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[

[

[ , ANC.OFFBs | ANC.ONE

L) R )4 %R )4 2R 24 ZiEHR

i = (dB) (dB)

[ 50 -44.892052 -46.355553 1.463501
E 63 -47.250725 -51.611275 4.36055
[ 80) -46.059258 -52.916901 6.857643
[ 100 -39.596458 -50.056454) 10.46
E 125 -40.698879 -52.588493 11.88961
: 160 -44.13002, -57.5037 13.37368
[ 200 -49.081154) -58.509605] 9.428451
: 250 -51.771255 -60.032673 8.261418
E 315 -59.94342 -69.942879 9.999455
[ 400 -68.614731 -79.727463 11.11273
[ 500, -72.215195 -83.750633 11.53544|
E 630 -73.721779 -82.608246 8.886467
[ 800} -72.781471 -79.317261 6.53579
[ 1000 -79.337273 -76.014885 -3.32239
E £ 9.42467754
[

[
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~ |ANC.OFFE: | ANC.ONE
A )4 28 )4 % 4 ZEE
) (dB) (B)
50 -59.613277 -61.625042 2.011765
63 -59.07370. -64.525406 5.451702
80 -54.281155| -61.29026 7.009105
100 -47.093666 -57.906025 10.81236
125| -42.541756 -57.877411 15.33566
160 -44.581146 -62.431255 17.85011
200 -42.310223 -59.130478 16.82026
250 -51.757565 -63.474697 11.71713
315 -57.003044| -68.348465 11.34542
400 -63.156078 -75.24823 12.09215
500 -63.727406 -79.12429 15.39688%
630 -71.959145 -83.755692 11.79655
800 -69.567673 -76.19136§ 6.623687
1000 -77.687004 -73.204292 -4.48271
1 12.767529
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FEEDBACK ACTIVE NOISE CONTROLLING CIRCUIT AND HEADPHONE

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The present invention generally relates to a headphone, and more partif:ularly toa
headphone with microphone comprising a feedback active noise controlling ctircuiL
Description of the Related Art !
[0002] Currently, the electronic products are getting popular, and the stereo product has
become a significantly popular device for entertainment, wherein the headphm;w provides
a convenient function for listening to the music. In order to provide a better st}l:reo cffect,

!
a noise-cancellation method has to be applied to eliminate the environment noise

1
accompanying together with the music sound. Based on the different noise-cancellation
!
methods, the headphone is roughly classified into two different types, one i§ a passive

noise-cancellation headphone and the other ome is an active noise-cancellation

headphone. |
[0003] Since the passive noise-cancellation headphone relies solely onlthe sound

[
isolating material to rcducc the cnvironment noise, its noisc-cancellation| capability

mainly depends on the physical properties such as thickness, structure desigin and joint
l

capability of the material used, thus the headphone is generally to be of large size and

heavy weight. The material for making the passive noise-cancellation headphone almost

do not have any capability to isolate the low frequency noise, for example, generated by

the engine and the fan. In contrast, the active noise-cancellation headphone do:es not have

this limitation, thus it is widely accepted by the consumers.
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[0004] In the active noisc cancellation headphones that are presently available on the
market, it is common that one microphone sensor is disposed in front of the left speaker
and the right speaker, respectively. With this approach, no matter where qxicrophone
sensors are disposed, only one microphone sensor senses the noise signal in front of the
corresponding speaker, and therefore the performance of the microphone sensbr is highly
critical. Besides it is necessary to choose the microphone sensor that is highiy sensitive
and also expansive, in order to ensure the microphone sensor to maintain t?ne original
sound quality. It is also important to avoid the microphone sensor from ea%ily getting
damaged by the soldering process that would have adverse impact on the yic:ld and cost
when mass-produced. As the microphone sensors of the feedback acﬁve noise-
cancellation headphone are disposed on the area in front of the speaker withir': a distance
range of 0.5~1 cm, there is a possibility of causing a serious near-field effect.
Accordingly, even when a highly sensitivity microphone sensor is uscdi it is still
adversely impacted by the near-field effect that occurs in front of the speakér, thus the
noise reduction performance is significantly deteriorated.
[0005] Since the active noise controlling circuit in the conventional feedback active
noise-cancellation headphone does not consider to separate the gain adjustmcr|1t circuit of
the audio input signal generated by the music apparatus such as the radio froim the gain
adjustment circuit of the noise perceiving signal obtained from the environ}rxcnt noise

|
detected by the microphone sensors, and therefore the original spectrum of the music is

!
impacted when the gain of the noise perceiving signal is adjusted for iméroving the

anti-noise effect. Further, the low frequency cracked noise may be generatcdl, Or causes

the problem of discomfort to the ear due to the sound level of the music bursts abruptly as

1
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the user turns on the power of the active noise controlling circuit while listening to the
!

music.

SUMMARY OF THE INVENTION

[0006] To solve the problems mentioned above and other defects, the present invention
provides a feedback active noise cancellation headphone. With two or more than two
microphone sensors disposed in front of the left and the right speakers of the t;1eadphonc,
the noise controlling circuit generates an inverse phase soundwave more acc:;uratcly for
countering the low frequency noise so that the active noise reduction performance of the
active noise cancellation headphone can be effectively promoted. Thus,|the sound

reception quality of the microphone sensors can be effectively improved.

[0007] The present invention further provides a feedback active noise controlling circuit,

wherein an adder whose gain can be separately adjusted, is used to respectively amplify

an audio compensating signal from an audio compensating circuit and an environment

noise signal from a bandpass controller, so as to reduce or eliminate thle problem

|

impacted by the adjustment of the anti-noise gain.
[0008] In order to achieve the above objectives and other advantages, the present
|

|
invention provides a feedback active noise cancellation hcadphone. The feed‘Pack active

noise cancellation headphone comprises a plurality of microphone sensors| an active

noise controlling circuit, and speakers. A plurality of microphone sensors' is used to

. .. R | R
detect environment noise in front of the speaker, and converts the env1ronmcnlt noise to a

noise perceiving signal and transmits the noise perceiving signal to the active noise

controlling circuit. The active noise controlling circuit generates a noise cancellation
|
!

signal according to the reccived noise perceiving signal, so that the speaker can generate a
i

3 i
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soundwave signal with a phase reversed to the environment noisc for countering the low

i

frequency environment noise. ' ’

[0009] In the preferred embodiment of the present invention, two or three r:nicrophonc

sensors may be evenly disposed on the peripheral arca in front of the spcakcr.% The noise

perceiving signal sent to the active noise controlling circuit is generated by the
|
microphone sensors, which are connected in parallel. |

[0010] The present invention further provides a feedback active noise controlling circuit.
The feedback active noise controlling circuit comprises a bandpass controll(-:'r, an audio

compensating circuit, an adder and a current converting repeater. |

[0011] The bandpass controller receives the noise perceiving signal, which 'Iis obtained
from the environment noise detected by the microphone sensors, and tunes tll?e gain and
the phase of the noise perceiving signal spectrum, so as to generate an environl‘ment noise

signal.

|
[0012] The audio compensating circuit receives the audio input signal generated by the

|

music apparatus, and generates an audio compensating signal whose high% frequency
|
1

attenuation is higher than its low frequency attenuation, so that it is :capablc of

1

compensating the low frequency music to substantially reduce or elimina:te the low

frequency noise. ;
|

(0013] The adder comprises a first input terminal and a second input terminal l!whose gain
can be separately adjusted. Wherein, the first input terminal is electrically cow.}pled to the
bandpass controller for receiving the environment noise signal mentioned abéve and for
properly processing the received environment noise signal to generate a noise
cancellation signal, which is used to drive the speaker for generating a soundvyavc signal

with a phase reversed to the environment noise, so as to counter or reduce the low

|
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frequency environment noise. The second input terminal is electrically coupled to the
audio compensating circuit for receiving the audio compensating signal mentioned above,
and for amplifying the received audio compensating signal so as to genera!te an audio
output signal, which is then transmitted to the speaker to output the music. l

[0014] The current converting repeater receives a signal synthesized froﬁ) the noise
cancellation signal and the audio output signal, and converts it to a current signal for
driving the speaker. l

[0015] In the preferred embodiment of the present invention, the feedback a:ctivc noise
controlling circuit further comprises a power delay circuit. The power d%lay circuit
receives a power supplied to the feedback active noise controlling circuit. [The power
delay circuit delays the power supply over a predetermined time before sui:plying the

. . |
power to the current converting repeater when the power is turned on, so as tlo climinate

the weird sound that occurs when the power of the feedback active noise :controlling

circuit is turned on.

[0016] The power delay circuit mentioned above compriscs a delay circuit and a
transistor. The delay circuit is, for example, composed of a resistor and ai capacitor,
which are serially connected, for generating a delay control signal when the power is
turned on. The transistor comprises a collector, an emitter, and a base, wherein the base is
electrically coupled to the delay circuit mentioned above for receiving the dellay control

signal, and for delaying the power supply from the collector to the emitter in ‘response to

the delay control signal. l

[0017] The feedback active noise controlling circuit further comprises a sw1ltch unit for
. . o]
controlling the power supplied to the feedback active noise controlling circuit. In the
!
event when the power of the feedback active noise controlling circuit is cut off, the switch
|
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unit directs the audio input signal generated by the music apparatus to the spcaker directly.

Therefore, a user will be able to hear the music using the headphone even whet:\ the power

of the feedback active noise controlling circuit has been cut off.

[0018] According to an aspect of the present invention, the audio compcnsatin; g circuit of
. 1

the feedback active noise controlling circuit comprises a first resistor, a second resistor, a

first capacitor, a second capacitor, and a third resistor, wherein all of the domponents

mentioned above comprise a first terminal and a second terminal, respectively. The first
:

terminal of the first resistor receives the audio input signal gencrated byi the music
|

apparatus and outputs an audio compensating signal through the second terminal of the

first capacitor. The components are connected in a way as follows. The scco:l'nd terminal

of the first resistor is grounded, the first terminal of the second resistor is %e]ectrically

coupled 10 the first terminal of the first resistor, the first terminal of the first ¢apacitor is

electrically coupled to the second terminal of the second resistor, the first terminal of the
|

second capacitor is electrically coupled to the second terminal of the first ca;!)aoitor, the
!

first terminal of the third resistor is electrically coupled to the second terminal of the

second capacitor and the second terminal of the third resistor is grounded. l

[0019] According to another aspect of the present invention, the noise pcrcci.ving signal

that is derived from environment noise is detected by a plurality of microphc{)nc sensors
|

that are connected in parallel. In the feedback active noise controlling citeuit of the
|

present invention, the moise cancellation signal generated according to: the noise
|
|

perceiving signal is output to the speaker, so as to generalc a soundwave signal with a

i
phase reversed to the environment noise for countering or reducing the IOW'| frequency

environment noise.
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BRIEF DESCRIPTION OF THE DRAWINGS '

|
[0020] The accompanying drawings are included to provide a further under'standing of
the invention, and are incorporated in and constitute a part of this specification. The

drawings illustrate embodiments of the invention, and together with the description, serve

to explain the principles of the invention. ;
]
[0021] FIG. 1is a schematic diagram illustrating the near-field effect ofa feedback active

noise cancellation headphone speaker. |
1

[0022] FIG. 2 is a schematic diagram illustrating the measurement of the near-filed effect

of the speaker disposed in a free (sound) field. |
[0023] FIG. 3A and FIG. 3B are the schematic diagrams illustrating the layout1 scheme of
two or three microphone sensors disposed in front of the speaker according to a preferred
embodiment according to the present invention. |
[0024] FIG. 4 is a schematic diagram illustrating the structure of two microphone sensors
disposed in front of the speaker according to a preferred embodiment according to the
present invention. i
[0025] FIG. S is 2 schematic block diagram of a feedback active noise conuol!ling circuit
according to a preferred embodiment according to the present invention.
[0026] FIG. 6 is a schematic circuit diagram of an audio compensating cir,l'cuit of the
feedback active noise controlling circuit according to a preferred embodimcn!t according
to the present invention. |
[0027] FIG. 7 is a schematic circuit diagram of a power supply and a switchi unit of the

feedback active noise controlling circuit according to a preferred embodiment according

to the present invention, '
t

|

!

g
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0028] FIG. 1 is a schematic diagram illustrating the near-ficld effect of a feed‘_back active
noise cancellation headphone speaker. As shown in FIG. 1, when the micropt}none sensor
120 disposed in front of the speaker 110 collects a white noise from outside cr;wironment,
a low frequency (about 50 Hz ~ 1 KHz) environment noise will be co]lef:ted by the
microphone sensor 120 due to the bandpass property in the earpiece chamber of
headphone 140. Since the low frequency environment noise is characterized by its low
frequency and long wavelength, the layout position of the micropbone sensor 120 is not
so entical.
[0029] However, after the microphone sensor 120 converts the collected low: frequency
cnvironment noise into a noise perceiving signal, and transmits it to the a%'ctive noise
controlling circuit 130, the active noise controlling circuit 130 generat‘es a noise
cancellation signal according to the received noise perceiving signal and transmits it to
the speaker 110, so as to generate a soundwave signal with a phase rcvefscd to the
environment noise for countering or reducing the low frequency envirom%nent noise
detected by the microphone sensor 120. Since a sound energy vortex (ﬂ?w) 150 is
generated in front of the speaker 110 due to the near-field effect of such placiement, and
the microphone sensor 120 is disposed near to the neighborhood area in f:ront of the
speaker 110 and is just located inside the sound encrgy vortex (flow) 150 in Tront of the
speaker 110. Therefore, due to the impact of the near-field effect, the microp}[one sensor
120 cannot clearly and accurately accept the low frequency environment ncl)ise in real

time and is unable to transmit it to the active noise controlling circuit 130 to generate the
|

inverse phase soundwave accurately for countering the low frequency noise. :



e T e T e T e T e T e B e |
[ e T e T e R |
L T e T e T e T e T s Y e T s T e O s Y e T e T e R e B e B e T e T e T e, O e R e B |
L T e T e T e T e T e Y |

(28) JP 2004-163875 A 2004.6.10

[0030] FIG. 2 is a schematic diagram illustrating the measurement of the near-filed effect
of the speaker disposed in a free field. As shown in the diagram, a white noisic generator
210 is used to simulate and generate a white noise signal, and the white noi;se signal is
subsequently sent to the speaker 220 so as to generate a stable and evenly |distributed

white noise. Then, a sound level meter 230 measures the sound level (pressure) at

different distance and angle a from the speaker 220, for example, measuring from the

|
point A and point B as shown in the diagram, wherein the distance L of point A and point

B from the speaker 220 is substantially same and inclined with each other by an angle & .

From the experiment mentioned above, the equal stable sound levels (pressures) are
measured from different angles in front of the speaker 220 at a distance, fqr example,
greater than the diameter of the speaker 220. However, the different unstipblc sound
levels (pressures) are measured from different angles in front of the speake;' 220 apart
from the speaker at a distance less than the diameter of the speaker 220, f(;r example,
within range of 5~10 mm from the speaker 220. The above experiment pxl'ovides the
evidence of the existence and the impact of the near-field effect occun%ing in the

neighborhood area in front of the speaker 220.

[0031] FIG. 3A and FIG. 3B are the schematic diagrams illustrating the layoui scheme of

two or three microphone sensors disposed in front of the speaker according to ia preferred

embodiment of the present invention. As shown in the figures, in order to ‘Ircsolve the

problem mentioned above, the present invention disposes two microphone s!icnsors 310
and 320 in front of the speaker 360 as shown in FIG. 3A, or disposes three r'inicrophone
sensors 330, 340, and 350 in front of the speaker 370 as shown in FIG. 3B. |Th«: sound
reception direction of the microphone sensors 310, 320, 330, 340, and 350 !'aims to the

9 i
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center line in front of the speaker. Since the mictophones 310, 320, 330, 340 and 350 are
|

positioned in different locations, the plurality of microphone sensors 310 and 320 or 330,
340, and 350 respectively receive the signals having different levels of clearniess, so that
they can be compensated with each other to improve the sound reception qu%nlity of the
microphone sensors 310 and 320 or 330, 340, and 350. Accordingly, the ajctive noise
controlling circuit is able to generate an inverse phase soundwave more accjurately for

i

countering the low frequency noise, and further to improve the noise: reduction
performance of the active noise cancellation headphone. |

[0032] As the embodiments shown in FIG. 3A and FIG. 3B, the two microphc?ne Sensors
310 and 320 are positioned symmetrically in front of the speaker 360 as shown Im FIG. 3A,
or three microphone sensors 330, 340, and 350 are disposed evenly in front of tihe speaker
370 as shown in FIG. 3B. However, it will be apparent to one of the ordinaryiskill in the
art that this only serves a preferable placement herein and should not be rcstt‘icted to as
the only placement of the microphone sensors. In fact, the placement can be (')f different
angles and distances as desired by the designer based on different rcquiremcnlts.

[0033] FIG. 4 is a schematic diagram illustrating the structure of two microphtémc Sensors
disposed in front of the speaker according to the preferred embodiment of ithc present
invention. As shown in FIG. 4, the feedback activc noise cancellation headphonc 400

comprises two microphone sensors 410 and 420, an active noise controlling (}:ircuit 430,
|

and a speaker 440. Two microphone sensors 410 and 420 disposed in the peripheral area
in front of the speaker 440 detect the environment noise, and convert the erllvironment

noise into a noise perceiving signal, which is then sent to the active noise controlling

bl
circuit 430. The active noise controlling circuit 430 generates a noise cancellation signal

|
according to the received noise perceiving signal so that the speaker 440 can’ generate a

10

'
)
I
|
|
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soundwave signal with a phase reversed to the environment noisc for countering or

reducing the low frequency environment noise. The advantage of this mctht!)d has been

different locations accept the signals having different levels of clearmess for

described hereinbefore, in that two microphone sensors 410 and 420 that are disposed at
compensating with each other so as to improve the overall sound reception qﬁ_ality of the
microphone sensors 410 and 420 as a whole. Accordingly, the active noise [controlling
circuit 430 is able to generate more accurate and more cffective inverse phase soundwave
for countering the low frequency noise, and further to improve the noise reduction

performance of the active noise cancellation headphone.

(0034] FIG. 5 is a schematic block diagram of a feedback active noise controlling circuit
of the preferred embodiment according to the present invention. As shown in t|he diagram,
the feedback active noise controlling circuit SO0 comprises a bandpass controiller 510, an
audio compensating circuit 520, an adder 80, a current converting rcpcatet; 70, and a
power and switch circuit 530. \

[0035] The bandpass controller 510 receives a noise perceiving signal SN!I, which is
generated by a plurality of microphone sensors 51 and 52 that are connected: in parallel
upon detecting environmental noise. Next, the bandpass controller 510 tunes the gain and
the phase of the noise perceiving signal SNI to generate an environment noise ?ignal SNO
which is then output to the first input terminal 801 of the adder 80 where the ex‘wironment

noise signal SNO is amplified into a nois¢ cancellation signal. Then, the poise

cancellation signal is further converted into a current signal by the current'converting
~ |

repeater 70 to drive the speaker through the RB/GR transmission line, so that the speaker

can generate a soundwave signal with a phase reversed to the environmc—:rit noisc for

countering or reducing the low frequency environment noise. :
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[0036] The second input terminal 802 of thc adder BO reccives an audio input' signal LIN
generated by the music apparatus (not shown), so that the expected music calln be output
from the speaker. Further, the gain of the second input terminal 802 and thé first input
terminal 801 mentioned above of the adder 80 can be separately adjustcd,'!so that the

sound level of the music is not impacted when tuning the gain of the cnvirorimcnt noise

signal SNO to improve the noise reduction efficiency.
[0037] However, since the noise perceiving signal SNI derived from the environment
noise detected by the plurality of microphone sensors 51 and 52 usually oor‘npriscs the
music expeoted to be heard by the user, the 100 Hz ~ 1K Hz music may also be partially
eliminated in accompanying with the noise signal. In order to prevent this plilenomenon
and the user can hear the music with the original quality and does not rec!ognize any
change of the music while the operation of the feedback active noise control!ling circuit
500 is performed, an audio compensating circuit 520 is added prior to the se|cond input
terminal 802 of the adder 80 where the audio input signal LIN is input, so that the music

which may be partially eliminated can be compensated. The compcnsating| method is
|
described as follows. The audio input signal LIN generated by the music apparatus is

reccived first, and an audio compensating signal LC whose high frequency attenuation is
higher than its low frequency attenuation is generated by the audio compensating circuit
520, so as to compensate the attenuation of the low frequency music, and it is then input
into the second input terminal 802 of the adder 80. l

[0038] As shown in FIG. 6, the audio compensating circuit 520 comprises a ﬁrst resistor
81. a second resistor 82, a first capacitor 85, a second capacitor 84 and a third lresistor 83,

wherein all of the components mentioned above comprise a first terminal 81 1! 821, 851,

841, 831 and a second terminal 812, 822, 852, 842, 832, respectively. The ﬁ%st terminal

12 \
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811 of the first resistor 81 reccives the audio input signal LIN gencrated by the music
apparatus, and outputs an audio compensating signal LC through the second términal 852
of the first capacitor 85. The above components are connected in a way as foil]ows. The
second terminal 812 of the first resistor 81 is grounded, the first tenninaliSZl of the
second resistor 82 is electrically coupled to the first terminal 811 of the first resistor 81,
the first terminal 851 of the first capacitor 85 is electrically coupled to the second terminal
822 of the second resistor 82, the first terminal 841 of the second capaicitor 84 is
electrically coupled to the second terminal 852 of the first capacitor 85, the ﬁ;st terminal
831 of'the third resistor 83 is electrically coupled to the second terminal 842 ot{ the second
capacitor 84 and the second terminal 832 of the third resistor 83 is grounded. !

[0039] Therefore. the feedback active noise controlling circuit S00 can compensate the

music that may be partially eliminated. Further, since the gain of the audio input signal

LIN and the noise perceiving signal SNI can be separately tuned, the gain olf the audio
input signal LIN is not impacted by the adjustment of the anti-noise gain. Therefore, it

can provide a stable sound level music regardless of the level of the sound volume. In

other words, the low frequency cracked sound will not occur even when the level of the
sound is increased. I

[0040] Further, the present invention provides a solution to resolve the probllcm that the
weird tone is output from the speaker as the circuit is not in a steady state at the moment
when the power is just being turned on. As shown in FIG. 5, the feedback active noise
controlling circuit 500 further comprises a power and switch circuit 530, wherein the

power and switch circuit 530 comprises a power delay circuit 540 as shown i!? FIG. 7 for

accepting a power BATT, which is supplied to the feedback active noise controlling

circuit 500, and delaying a predetermined period of time before supplying a p!ower POW

|
1
t
1

13
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to the current converting repcater 70 when the power V+ is turned on. The detailed
operation principle is described hereinafter.
[0041] As shown in FIG. 7, the power delay circuit 540 comprises a transistor 90, and a

delay circuit 560 composed of a resistor 91 and a capacitor 92 that are sedally|connected.

The transistor 90 comprises a collector 901, an emitter 903, and a base 902, and the
resistor 91 comprises a first termipal 911 and a second terminal 912, the cépacitor 92
comprises a first terminal 921 and a second terminal 922. Wherein, the collqctor 901 is
clectrically coupled to 2 power BATT supplied by a battery 97, the base 902 is Llcctrically
coupled to the second terminal 912 of the resistor 91 and the first terminal [921 of the
capacitor 92, and the second terminal 922 of the capacitor 92 is grounded.
[0042] When the power V+ electrically coupled to the first terminal 911 of the resistor 91
is tumed on (i.e. V+ supplies the required power to other circuits). the capacitor 92 is
charged so as to generate a delay control signal. The delay control signal:delays the
power supply over a predetermined period of time before turning on the transistor 90, so
that the power POW output from the emitter 903 of the transistor 90 is delayed supplying
to the current converting repeater 70 shown in FIG. 5. Therefore, when the power V+is
turned on, the feedback active noisc controlling circuit 500 does not output|the instant
weird tone from its speaker anymore.

[0043] As shown in FIG. 7, the power and switch circuit 530 further comprises a switch

unit 550. The switch unit 550 is used to control whether or not to turn on thcI power V+
i

which is supplied to the feedback active noise controlling circuit 500, and {o have the
1

|
audio input signal LIN generated by the music apparatus (not shown) dircctlyIpass to the

. . N
speaker 98 when the power V+ to the feed back active noise controlling cxrcui,lt is cut off

14 I
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by the switch umit 550, so that the headphone can be used to hear the music when the
power V+ of the feedback active noise controlling circuit S00 has been cut off.

[0044] An experiment is conducted to confirm the effect of the noise reducition of the
feedback active noise cancellation headphone which uses a plurality of rélicrophonc
sensors. The feedback active noise cancellation headphone 400 shown in FIG.: 4 is put on
an artificial head device, which is capable of measuring the received noise souéd levels of
various frequencies, and the measurement results are recorded in Table 1 an:d Table 2.
Table 1 shows the measurement results in a case when only one microphone !scnsor 410
connected to the active noise controlling circuit 430, and Table 2 shows the méasurement
results i a case when both the microphone sensors 410 and 420 are sim%ltaneously
connected to the active noise controlling circuit 430. Wherein, the field ANC—OFF shows
the measurement values when the operation of the active noise controlling cirlcuit 430 is
turned off, that is, the sound levels of the noises heard by the artificial head dt?vice when
the noises are not eliminated, and the field ANC-ON in Table 1 shows the sound levels of
the noises heard by the artificial head device when only onc microphone sensor 410 is
connected to the active noise controlling circuit 430. The figures shown in Tabile 2 are the
sound levels of the noises heard by the artificial head device when both the rx%licrOphOne
sensors 410 and 420 arc simultancously connected to the active noise control!ing cirouit
430. The last row of Table 1 and Table 2 show the average value of the noisc; reduction

|

amount, respectively. Referring to the average value of the noise reduction amount, the
1

average value of the noise reduction amount in the case when only one microphone
|
i
sensor 410 is connected to the active noise controlling circuit 430 is 9.42467754 dB, and
the average value of the noise reduction amount in the case when both the nﬁicrophone

scnsors 410 and 420 are simultaneously connected to the active noise control;ling circuit

15
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430 15 12,7675294 dB. Therefore, by using the two-microphone sensors design and

cooperating with the feedback active noise controlling circuit S00 of the presenlt invention,

the noise reduction effect is significantly improved.

Frequency ANC-OFF ANC-ON Noise reduction
(Hz) noise amount (dB) | noise amount (dB) amount
50 -44.892052 -46.355553 1.463501
63 -47.250725 -51.611275 4.36055
80 -46.059258 -52.916901 6.857643
100 -39.596458 -50.056454 10.46
125 -40.698879 -52.588493 11.88961
160 -44.13002 -57.5037 13.37368
200, -49.081154 -58.509605 9.428451
250 -51.771255 -60.032673 8.261418
315 -59.943424 -69.942879 9.999455
400 -68.614731 -79.727463 11.11273
500 -72.215195 -83.750633 11.53544
630 -73.721779 -82.608246) 8.886467
800 -72.781471 -79.317261 6.53579
1000 -79.337273 -76.014885 -3.32239
Average 9.42467754
Table 1
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(36)
Frequency ANC-OFF ANC-ON Noise reduction
(Hz) |noise amount (dB) | noise amount (dB) amount
50 -59.613277 -61.625042 2.011765
63 -59.073704 -64.525406 5.451702
80 -54 281155 -61.29026 7.009105
100 -47.093666 -57.906025 10.81236
125 -42.541756 -57.877411 15.33566]
160 -44.581146 -62.431255 17.85011
200 -42.310223 -59.130478 16.82026
250 -51.757565 -63.474697 11.71713
315 -57.003044 -68.348465 11.34542
400 -63.156078 -75.24823 12.09215
500 -63.727406| -79.12429 15.39688
630 -71.959145 -83.755692] 11.79655
800 -69.567673 -76.19136 6.623687
1000 -77.687004 -73.204292] -4.48271
Average 12.7675294
Table 2

[0045] Although the invention has been described with reference to al; particular

embodiment thereof, it will be apparent to on¢ of the ordinary skill in tPc art that

modifications to the described embodiment may be made without departing from the

spirit of the invention. Accordingly, the scope of the invention will be defined by the

attached claims not by the above detailed description.

|
|
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WHAT IS CLAIMED IS:
1. A feedback active noise controlling circuit, comprising:
a bandpass controller for receiving a noise perceiving signal generated upon
detection of an environment noise, for tuning a gain and a phase of a spectrum of the noise
perceiving signal so as to generate an environment noise signal,

an audio compensating circuit for receiving an audio input signal so as|to generate

an audio compensating s‘ignal whose high frequency attenuation is higher tﬁan its low
frequency attenuation;

an adder comprising a first input terminal and a second input terminal iwhosc gain
can be separately adjusted, wherein the first input terminal is electrically coupled to the
bandpass controller for receiving the environment noise signal, and amplifying the

environment noise signal to generate a noise cancellation signal, and the second input

terminal is clectrically coupled to the audio compensating circuit for receiving the audio

compensating signal, and amplifying the audio compensating signal to generate an audio
output signal; and :

a current converting repeater electrically coupled to the adder for r;ecciving a
signal synthesiied from the noise cancellation signal and the audio output isignal, and
converting the signal into a current signal for driving a speaker.

2. The feedback active noise controlling circuit of claim 1, further comprising a
power delay circuit for receiving a power supplied to the feedback active noise
controlling circuit, and delaying the power supply to the current converting rcincatcr fora
predetermined period of time when the power is tumed on.

3. The feedback active noise controlling circuit of claim 2, wherein| the power

delay circuit comprises:

19 :
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a delay circuit that is configured to generate a delay control signal when the power
is turned on; and ‘

a transistor comprising a collector, an emitter, and a base, wherein ;flthe base is
electrically coupled to the delay circuit for receiving the delay control %ignal. and
delaying a power supply over a predetermined period of time before turning 01%1 the power
received by the collector to the emitter according to the delay control signal. ’

4. The feedback active noise controlling circuit of claim 3, whereiril the delay
circuit comprises a resistor and a capacitor that are serially connected.

5. The feedback active noise controlling circuit of claim 1, further comprising a
switch unit that is configured to control a power supplied to the feedback active noise

controlling circuit, and have the audio input signal directly pass to the speaker and then

output the audio input signal from the speaker when the power is cut off.

6. The feedback active noise controlling circuit of claim 1, wherein the audio
|
compensating circuit comprises: é
a first resistor comprising a first terminal and a second terminal, wherein the first
terminal of the first resistor receives the audio input signal, and the second terminal of the
first resistor is grounded;

a second resistor comprising a first terminal and a second terminal, wherein the

first terminal of the second resistor is electrically coupled to the first terminal| of the first

resistor;

a first capacitor comprising a first terminal and a second terminal, wherein the

first terminal of the first capacitor is electrically coupled to the second terminal of the
second resistor, and the second terminal of the first capacitor outputsi the audio

compensating signal; |

20 !
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a sccond capacitor comprising a first terminal and a second terminal, wherein the
first terminal of the second capacitor is electrically coupled to the second terminal of the
first capacitor; and

a third resistor comprising a first terminal and a second terminal, wherein the first

terminal of the third resistor is electrically coupled to the second terminal ofthe second

|
capacitor, and the second terminal of the third resistor is grounded. ‘

7. The feedback active noise controlling circuit of claim 1, whcreh:m the noise
perceiving signal is generated by sensing the environment noise using a ;Llurality of
microphone sensors that are connected in parallcl.

8. A feedback active noise cancellation headphone, comprising:

a speaker for receiving a noise cancellation signal and generate a soundwave
signal with a phase reversed to an environment noise;

a plurality of microphone sensors for detecting the environment noise|positioned

in front of the speaker, and for converting the environment noise into a noise jperceiving

signal; and

an active noise controlling circuit electrically coupled to the microphofne Sensors
and the speaker for recciving the noise perceiving signal, for gcnt:fatingI the noise
cancellation signal according to the noise perceiving signal.

9. The feedback active noise cancellation headphone of claim 8, wherein the
plurality microphone sensors is comprised of two microphone sensors. |

10. The feedback active noise cancellation headphone of claim 9, wher:ein the two
microphone sensors are disposed symmetrically in front of the speaker. i

11. The feedback active noise cancellation headphone of ¢laim §, vivherein the

plurality of microphone sensors is comprised of three microphone sensors.

21 .
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12. The feedback active noise cancellation headphone of claim 11, wherein the
three microphone sensors are disposed evenly in front of the speaker.
I
13. The feedback active noise cancellation headphone of claim 8, Wherein the

noise perceiving signal is generated by sensing the environment noise|using the

microphone sensors that are connected in parallel.

14. The feedback active noise cancellation headphone of claim 8, wherein the

microphone sensors are disposed in front of the speaker. ‘
|

|
ABSTRACT OF THE DISCLOSURE |
A feedback active noise cancellation headphone is disclosed. A E1urality of
microphone sensors are disposed in front of the left and the right speakers of the
headphone for improving the sound reception quality of the microphone scns;ors, so that
the active noise controlling circuit generates an inverse phase soundwave acclurately for

|
countering the low frequency noise, and further to improve the noisci reduction

performance of the active noise cancellation headphone.
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