
anplifying syst em%%mwmﬁﬁiﬁwmmgwmﬂ&%ﬁ shows a
conventional structure of the howing renover 1. As shown in the figure, a
signal generating circuit 10-is pra¥ tBEgeK&r ate a white noise having a
flat frequency spectrum A |oudspeaker 11 and a m crophone 12 are connected
to the howling renover 1. A plurality of band pass filters (BPFs)

13[err]-13[err] have respective center frequencies which are set
differently fromeach other. A plurality of peak

BACKGROUND OF THE INVENTION

The present invention relates to a howling remover of an
audio amplifying apparatus for efficiently removing or
reducing a howling noise-generated in a listening room or the
like having a cbmplica.ted_ frequency response.

In the audio amplifying a,ppa,ra,ttis or system
concurrently using a microphone and a loudspeaker, a sound
generated by the loudspeak is reflected back by walls of the
room, and is then collected by the microphone to thereby
generate the howling noise. Thus, the howling remover is
required in the audio amplifying system to remove or prevent
the howling noise.

FIG. 11 shows a conventional structure of the howling
remover 1. As shown in the figure, a signal generating circuit
10 is provided to genera,teza_{ white noise having a flat
frequency spectrum. A loudspeaker 11 and a microphone 12
are connected to the howling remover 1. A plurality of band
pass filters (BPFs) 13;-13, have respective center frequencies

which are set différently from each other. A plurality of peak
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hol ding circuits 14[err]-14[err] rectify output signals of the
correspondi ng band pass filters 13[err]-13[err], and hold respective: peaks
of "the rectified output signals. A selector 15 sequentially selects outputs
of the peak holding circuits 14[err]-14[err] to feed the sel ected outputs
to an A/D converter 16. A CPU 17 control,s operation of the selector 15, and
measures each peak val ue which is dlgltally converted by the A/D converter
16. Further, a single equalizer circuit 19 and an aggilfler circuit 20 are

provi ded in t Heoldongi cigcuisoldr14, rectifycpudpussignads pbthef the how i ng
renover 1, switches SW._and SW2 are placed in an initial state as shown in
the figure. Thmorresplenpdisig barid gmssrgltess f13e—1B} ; andohold raspagtivee f1 at
spectrum t hroughout an audi ble frequency range, while the m crophone 12

col lects a soyrehkd of tthiesreutified imrtputhsignalsopbsetectdrpiks up a direct
sound transmtted back fromthe | oudspeaker 11 and an indirect sound

reflected backe E;?mmu %e@écttsh@utplms of therpeak Holdingtdiec@y 17 operates

the selector 15 to successively latch and neasure the respectlve peaks

outputted fr O”.E t aﬂgf@@&%hfé sdigeted it 1%3 S,hrA D @rReedr 16denti fies

particul ar one and pass filters 13[err]-13[e r] or BPF channel s,
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band each peak value which is digitally converted by the A/D
converter 16. Further, a single equalizer circuit 19 and an
amplifier circuit 20 are provided in the howling remover 1.

In such a construction of the howling remover 1, switches

SW1 and SW2 are placed in an initial state as shown in the
figure. The loudspeaker 11 generates the white noise having
the flat spectrum throughout an audible frequency range,
while the microphone 12 collects a sound. In this situation,
the microphone 12 picks up a direct sound transmitted back
from the loudspeaker 11 and an indirect sound reflected back
from walls or the like of a room. Then, the CPU 17 operates
the selector 15 to successively latch and measure the
respective peaks outputted from the band pass filters 13;-13,,.
The CPU 17 identifies particular one of the band pass filters
13,-13, or BPF channels, which provides a significant peak
exceeding a reference level. Further, the CPU 17 selectively

lowers a gain of the equalizer circuit 19 at a frequency band

corresponding to the significant pea;k so as to suppress an
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corresponding to the significant peak so as to suppress an 3 out put
anplitude of the corresponding frequency band. Thereafter, the switches SW
and SW2 are reversed to a nornal state so that an input signal fromthe

m crophone 12 is fed to the equalizer circuit 19 while an output signal of
the equalizer circuit 19 is fed through3he anplifier circuit 20 to the

| oudspeaker 11 which generates a sound. In this operation, the equalizer

circuit 19 has the | owered gain t he band ere the how,i ng,occurs,
t her eby suppr e@@tm@ttﬂépﬁéﬂ%ﬁ@f %ﬁﬁs@ré"@wan 88 LFeqHe<H dol | ect ed by

t he m crophone. Cenerally, the, above_ nentioned _conventional, how ing renover
has only 5 t hr'Shgeaftenpibbe switches SWiL M%NVIZ are reverseshtara | | 21 tation
by hardware construction. However, if an actual noise spectrum peak of the
how i ng noi se doemala@tatean that ammpeat sighabfromfthemioroploner #3uenci es
of the band pass filters 13[err]-13[err], the renover cannot sufficiently
renmove the hows fed 00itise eg(lélieér witaditi 5® while sl oudpittysighal fof theced

center frequencies of the BPF channels are set at a rather coarse pitch
throughout theegusllies cirdifie 19 ¢ €ed ttheough the amplifier circuit 20 to
the loudspeaker 11 which generates a souﬁd. In this |
operation, the equalizer circuit 19 has the lowered gain at the
band where the howling occurs, thereby suppressing the
howling noise contained in the sound collected by the
microphone.

Generally, the above mentioned conventional howling
rerﬁover has only 5 through 9 number of the band pass filters
in view of limitation By hardware construction. However, if
an actual noise spectrum peak of the howling noise does not
exactly coincide with one of the center frequencies of the
band pass filters 13i—13n, the remover cannot sufficiently
remove the howling noise. Stated otherwise, the plurality of
the fixed center frequencies of the BPF channels are set at a
rather coarse pitch .through-out the audible range, hence the
actual howling frequency often falls inbetween to thereby fail
to efficiently suppress the howling.

Further, as mentioned before, the microphone collects
mixture of the direct and indirect sounds transmitted back

from the loudspeaker. Particularly, in a relatively small



actual how ing frequency often falls inbetween to thereby fail to
efficiently suppress the howing. Further, as nentioned before, the

m ¢rophone collects m xture of the direct and indirect sounds transmtted
back fromthe | oudspeaker. Particularly, in a relatively small 4
listening room the indirect sound exceegs a negligible |level to cause
conplicated nultiple reflection and interference. Consequently, the small
and cl osed room may, exhi bit cqomplicated frequency respgnse which
generates a pl LSAERIBE 5PORR; tle dpdimachmqind exseedha Reglighglentsivel tol n such
a case, the conventional howing remver only carries out a band
attenuation at causexamphicateddaudtiyilegeffectipmenny intetferenceeby failing to
sufficiently prevent the howing. In order to obviate such a drawback, a
great nunber ofCamsedirentlpathe fsohaHrandeslobed irosmlmesyt ddyilyit & he practi cal
limtation of the hardware construction. However, as the nunmber of the band

e T 0 separate rocoect Vb pars Bande T om cash oEnr e D o2
shown in FIG hdisd BpebRAtm'pehaRs Of @RC hokdAtls RAsiSe.l Thistichi 8 &let @hel ¥
conventional howling remover only carries out a band
attenuation at a fixed and predetermined frequency band,
thereby failing to sufficiently prevent the howling.

In order to obviate such a drawback, a great number of
the band pass filters may be installed beyond the practical
limitation of the hardware construction. However, as the
number of the band pass filters increase, a Q value of each
band pass filter must be raised so as to separate respective
pass bands from each other. In such a case, as shown in
FIG. 12, the band width of each band pass filter is certainly
made narrow; however, a slope of the pass band is extended
to a higher frequency range. Therefore, an averaged output
level of the band pass filter does not signiﬁcanﬂy vary though

~ a signal component significantly varies around a center
frequency fj of the pass band. Stated otherwise, the
sensitivity of the band pass filter to the signal is rather
degraded as the Q value increases. Therefore, a loop gain of

an audio amplification system could not be measured

accurately, thereby failing to sufﬁciéntly prevent the howling.



made narrow, however, a slope of the pass band is extended to a higher
frequency range. Therefore, an averaged output |evel of the band pass
firter does not significantly vary though a signal conmponent significantly
varies around a center frequency f[err] of the pass band. Stated otherw se,
the sensitivity of the band pass filtersto the signal is rather degraded as
the Q vaIuFdincreases. Therefore, a loop gain of an audio anplification
system cou not be neasured, accurately, thereby fajling to sufficientl
prevent the how i ngecentlye ackaraoke appagakus aprxémdhé Pio?’fmléﬁl%ﬁ y
popul ari zed, hence there are many chances where the karaoke apparatus is
instal l ed i n hemee bhere anvetmgayhchances veheratbe dwraokerapparatiroihone.
There is a keen demand to suppress the how i ng under such a room situation
havi ng a conplinstaldd finegquearmpw espon sogeSbVARYhCE 16HE spsiairia@d lan vi ew
of the above noted drawbacks of the prior art, an object of the invention

is to provide miGphote’ vy iskilederc densahdi o eappyesy eheiowlingM i ng
noi se even in a room having a conplicated frequency response. In a general

formof the inysakt Quchds rYRA'SH 1LY having a complicated frequency

response.
SUMMARY OF THE INVENTION

In view of the above noted drawbacks of the prior art, an
object of the invention is to provide a howling remover which
can sufficiently prevent a howling noise even in a room having
a complicated frequency response. )

In a general form of the invention, an apparatus for
amplifying a sound while suppressing a howling noise
comprises collecting means for collecting a sound and for
converting the collected sound into a corresponding input
signal, generating means for amplifying the input signal to
generate the sound, a plurality of attenuating means
interposed between the collecting means and the generating
means, each attenuating means having a vaﬁable attenuation
frequency for attenuatively filtering the input signal around
the attenuation frequency, detection means for detecting a

plurality of noise spectrum peaks of the howling noise

contained in the collected sound, and adjusting means for



anplifying a sound while suppressing a howing noise conprises collecting
nmeans for collecting a sound and for converting the collected sound into a

correspondi ng i nput signal, generating neans for anplifying the input

signal to generate the sound, a plurality of attenuating neans interposed

bet ween the collecting means and the gengrating neans,

each attenuating

means having a variable attenuation frequency for attenuatively filtering

t he input signal_around the attenuati’alojn frequency, . det ection ggﬁgs for

detecting a pl

contained in the collected sound, and adjusting neans_for

adjusting gespectivesyda tendsatapd: HEANERCIET Oh dhse

respective varphiradityt obbbetatéannabing neeans eorrespondinglytto shet he
attenuating neans correspondingly to the plurality of the detected noise

spect r um peakspluralityr ebyhe adebeetedendiselspegtmeis peaksnta hhepeher at ed

sound. In a first specific formof an audio anplification systemcontrolled '

by an oper at orrean@vhatientosdimg resibé feoin thergse:

for converting the collected sound into a correspondi ng i nput signal,

sound generati
si gnal

6. adj usti ng

rhded sghimedt i ng a sound and

and

g "RARBSfitSChpetiit formusbaaakedid amplificatiomeystemi nput

controlled by an operator and having sound collecting means
for collecting a sound and for converting the collected sound
into a corresponding input signal, and sound generating
means including a loudspeaker for amplifying the input signal
fed from the sound collecting means to generate the sound
through the loudspeaker, the inventive howling prevention
apparatus comprises a plurality of attenuating means
interposed between the sound collecting means and the sound
generating means, each attenuating means having a variable

attenuation frequency adjustable for removing a howling

noise having a plurality of noise spectrum peaks contained in

“the collected sound, operation means actuated by the

operator for producing an operation signal, selection means
actuated by the operator for selecting each of the attenuating
means, and adjustment means for sweeping the variable
attenuation frequency of the selected attenuating means in
response to the operation signal so as té a.djuSt the variable
attenuation frequency to one of the noise spectrum peaks of

the howling noise.



fed fromthe sound collecting neans to generate the sound through the
| oudspeaker, the inventive howing prevention apparatus conprises a
plarality of attenuating neans interposed between the sound collecting
means and the sound generating neans, each attenuating neans having a
vari abl e attenuation frequency adjustabl®e for renoving a how ing noise
having a plurality of noise spectrum peaks contained in the collected

sound, operation ans actuat.ed | he operat or,.for praduci.ng an,operati on
signal, selection @:r%ecggmﬁf’ﬁﬂl%y%qrﬁ% cgg%ﬁlé‘t‘@lof%ﬁnp@ﬂ%@%ﬂ?ﬂgsyﬁﬁ of the
attenuating ans, and adjustnent means for sweepi.ng the vari ah|
attenuation fr Wangt@tl%@agt@@am&xu%evﬁ%mgﬁww @ggoﬁ%’é to the
operation signal so as to adjust the variable attenuatign frequency to one
of the noise mermmg)éh@scoﬁecmed mwdrigltﬁoaéf@ﬂequlhgm%é‘&ﬁﬁﬁ specific
form of an audio anplification system having sound collecting neans for

col lecting a sogmal,samdfsound genearating meeans includingoadoudspeaker
correspondi ng i nput signal, and sound generating nmeans including a

| oudspeaker f dorammiplifying theeinpwtisignghfdd frsinf tlensoads colldctimlg ecti ng

means to generate the sound through the | oudspeaker, the
means to generate the sound through the loudspeaker, the
inventive howling prevéntion apparatus comprises white noise
generating means for generating a white noise through the
loudspeaker so as to intentionally introduce a test howling
noise having a plurality of noise épectrum peaks into the
collected sound, a plurality of attenuating means interposed
between the sound collecting means and the sound generating
means, each attenuating méans having a variable attenuation
frequency which can be automatically swept throughout an
audible frequency range to attenuate the test howling noise,
detection means for analyzing an output level of each -
attenuating means throughout the audible frequency range to
detect an effective attenuation frequency of each attenuating
means correspdnding to one of the noise spectrum peaks, and
adjustment means for adjusting each attenuating means to
the detected effective attenuation frequency.

According to the first specific form, the operator

manipulates the 'opera,tion means so as to sweep the variable

attenuation frequency of the 'a,ttenuéting means. Therefore,



I nventive how ing prevention apparatus conprises white noise generating
means for generating a white noise through the |oudspeaker so as to
intentionally introduce a test howing noise having a plurality of noise
spectrum peaks into the collected sound, a plurality of attenuating neans

I nt er posed between the sound col | ecti ng8neans and the sound generating
nmeans, each attenuating neans having a variable attenuation frequency which

can be automatically swept, t hroyughout, an_audi bl e freguency range to
attenuate thevwhide t P, %ﬂ%é%lt‘ﬂétﬂ@@?llé(ng%%eﬁi@&%%%ﬁ?@amgnan out put
| evel of each attenuating nmeans throughout the audible, frequency range to
detect an ef f socan® ismneanipelaseds 'ﬁ‘é@éﬁ@? ao%reéﬁkﬂilcé’t petttapt iy ns
corresponding to one of the noise spectrum peaks, and_ adjustnent, means for
adj usting eachhethewliatg dumpansThen; hhe dduscdetedetelequensyt paint i on
frequency. According to the first specific form the operator mani pul ates

t he oper ati onjgeshassth@attensution flegueandyabf ¢hat atbenaritng fmegusncy of
the attenuating nmeans. Therefore, 8 while the howing is intentionally

gte”\%?éﬁd t henanBedt the pleaalitysofrthe pittehedting dedzed ase fprevidedy poi nt

to achieve adaptive suppression of the howling having plural
noise spectrum peaks within a listening room having a

~ complicated frequenéy response. According to the second
specific form, the detection means automatically detects a
frequency corresponding to a noise spectrum peak of the
white noise collected by the collecting means. The adjusting
means sets the detected frequency to the attenuating means.
In a preferred form, unless the specified sequence of the
operation is conducted, the attenuation frequency is never

changed in the attenuating means to thereby avoid

inadvertent variation of the attenuation frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural block diagram showing a first
embodiment of the inventive howling remover.

FIG. 2 is a block diagram showing a structure of a
digital equalizer utilized in the first embodiment.

FIG. 3 is a front view showing an appearance of a remote

controller used in the first embodiment.



the howl i ng dunps. Then, the thus detected frequency point is set as the
attenuation frequency of the attenuating means. Further, the plurality of
the attenuating neans are provided to achi eve adaptive suppression of the
how i ng having plural noise spectrum peaks within a |istening room having a
conplicated frequency response. Accordinrg to the second specific form the
detection neans automatically detects a frequency corresponding to a noise
spectrum peak of t: whi te noi se.co] |l ected by,.the callecti aps. The
adj usting neans s i HeshieWe @ displaggserrep Pgat%o%ltt%r’rﬁa{]g‘?\?}?rgans. In a
preferred form unless the specified sequence of the operation is

conduct ed, t hembodieriton frequency i s never changed in the attenuating
nmeans to thereby avoid inadvertent variation of the attenuation frequency.
BRI EF DESCRI PTI ON FIG THesIbwe asast ireradisplay screenuef thambnatar di agr am
showi ng a first enbodi nent of the inventive howing renover. FIG 2 is a
bl ock di agr amiadivatiggahetlimg veduotion sefing/medleal i zer utilized in the
first enmbodinent. FIG 3 is a front view showi ng an appearance of a renote
control ler used irFl@ie d iy tflewehdrtrehbwing operation of a second

embodiment of the inventive howling remover.

FIG. 7 is another flowchart showing operation of the
second embodiment.

FIG. 8 is a structural block diagram showing a third
embodiment of the inventive howling remover.

FIG. 9 is a block diagram showing a structure of a
digital equalizer utilized in the third embodiment. )

FIG. 10 is a structural block diagram showing a fourth
embodiment of the inventive howling rémover under
adjustment state.

FIG. 11 is a block diagram showing a structure of 2
conventional howling remover.

FIG. 12 is a diagram showing a characteristic curve of a

band pass filter.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a first embodiment of the present invention
will be described in conjunction with the drawings. FIG. 1 is

a block diagram showing an overall construction of the first



9 FIG 4 shows a display screen of a nonitor in the first enbodinent. FIG
5 shows anot her display screen of the nonitor indicating .-howing reduction
sefting node. FIG 6 is a flowhart showi ng operation of a second '
enbodi mrent of the inventive howing renover. FIG 7 is another flowhart
showi ng operation of the second enbodi mdAt. FIG 8 is a structural block

di agram showi ng a third enbodi nent of the inventive howing renover. FIG 9

is a block diagramshow t Lai.tal € ilized i

the tird enb fl.m%‘r%%f The! ety 0 s B diftie, Ae O (7eY 1
ourth enbodi nent t [ [ h i d dj ‘e.
LG 11 1S a HPYERTAAS AR AR AR I LR 08 OBt | onal hoOWE i ng.

renover. FIG 12 is a diagram show ng a.,chafacteristic curve,of a band pass
filter. DETAl 3GSQIRDORIFGINADPPATRELS N@Bﬁa [é&cqliépi‘ﬁ;ﬁaﬁpef,ﬂe R
enbodi nent of the present invention will be described in conjunctipn with
the drawi ngs. €R3J 30 icgnér@lsOwneu&gcmmtﬁgof;Fh%@é}mat@é#%% tion of

the first
on a program stored in a ROM 31. An operation unit or

operation panel 32 has a power switch, a volume dial, a tone

dial and other knobs for feeding operat.ion signals to the CPU
30. A receiver 33 receives an input signal transmitted from a

remote controller shown in FIG. 3.

Referring to FIG. 3, the remote controller 34 has similar
functions as those of the operation unit 32, and produces an
operation signal which is received by the receiver 33 and then
fed to the CPU 30. The remote controller 34 is provided with
various switches as described below. Switches Sa and Sb are
provided to control a volume of a performance sound. The
volume is decreased by depression of the switch Sa, while the
volume is increased by depression of the other switch Sb.
Switches Sc, Sd and Se are provided to control key of the
performance, and are actuated to designate “half tone up”,
“natural” and “half tone down”, respectively. Switches Sh
and Si are provided to control a microphone volume, and are
actuated to command decrease and increase of the vocal
volume, respectively. Switches Sk and Sj are provided to

control an echo effect, and are actuated to command decrease



10 enbodi nent of the invention. In this enbodinent, the invention is
applied to howing renoval of a song acconpani nent apparatus called
"Karaoke". In the figure, a CPU 30 controls various conponents of the
apparatus based on a programstored in a ROM 31. An operation unit or
operation panel 32 has a power switch, alolunme dial, a tone dial and other
knobs for feeding operation signals to the CPU 30. A receiver 33 receives

an input signal transnmitte roma4a r t,e r 0 i n. FI G 3.

Rﬁf erri Pg tho rrd mcrepge, n{)tfeeegﬁﬂtéig%terr%%ﬂ%gge&mﬁhﬁ%fﬂ? tions as

tho N e : _ . o sl : :
Fecer ved by t nEviGis Sk Sk ahe ficfipBAt irdlichyy, M Wil " ¢
controller 34 js, provided with various, switches as described bel ow

Swi tches Sa an ftyag elﬁ?‘ﬁm’%eal& Wﬂﬂ@ﬂa()w&}‘ﬁﬁi‘géﬁr%tﬂ%%r mance sound.
The volune is decreased by depression of the switch Sa, while fhe volune is
i ncreased by degspactivelyofFatther, the zemnobe comtrgller comdams othennd Se are
provided to control key of the performance, and are actuated to designate
"hal f tone up"switdies akéd diodcotmnbndneprimdmctionesprditiors wf e t ches Sh

karaoke performance. However, the karaoke performance
reproduction is not related to the present invention, and
therefore is not mentioned in detail.

Referring back to FIG. 1, a monitor 35 is composed of a
CRT in this embodiment to display various information. The
monitor 35 is controlled by a display controller 36 which
operates under control by the CPU 30. Collecting means in
the form of a microphone 40 collects a singing voice (vocal) to
produce a corresponding input signal, which is fed to an
amplifier 42 through parallel digital equalizers 41a, 41b and
41c. The amplified signal is outputted from a loudspeaker 45.
Thus, the amplifier 42 and the loudspeaker 45 comprise
means for generating a sound. The digital equalizers 41a, 41b
and 41c have attenuation frequency responses separately
adjustable by a control signal fed from the CPU 30.

FIG. 2 is a block diagram showing a construction of the
digital equalizers 41a, 41b and 41c having the same structure.
In the figure, the equalizer has delay elements D, and adders
S1 and S2. Further, amplifier elements Ala, Alb and Alc are



and Si are provided to control a m crophone volune, and are actuated to
command decrease and increase of the vocal volune, respectively. Switches-
Sk 'and Sj are provided to control an echo effect, and are actuated to
command decr ease and increase of the echo effect, respectively. These
four switches Sh-Sk also function as dirk2tion keys, and indicate |eftward,
upward, rightward and downward directions, respectively. Further, the

condi 1 ons. o PRVIERL3RSeIch: 5?&1@%“8%5”%%@&3%? S dOFRBbber f or mmnce
ront Loned | n dAvERSgFlerRenfh i, Aotrad ATcarg rogided s composed o
cont rol led by E”Eé)é’rbn”ﬁ?tac AR o SUHR
Ry Kty SRR b PR Rt
anplifier 42 through parallel digital equalizers 4la, 41b and 4lc. The
anplified signifluences puramge tariationootithe dwer 4md tigher thandsplA f i er 42
and the Ioudspeaker 45 conprlse

gain variation of the amplifier elements Ala, Alb A2a and

A2b dominantly influences an amplitude or output level

variation of the respective bands. Therefore, the gains of the

amplifier elements Ala, Alb and Alc are adjusted to set the

frequency range and the output level of the lower band, while

the gains of the amplifier elements A2a, A2b and A2c are

adjusted to set the frequency range and the output level of

the higher band. Accordingly, the digital equalizer fun;:tions

as attenuating means in the form of a variable band

attenuation filter to selectively attenuate a desired frequency

range of the digital input signal. Importantly, the gains of the

amplifier elements are variably adjusted to freely set a center

attenuation frequency, an attenuation width and an

attenuation depth. The attenuation width and the

attenuation depth may be optiinally fixed by initial setting,

while the center attenuation frequency is adaptively

controlled by the CPU 30.

Next, the description is given for operation of the first

embodiment constructed as described above. First, specific
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means for generating a sound. The digital equalizers 41a, 41b and 41c have
attenuation frequency responses separately adjustable by a control signal
fed fromthe CPU 30. FIG" 2 is a bl ock diagram showi ng a construction of .
the digital equalizers 4la, 41b and 41c having the same structure. In the
figure, the equalizer has delay el enment¥3D, and adders S1 and S2. Further,
anplifier elenents Ala, Alb and Alc are 12 provided to set a frequency

i e S
e ovr nSeRiRursakade Wbt P RS e P o' e
var Irrgtn it'gnA(i; ﬂﬁgﬁiﬁgeﬁgﬂﬁfﬂ%ﬁﬁgmﬁ%$wasWﬁ€ﬂg§i eptassele THEI i 11 er

output |evel &Plha0 dﬂ@gcﬂ%aﬁiei@f} %5&%@8@@&%&& W Cnh; ?ggeeﬁggemg

A2a, A2b and A2c are adjusted to set the freqguency range and the output
| evel of the hipgratidmio. setcanrivishgllationhmelei tal thiguaodes variousi ons

parameters and operation conditions are set in the karaoke
apparatus. For example, the installation mode is executed to

- set a balance between left and right loudspeakers, to set tone
of the musical sound, and to set sound image location of the
vocal. The monitor 35 displays a menu list to indicate setting
items and contents in the installation mode.

While monitoring the menu screen, an operator actuates

the operation unit 32 or the remote controller 34 to select a
desired item. When an item “Howling reduction” is selected,
the monitor 35 is switched to display a message screen as
shown in FIG. 4. The screen indicates the message “8.:
HOWLING REDUCTION?” at a top section. Consequently,
the operator recognizes that the howling reduction setting
mode is selected. The number “8” contained in the message
indicates an eighth menu item. Then, the operator depresses
either of the switch Sh (left arrow key) and the switch Sj
(right arrow key) according to an instruction indicated at a
second line of the screen from the bottom. In this case, a

mark ON is selected upon depression of the switch Sh to
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as attenuating neans in the formof a variable band attenuation filter to
sel ectively attenuate a desired frequency range of the digital input

signal . Inportantly, the gains of the anplifier elenments are variably
adjusted to freely set a center attenuation frequency, an attenuation w dth
and an attenuation depth. The attenuatiqa w dth and the attenuation depth
may be optimally fixed by initial setting, while the center attenuation
frequency is adaptively controlled by the CPU,30,. Nexéalt e desciiption S
given for oper@dieateexesution of aring redHstion. Amotheganarkoed above.
First, specifi .13 gperation is conduycted, according to a_ predeterm ned
sequence on tréF(EéSaﬁﬁ?‘%ﬁie@nUP@Qd@DEeﬁS&@napfp&mrs“@Whoéi t@ indicateed whil e
a performance start switch is depressed. The CPU 30 detects such a specific
sequence of t heandling ofpdreahowring reduckion.nFuather, the seleetedn t hi s node,
various paraneters and operation conditions are set in the karaoke

appar at us. Formexknisl lnbdled by# syyhaholbofixrmdépon theseleediom of DNy bal ance

between left and right |oudspeakers, to set tone of the nusical sound, and
to set sound itlRgendwitelri dRpdiys Af instruction at the bottom line of the

screen. This instruction suggests “Depress switch Sh when
entering the setting operation”.

When the operator depresses the switch Sh, the CPU 30
detects this to feed a control signal to the display controller
36 so that the monitor 35 is switched to display a next
message screen as shown in FIG. 5. This screen indicates a
message “HOWLING REDUCTION SETTING” at the top
line, thereby notifying the entering into the setting process to
the opérator. Further, three rows of B1, B2 and B3 are
displayed on a central section of the screen. These three rows
indicate attenuation frequencies of channels B1, B2 and B3,
which correspond to the respective digital equalizers 41a, 41b
and 41c shown in FIG. 1.

While monitoring the screen shown in FIG. 5, either of
the switch Si (up arrow key) and the switch Sk (down arrow
key) is depressed to designate an active one from the three
channels B1, B2 and B3. In response, the CPU 30 selects one
of the digital equalizers 41a, 41b and 41c corresponding to

the active channel, a center attenuation frequency of which is



-

vocal . The nonitor 35 displays a nenu list to indicate setting itens and
contents in the installation node. Wile nonitoring the nenu screen, .an
operat or actuates the operation unit 32 or the renote controller 34 to
select a desired item Wen an item"How ing reduction” is selected, the
monitor 35 is swtched to display a nesgfge screen as shown in FIG 4. The
screen indicates the nessage "8. HOALI NG REDUCTI ON' at a top section.

Consequently, the operator recognizes. that the howling reduction setting
mode is sel ectedpe W@ﬂ@erLaﬁigy,céM m&ngﬁ tm%&&@%m%@%% an
eighth nmenu item Then, the operator depresses_either_ of the switch Sh
(left arrow kepdeshwher thei switchj S is gleprasseshwdeils thecdhanng! £
instruction indicated at a second |ine of the screen fromthe bottom In
this case; a seldcted o5 vekerdhedswitoh Sbpissdepoessed while thecthamel 14
I ndi cate execution of the howing reduction. Another mark OFF is sel ected

upon dgpressi B3 d§ sehectedi.tch Sj to indicate canceling of the howing
reduction. Further, the selected nmark is |abeled by a synbol "*". Upon the

tSﬁLect ion of ON tpeth®ridjostiesit! précess undef bl howding hedheotionm | i ne of
setting mode, a volume dial of the operation unit 32 is
rotated to bbost the sound volume so that the CPU 30
increases the gain of the power amplifier 42. Howling starts to
occur as the gain is gradually raised. Under the state where
the howling is intentionally generated, the operator selects
one of the channels B1-B3, which are indicated on the FIG. 5
screen of the monitor 35. For example, the first channel B1 is
activated to select the first digital equalizer 41a. Then, either
of the switch Sh («+) and the switch Sj (—) is depressed. In
response to this operation, a cursor C1 moves leftward or
rightward along the active channel B1 shown on the screen of
FIG. 5. In synchronization to the movement of the cursor C1,
the CPU 30 sweeps the attenuation frequency of the digital
equalizer 41a. Further, a w}alue of the current attenuation
frequency is indicated at a space of [ ]Hz at the row of the
channel B1. By such a manner, the attenuation frequency is
swept to enable the operator to auditorﬂy examine how a

howling noise varies. By this, the operator detects a point at

which the howling noise signiﬁcantly falls. The operator



screen. This instruction suggests "Depress switch Sh when entering the
setting operation". Wen the operator depresses the switch Sh, the CPU 30
detects this to feed a control signal to the display controller 36 so that
the nonitor 35 is switched to display a next nessage screen as shown in
FIG 5. This screen indicates a nmessagel6HOANI NG REDUCTI ON SETTI NG' at the
top line, thereby notifying the entering into the setting process to the

00, L0 " 4 B 8% AL B B SETL
equal i zers leaf,romﬁhﬁrdﬁsm%}(’:-sF&%&aﬁgﬁpﬁgﬁt{i&é \%%qrrg%ﬁﬁ;'tﬂé \égpgllﬂ;‘%ltttﬁal screen
shown in FIG 5, either of the.switch Si (up_arrow key) and the switch Sk
(down arrow kdor the temaining channals PArandBIsuicheadte g?’@ﬁﬁtt he three
channel's Bl, B2 and B3. In response, the CPU 30 sel ects one of the digital
equal i zers 4lgoihth where thechowdiynnoisefalls onaredadesewhilensweepigent er
attenuation frequency of which is 15 to be adjusted. Lastly, the how ing
reduction set tdgmgcamding she cursors C2 and C3 throughout an audible

frequency range. Generally, the howling is generated at a

plurality of noise spectrum points so that the respective

channels are adjusted to different attenuation frequencies.

After the adjustment of the three channels B1, B2 and B3 is

completed, the howling reduction mode is ended. As a

consequence of the above mentioned process, the digital

equalizers 41a, 41b and 41c are set to separate attenuaf:ion

frequencies effective to efficiently attenuate or dump the

plurality of the noise spectrum peaks of the howling noise.

Next, the description is given for a second embodiment

Where. the howling reduction setting is carried out

automatically. The second embodiment has basically the |

same structure as that of the first embodiment. The second

embodiment is additionally provided with a white noise

generator 50 indicated as a dashed block of FIG. 1. The

white noise generator 50 is operated by the CPU 30 to

generate a white noise which is fed to the amplifier 42.

The attenuation frequencies of the digital equalizers 41a,

41b and 41c are automatically adjusted in this embodiment



ended when the switch Si is depressed while the channel Bl is selected or
when the switch Sh is depressed while the channel B3 is selected. In the
adj ust ment process under the how ing reduction setting node, a vol une dial
of the operation unit 32 is rotated to boost the sound volune so that the
CPU 30 increases the gain of the power applifier 42. Howing starts to
occur as the gain is gradually raised. Under the state where the howing is

intentionally ge at ed,.the operator ect.s one, of the channels Bl-B3,
which are indi@%af Wi {[ﬂgoms&?e%tlggrgiﬁhgfatiﬁguml{ CEXLDr exanpl e,
the first channgl Bl is activated.to select t first digi.t uali zer
alla. Then, ei ffgRsSHME &,ch SHbTOUIRE )is eﬁinéssghot"%‘ﬁ@?#@%r?é) i s
epressed. In response to this operation, a cursor Cl npves |eftward or
rightward al orpd e Binstye \i@hlm@IOfglh%lﬂmh&@rt‘l‘él%W‘é@ﬂ PIMIAUR |
synchroni zation to the novenent of the cursor Cl, the CPU 30 sweeps the
attenuation flevekatystep $Rd shawnain &G 6zEFhenatheuwhiter poiseval ue of the

current attenuation frequency is indicated at a space of [ J]Hz at the row

of the channelgdileraByr S0 is activated. at btep SR tat gemefatequemhite s swept to
enabl e the operator to auditorily exam ne how a how i ng noi se varies. By

]E 2; S t Qﬁeoggggiaitgg.r Srillquentbpiatt sidlp BP3;tlideobend of thei smysifper fi cantly
42 is raised by a given degree. Concurrently, check is made at
step SP4 as to ifl a signal level of the microphone 40 is
sufficient. If this check result is NO, subsequent check is
made at step SP5 as to if the output level of the amplifier 42
exceeds a critical level. If the check result is NO, the routine
backs to the step SP3. Thereafter, the cycle of the steps
SP3-SP5 is repeated until the signal level of the microphone
reaches the sufficient degree. During the repetition of the
cycle, if the check result of the step SP5 turns YES, the white
noise generator 50 is stopped at step SP6. Further, the
monitor 35 indicates that the signal level of the microphone
40 is no good at step SP7. By such a manner, in case that
the routine advances to step SP7, it is indicated that the
microphone 40 is defective or inadvertently disconnected from
the appa,ratus.. Then, judgement is made at step SP8 as to if
retry is requested. The retry request is inputted by means of
a specified switch in the operation unit 32. If this judgement

is NO, subsequent judgement is made at step SP9 as to if an



16 confirns the value of the attenuation frequency at the point fromthe

di splay. Further, the sane operation is conducted for the remaining
channel s B2 and B3 such as to detect points where the howing noise falls
or reduces while sweeping or scanning the cursors C2 and C3 throughout an
audi bl e frequency range. Cenerally, thé8owing is generated at a plurality
of noi se spectrum points so that the respective channels are adjusted to

different attenuation frequencies., Afte he adj ust t of.. the three
zt;annel s Bl, @sitaeemEna b%’r‘?ﬁpgaetp Oﬂﬁé t%‘SvPF?léeﬁsegﬁEFi'Bﬂtrmde i s ended.
a consequence of the above tioned process, jhe digital ual i zers
4]}?3 41b iand camrapadsig lﬁbuﬁt@ggé(t% Séchéﬁﬁétﬁwc r@qgh%(ﬂfé%razﬂ?xéctive to
efficiently attenuate or du the plurality of the i se cttum peaks of
the how i ng nange32Ndfithe mgdpg@gmtp@f stepss SIS ands g%%l% n 53és‘n*oooli ment

where the howing reduction setting is carried out automatically. The
second enbodi rewtinksts hekl dalwgiting state untilithejudgeroent turnsie fir st
enbodi ment. The second enbodinent is additionally provided with a white

05 ForeL5 VS e oStne eS8 mdss) T, K treweny e ot e
requested, the routine returns to the step SP1 to start the ‘
above noted précess again. If the exit command is inputted,
the routine jumps to step SP21 of FIG. 7 where the volume of
the amplifier is returned to an original level before the
subroutine is commenced, thereby finishing the process.

On the other hand, if the microphone level is sufficient,
the judgement of step SP4 is YES, and the routine proceeds
to step SP10 of FIG. 7. In this-step SP10, the digital
equalizer 41a is initially selected and its attenuation frequency
is set to 16 Hz. Then, the output level of the microphone 40
is detected and memorized at step SP11. Further, check is
made at step SP12 as to if the set attenuation frequency
reaches 18 kHz. If NO, the attenuation frequency is increased
by a predeterfnined pitch at step SP13, thereby returning to
the step SP11. Thereafter, the cycle of the steps SP11-SP13
is repeatedly carried out until the check result turns YES at
the step SP12. Consequently, the attenuation frequency is
swept from 16 Hz to 18 kHz throughout the audible range so

as to stepwise sample the output level of the microphone 40.



generate a white noise which is fed to the anplifier 42. The attenuation
frequencies of the digital equalizers 4l1a, 41b and 41c are automatically
adjusted in this enbodi nent 17 as follows. Upon selection of the
attenuation frequency adjustnment node, a subroutine is called as shown in
FIG. 6 and 7. First, a volune of the at®lifier 42 is set to a mni num

| evel at step SP1 shown in FIG. 6. Then, the white noise generator 50 is

activated at step,§P2 t enerate a, white.noise. Subse ep SP3,

tﬂe \I:O! une gf theﬁh‘ﬁh ﬁi‘grscﬁ‘?nie? ?B‘ieg'é{?'efﬁ?nﬁswsﬂ%e%:é@%&%‘i‘&ﬁeﬁt|y,

check is made at .step SP4 as to jf si gnal vel of t m crophone 40 is

sufficient. |fotthad thedrdgsment Pg%hé g@!’o§t&iﬁ?”&ﬂ£ﬁsrs mage at step

SP5 as to if the output_level of the anpl'tfier 42 exceeds .a critical |evel.
apg!

If the check Suhsequentho thesoubing hs g8 toostepeSEldhWhere &hereaf ter,
the cycle of the steps SP3-SP5 is repeated until the signal |evel of the

m cr ophone r eantms arheefenenceilevel egalsulatad ascgording épdthe sampled: he
cycle, if the check result of the step SP5 turns YES, the white noise
generator 50 iwalwénpPektatthet rpuishe. advances totstepr®hilbowheseiadi cat es t hat

t he signal |evel of the m crophone-
maximum or peak of the sampled data is detected to
determine a frequency point F-MAX at which a significant
attenuation effect is observed. Additionally, an attenuation
depth is calculated according to the peak value and the mean
value at step SP16. Further, the attenuation frequency of the
digital equalizer 41a is set to F-MAX. Then, check is made at
step SP18 as to if the setting of the three channels is
completed. If NO, the next digital equalizer 41b is selected.
Then, the routine backs to the step SP10, thereby executing
the similar process. By such a manner, the setting of the
attenuation frequency is completed for all of the digital
equalizers 41la, 41b and 41c. Consequently, the judgement of
the step SP18 turns YES, so that the white noise generator
50 is stopped at step SP19. Then, step SP20 is undertaken to
store or reserve the attenuation frequencies of the respective
digital equalizers 41a, 41b and 4lc. La,stly; the volume of the
amplifier is restored to the initial value at step SP21, thereby

ending the operation.

Next, description is given for a third embodiment.



40 is no good at step SP7. By such a manner, in case that the routine
advances to step SP7, it is indicated that the m crophone 40 is defective
or” i nadvertently disconnected fromthe apparatus. Then, judgenent is nade
at step SP8 as to if retry is requested, The retry request is inputted by
means of a specified switch in the operdPion unit 32. If this judgement is
NO, subsequent judgenent is made at step SP9 as to if an 18 exit command

is issued to ' he process,. - The exiit comrand i s ipputted a specified
switch in the%rgﬂr%ﬁ %c% gggrlalmtsﬂ;bm]vgﬁg@%ﬂye@lfgpgsgrlggﬁogn SP9 is
NO, the routi s held in I tipg~st.ate unty.l the.| enent.tur to YES
at either of H’E@ @ﬂ’égsew&ﬁﬁe%{%fﬂ*ﬁe‘?mﬂodlm@méHﬁq?%en&e{f%%t > the
routine returns to the step SP1 to start-the above.noted .pr.ocess again. If
the exit commdH®t| ment 1 ﬁ&r‘#%ﬁlﬁ%@ngu‘%ﬂﬁn?@lgﬂéﬁd é%gagf FIG 7
where the volunme of the anplifier is returned to an original |level before
t he subrout i nequalizersetbmd4lbrandld.i ni shing the process. On the other
hand, if the m crophone |evel is sufficient, the judgenment of step SP4 is

YES, dand t he rout iTHhege digitad equadizgrsstif 41b 41c havets sommorsP10,
the digital '

structure as shown in FIG. 9. In the figure, the digital
equalizer is comprised of amplifier elements Ala-Ale, an
adder S1 and delay elements D to constitute a band
attenuation filter. In such a construction, gains of the
amplifier elements Ala—Ale are adjusted to freely determine
a center attenuation frequency, an attenuation band width
and an attenuation depth of the digital equalizer. The band
width and the attenuation depth are provisionally set to
desired values, while the center frequency of the attenuation
band is controlled by the CPU 30. Further, as shown in
FIG. 8, the digital equalizers 41a, 41b and 41c are connected
in series to each other.

This embodiment executes the shift to the howling
reduction setting mode and conducts the adjustment process
in the howling reduction setting mode in manner similar to
the first embodiment. However, in the third embodiment, the
input signal from the microphone is sequentially attenuated
by the series of the digital attenuators 41a, 41b and 41c at

different frequency bands corresponding to noise spectrum



equalizer 4la is initially -selected and its attenuation frequency is set to
16_Hz. Then, the output level of the m crophone 40 is detected and

menori zed at step SP11. Further, check is made at step SP12 as to if the
set attenuation frequency reaches 18 k If NO the attenuation frequency
is increased by a predeternmined pitch at“step SP13, thereby returning to
the step SP11. Thereafter, the cycle of the steps SP11-SP13 is repeatedly

carried out urﬁ%&k d Bg Wﬁﬁgnﬁﬂébtb&&‘@%ﬂ%ﬁ\%lﬁf@t‘ﬁ%e%ug&tO 18 kHe

Consequent | y, e attenuat| equéncy i1s s

EEé"‘éqgi‘?(‘iéhfﬁﬂid@gﬁﬁﬁre@a?ﬁhen %%Pél%&m@sﬁ@%“??%%ﬁrﬁgéfﬁttc'yeﬁ;cﬁ%s

18 kHz SP12 ES. S tly, t

routi ne.br anchgeopd & ipo”%éaﬂéai d “le gas%%ffr“sa i Eeﬁﬁ%“e“ o
| cul d di

Step SPLS wherBbanHEkhth 3@&%@%@ AdScAREALY BANTS RAde et o

determne a fre uency p0| n V\E h as ganl ant atr@nuation_ ef f ect

i s observed. a‘@ JE? eiSéSc raigiyaécording to

t he peak val ue and t he rre
level of the attenuated band is made lower than those of the

non-attenuated bands. Namely, the attenuation is carried out
a band by band through the respective digital equalizers
4la~41c.

. Next, a fourth embodiment is described in conjunction
with FIG. 10. This embodiment is different from the second
embodiment in the following aspects. First, the equalizers
41a, 41b and 41c are connected in series. Second, the noise
signal of the white noise generator 50 is sounded from the
loudspeaker 45 thfough the amplifier 42. Third, a peak
program meter 51 is connected to an output terminal of the
last digital equalizer 41c. Fourth, a band pass filter 52 is
interposed between. the micropho_né 40 and the first digital
equalizer 41a.

Next, the description is given for the operation of the
fourth embodiment. This embodiment executes the
adjustment of the attenuation frequency responses of the
digital equalizers 41a, 41b and 41c in manner similar to the

second embodiment according to the steps shown in the



val ue at step SP16. Further, the attenuation frequency of the digital
equalizer 4l1a is set to F. MAX. Then, check is nade at step SP18 as to if
the setting of the three channels is conpleted. If NO the next digital
equal i zer 41b is selected. Then, the routine backs to the step.SP10, .
t her eby executing the sinmilar process.2By such a manner, the setting of the
attenuation frequency is conpleted for all of the digital equalizers 41a,

{ib, o1 15, EARERLRL G 16 A4AOE et o bSlcSBIR MBTAES, 52,

that the white nolse generator 'i's stoppe
S ncer ket yRbg ot SR 1G S ALLAULR RS RU LIS,
ol 111 15 E5b o S BT bkl e el st SERL, herety ending the
Thi & onbodi nEARIRET IS Phe THBRAENEe Sha AR Bl e s KRodkhediaf o and
o G1h ang fallo W Rirgts Giihe Step SP10; . conter pass lroquengy of o o 2818

the variable band pass filter 52 is initially set to 16 Hz by the

CPU 30. Then, in the step SP11, the output level of the

microphone is sampled and memorized by the PPM 51 while

the equalizers 41a—41c are placed in a through state. Further,

check is made in the step SP12 as to if the center frequency

of the band pass filter 52 reaches 18 kHz. If NO, the center

frequency is raised by a given pitch at the step SP13, thereby

returning to the step SP11. Thereafter, the cycle of the— steps

SP11-SP13 is repeatedly executed until the check result of

the step SP12 turns YES. Consequently, the output level of .

the microphone 40 is sampled throughout the audible .

frequency range of 16 Hz to 18 kHz.

The check result of the step SP12 is turned YES when

the stepwise sweeping of the center frequency reaches 18 kHz.

Then, the routine advances to the step SP14 where a mean or

reference value of the microphone outi)ut level is calculated

according to the sampled data. Further, in the step SP15, the

peak program meter 51 determines a peak frequency point

F-MAX at which the microphone output level reaches a peak



structure as shown in FIG. 9. In the figure, the digital equalizer is
conprised of anplifier elenents Ala-Ale, an adder S1 and del ay el enents D
to constitute a band attenuation filter. In such a construction, gains of
the anplifier elenents Ala-Ale are adjusted to freely determ ne a center
attenuation frequency, an attenuation bagad wi dth and an attenuati on depth
of the digital equalizer. The band wi dth and the attenuation depth are
provisionally set to desired values, while the center frequency of the
attenuati on b@fomaxicown selee FBhusetlerattmustionsequeacynisanten FI G 8,
the digital equalizers 4la, 41b and 4lc are connected in series to each
other. This e 1emry) ef dhuet digithkeghiolizer dtzhés bettonk-MeAiXcti on setting
node and conducts the adjustnment process in the howing reduction setting

node in manneSubssguently tleck is shadetwidthesteptPRdBess tonifttie t hird
enbodi nment, the input signal fromthe m crophone is sequentially attenuated

Y quency bande o e b e R e B P g
noi se before gqRial tyddlizerd A8hA4 Rlbcted, and the routine returns to
the step SP10 to thereby execute the similar process as
described above. In such a case, since the noise spectrum
peak of the microphone output level at the first detected
frequency point is suppressed by the attenuation operation of
the digital equalizer 41&, a second frequency point F-MAX is
detected at another noise spectrum peak of the sampled data.
By suché manner, the respective points are detected for
all of the digital equalizers 41a, 41b and 41c so that the
attenuation frequencies of the three channels are set.
Consequently, the check result of the step SP18 turns YES.
Then, the white noise generator 50 is stopped or silenced at
the step SP19. Then, the step SP20 is undertaken to store
the values of the attenuation frequencies of the respective
digital equalizers 41a, 41b and 4lc. Lastly, the volume of the
output amplifier is restored to the initial value at the step
SP21, thereby finishing the adjustment operation.
Next, the connection of the fourth embodiment is

switched from the initial state of FIG. 10 to the normal state

of FIG. 8. This connection switching is executed under the



anplifier 42. On the other hand, in the previous first and second
enbodi nents, the input signal fromthe m crophone is attenuated at
different bands in parallel manner, and is then outputted to the anplifier
42 for synthesis. Accordingly, a level of the attenuated band is nade | ower
than those of the non-attenuated bands. 2danely, -the attenuation is carried
out a band by band through the respective digital equalizers 4la-41c. Next,

a fourth enbodi nment _i.s described jn_conjunction with Fl Thi s
embodi ment i s €RRYTOldnE tﬁﬁo@ﬁﬁ@é—eme&ﬁ% @WPPHGF%O%%%W ng
aspects. First, the equalizers 4ta, 41b and, 41c are conn%ccglgggi n series.

Second, the noappatdiisicassberiatercannectiedeinémer Mayis SWl Y¥nded from

the | oudspeaker 45 through the anplifier 42. Third, a peak program meter 51
i s connected tbetweentthe FI&.n104hitial shate and theiFKE. 8qnarmz£r 41c.

Fourth, a band pass filter 52 is interposed between the m crophone 40 and

the first digistalteeiBiénr sheddppaetuls 18 bwitidsad itpt fhen FI6 g8 weorthal t he
operation of the fourth enbodi nent. This enbodi nent executes the adjustnent

of the attenuaitzae, theawhitey noisdgenesatdr b0cisddatdwpledofivrmzdie 4la, 41b
and 41c in manner Simlar to the second enbodi nent according to the steps
shown in the amplifier 42 while the last digital equalizer 41c is coupled to
the amplifier 42. Fufther, t.he band pass filter is disconnected.
Then, the values stored by the step SP20 are set into the
| respective digital equalizers 41a, 41b and 41c. By this, the
digital equalizers 41a, 41b and 41c can efficiently attenuate or
remove the howling at the most significant points where the
howling tends to occur. As described above, the fourth
embodiment utilizes the peak program meter 51 which is
functionally divided out from the CPU 30 of the second
embodiment. Further, the variable band pass filter 52 is
utilized to detect the frequency point F-MAX, i.e., the noise
spectrum peak of the howling noise.
There are variations of the invention as follows.
(1) Though the remote controller 34 is operated to adjust the
attenuation frequencies of the digital equalizers 41a, 41b and
41c, a manual dial or the like may be provided on the
operation unit 32 in place of the remote controller so as to
adjust the frequency response of each equalizer.

(2) The digital equalizer used in the respective embodiments



22 flowhart of FIGs. 6 and 7. However, the process is nodified in m nor
respect due to the structural difference. Nanely, the steps shown in FIG 6
are executed exactly in the sane nmanner, while the subroutine shown in FIG
7 is nodified as follows. First, in the step SP10, a center pass frequency
of the variable band pass filter 52 is2pnitially set to 16 Hz by the CPU
30. Then, in the step SP11, the output |evel of the m crophone is sanpled
and nenorized b he PPM 51 .while the equalizers 4las4lc gre placed in a
through st at dReFUREKER CHCULK SEEUGhRe Pﬂh?%éﬁ%e@%%ﬁ%s t%u&fgat he center
frequency of t.he band,pass fi|ter 52 reaches 18 kHz. If ., the center
frequency i s @HF&E8- §§ 18 e@ﬁ@-’@{;\‘agitpcﬁs%tt helrsulpcepstructad e yar¥t urning to
the step SP1l. Thereafter,e{the cycle of the steps SP11-SP13 is repeatedly
execut ed unt ithe pbtentationdisenuencyt he step SP12 turns YES. Consequent!y,
the output level of the m crophone 40 is sanpled throughout the audible
frequency rar@ Thoglithedrequeney pomtshat whichuthe ahiaropbhomep SP12 is
turned YES when the stepw se sweeping of the center frequency reaches 18

kHz. Then, tleutpuk lexelabarhesspeaks bee seeuedfiallyssipreedtentls ref erence
val ue of the m crophone output level is calcul ated
digital equalizers 41a, 41b and 41c in the second embodiment,
the assignment order is not limited to this. It is essential to
detect frequency points corresponding to three of the most
significant noise spectrum peaks of the microphone output
level.
(4) The number of the digital equalizers (attenuating means)
is not limited to three as in the embodiments, but can be
suitably set as desired or required.
(5) It is preferable to enter the howling reduction setting
mode upon specific manipulation of the operation panel in
the second, third and fourth embodiments likewise the first
embodiment. |
(6) Though the maximum peak value is detected at the steps
SP15-SP17 in the fourth embodiment, a plurality of peak
values may be concurrently detected. Then, three of the most
significant peaks are selected, and corresponding frequency
points are assigned to the digital equalizers 41a, 41b and 4lc.
As described above, according to the invention, the

howling can be sufficiently suppresséd or removed even in a



according to the sanpled data. Further, in the step SP15, the peak program
nmeter 51 determ nes a peak frequency point F. MAX at which the m crophone
‘out put | evel reaches a peak 23 or maxi mum val ue. Thus, the attenuation
frequency (center frequency) of the digital equalizer 4la is set to F. MAX
Subsequently, check is made at the stemé&Pl8 as to if the setting of the
three bands is all conpleted. If NO the next digital equalizer 41b is

sel ected, and the routine returps jo,the step SP10 to ther execute the
similar procefQ0H% é@gi%&ﬁ’n%&;@ged rfr%qmpgy E§§E?n§?n@gugﬁérnoi se

spectrum peak of the m crophone output.level at the fir det ect ed
~ frequency poi Hilf1¢$§ Ehﬁﬂ)@ﬂ;g@l m@nimﬁfaé@@%ﬁﬁﬁqnﬂﬂ@;?@rbﬁigﬁ APEEHAOR; gi t al
equal i zer 4la, a second frequency point F.MAX is detected, at apaother noise
spect r um peakusit, the adipstanenstof tipy aftenuatioanfraquenay ieiphiiited points
are detected for all of the digital equalizers 4la, 41b and 41c so that the
attenuati on ftedherebyspoéveriteinadesrtentoheingeaot thetoncwsebquent |y, the
check result of the step SP18 turns YES. Then, the white noi se generator 50

is stopped or astdrmanationafrequense Morésver hwhile tlee stkiteSP8{e  undert aken
o s ihtentionally generated, the CPU automatically detects a

frequency corresponding to a peak of a signal level of a test

sound collected by the microphone. The detected frequency is

set in the attenuation means to thereby achieve automatic

setting of the attenuation frequency response of the equalizer.



[ gTHISISHEET HAS BEEN
|anpl | RERLAGED .

the val ues of the a requenci es of the respective d
equal i zers 41a, 41b n%ee plade@stly the volune of the out put

réstored to tﬁélss at the step SP21, thereby fini shkFrg-tie

adj ust nment oper e connection of the fourth enbodi ment 1S
svmtchedfromt eof FI G 210 to the nornal

This connectlon svm tchl ng is executed under the 24 conthﬁlﬂmmumm,“m
30. Nanely, conpon f. the apparatus can be interconnected 4y n#t

ways svmtchab 1 BPG. 10 initial state and the FIG 8norrra|
state. Wen the apparatus S svm tched to the FI Jormal state, the white
noi se generatdt Am a@mé@&um ed fyHeg anpoundew SHPPECTHBE| st

digital equalizer 41c is coupled to the anplifier 42. Further, the band
pass filter ihavlingrmeisegcormprisinghe val ues stored by the step SP20 are
set into the respective digital equalizers 4la, 41b and 4lc. By this, the
digital equali zer&dlb@tuﬂ%bnemﬂszfdm oodlectirg ai soung axd donmpavertingove t he
how i ng at the nost significant points where the howing tends to occur. As

\?\E?ELI Pgd abohe ¢oReéted sbutdbiatioardoruespoading inpntaignabgr am neter 51
generating means for amplifying the input signal to
generate the sound;

a plurality of attenuating means interposed between the
collecting means and the generating means, each attenuating
means having a variable attenuation frequency for
attenuatively filtering the input signal around the attenuation
frequency;

detection means for detecting a plurality of noise
spectrum peaks of the howling noise contained in the
collected sound; and

adjusting means for adjusting respective variable
attenuation frequencies of the plurality of the attenuating
means correspondingly to the plurality of the detected noise
spectrum peaks to thereby remove the howling noise from the
generated sound.

2. An apparatus according to claim 1; wherein the detection
means comprises manual sweeping means manipulated by an

operator to sweep the variable attenuation frequency of each

attenuating means throughout an audible frequency range



functi onal | divided out fromthe the second enfis: R0 hdd BEEN
the variabl &l n Replacedr 52, I’i“ﬂﬂmagﬂuu Hﬂ ect th¢ ﬂ?‘ quEﬁEf-_:N‘éK@%I nt

F.NAX,_l.e.,J 'I rl trum pe w NOWIIMY noi se|l_There—are- '
variations o [ as follows. (1) Though the renote controller 34

is operated to adjust the attenuation fd&quencies of the digital equalizers
41a, 41b and 41c, a nmanual dial or the like nay be provided on the

operation unit ;32 in place of the.renote controller ' t he
frequency resl@ﬁﬁ“etﬁ? %ﬂ‘?‘t@aﬁlﬂﬁ oF1 y(%a}m@edl-ll{fi Esflgﬁ%ffﬂﬁ g?ﬁ&‘t%‘éd in the
respecti ve enpodj nent s 25 may have a circuit,.strycture ot her an the :
Febo%h hnd” 0eRt GuRpise FPesEvRUSBRAK b1 be QudiRly deteced when the ed to
vary -the attepuatjon frequency, (3). Though the frequency points at which

t he mi cr ophonbowilingmaise sontamee dnpthe genesated §eHNGIY y assi gned to the
digital equalizers 4la, 41b and 41c in the second enbodinent, the

assi gnment or significantly changed.to this. It is essential to detect

frequency points corresponding to three of the nmpst significant noise
spect rum peak8. dint@pparatupbhocerdimgto claim 1; wherein the detection

means comprises autématic sweeping means for automatically
sweeping the variable attenuation frequency of each
attenuating means throughout an audible frequency range,
and automatic analyzing means for analyzing an output level
of each attenuating means throughout the audible frequency
range to detect a noise spectrum peak of the howling noise.

4. An apparatus according to claim 1; wherein the detef:tion
means comprises a band pass filter provided separately from
the attenuating means and having a variable center frequency
which can be swept to selectively filter the input signal -
around the variable center frequency, and analyzing means for
analyzing the filtered input signal to detect noise spectrum
peaks of the howling noise contained in the collected sound.
5. An apparatus according to claim 1; including white noise
sburce means coupled to the generating means for generating
a white noise effective to intentionally introduce the howling
noise into the collected sound to thereby enable the detection
means to detect the plurality of the _,noisé spectrum peaks of

the howling noise.



| evel . (4) The nunmber of the digital equalizers (attenuati
limted to-three as in the enbodi nents, but can be suit abl

or required. _ ' able to enter the howing red ' ng
nmode upon spHm"IHJI"ﬂmﬂlﬂHmon of the operation panel in the Second, third
and fourth embodt ment & | iskewi se the fi2$%t enbodi nent. (6) Though the

maxi mum peak value is detected at the steps SP15-SP17 in the fourth

enbodi nment , plural it f._peak val ue . be, congurrent |y detected. Then,
three of t heaﬁroén &%#q%&gn?‘c%%rﬁggaf% %Z%]P%g't’e]d%c(i‘éﬂﬂlg@r SHR ng
frequency points are assigned.to the digital equalizers 4la, Alb and 4lc.
26 descr | boa Thsae, Sehuated Aplyoby e shebiied shalencertmaiiahn be
sufficiently -suppressed or rem%)\(ed ven in a 26 room havi n%

conpl i cat ed” foReEAAGY korspermatting the pdjushngsmeansshe adinst v pul at i on
IS conducted in _the operation unit, the adjustnent of the attenuation
frequency is vaitiable edtenuationcfrequencynof ieaghvatteamating means. t he once

set attenuation frequency. Mreover, while the white noise is
An apparatus according to claim 1; wherein the plurality

of the attenuating means comprise a plurality of digital
equalizers connected in parallel to each other between the
collecting means and the generating means for attenuating
the plurality of the noise spectrum peaks in parallel manner.
8. An apparatus according to claim 1; wherein the plurality
of the attenuating means comprise a plurality of digital
equalizers connected in series to each other between the
collecting means and the generating means for attenuating
the plurality of the noise spectrum peaks in serial manner.
9. In an audio amplification system controlled by an operator
and having sound collecting means for collecting a sound and
for converting the collected sound into a corresponding input
signal, and sound generating means including a loudspeaker
for amplifying the input signal fed from the sound collecting
means to generate the sound through the loudspeaker, a
howling prevention apparatus comprising:

a plurality of attenuating means interposed betv(reen the
sound collecting means and the sound generating means, each

attenuating means having a variable attenuation frequency

* This Sheet Has Been Reilaced
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intentionally generated, the CPU automatically detects a f N N |
corresponding to a peak of a sigmal |evel of a test sound loliﬁgc‘cl? %ETR‘géiﬁeEEN _

m cr ophone. The Hmﬂﬁuﬂﬂ" gcy IS set in the attenuati _ )
t her eby achi eve la® i ’Hﬂwﬁ of thg attenuation frequency response of
t he equalizer. Wrat Y s*cl @i med is: 13%An apparatus for anplifying a
sound whil e suppressing a howing noise, conprising: collecting neans for

collecting a a:a}r!ﬁgt@mé for r&%\(ﬁﬁgitm&vvﬁnggﬁégi%%tl@gvfnglgfglg ity of

correspondi ng put signal; generdting nea or anpli e”i nput

signal to gengicale daersanleaklaakhLy o 1AL LOMRLLAGJIERLS | Nt er posed

bet ween the c ectrng nea € generatlng nmeans, e€ach attenuating

tho i nput o gnal - St ahaiesEl RnpsRI R Rhe She boF U biSHtge o ™
detecting a pluralit E].%eglngiﬂsj,afihspectrum peaks of the how ing noise

contai ned i n @feCP§T d; and adjusting means for adjusting.

respective variabl e attenuation frequencjes. of the plugrality of the
attenuating means SEGHR é@ﬁ@ﬁ@&ﬁ@a@@afm the pRETalpIofor selegbingt ed noi se

spectrum
P each of the attenuating means; and

adjustment means for sweeping the variable attenuation
frequency of the selected attenuating means in response to
the operation signal s0 as to adjust the variable attenuation
frequency to one of the noise spectrum peaks of the howling
noise. |
10. The howling prevention apparatus according to claim 9,
further including permission means having a manual pi—ece
and being activated only when the manual piece is actuated
by the operator according to a specified .sequence for enabling
the operation means and the selection means.
11. In an audio amplification systém having sound collecting
means for collecting a sound and for converting the collected
sound into a corresponding input signal, and sound
generating means including a loudspeaker for amplifying the
input signal fed from the sound collecting means to generate
the sound through the loudspeaker, a howling prevention
apparatus comprising:

white noise generating means for generating a white

ced |

I
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peaks to thereby renpve the how ing noise fromthe generate | SR T . ~
apparatus according to claim1; wherein the detection neans orrpriquagi}\gé%BEEN

nménual sweepi nghmmﬂllmummﬂd by an operator to sweep t +able
attenuation fre H t enuat i means t hrough an audi bl e

frequency range wihi fe the' oderator audi ?gri |y exanine the generated sound
'so that a noise spectrum peak can be audi bly detected when the how i ng

noise  cont %idagﬁ éuh?ghgflaiﬂl?n@%{)ﬁ&ﬁgeikéﬁgoia% $bqnkEntionklly tigredatte 3. An

apparat us accor rein the detection neans conprises
automati c sweepj s Al %R}H]'c I IS0 | e
?t tenuation f%‘e{d%%nlggwgfﬂég{:%gyah enugtﬁillﬂgmﬁea IQit hr ofggﬁsgef%tgﬁﬂgudi bl e
requency range, jand au ti nal yzi means for anal yzi ng an out put
| evel of each%aqalkesn{%q f@%&%ﬁ?ﬁrg %Jt t he audi bl e frequency range to
detect a noi se spectrum.peak.of . the how i ' 4 A %/ )

ing noise. 4. r S
according to clai f P,uW']g Ye 0 atheng @&P%‘?P%é%@@&?ﬁﬁ?@%@gge@ﬁ’& pass
filter provided se arﬁtel.y fromthe t% nuat i ng nmeans,.and havi ng a,vari abl e
center frequeSERNEHCE e§m%@%@n§}o E%ISQ&Q SﬁyeW@lpng%‘?‘f’élqaw si gnal

around the variable center frequency, and, analyzing neans, for anal yzing the
attenuating means having a variable attenuation frequency

which can be automatically swept throughout an audible
frequency range to attenuate the test howling noise;
detection means for analyzing an output level of each
attenuating means throughout the audible frequency range to
detect an effective attenuation frequency of each attenuating
means corresponding to one of the noise spectrum peaks; and
adjustment means for adjusting each attenuating means
to the detected effective attenuation frequency.
12. The howling prevention apparatus according to claim 11,
further including permission means having a manual piece
and being activated only when the manual piece is actuated

according to a specified sequence for enabling the detection

means and the adjustment means.

-
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filtered input signal to detect noise spectrum peaks of the hfwhifd: NoiT$eAS BEE
contained in the collected sound. 5. An apparatus according t§ cl aifaikAlED
i icl udi ng white noi se source neans coupled to the generating ans_ for
generating a white noise effective to intentionally introduce the how ing
noi se into the collected sound to thereb¥ enable the detection nmeans to

detect the plurality of the noise spectrumpeaks of the how ing_noise. 6.
An appar at us M“&IHG&E{MWER@QMRQSEErQEMWE@ i vat ed

only by a specified sequence o | for.pergitti t he

asl{ usti?_g rreanEQU%&I%ﬁR&Eé%%hﬁefl&%&ﬁéeﬁé@LI&Aw_ cy'hof each
attenuating neans. 7. An appara I o claiml; erein the
plurality of the attenuating neaaicﬁgﬁgﬁﬁggﬂﬁ plurality of digita

equal i zers connected in parallel to each other between the collTecting nmeans
and the generating neans for attenuating the plural it?jhisSheethbanthilaced

ey

spectrum peaks in parall el manner.nﬁi?.( ,ﬁq rat us acc 1;
wherein the plurality of the atte N) xms conpris f
digital equalizers connected in series to each other between the collecting
means and

In an apparatus for amplifying a sound while
suppressing a howling noise, a microphone collects a sound
and converts the collected sound into a corresponding input
signal. An amplifier amplifies the input signal to generate
the sound through a loudspeaker. A plurality of equalizers
are interposed between the microphone and the amplifier,
each equalizer having a variable attenuation frequency for
attenuatively filtering the input signal around the attenua’;ion
frequency for attenuatively filtering the input signal around
the attenuation frequency. A detection is conducted for
detecting a plurality of noise spectrum peaks of the howling
noise contained in the collected sound. Then, an adjustment
is conducted for adjusting respective variable attenuation
frequencies of the plurality of the equalizers correspondingly
to the plurality of the detected noise spectrum peaks to

thereby remove the howling noise from the generated sound.



the generating neans for the attenuating the plurality of the noise
spectrum peaks in serial manner. 9. In an audio anplification system
controll ed by an operator and havi ng sound col |l ecting neans for collecting
a sound and for converting the collected sound into a correspondi ng i nput
signal, and sound generating neans inclu®@ng a | oudspeaker for anplifying
the input signal fed fromthe sound collecting neans to generate the sound
t hrough the | oudspeaker, a how ing prevention apparatus conprising: a
plurality of attenuating neans interposed between the sound collecting
means and the sound generating neans, each attenuating means having a

vari abl e attenuation frequency adjustable for renoving a how i ng noise
having a plurality of noise spectrum peaks contained in the collected
sound; operation neans actuated by the operator f produci ng an

operation signal; selection means actuated by th perator for selecting
each of the attenuating neans; and adjustnent neans for sweeping the

vari abl e attenuation frequency of the sel ected at uating neans in
response to the operation signal so gﬁ to adj ust e variable attenuation
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to one of the noise spectrum peaks of the how ing noise. 10. The how i ng
prevention apparatus according to claim9, further including perm ssion
means havi ng a manual nenber and being activated only when the manual
menber is actuated by the operator ac§or§ing to a specified sequence for.
enabling the operation neans and the %ction neans. 11. In an audio
anplification system having sound 32”& ti means for collecting a sound
and for converting the collected sdu nt& a correspondi ng i nput signal,
and sound generating neans including a | oudspeaker for anplifying the input
signal fed fromthe sound collecting neans to generate the sound through
t he | oudspeaker, a howling prevention apparatus conprising: white noise
generating nmeans for erati g a white noise throu t he | oudspeaker so as
S

to intentionally int ce a t howing n hav a plurality of noise
spectrum peaks into the collerted sound; a plfiralityfof attenuating neans

i nt er posed between th and sound generati ng
means, each i tenuatlﬁn frequency:
whi ch can be a requened~range to

attenuate the t
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detection neans for analyzing an output |evel of each attenuating neans

t hroughout the audi ble frequency range to detect an effective attenuation
ffequency of each attenuating neans corresponding to one of the noise
spectrum peaks; and adjustnent means for .adjusting each attenuati ng neans
to the detected effective attenuation '?‘f/rgquency. 12. The how i ng prevention
apparatus according to claim 11, f:J:[E j/\%l udi ng perm ssion neans having
a manual mnenber and being activated o @ n the manual nenber is actuated
according to a specified sequence for enabling the detection neans and the
adj ust nrent neans. 32 HOALI NG REMOVER COVPOSED OF ADJUSTABLE EQUALI ZERS
FOR ATTENUATI NG COVPLI CATED NO SE PEAKS Thi s Sheet Has Been Repl aced
ABSTRACT I n an apparatus for anplifying a sound while suppressing a how ing

noi se, a m crophone c,gu—ea-s—a_sgund—aad—ggnuex-&-s—t—he—ed—@eted sound into
a corresponding inpuff signal. An anplifier anplifies the input signal to

generate
8. HOWLING REDUCTION

% ON OFF

SELECT : </ —
SET RS

FIG.5

HOWLING REDUCTION SETTING

B1 \m . - [ IHz

B2 [ JHz
(;2/. C3
B3 ./ [ 1Hz




the sound through a | oudspeaker. A plurality of equalizers are interposed
bet ween the m crophone and the anplifier, each equalizer having a variable
attenuation frequency for attenuatively filtering the input signal around
the attenuation frequency for attenuajinxgly filtering the input signal
around the attenuation frequency. A tion is conducted for detecting a
plurality of noise spectrum peaks F Itﬁ ga\m I ng noi se contained in the
col | ected sound. Then, an adjustnedt % 3?corducted for adjusting respective
vari abl e attenuation frequencies of the plurality of the equalizers
correspondingly to the plurality of the detected noise spectrum peaks to

t hereby renove the how ing noige ¢ ?@Hd%ﬂk%ﬁ@d@bﬁ@ns nd. 1/9 [err]
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32 HONLI NG REMOVER COMPOSED OF ADJUSTABLE EQUALI ZERS FOR ATTENUATI NG
COVPLI CATED NO SE PEAKS ABSTRACT In an apparatus for anmplifying a sound
whi | e suppressing a how ing noise, a nmicrophone collects a sound and
converts the collected sound into a correspondi ng i nput signal. An
anplifier anplifies the input signaI9V699enerate the sound through a

| oudspeaker. A plurality of equaluge igﬁrjet?terposed bet ween the

m crophone and the anplifier, eac eh o having a variabl e attenuation
frequency for attenuatively filtering the input signal around the
attenuation frequency. A detecti onp n d for detecting a plurality
of noi se spectrum peaks of the.ho%ﬂszgﬁgo?ggﬂgontained in the collected
sound. Then, an adjustnent is conducted for adjusting respective variable
attenuating frequencies of the plurality of the equalizers correspondingly
to the plurality of the detected noise spectrum peaks to thereby renove the

how i ng noise fromthe generated sound. (Refer Figure 1) 2 7
\
o+
—3t Q : Small
(dB)

fo Frequency



What i's claimed is: 1. An application for anplifying a sound|| VAEFLACEMENT SHEET
suppressing a how i ng noi se, conprising: collecting neans foff coll 'FE§W¥B
sound and for converting the collected sound into a correspofdbdig:.i. BL .................
signal; generating neans for anplifying the input signal to | -
.sound; a plurality of attenuating neans Baterposed bet ween the coll ecting
"means and the generating neans, each atténuating nmeans having a variable
attenuation frequency for attenuatively filtering the input signal around
t he attenuation frequency; detection neans for detectlng a plurality of

noi se spectrum pe £ sound,;
and adj usting ma@wmmﬂg&mﬁ pep att Wgﬁ‘gﬁﬁi
frequenci es of the ence to
the plurality of t@ms;@%mm@mmﬁm he
how i ng noi se fromthe generated SOUB&Q §E%ﬁ£%ﬁ£§ﬁ;atus according to claim
1; wherein the detection neans conpr ; epi ng neans nmani pul at ed
by an operator to sweep the variable attenuation frequency of each
attenuating neans through an audi bl e frequency range while the operator

auditorily exam ne the generated sound sqo that a noise spectrum peak can be
audi bly detected when the how ing noi RACT

In an apparatus for amplifying a sound while suppressing a
howling noise, a microphone collects a sound and converts the
collected sound into a corresponding input signal. An amplifier
amplifies the input signal to generate the sound through a
loudspeaker. A plurality of equalizers are interposed between
the microphone and the amplifier, each equalizer having a
variable attenuation frequency for attenuatively filtering the input
signal around the attenuation frequency. A detection is
conducted for detecti'ng a plurality of noise spectrum peaks of the
‘howling noise contained in the collected sound. Then, an
adjustment is conducted for adjusting respective variable
attenuating frequencies of the plurality of the equalizers
correspondingly to the plurality of the detected noise spectrum
peaks to thereby remove the howling noise from the generated

sound. (Refer Figure 1)




28 cont ai ned iin the generated-sound is significantly chargigcthe Jeplavement sheet

appar atus accordi.ng t cgalingpe Jréc%(y\herei n the detection neans conprises
automati c sweepi omatically sweeping the vari ﬁ?ét L

attenuation freq ttenuati ng neans thr ougRﬂﬁ?‘ a gl bl e
frequency range, \'®anal yzi ng,yreans for analyzing an out put
| evel of each attenuating neans throughout the audible frﬁiuencK ranﬁe to

detect a noi se spectrum peak of the how ing noi se. ?4m“m H)m& HEI”I
.} S

accordi ng to@ai mn 1'1 wherei n the detection neans com3 I L SIS
filter provid c}‘astelﬁaqﬁf Brom the attenuat i ng neans and havi ng a variable
center frequency,whi ch.can be, swept . .t.0. sel ectively Lilter the input signal
around the vgﬂi a%p@mﬂm@wﬂff@a@éﬁ?ﬁfm& aa?%‘}ﬁg#@flﬁﬁgﬂpmﬁmgrﬁgl yzing the
filtered i nptﬁ s'h,gnal o detect, noi se spectrum peaks of the how ing noise
cont ai ned i n AW NEWC CABPERIPINEG. An apparatus according to claim1;

i ncl uding white noise spurce nmeans coupled to the generating neaps for
generating a whit collgafngmmeans \f@rwlloemtmg acﬁﬁmmgandt RRRVEHNG oW i ng
noi se into the collected sound to thereby enable the detection nmeans to

detect the pltheatoligcted sounddnteasganresponding énpat signalpw i ng

generating means for amplifying the input signal to generate
the sound;

Y, a plurality of attenuating means interposed between the
collecting means and the generating means, each attenuating
means having a variable attenuation frequency for attenuatively
filtering the input signal around the attenuation frequency;

detection means for detecting a plurality of noise spectrum
peaks of the howling noise contained in the collected sound; and

adjusting means for adjusting respective variable attenuation
frequencies of the plurality of the attenuating means in,

correspondence to the plurality of the detected noise spectrum

peaks to thereby remove the howling noise from the generated
sound. |

2. An apparatus according to claim 1; wherein the detection
means comprises manual sweeping means manipulated by an
operator to sweep the variable attenuation frequency of each
attenuating means through an audible frequency range while the
operator auditorily examine the generatéd sound so that a noise

spectrum peak can be audibly detected when the howling noise



noi se. 6. An apparatus accordj ' ;i ncl udi nghipds the seplicem@it sheet
activated only by a specifi ecﬂwnwammmmal operation for permtting
t he adjusting neans to adjust #he w29 atteguation ency of.
each attenuating neans. 7. An apparatus according to & m JQQEﬂgein t he
plurality of the attenuating neans conp%ése a plurality of digital
equal i zers connected in parallel to each other between the collecting neans
and the generating neans for attenuating the plurality of the noise '
spectrum peaks in parallel manner. 8. .apparatus according to claiml;
wher ei n t he ¢PRtaNEdyYN qg@ﬂ%ﬁ&t@dmur@[q]l%m%@aﬁﬂm §ﬁaﬁg%ﬂ?ural ity of
digital equalizers connected in series to each other between the collecting
means and t hd. gAmcapparajussaoeording taclaimehyshargin the dateationy of the

noi se spectrum peaks in_serial manner. 9. In an audio anplification system
control | ed bmeansopemprisesaautomatio gweeping mdanst forgawtomatitallycol | ect i ng
a sound and for converting the collected sound into a correspondi ng i nput

Tt P St lestens ian roquentp ek achustng ! 1
means throughout an audible frequency range, and automatic
analyzing means for analyzing an output level of each attenuating
means throughout the audible frequency range to detect a noise

N\ _spectrum peak of the howling noise.
4. An apparatus according to claim 1; wherein the detection
means comprises a band pass filter provided separately from the
attenuating means and having a variable center frequency which
can be swept to selectively filter the input signal around the
variable center frequency, and analyzing means for analyzing the
filtered input signal to detect noise spectrum peaks of the howling
noise contained in the collected' sound.
5. An apparatus according to claim 1; including white noise
source means coupled to the generating means for generating a
white noise effective to intentionally introduce the howling noise
into the collected sound to thereby enable the detection means to
detect the plurality of the noise spectrum peaks of the howling
noise. ' | |
6. An apparatus according to claim 1; including permission

means activated only by a specified sequence of manual operation

for permitting the adjusting means to adjust the variable
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conprising: a plurality of att er posed between the sound
col l ecting means and the sound genera in§ nearfs, -eachpatd.e at igtg nmeans
having a variable attenuation frequency adjustable for renmovimg a how i ng
noi se having a plurality of noise spectzeim peaks contained in the collected
sound; operation means actuated by the operator for producing an 30
operation signal; selection nmeans actuated by the operator for selecting
each of the attenuating nmeans; a da%gg ust ment, neans for sweeping the

vari abl e attagmuasmn ERMRSRGY Of aacdl aUeBaUaHRAZMEBASat i ng neans in
response to the operation signal so as tq adjust the variabl e, attgnuation
frequency t o TondABfapparatas secopding torchaiad; ovhereim Pﬁgﬂiﬁb’s@{e ®. The
how i ng prevention apparatus according to claim9, further including

permi ssi on madtenuating gneans: compriseiseplunadity ofndigitali equalizesis y when t he
manual menber is actuated by the operator according to a specified sequence

for enabl i ng gdrmeuted dni paralielrte each otker betweenrthescoliecting means

| ge'ner'ate‘the sound t hr ough thee”"ﬂﬂfﬂﬂ@'ﬁlmlﬂmpw i ngTpisds dtie i"!i?la‘"aﬁi'Bﬁ?‘aR@‘
jené

and the generating means for attenuating the plurality of the noise
spectrum peaks in parallel manner.
8. An apparatus according to claim 1; wherein the plurality of the
W, attenuating means comprise a plurality of digital equalizers
connected in series to each other between the collecting means and
the generating means for the attenuating the plurality of the noise
spectrum peaks in serial manner.
9. In an audio amplification system controlléd by an operator and
having sound collecting means for collecting a sound and for
converting the collected sound into a corresponding input signal,
and sound generating means including a loudspeaker for
amplifying the input signal fed from the sound collecting means to
generate the sound through the loudspeaker, a howling prevention
apparatus comprising:

‘a plurality of attenuating means interposed between the
sound collecting means and the sound generating means, each
attenuating means having a variable attenuation frequency
adjustable for removing a howling noise having a plurality of
noise spectrum peaks contained in the collected sound;

operation means actuated by the operator for producing an

-
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11. In an audio anplification havi ng sound col | [ ki
collecting a sound and for coh?ﬁ”ﬁﬂ"!ﬂﬂﬂ“,l’ﬂgt:ed soﬁﬁ'% igﬁ?‘g?@'ﬁdrﬁém sheet
correspondi ng i nput signal, an h kg .neans including a

| oudspeaker for anplifying the input signal” fed fron1tbauaqyﬁﬁ @bl | ecting
means to generate the sound through the {pudspeaker, a how ing prevention
apparatus conprising: white noise generating neans for generating a white
noi se through the | oudspeaker so as to intentionally introduce a test
how i ng noi se having a plurality of noise spectrum peaks into the collected
sound; a pl uPperasjodssignabnuat i ng neans inter posed between the sound

col lecting nmeans and the sound generating neans, each This Sheet Has B

31 attenuating neselecton means/actuased byt the operratorf famselectingheachcan be
automatically swept through an audi bl e frequency range to attenuate the

test how i ngofitheatteimating anearsinandor anal yzi ng an output |evel of each
attenuati ng neans throughout the audi ble frequency range to detect an

effective attenuahdfustimenturransdoreswbepinge thevarableatteramtienpondi ng to
one of the noise spectrum peaks; and

frequency of the selected attenuating means in response to the

s
|

operation signal so as to adjust the variable attenuation frequency
to one of the noise spectrum peaks of the howling noise. |
N\ 10. The howling prevention apparatus according to claim 9,
| further including permission means having a manual member and
being activated oniy when the manual member is actuated by the
operator according to a specified sequence for enabling the
operation means and the selection means.
11. In an audio amplification system having sound collecting
means for collecting a sound and for converting the collected
sound into a corresponding input signal, and sound generéting
means including a loudspeaker for amplifying the input signal fed
from the sound collecting means to generate the sound through the
loudspeaker, a howling prevention apparatus comprising:
white noise generating means for generating a white noise
through the loudspeaker so as to intentionally introduce a test
| howling noise having a plurality of noise spectrum peaks into the
collected sound;
a plurality of attenuating means interposed between the

sound collecting means and the sound generating means, each

————
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fédj.ust‘rr'en't means for adjusting e ﬂm@m&'ﬂuati ng means kﬁ}stigemg%@ﬁ&&@lcméhéet

effective attenuation frequency. &mmu,preve on appar at us
according to claim1l, further in on nmeans havjng..a nmanual

menber and being activated only when the nandal *menmber Date:add

according to a specified sequence for enghling the detection neans and the
adj ust nent neans. What is clainmed is: 1. An application for anplifying a
sound whil e suppressing a how ing noise, conprising: collecting nmeans for
collecting a sound and for converting the collected sound into a

cor respond! ol #ke RAUHE b MAIBL Rk AaROR el BB WHERL oo
means. havi ng CANSS PR RN 3tk hrGlEbrty 3RO FraskBHey24mEs Boer i ng
the input si %n | _arouynd .t he, at t.enuati.on frequency; detection neans for

detecting a ate thetesbhowling 00ises peaks of the howl i ng noi se

contained in the &)@l | ect ed sound, and ad{ usti ng neans for .adj %sti ng
respective vari abKet@¢li@n aeans for analyzing an output level of eac

attenuating means throughout the audible frequency range to
detect an effective attenuation frequency of each attenuating
means corresponding to one of the noise spectrum peaks; and
adjustment means for adjusting each attenuating means to
the detected effective attenuation frequency.
12. The howling prevention apparatus according to claim 11,
further including pérmission means having a manual member and
being activated only when the manual member is actuated
according to a specified sequence for enabling the detection means

and the adjustment means.
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f"r'equenci es of the plurality of the at tremwastsn orresggpnﬂgggggm-%wg?
the plurality i se spe tFHlSrﬁl'ﬂ)%%Tk'rsL’-\’f:@EEHeeby rem)é t

how i ng noi se rated sound.l| 2. ARERpPHEEAt us altconidpag € ¢ ﬁm
1; wherein the[,mmnmnﬁﬂgﬂﬁcomri se ANUar—sweepr ng- Trean N
by an operator #0 swaepwm i abl e att@huation frequency of each

attenuati ng neans through an audi bl e frequency range whil e the operator
auditorily exam ne the generated sound so that a noi se spectrum peak can be
audi bl y det eciVdthatviseclaimediisM i ng noi se This Sheet Has Been Re | aced

contained in the generated sound is significantly changed. 3. An apparatus
according to K| aAm dpplstien Toremplifyhig ansomad whilswupinessitigant | ¢

sweepi ng nmeans for autonmatically sweeping the variabl e attenuatlon

frequency of m‘ﬂ%hawté&ﬁﬁ%ﬁﬂgﬂt hr oughout an audi bl e frequency range,

and automatic anal yzi ng feans al yzing an output |evel of each

att enuat g reans (NGRS thohlie fBF Uptlel e A SN w0t oflveing?, O 5

spectrum peak of t ng nor se. rat us according aim1,

wher ei n tNe qRLECAO0EAPEON RS W ErreshBRAIAZIRpht sigiale" OV ded

Separately fr

generating means for amplifying the input signal to generate
the sound;

a plurality of attenuating means iriterposed between the
collecting means and the generating means, each attenuating
‘means having a variable attenuation frequency for attenuatively
filtering the input signal around the attenuation frequency;

detection means for detecting a plurality of noise spectrum
peaks of the howling noise contained in the collected sound; and

adjusting means for adjusting respective variable attenuation
frequencies of the plurality of the attenuating means in

correspondence to the plurality of the detected noise spectrum

peaks to thereby remove the howling noise from the generated
sound. |

2. An apparatus according td claim I; wherein the detection
means comprises manual sweeping means manipulated by an
operator to sweep the variable attenuation frequency of each
attenuating means throﬁgh an audible frequency range while the
operator auditorily examine the generated sound so that a noise

spectrum peak can be audibly detected when the howling noise

- This Sheet Has Been Re[ilaced
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attenuating nmeans and having a variable C?HF§§H$E'@HM§.@@EN i |t IREPLACEMENTST EET

to selectively filter the input signal aroundgiBeasrani abl ejjcgnter
frequency, and anal yzi ng neans for anal yz=ng ”‘E ftterad=iin Lﬁat%rza§13§‘gg'(!996

4

det ect noi se spemllmul'lﬁmmlml e how i ng noi se contai ned i mthe col T ect ed
sound. 5. An appaMBill otk hdllt o cl &8n 1; including white noise source
means coupl ed to f'he®geherfati®ng”neans for generating a white noise

effective to intentionally introduce the howing noise into the collected

sound to th . o . :
SORARAPH thé RRrfthid selndPRNsightfidshdyichidiped ural ity of the

SHER N A I S R
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8. An appar amcan&ctﬁmwghgu; aﬂca\éﬁhr‘iﬁq ﬁﬁﬁﬁgﬁ?{ﬁ uf?ﬂﬁggﬁdaavfﬁ{’a ilc‘telhe ranner:

analyzing means for analyzing an output level of each attenuating

Q

means throughout the audible frequency range to detect a noise
spectrum peak of ihe howling noise.

4. An apparatus according to claim 1; wherein the detection
means comprises a band pass filter provided separately from the
attenuating means and having a variable center frequency which
can be swept to selectively filter the input signal around the
variable center frequency, and analyzing means for analyzing the
filtered input signal to detect noise spectrum peaks of the howling
noise contained in the collected sound.

5. An apparatus according to claim 1; including white noise
source means coupled to the generating means for generating a
white noise effective to intentionally introduce the howling noise
into the collected sound to thereby enable the detection means to
detect the plurality of thé noise spectrum peaks of the howling
noise. |

6. An apparatus according to claim 1; including permission
means activated only by a specified sequence of manual operation

for permitting the adjusting means to adjust the variable

. This Sheet Has Been Replaced
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attenuating neans conprise a plurality bi qghHear HAGUEREN
fse”?ﬁ tot?ach—other—bet—weeﬂ—t—he—eo:clec I Ng NE@nSAGER t he | ati ng nmeans

or the attenuat ' of th ESE=T €af Sy 0. 9B

manner. 9 In an lmwmﬁkﬂ!ﬂlﬂ‘ﬂml on system control led by a SD‘tg."'%B'"gEE"m"
havi ng .sound col | eCt¢ : col | é%ti ng a sound and for converting the
coll ected sound into a correspondi ng i nput signal, and sound generati ng

means including a | oudspeaker for anplifying the input signal fed fromthe

sound col | ecdttmm@ﬂsfrbgugﬁe rof Gacharemwatind nesins.t he | oudspeaker, a

how i ng prevention apparatus tonprising: a plurality of attenuating neans

i nterposed bpt Vﬁﬁ%a;?ﬁﬁ%aigg d@gﬁggﬁgb Wal2ls wiikteifn the Plogaliey ofahend

ggaﬂsi ag?ghf at t'enuati _ ca vari a’ol e attenuation frequency
. X i . .
E pjeﬂ] rum gea?zeé‘fiiﬁééﬁ@gﬁpﬁwﬂﬁwﬁf’%i’?‘é@g@ﬂﬁé?l@‘&é¥ BhatizBls 10! St vat o
rator for .psoduci ' ' : '
et uat ed by oeneerdbit paFefTEL B each el etieurpife polRchie BbAIRNCT an
adj ust rent means, for sweeping the yarigble attenpuatjon,. .
and the generationg theans {or attenna ing the piurahty of the noise

spectrum peaks in parallel manner.

8. An apparatus according to claim 1; wherein the plurality of the
O attenuating means comprise a plurality of digital equalizers
connected in series to each other between the collecting means and
the generating means for the attenuating the plurality of the noise
spectrum peaks in serial manner.
9. In an audio amplification system controlled by an operator and
having sound collecting means for collecting a sound and for
converting the collected sound into a corresponding input signal,
and sound generating means including a loudspeaker for
amplifying the input sighal fed from the sound collecting means to
generate the sound ihrough the loudspeaker, a howling prevention
apparatus comprising:

a plurality of attenuating means interposed between the
souhd collecting means and the sound generating means, each
attenuating means having a variable attenuation frequency
adjustable for removing a howling noise having a plurality of

noise spectrum peaks contained in the collected sound;

operation means actuated by the operator for producing an

. This Sheet Has Been Rerlaced
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frequency of the sel ected attenuating fEeans 1

signal so as to adrﬁs%—%h@—¥aLLabL_‘atde Hé&$%ﬁ”fé§ ﬁgﬁ@y t! BEELBGEMEHTSHEFT |
noi se spectrum pe how i noijlse 105PH oOW_i. revenzﬁ

appar at us accor dl?‘ ll My i J"Et her _includi ng per m ssi o Raan aSEBdg%
manual nmenber and nly wHen the manual nenb-'

SRR

by the operator according to a speC|f|ed sequence for enabling the
operation neans and the selection neans. 11. In an audio anplification
systenlhavuq?éﬁwmﬁlg [kﬂctlng means for collecting a sound and for
converting tHe coll ected Sound into a corresponding input signal, and sound

I
gy at| 19, reans selekigh Tk AUHARAY K8 oBERLEAERRAARIIRCIP! 90
| oud k t whi t
ggﬁefgfﬁngré%gﬂg9¥§¢ﬂgéﬁ§§aﬁﬁﬁ§@ ?eang?sgogﬁieﬁéﬂgthe :oﬁdggezﬁer SO as
t tent |1 t f
spect rum peaks | fid h%ﬁﬂgﬁﬁrﬁeﬁiioﬁ%%&%%?%ﬁﬂ%b@ﬁ@%@ g TRans
I nt er posed qetmeen th ounq &x& neans and. t he sound 8eﬂerat|ng
means. each rquegcy the selected a ten ting means in response f

operation signal so as to adjust the variable attenuation frequency

to one of the noise spectrum peaks of the howling noise.

T4
{ o

10. The howling prevention apparatus according to claim 9,
further including permission means having a manual member and
being activated only when the manual member is actuated by the
operator according to a specified sequence for enabling the
operation means and the selection means.
11. In an audio amplification system having sound collecting
means for collecting a sound and for .converting the collected
sound into a corresponding input signal, and sound generating
means including a loudspeakel; for amplifying the input signal fed
from the sound collecting means to generate the sound through the
loudspeaker, a howling prevention apparatus comprising:

white noise generating means for generating a white noise
through the loudspeaker so as to intentionally introduce a test
howling noise having a plurality of noise spectrum peaks into the
collected sound; |

a plurality of attenuating means interposed between the

sound collecting means and the sound generating means, each

This Sheet Has Been R
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attenuating nmeans having a variabl e atteni IhREBRAGRMENT SHEET
automatically swept through an audible fr¢ jnuat e e
test how i ng noi se; detectionneans-for af vigpte o ga%%Pm

attenuati ng neans tAhr di blg frequency_range to derect an =
effective attenuatj [lmﬂ ﬂl‘ mﬂteach %\ttenuati ng neans corresponding to
one of the noise X d adjustnent neans for adjusting each

attenuating neans to the detected effective attenuation frequency. 12. The

how i ng prevention apparatus according .to claim1ll, further including

per ni ssi on %‘S%Wéaﬁﬁgi ‘%&aﬁls \iRg avasiablenaitenuations rPﬂHPBHYoWB}c en the
manual nmenber s actuated gccording to speci f.ied sequence for enabling

t he det ect i &N ReaRUlQIRatiCAHY-8\WVeapt %bmugbmauqim@ SUenNEysrangh i®epl aced
What is clained is: 1. An apparatus, for anplifying a sound while

suppr essi ncatéenaale th; ﬁﬂﬂtsltoW&mngtSeég: coll ecting nmeans for collecting a
sound and for converting the collected sound into a correspondi ng i nput

si gnal ; gener at i detection mMeansafor ahglymjnghan ioytput deyebof eachener at e

attenuating means throughout the audible frequency range to

detect an effective attenuation frequency of each attenuating
means corresponding to one of the noise spectrum peaks; and

- adjustment means for adjusting each attenuating means to
the detected effective attenuation frequency. |
12. The howling prevention apparatus according to claim 11,
further including permission means having a manual member and
being activated only when the manual member is actuated
according to a specified sequence for enabling the detection means ,

and the adjustment means.
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t he sound; a p4—u1’—a4—|—t—y—ef—a{—t—enuat| ng nmeans i nterposed bet
gol | eg]tl ng nea M)’i ti.ng means, each attenuatin rreans %"‘%ﬂ !
vari a eatten ' or attenuatlvel filteringlt i t

around the att cI MBE ﬂ ; detection rreaxs for detg tdljﬁn A 9,[”9!514# '
of noi se spectrum peaks of the how i ng2foi se contained in the col I ect ed
sound; and adjusting nmeans for adjusting respective variable attenuation
frequenci es of the plurality.of the attenuating neans in correspondence to
the plural \Whaefis idlgimfletleist ed noi se spectrum peaks to thereby renove the

how i ng noi se fromthe generated sound. 2. An apparatus according to claim

1; wherein {t hea glej; oS n%@sarﬁggﬂ‘gmg% sound | whileanuppsressitys amani pul at ed

Al 2%25?&;: rans ) B, D © fr2332ﬁ29°PaL;§qKEPFZ he" oper at or

:33: Llo;l ngt é{?e ge Le g%r:egaféiﬂ Sound so t(r:\at a noi se spactrum peﬁgdcggugg

idZt Zlc'?lnlo];ll cag'ﬁlls& M&E@ g %\rfagé’g’g éﬁ!flgi‘cg‘g‘?@ﬂm Fa?lnv%?ﬂﬁ%erei n the
B ol sind" ?o”%tc':grrsé‘ﬁ'ﬁ%%d“ He TRBOT sighafiut omat i cally

generating means for amplifying the input signal to generate

the sound;
a plurality of attenuating means interposed between the
collecting means and the generating means, each attenuating
-means having a variable attenuation frequency for attenuatively
filtering the input signal around the attenuation frequency;
detection means for detecting a plurality of noise spectrum
peaks of the howling noise contained in the collected sound; and
adjusting means for adjusting respective variable attenuation
frequencies of the plurality of the attenuating means in
corrcspondence to the plurality of the detected noise spéctrum
peaks to thereby remove the howling noise from the generated
sound.
2. An apparatus according to claim 1; wherein the detection
means comprises manual sweeping means manipulated by an
operator to sweep the variable attenuation frequency of each
attenuating means through an audible frequency range while the
‘operator auditorily examine the generated sound so that a noise

spectrum peak can be audibly detected when the howling noise



sweeépi ng the variable attenuation frequency of each attenu
t hr oughout an—audrb%e—{fequency—r ange, and autonmatic anal ygi
anal yzing an o ch attenuating neans throughqut tg [
frequency rang gnmulﬁm)ﬂ" se spectrum peak of the howli zﬁsgﬁhwn
appar atus accor @i ng wher ei#8t he detection neans conprises a
band pass filter provided separatel y fromthe attenuati ng neans and having
a variabl e center frequency ‘whi ch can be swept to selectively filter the

| nputsi angbnegisiendiri e #}L rigtated SPURY i 14 ﬁ@ﬁmifgggggehﬂ' ng means for

anal yzing the ltered | t signal nol s rum peaks of the

Lo clarm 157, A0F oRPRBaths AobQRIGR E‘?;E%' @nﬁfé*éﬂ@le 'B’f@sa@%ﬁﬁéﬂgeﬂé‘f%{ :"nggh
Eﬁ&”?ngoﬁo?fiﬁfrﬁiébﬂ?ﬂ@s?@@@iemfié ”elfib'&vﬁléa&ﬁ'y b AR oction

means to detect.th Iural t he. noi ectr aks of the how i ng
noi se. 6. ﬁW%ﬁg sv%éb @ﬂ?m@twla. ﬁ?'qu P?&‘,I of ualing neans
activated onl a eC| fied s cﬁgf gce of manual oper(?t [ on for permtting
t he adj ust fiﬁs %ﬁ aBrauGLIG Arequeacy range, and automatic

analyzing means for analyzing an output level of each attenuating
meaﬁs throughout the audible frequency range to detect a noise
spectrum peak of the howling noise. |

4. An apparatus according to claim 1; wherein the detection
means comprises a band pass filter provided separately from the
attenuating means and having a variable center frequency which
can be swept to selectively filter the input signal around the
variable center frequency, and analyzing means for analyzing the
filtered input signal to detect noise spectrum peaks of the howling
noise contained in the collected sound.

5. An apparatus according to claim 1; including white noise
source means coupled to the generating means for generating a
white noise effective to intentionally introduce the howling noise
into the collected sound to thereby enable the detection means to
detect the plurality of the noise spectrum peaks of the howling
noise.

6. An apparatus according to claim 1; including permission
means activated only by a specified sequence of manual operation

for perniitting the adjusting means to adjust the variable



according to claim I; wherein—the—plurality of the attenuatijng
b:?.

conprise a plurglg Lihiadggequal i zers connected in par g
ot her between tﬂelmml (I lﬁufmﬂiﬁs and, t he generating neans
the plurality of the neise spectrum p s in parallel manner. 8. An
apparatus according to claiml; wherein the plurality of the attenuating
means conprise a plurality of digital equalizers connected in series to
each ot her d&?émoh%cnghgytchﬂeae&wﬁeMiﬁ%?nesﬂ' rating means for the
attenuating the plurality of“the noise spectrum peaks in serial manner. 9.
In an audi e a P | t . : I 1 g sound
7 2Rh é%gﬁ%dotpﬁea%éﬂrﬂcu ngmag(ta élgiﬂnel’ Wh&‘blﬂ%efpﬁfgrat‘fﬁg 6;@}1}&

col | ecti ng nmeans sound and’ for conver ect ed

ol udi ng AtrGATABIBERS, Al AiRuraR oFHEA AR, Ot he sound
b event i on CCIed-HE BABAIe) b SadR e betien fe cRllEiE maeads
I nt er posed be en the sound coll gcting neans agnd the soung ﬁenenating
means, eacrarﬂﬁﬁ&ﬁnergtmmm?%amwm a‘ea wrality of the apisecy

adj ustable for renmoving a how ing noise having a plurality of noise
spect r um pSEpeCtEdm PEA mrpanasll anasaiCeEd sound;

A - - -
-, = 0 o o,

8. An apparatus according to claim 1; wherein the plurality of the

£

attenuating means comprise a plurality of digital equalizers
connected in series to each other between the collecting means and
the generating means for the attenuating the plurality of the noise
spectrum peaks in serial manner.

9. In an audio amplification system controlled by an operator and
having sound collecting means for collecting a sound and for
converting the collected sound into a corresponding input signal,
and sound gcnerating means including a loudspeaker for
amplifying the input signal fed from the sound collecting means to
generate the sound through the loudspeaker, a howling prevention
apparatus comprising:

a plurality of attenuating means interposed between the
sound collecting means and the sound generating means, each
attenuating means having a variable attenuation ffequency
adjustable for removing a howling noise having a plurality of
noise spectrum peaks contained in the collected sound;

operation means actuated by the operator for producing an



operation nmeans actuated by the operator for producing an ! Tar, ; =
signal ; selecti S actuated by the operator for selecti %W%N%QHEET

attenuating i imsit n,t nmeans for sweeping the var a&lfg 26 NOV 1396
attenuation ;Tm“ ﬂ mﬂ”ml ected attenuating neans in rgspORnSETGUTTE "
operation signat so as Mo adjtist. the va0 abl e attenuation frequency to one

of the noise spectrum peaks of the how ing noise. 10. The how i ng
prevention apparatus according to claim9, further including pern ssion

means havi Qﬁgp mber and being activated only when the nanual
menber is g&ﬁg’te gi)gﬁé operator according to a specified sequence for

enabling the op | ' di o
anplification ﬁ&?%‘?ﬁﬁ&ﬁg@%&hgq ?’?cmsﬁ%gﬁgnf%rr g%‘&‘#@l@%ﬁ%ﬂa sound
and for conveptin |l ected sound into a corresponding input signal,
and sound Sgﬁ%}ea?&ﬁéﬂmmm%oq'ﬁg a | oudspeaker for anplifying the input
signal fed fromthe sound collegting neans {0 genergte the sgund through

t he | oudspeaker @ uﬁ@%ﬂ‘ﬁd"ﬁ?@% 9&@#%@%3’3& Pi%‘i&%uaﬁﬁpte noi se
generat i ngctmeans for g nerajing.a white, noise through the | ou sgeaker SO as
to intenti ﬁgqu9nc)1to 8€ qtgdtattenuatmg means 1n response {o

operation signal so as to adjust the variable attenuation frequency

to one of the noise spectrum peaks of the howling noise.

TR

10. The howling prevention apparatus according to claim 9,
further including permission means having a manual member and
being activated only when the manual member is actuated by the
operator according to a specified sequence for enabling the
operation means and the selection means.
11. In an audio amplification system having sound collecting
means for collecting a sound and for converting the collected
sound into a corresponding input signal, and sound generating
means including a loudspeaker for amplifying the input signal fed
from the sound collecting means to generate the sound through the
loudspeaker, a howling prevention apparatus comprising:

white noise generating means for generating a white noise
through the loudspeaker so as to intentionally introduce a test
howling noise having a plurality of noise spectrum peaks into the
collected sound;

a plurality of attenuating means interposed between the

sound collecting means and the sound generating means, each
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detection means for analyzing an output level of each

attenuating means throughout the audible frequency range to
detect an effective attenuation frequency of each attenuating

means corresponding to one of the noise spectrum peaks; and
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adjustment means for adjusting each attenuating means to
the detected effective attenuation frequency.
12. The howling prevention apparatus according to claim 11,
further including permission means having a manual member and
being activated only when the manual member is actuated
according to a specified sequence for enabling the detection means

and the adjustment means.



