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ND THE INVENTI

The -present invention relates to a howling prevention
apparatus or howling remover capable of effectively
preventing a howling noise in a small listening room or other
'places.

In a sound amplification system Which simultaneously
uses a mjcrophone and a loudspeaker, howling is generated
when a sound is produced by the loudspeaker and
transmitted back to the microphone. Therefore, it is
necessary to provide a howling prevention apparatus to
prevent such a howling noise.

A configuration of a known howling prevention
apparatus is shown in Fig. 2. In Fig. 2, the apparatus
includes a noise signal generator circuit 10 which generates a
white noise having a flat frequency spectrum. 11 is a speaker,
and 12 is a microphone. The apparatus further includes
BPF's (band pass filters) 131-13n, and the center frequencies
of these band pass filters are set different from one another.
Peak & hold circuits 141-14n output a peak value of a signal
which is rectified by the corresponding BPF. A selector 15
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Peak & hold ‘circuits 141-14n out put a peak value of a signal which is
rectified BY the corresponding BPF. A selector 15 2 changes over in
sequence the outputs of the peak & hold circuits 141 to 14n, and supplies
the ;sane to an A/D converter 16. A CPU 17 controls the changeover operation
of the selector 15, and receives each peak val ue which is converted into a
digital signal by the A/D converter 16.21n such a howing prevention
apparatus, the uniformwhite noise of the flat spectrumis produced from
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converted into a digital signal by the A /D converter 16.

In such a howling prevention appafatus, the uniform
white noise of the flat spectrum is produced from the speaker
11, and is collected by the microphone 12. In this case, a part

* of the noise is directly propagated back from the speaker 11 -
to the microphone 12 and another part is indirectly
propagated back after having been reflected on a wall of a
room where the howling prevention apparatus is installed.

" The CPU 17 changes over the selector 15 in sequence to
measure each peak value outputted from BPFs 131 to 13n,
and discriminates one BPF, the output of which is
significantly high. It is adapted that howling is controlled or
suppreésed by inserting an équa,lizer between the microphone
12 and the loudspeaker 11 for lowering a gain of a frequency
band corresponding to the noise peak.

The number of frequency bands in which equalizing is
carried out in the above-described conventional howling
prevention apparatus is limited approximately 5 to 9 in view
of hardware construction which is designed mainly to adapt

to an installation space. In this case, there may be a



significantly high. It is adapted that howing is controlled or suppressed
by inserting an equalizer between the m crophone 12 and the | oudspeaker 11
for lowering a gain of a frequency band corresponding to the noi se peak.
The .nunber of frequency bands in which equalizing is carried out in the
above-descri bed conventional how ing prevention apparatus is limted
approximately 5 to 9 in view of har dwar @ construction which is desi gned
mainly to adapt to an installation space In thls case, there may be a 3
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bands at which equalizing is carried out while ignoring the
above-described hardware limitation in order to eliminate this
disadvantage. In this case, however, it is ﬁecessary to raise
the selectivity of respective frequency bands or channels and
to set a Q value of each BPF high enough along with the
increase of the number of the frequency bands. Therefore, the
band widths of the band pass filters are made narrow whereas
a distribution of a high-pass side slope (see Fig. 3) included

. in the whole measuring level will increase. Accordingly, there
is a problem that a net variation of the noise signal level to
be measured in a band is reduced while a gross variation of
the noise signal raises. Therefore, the loop gain of the sound
amplification cannot be accurately measured, and
consequently howling cannot be fully prevented. Stated
otherwise, as the number of the BPF's increases, the
sensitivity of each BPF decreases.

Even if the configuration of the apparatus is adapted to

select a specified number of frequency bands (for example,
five bands) in a higher frequency range by increasing the

number of frequency bands for which equalizing is carried



to set a Q value of each BPF high enough along with the increase of the
nunber of the frequency bands. Therefore, the band w dths of the band pass
filters are nmade narrow whereas a distribution of a high-pass side slope
(see Fig. 3) included in the whole nmeasuring level will increase.
Accordingly, there is a problemthat a net variation of the noise signal

l evel to be measured in a band is reducdd while a gross variation of the
noi se signal raises. Therefore, the |loop gain of the sound anplification
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noise peaks cannot be discriminated from each other

particularly in the higher frequency range.

As described above, the back propagation from the

speaker to the microphone is partly direct and otherwise

indirect. Particularly, in case of a small room, the percentage

of indirect propagation cannot be ignored. As a result of

multiple reflection and interference, the frequency response of

the room tends to be complex to provide a plurality of noise

peaks. In such a case, the noise removal is expected for only

one frequency band, and the howling cannot be fully

prevented even though the above apparatus according to the

prior art is installed in the room.
UMMARY OF THE INVENTION

Lately, along with explosive popularization of a Karaoke
(prerecorded background music) system, both the speaker
and the microphone are often used even in a narrow room.
There are keen demands for preventing howling in rooms
having complex frequency characteristics, including those

~ rooms provided with the Karaoke system. An object of the



sides of the central highest peak are often detected. In this case, howing
I s substantially prevented only for one frequency band or channel. Stated
otherwise, a plurality of noise peaks cannot be discrimnated from each
other particularly in the higher frequency range. As described above, the
back propagation fromthe speaker to the m crophone is partly direct and
otherwse indirect. Particularly, in case of a small room the per cent age
of indirect propagation cannot be ignored. As a result of nultiple
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frequency characteristics, including those ]
howling prevention apparatus according to a first

general form of the present invention prevents a howling noise
generated in an amplification loop including sound collecting
means which collects a sound produced and sound producing
means which amplifies the sound collected by the sound
collecting means and which produces the sound. The howling
prevention apparatus comprises equalizing means comprised
of a plurality of equalizers each having a variable frequency
response, and being connected in series to one another
between the sound collecting means and the sound producing
means, detection means for supplying a noise signal to the
sound producing means to enable the same to produce-a test
sound therefrom and for measuring the test sound collected
by the sound collecting means through the equalizing means
to thereby detect a plurality of frequency points at which a
loop gain of the amplification loop reaches a maximum, and
éetting means for successively setting the variable frequency
response of each equalizer to suppress a noise peak at each
frequency point detected by the detection means so that the
plurality of the equalizers are individually adjusted to



roons provided with the Karaoke system An object of the 5 present

I nvention made in view of the above noted problemis to provide a howing
prevention apparatus capable of fully preventing howing in a roomor space
whi ch has conpl ex frequency characteristics. A howing prevention apparatus
according to a first general formof the present invention prevents a

how i ng noi se generated in an anplificabion | oop including sound collecting
means whi ch collects a sound produced and sound produci ng nmeans which
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same Lo pr Odug, an e;gfiss filter having a variable center frequency and

being connected to the equalizing means, and a low pass filter

of at least one stage cascade-connected to the band pass filter

and having a cut-off frequency variable in a specified

relationship with this center frequency, and sweeping means

for stepwise sweeping the variable center frequency of the

band pass filter so as to detect the plurality of the frequency

points.

In a third specific form of the invention, detection means
further includes means for detecting an average level of the
collected tést sound in a given frequency range, and the
setting means further includes means for setting an
attenuation value of the variable frequency response of: each
equalizer so that a level of the noise peak at the frequency
point coincides with the average level.

In a fourth specific form of the invention, the setting
means further includes storing means for storing in advance a
table determining a relationship between a Q value of the
equalizer and the attenuation value, reading means for

reading the Q value in reference to the set attenuation value,

and adjustment means for adjusting the variable frequency



sound therefromand for neasuring the test sound collected by the sound

col l ecting neans through the equalizing neans to thereby detect a plurality
of frequency points at which a |l oop gain of the anplification | oop reaches
a maxi mum and setting neans for successively setting the variable
frequency response of each equalizer to suppress a noise peak at each
frequency point detected by the detecti@n neans so that the plurality of
the equalizers are individually adjusted to 6 suppress the respective
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peak at the frequency point detected by the detection means,

and second setting means for controlling the detection mea,ns.

to measure again the loop gain under rough setting condition

so as to finely adjust the frequency response of said one .

equalizer according to the again measured loop .ga,in.

In a sixth specific form of the invention, a howling.

prevention apparatus further includes regulating means for

regulating a souﬁd producing level of the sound producing

means, pre-amplifying means for pre—arﬁpﬁfying a signal of a

sound collected by the sound collecting means by a variable

gain, and control means for controlling the regulating means

so that the sound producing level is reduced and for

controlling the pre-amplifying means so that the variable gain

of the pre-amplifying means is raised.

According to the first general form of the invention, the

loop gain of the sound amplification system including the

sound producing means and the sound collecting means is

measured and a frequency point at which the maximum level

is obtained is detected by the detection means. The first

equalizer is set to suppress the maximum level of the noise



band pass filter so as to detect the plurality of the frequency points. In
a third specific formof the inavention, detection neans further includes
nmeans for detecting an average |evel of the collected test sound in a given
frequency range, and the setting neans further includes nmeans for setting
an attenuation value of the variable frequency response of each equali zer
so that a level of the noise peak at th@ frequency point coincides with the
average level. In a fourth specific formof the invention, the setting
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A similar setting procedure is carried out up. to the n-th

equalizer. Therefore, the howling noise can be prevented even

when the frequency characteristics of the listening room

include a plurality of noise spectrum peaks.

According to the second specific form of the invention,
frequency cut-off characteristics in the outputs of these band
pass and low pass filters can be improved at a high frequency
side while filtering the collected signal through the cascade
connection of the band pass filter and the low pass filter of at
least one stage. Therefore, the loop gain at low frequency side
can be more accurately measured.

According to the third specific form of the invention, the
equé,lizing is carried out to lower the peak leQel of the loop
gain to a mean level within the given frequency range, and
therefore not only the howling can be prevented but also the
frequency characteristics can be made more ﬂat..

According to the fourth specific form of the invention,
the Q values of the frequency responses are set in the first to

n-th equalizers in accordance with the attenuation values,

and therefore not only the howling can be prevented but also



freguency response of one equalizer to suppress the noise peak at the
frequency point detected by the detection neans, and second setting neans
for controlling the detection neans to neasure again the | oop gain under
rough setting condition so as to finely adjust the frequency response of
sai d one equalizer according to the again nmeasured |oop gain. In a sixth
specific formof the invention, a homﬁiﬁg prevention apparatus further

i ncludes regul ating neans for regulating a sound producing | evel of the
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| evel is obtained is detected by the detection neans. The first equalizer
i s set to suppdipsstmantpandnthetefore the howling can be more precisely

suppf’essed. |

According to the sixth specific form of the invention, the
sound level to be produced is controlled small when the test

signal is generated by the sound producing means. Therefore,

an operator does not feel a discomfort.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a configuration of an
embodiment of a howling remover according to the present
invention.

Fig. 2 is a block diagram showing a configuration of a
conventional howling prevention apparatus.

Fig. 3 is a diagram showing a frequency response of a
band pass filter.

Fig. 4 is a block diagram showing an example of an

equalizer.
DETAILED DESCRIPTION OF THE INVENTION

The following describes an embodiment of the present

invention referring to the drawings. Fig. 1 is a block diagram



8 peak at the frequency point around which the loop gain is of the maxi num
| evel in this suppression setting state. The second equalizer is set to
suppress a next noi se peak which has also a maxi mumor peak |evel at
another frequency point. A simlar setting procedure is carried out up to
the n-th equalizer. Therefore, the how ing noise can be prevented even when
the frequency characteristics of the lildxening roominclude a plurality of
noi se spectrum peaks. According to the second specific formof the
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to lower the peagk, level of the | oo
a ciiigital signal. The appparatus further includes a selector 22,

a D/A converter 23, a regulator 24 for regulating an output

- level, a,n.output amplifier 25, and a loudspeaker 26. A
produced sound from the loudspeaker 26 is collected back by
a microphone 27. The apparatus further includes an input
amplifier 28, an A/D converter 29, and a gain variable
amplifier or pre-amplifier 30. Parametric equalizers (PEQ)
311-31n are connected in cascade or series to one another,
and the gain and frequency response of each PEQ for input
signa,ls‘ax-‘e adjustably controlled by a CPU 40.

| The apparatus further includes a band pass filter (BPF)

32 connected to the last PEQ 31n, and a plurality of low pass
filters (LPFs) 331-33k connected to the BPF 32. These filters
are cascade-connected, and cut-off frequencies fc of the LPFs
331 to 33k are set to be, for example, two times high as a
center frequency f; of the BPF 32. Consequently, a pass band
width of BPF 32 is not affected By the succeeding LPFs 331
to 33k, and it is adapted that the high pass side slope of the
output of the BPF 32 is sharply attenuated by cut-off
operation 6f the multiple stages of LPFs 331 to 33k. The
center frequency fy of BPF 32 and the cut-off frequencies fc of



gain to a nean level within the given frequency range, and therefore not
only the howling can be prevented but also the frequency characteristics
can be nmade nore flat. According to the fourth specific formof the

i nvention, the Q values of the frequency responses are set in the first to
n-th equalizers in accordance with the attenuation values, and therefore
not only the how i ngcan be prevented bdtl al so 9 the frequency .
characteristics can be nore flat. According to the fifth specific form of

carri od out ByEER 38Lclst 38 apd RErtRopaN alifaUr RERTT iR Me e ' ©
Acording + o GURErSf e CPRT A0 IRk £RR b ovidhePtifed Felbe By ol

A dealeH . . . Hb

bgcg:ohﬂgedoi.s contr ol I_eeag ma:I when the test signal is generated g;et hteo
sound pr oducilfgBRHLI Eﬁ@?@h‘%@w%‘?@operator does not feel a disconfort.

A peak program meter (PPM) 34 is adapted to detect a
peak level of the output from the LPF 33k located at the
final stage, and to supply the result of the peak detection to
the CPU 40. Thus, the CPU 40 is able to obtain a loop gain
corresponding to the center frequency fy with respect to the
output level of the noise signal generator circuit 21 in
accordance with the setting of the regulator 24, the gain of
the pre-amplifier 30, and the output of PPM 34.

The following describes the operation in this
embodiment. First, measurement of the loop gain is
conducted. Initially, the CPU 40 sets PEQs 311 to 31n in a
through state where the input signal is directly passed as it is.
Stated otherwise. Each PEQ does not perform equalization
at all in the through state. Then, the CPU 40 changes over
the selector 22 to A side to produce the white noise from the
speaker 26. A test sound composed of the white noise
generated from the speaker 26 is given a propagation
characteristic of a room space extending between the speaker
26 and the microphone 27, and is entered into the microphone
27 which outputs the signal of the collected sound.

The CPU 40 measures the output signal of the



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a block diagram showi ng a
configuration of an enbodi nent of a howing renpover according to the
present invention. Fig. 2 is a block diagram showi ng a configuration of a
conventional how ing prevention apparatus. Fig. 3 is a diagram showi ng a
frequency response of a band pass filter. Fig.-4 is a block diagram show ng
an exanpl e of an equalizer. DETAILED DESCRI PTI ON OF THE | NVENTI ON The

foll ow ng descri bes an enbodi ment of the present invention referri ng to t he
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which is initially set in the BPF 32. In this case, the CPU 40
sets the regulator 24 and the gain variable amplifier 30 as
described below so that a spectrum variation of the white
noise is sufficiently introduced into the output signal of the
microphone 27. In other words, the CPU 40 sets the gain of
the regulator 24 small, while the CPU 40 sets the gain of the
gain variable amplifier 30 to be large. Consequently the level
of the generated test sound can be controlled to be small in a
room where the measurement is carried out, and therefore the
operator feels less discomfort. In the measurement, a signal of
a high level of the test sound will not suddenly enter into a
speaker such as a tweeter having small allowable input level
and therefore the speaker can be protected from damage.

The CPU 40 stepwise varies or sweeps the center °
frequency fy of BPF 32 and the cut-off frequencies fc of LPF's
331 to 33k while maintaining the above-described relationship
therebetween, and obtains the loop gain at the center
frequency set in the BPF 32. lSpeciﬁca,lly, in this embodiment,
a whole frequency range is divided into 61 points at every 1/6
octave throughdﬁt the audible range of 18 Hz to 18,432 Hz,
and the loop gain at these points is-obtained stepwise.

Rough Adjustment



a DA converter 23, a regulator 24 for regulating an output |evel, an
output anplifier 25, and a | oudspeaker 26. A produced sound fromthe

| oudspeaker 26 is collected back by a m crophone 27. The apparatus further
i nclrudes an input anplifier 28, an A/D converter 29, and a gain variable
anplifier or pre-anplifier 30. Paranetric equalizers (PEQ 311-31n are
connected in cascade or series to one d3ther, and the gain and frequency
response of each PEQ for input signals are adjustably controlled by a CPU
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to 33k. The center frequency [er r]h of BPF 32 and_the cut-off frequencies fc
of reaches a peak. Then, the CPU 40 sets the frequency point f

to a center attenuation frequency of the first variable PEQ
311 for compensating the frequency characteristic of the room
to thereby suppress a noise spectrum peak at or around the
detected frequency point f5. Further, the CPU 40 sets or
adjusts a gain of the PEQ 311 in terms of an attenuation
value so as to cancel a difference between the mean value of
the loop gain in the frequency range of 100 to 10 kHz and the
measured value of the loop gain at the frequency point f4. In
detail, the CPU 40 sets a Q value of this attenuation
characteristic in the PEQ 311. In this case, the
correspondence of the Q value in PEQ to the attenuation
value is stored in advance in a table, and a Q value
corresponding to the attenuation value is read and set. By the
settings described above, the frequency response of the first
PEQ 311 is adjusted to attenuate the noise spectrum at and
around the frequency point f5. The frequency characteristics
of the whole system including the room where the apparatus
is installed are made to be substantially flat at and around

the frequency point fy. An affect of a stationary wave which



LPFs 331 to 33k are continuously varied or swept under the control of the
CPU 40 whil e the above-described relationship is nmaintained therebetween. A
peak programmnmeter (PPM 34 is adapted to detect a peak |evel of the out put
fromthe LPF 33k |ocated at the final stage, and to supply the result of

t he peak detection to the CPU 40. Thus, the CPU 40 is able to obtain a | oop
gain corresponding to the center frequéfcy [err] with respect to the output
| evel of the noise signal generator circuit 21 in accordance with the
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sets PEQs 311%%1%?@%@?@5%@@%‘?eaﬁ%/é:gﬁ% %Xa#dr?ph’g Q:Igleélr?g Qi's directly
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at all in th Wﬁ'?@? f3%R" Then, the CPU 40 changes over the selector 22

Lommosed of Jthe whEer flae sough adjustment, the CBU U carries out s >
fine adjustment as described below. Specifically, the CPU 40
holds the rough setting of PEQ 311 as it is, while the CPU 40
sets the other PEQs 312 to 31n in the through state. Then,
the CPU 40 obtains again the loop gain at the frequency
point f,. The CPU 40 readjusts the gain and the Q value of
the PEQ.311 as in the rough adjustment. The frequency
characteristics of the whole system are made to be
substantially flat at and around the fréequency point fs by
this reé,djustment, that is, the fine adjustment after the rough
adjustment. Consequently, the howling noise spectrum at and
around the frequency point f, is suppressed by the first PEQ
311. '

- The CPU 40 carries out the sequence of the
measurement of the above-described loop gain, the rough
adjustment, and the fine adjustment for the next PEQ 312,
and suppresses anofher howling spectrum at a sepai:ai:e
frequency point fg. Specifically, in addition to the frequency
characteristics which are compensated for the frequency point
fo by the first PEQ 311, the frequency characteristics at and

around the frequency point fg at which the loop gain is



generated fromthe speaker 26 is given a propagation characteristic of a
room space extendi ng between the speaker 26 and the m crophone 27, and is
entered into the mcrophone 27 which outputs the signal of the collected
sound. The CPU 40 neasures the output signal of the 12 m crophone 27

t hrough the BPF 32 and LPF 331 to 33k, d obtains the loop gain in
reference to the center frequency mhicﬁﬁ?s initially set in the BPF 32. In
this case, the CPU 40 sets the regulator 24 and the gain variable anplifier
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sufficiently intr tput sig m cr one 27. In
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around frequency points fa, fg, ... fn are separately and
independently made to be flat by the PEQs 311 to 31n so
that the howling can be fully prevented.

Correspondence of PEQs and the frequency points at
which the loop gain reaches a peak need not be in the order
as specified in the embodiment. A pink noise signal or a
sawtooth wave signal can be used in place of the white noise
signal. In other words, the present invention is satisfactory if
the loop gain at a certain frequency point can be measured.
Though the input signals are processed by converting the
analog signals into the digital signals by using A/D and D/A
in the disclosed embodiment, the analog signals can be
directly processed by using the switched capacitor filter or
the like. As described above, the present invention can fully
prevent the howling noise in a room having complex
frequency characteristics.
Lastly, description is given for an example of the PEQ

with reference to Fig. 4. 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



a hi-gh level of the test sound will not suddenly enter into a speaker such
as a tweeter having small allowable input |evel and therefore the speaker
can be protected from damage. The CPU 40 stepwi se varies or sweeps the
center frequency [err] of BPF 32 and the cut-off frequencies fc of LPFs 331
to 33k while maintaining the above-descri bed rel ati onship therebetween, and
obtains the loop gain at the center freffiency set in the BPF 32. '
Specifically, in this enbodi nent, a whole frequency range is divided into

C1 B9LTLS oL SRR SR RtR RO S BEABE a0
LT ST PR NSRS BB 1
Coop gain i< AEAHGAFL aRcAEIERARgBRan ik REeD abtertalione 11 equency
point A depth of the digital equalizer. The band width, the

attenuation depth, and the center frequency of the

attenuation band are controlled by the CPU. Further, as

shown in Fig. 1, the digital equalizers are connected in series

to each other.



to a center attenuation frequency of the first variable PEQ 311 for
conpensating the frequency characteristic of the roomto thereby suppréess a
noi se spectrum peak at or -around the detected frequency pﬁm" . :
the 'CPU 40 sets or adjusts a gain of the PEQ 311 in terns um:"m"mm”
val ue so as to cancel a difference between the nean val ue bf % heé | sopsga+n
in the frequency range of 100 to 10 kHzl&nd the measured val ue of the | oop
gain at the frequency point fA In detail, the CPU 40 sets a Q val ue of

this attenuati Lgt:l.c in the PEQ 311. In this case, the
WhHELT BEhbaLS:

correspondence 0O alte’in PEQto the attenuation value is stored in
advance in a table; a a val ye correspqndi to the.attenuatj.on value is
read and set. yAt Fﬁ]@‘@glflgip%sveﬂ]&%i &?eFO%tHEGY%HHgn% Q‘gbﬂgnse of
the first PEQ 311 is adjusted to attenyate the noi,se spectrum gt and around
the frequency THISREIETatRd ) a8 amBliBceen [qR ipeRIdING Fellhol ¢ syst em
I ncl udi ng the rqQqpm where the apparatus is installedq are de to b
substantial ly qq(i&ctmg JRgaBp cﬂqlf@tﬂﬁgﬁléﬁﬂﬁﬂp‘éﬁ) € moﬁmedf,f of a
stationary wave which . L

sound producing means for amplifying the sound collected by

the sound collecting means and for producing a sound, said
howling prevention apparatus comprising:

equalizing means comprised of a plurality of equalizers
each having a variable frequency response, and being
connected in series to one another between the sound
collecting means and the sound producing means;

detection means for supplying a noise signal to said
sound producing means to enable said sound, producing'
means to produce a test sound and for measuring the test
sound collected by said sound collecting means through said
equalizing means to thereby detect a plurality of frequency
points at which a loop gain of the amplification loop reaches
a peak; and

setting means for successively setting the variable
frequency response of each equalizer to suppress a noise peak
at and around each frequency point detected by said
detection means so that the plurality of the equalizers are
individually adjusted to suppress the respective noise peaks

to thereby prevent the howling noise.



14 way be produced in the roomcan be reduced by setting the_center -
attenuation frequency and the Q value of the PEQ Fine Adjustnent After the

rough adjustment, the CPU 40 carries out a fine adjustnment ﬂ,! mmm””“,
bel ow. SpeC|f|caI |y, the CPU 40 hol ds the rough setting of

I's, while the CPU 40 sets the other PEQs 312 to 31n|nthethrough st'at €.
Then the CPU 40 obtains again the | oo anl n at the frequency point fA The
CPU 40 readjusts the gain and the Q value of the PEQ 311 as in the rough

s ustent | The ABEWATGY sRRSRACAAE Lol 08 deriitk SoiegR fr e moe 1o
Consequent |y ﬁlﬂ%eﬁ%vﬁarlﬁhaﬁ%@()@&@ﬁm“%&fl%fai%% 4 St tRsslEency. poi nt
of the moasur DAV VARALISCORIGSEFHBEHCY R J2FIAE CHRDPELRSh LAt nont -
and the fine 28{1“ fzrirr‘aigtn;eg,;lst, 2\,%41 g)étleggt o%&azstage of a low pass filter

éascade—connected to the band pass filter and having a cut-off

frequency variable in a speéiﬁed relationship with the center

frequency, and sweeping means for stepwise sweeping the

variable center frequency of the band pass filter so as to

detect the plurality of the frequency points.

3. A howling prevention apparatus according to Claim 1,

wherein said detection means further includes means for -

detecting an average level of the collected fest sound in a

given frequency range, and said setting means further

includes means for setting an attenuation value of the

variable frequency response of each equalizer so that a level of

the noise peak at the frequency point becomes equivalent to

said average level.

4. A howling prevention apparatus according to Claim 3,

wherein said setting means further includes storing means for

provisionally storing a table determining a relationship

between a (Q value of the equalizer and said attenuation

value, reading means for reading the Q value according to the

stored table in reference to the set attenuation value, and

adjustment means for adjusting the variable frequency



and-suppresses another how i ng spectrum at a separate frequency point

[err]. Specifically, in addition to the frequency characteristics which are

conpensated for the frequency point fA by the first PEQ SWMMHM“HH H“l
characteristics at and around the frequency point fB at whi I L.

S maxi nrum are al so conpensated by the second PEQ 312. . SubsecqueLnt y, the
CPU 40 carries out simlar operation upl?o the last PEQ 31n, and then
changes over the selector 22 to B side. Thus, in this enbodi nent, the noise

peaks at and gespsfsé rcﬁ”oét?cﬂi?)éqbﬁ%ﬂfﬁei i@dﬁing-ta ﬂhér&aﬂe%%l&éy and
| ndependently nmade to be flat by the PEQs 311 to 31n so that the how ing

can be fully B eﬁeﬁbﬂin@fe%gggﬁf%@ﬁéﬁgﬁcﬁaﬁgqﬁ gg%nfy poi nts at

whi ch the | oop gain reaches a r as Specified in
in prace ot MG aStippAaRan RIS R the SRt H8anE Bavent s on
15 satl sfact oryughiy Kdjudndhe Heqfiehy dponse'of b5k 83hahizE7%0"°

suppress the noise peak at the frequency point detected by |

said detecfion means, and second setting means for

controlling said detection means to measure again the loop

gain under rough setting condition so as to finely adjust the

frequency response of said one equalizer according to the

again measured loop gain.

6. A howling prevention apparatus according to Claim 1,

further including regulating means for regulating a soupd

producing level of said sound producing means,

pre-amplifying means for pre-amplifying a signal of a sound

collected by said sound collecting means by a variable gain,

and control means for controlling said regulating means so

that said sound producing level is reduced and for controlling

said pre-amplifying means so that the variable gain of the

- pre-amplifying means is raised.



Thowgh the input signals are processed by converting the anal og signals
into the digital signals by using AAD and D A in the disclosed enbodi nent,
the anal og signals can be directly processed by using the swtched
capacitor filter or the like. As described above, the Wﬁf@QHEEﬁVﬁQtBE@N ¢
fully prevent the howing noise in a room having conpliex mr;@gg
characteristics. Lastl y description is2given for an _-.;. -------------
with reference to Fij . Inthefl the digital equalizer is corrprlsed
of ampli {1 er ol eneHOWLING éﬁﬂ&kﬂpaw |GASCADES D (o
constitute a band attenuation filter. 16 _such a construction, gains
of the anpli f CONNEGED AEQMEZE&SJSWSW@ MEELE?IBDE a center
attenuation frequency, an attenuation band w dth and-anattendation _depth
of the digital equalizer. The baniQINERPEARSat t enuathomngdant

center frequency of the attenuation band are controll e qace‘l]_
Further, as , l” m "I

ABSTRACT

A howling prevention apparatus prevents a

howling noise which is generated in a sound amplification
system using a microphone and a loudspeaker. The howling
prevention apparatus utilizes a plural number of first to n-th
equalizers, which have a variable frequency response and
which modulate an output of the microphone. A detector
detects a frequency point at which a loop gain of the system
reaches a peak while supplying a standard noise signal to the
loudspeaker to produce a test sound and measuring the
sound collected by the microphone through the series of the
equalizers. A frequency response of the first equalizer is
adjusted to suppress a noise peak at and around a frequency
point detected by the detector. Then, a frequency response
of the second equalizer is also adjusted to suppress a noise
peak at and around another frequency point detected by the
detector. Lastly, a frequency response of the n-th equalizer
is adjusted by subsequently repeating the above setting

procedure.



shown in Fig. 1, the digital equalizers are connected in series to each

ot her. 17 What is clained is: 1. A howing prevention apparatus for
preventing a how ing noise generated in an anplification | oop including
sound col l ecting nmeans for collecting a sound to be produced, and sound
produci ng nmeans for anplifying the sound collected by the sound collecting
means and for producing a sound, saidi684 i ng preventi on apparatus
conprising: equalizing neans conprised of a plurality of equalizers each
having a variabl e frequency response, and being connected ih series to one
anot her between the sound collecting neans and the sound produci ng neans;
to enabl e said sounfl, producing means to produce a test sdund and for
measuring the test f t
sai d
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equal i zing nmeans to thereby detect a plurality of frequency points at which
a loop gain of the anplification |oop reaches a peak; and setting neans for
suecessively setting the variable frequency response of each equalizer to
suppress a noi se peak at and around each frequency point detected by said
detection neans so that the plurality of the equalizers are individually
adj usted to suppress the respective 2¥8e peaks to thereby prevent the

how ing noise. ~ - 18 2. A howing prevention apparatus according to C aim
1, wherein said detection neans conprises a band pass filter having a

vari abl e center frequency and being connected to the equalizing nmeans, and
at |l east one stage of a low pass filter cascade-connected to the band pass
filter and having a cut-off frequency variable in a specified relationship
with the center frequency, and sweeping neans for stepw se sweeping the

vari abl e center freqﬁengy_Qt_Lhe_hand_pa&s“LLLLEL so as to
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det ect*t-he-plurality of the frequency points. 3. A how ing preventi-on
apparatus according to Claim1l, wherein said detection nmeans further

i nclLudes .neans for detecting an average |evel of the collected test sound
in a given frequency range, and said setting means further includes neans
for setting an attenuation value of the variable frequency response of each
equal i zer so that a level of the noi 8”®eak at the frequency point becones
equi val ent to said average IeveI.‘f.éﬁihggling preventi on appar at us
according to Caim3, wherein sai 4 i, means further includes storing
means for provisionally storing a table determning a relationship between
a Qvalue of the equalizer and sai ﬁgggii n val ue, reading neans for
readi ng the Q value according to t ble in reference to the set
attenuation val ue, and adjustnment neans for adjusting the variable

frequency 19 response of each equalizer according to the read Q val ue.
'}
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5. A howing preventlon ‘apparatus according to Caim1, wherein said
settlng means conprises first setting means for roughly adjusting the
frequency response of one equalizer to suppress the noise peak at the.
frequency point detected by said detection nmeans, an

HRPLAGEMENT

for controlling said detection means to neasure agai

rough setting condition so as to finely adjust the frigquenc n

sai d one equalizer according to the agadth neasured | g’aFfar f)pl&e%ﬁ%
prevention apparatus according to daim1, further including '
means for regulating a sound producing | evel of said sound produ0|ng nmeans,
pre-anplifying nmeans |l ected by
sai d sound coll ecti ngimmimmﬂ{mm @mgﬁ)%ans for
controlling sai S
reduced and forﬁgﬁﬁﬁéml)m Iél}.' .Tmm@mgﬂmn abl e

gain of the pre-anplifying neans i SNr&ﬁsdPEAKS

ABSTRACT
A howling prevention apparatus prevents a howling noise
which is generated in a sound amplification system using a
microphone and a loudspeaker. The howling preVenﬁon
apparatus utilizes a plural number of first to n-th equalizers,
which have a variable frequency response and which modulate an
output of the microphone. A detector detects a frequency point
at which a loop gain of the system reaches a peak while
supplying a standard noise signal to the loudspeaker to produce a
test sound and measuring the sound collected by the microphone
through the series of the equalizers. A frequency résponse of the
~ first equalizer is adjusted to suppress a hoise peak at and around
a frequency point detected by the detector. Then, a frequency
response of the second equalizer is also adjusted to suppress a
noise peak at and around another frequency point detected by the
detector. Lastly, a frequency response of the n-th equalizer is
adjusted by subsequently repeating the above setting procedure.
(Refer Figure 1)




