AUDIO SIGNAL PROCESSING APPARATUS, AUDIO SIGNAL PROCESSING METHOD, AND
PROGRAM BACKGROUND OF THE INVENTION 1. Field of the Invention  The present invention
relates:to an audio signal processing apparatus that detects an operation input of a user by using an
audio signal picked up by a microphone, and to anfaudio signal processing method for use therewith.
Furthermore, the present invention relates to a program for implementing such an audio signal
processing apparatus and audio signal processing method. 2. Description of the Related Art  In
various electronic apparatuses, as devices for inputting operations of a user, operation keys, a

keyboard, a;mpyse, opgation.dials, atoyen papek anddhe like are useghay, Paualls dhgpe operation

devices are installed in correspondence with the functions of the electronic apparatuses. On the other
hand, depending on the functions andsage of theielegttonicapparatuses, there has been a demand
for making the number of operation keys as small as possible and making operations easier to perform
and efficient. In Japanese Unexamined Patent Application Publication

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates.to an audio signal
processing apparatus that detects an operatiocn input of a
user by using an audio signal picked up by a microphone, and
to an audic signal processing methoed for use therewith.
Furthermore, the present invention relates to a program for
implementing such an audic signal processing apparatus and
audio signal processing method.

2. Description of the Related Art

In variocus electronic apparatuses, as devices for
inputting operations of a user, operation keys, a keyboard,
a mouse, operation dials, a touch panel, and the like are
used.

Usually, these operation devices are installed in
correspondence with the functions of the electronic
apparatuses. On the other hand, depending on the functions
and usage cf the electronic apparatuses, there has been a
demand for making the number of operation keys as small as
possible and making operations easler to perform and
efficient.

In Japanese Unexamined Patent Application Publicaticn



2 No. 2008-166897, a technology in which a microphone is used as a device for Inputting an operation
is disclosed. In the technology disclosed in Japanese Unexamined Patent Application Publication No.
2008-166897, lightly tapping a microphone or a periphery thereof with a finger or the like is recognized
as an operation input. For this reason, an audio sighal waveform picked up by a microphone when a
user performs tapping is recognized by a waveform correlation process. SUMMARY OF THE
INVENTION As in Japanese Unexamined Patent Application Publication No. 2008-166897, since a
microphone can also be used as an input device, this use contributes to a reduction in the number of

operation keys of e apparats housing.and o, maroved eage ofyse., Jrar xamplg asian operation
am

of a portable music player, a case in whic rophone is installed in a"’headphone portion mounted
by the userds gonsidered. The userusualykeeps-a perablermusicplayerds aclothes pogket, a bag,
or the like. This is because it is not necessary to take out the portable music player all the way if a
certain operationdis possiblesby. tapping a petiphepsef & nwerephorel of tHeehdadphone portion.
However, in order to detect that:audio signal , ,

Application Publication No. 2008-166897, lightly tapping a

microphone or a periphery thereof with a finger or the like

is recognized as an operation input. For this reason, an

audio signal waveform picked up by a microphone when a user

performs tapping is recognized by a waveform correlation

process.

SUMMARY OF THE INVENTION

As in Japanese Unexamined Patent Application
Publication No. 2008-1668%7, since a microphone can also be
used as an input device, this use contributes tc a reduction
in the number of operation keys of the apparatus housing and
to improved ease of use.

For example, as an operation of a portable music player,
a case in which a micrcphone 1s installed in & headphone
portion mounted by the user 1s considered. The user usually
keeps a portable music player in a clocthes pcecket, a bag, or
the like. This is because it is not necessary to take out
the portable music playver all the way 1f a certa;n operation
is possible by tapping a periphery of a micrcphone of the
headphone portion.

However, in order to detect that audio signal



3 components generated by tapping have been contained in the audio signal of the microphone input,
frequency analysis, cross-correlation, and the like using FFT are necessary. This takes a lot of
resources (number of calculations) of a central processing unit (CPU) or a digital signal processor
(DSP) as a computation processing device, and th& processing burden is large. In particular, it is
necessary that the process of detecting an operation input is constantly performed to deal with a
nonregular user operation. In order to constantly perform a process with a lot of calculations, a
computation processing device with high performance is necessary. This does not pose a big

problem for & ighsperforance slecironic apparatys: Howeysr, i &, apoaiglys far which a

comparatisg@%wer costs strongly de as the above-mentioned portable music player, a
large number of .calculations is ungdesirablebecause itbeeomes -adactorin gkeasiigthe cost of the
music player. Furthermore, because there are a large number of calculations for detecting an
operation cthe gise:untilthe openaticmis recegnized:beecmes 1811y, and consegaently. the long time
becomes disadvantageous for achieving device operation with a satisfactory response,
Accordingy-its Heséiable tdPerformifsiotesses andasterminations bytimeakis Signdl processing,

demeaseé%ntral processing unit (CPU) or a digital signal processor

(DSP) as a computation processing device, and the processing
burden is large.

In particular, it is necessary that the process of
detecting an operation input is constantly performed to deal
with a nonregular user operation. In crder to constantly
perform a process with a lot of calculations, a computation
processing device with high performance is necessary.

This does not pose a big problem for a high-performance
electronic apparatus. However, in an apparatus for which a
comparatively lower cost 1s strongly demanded, such as the
above-mentioned portable music player, a large number of
calculations is undesirable because it becomes a factor in
increasing the cost of the music player.

Furthermore, because there are a large number of
calculations for detecting an cperation, the time untll the
operation is recognized becomes long, and consequently the
long time becomes disadvantageous for achieving device
operation with a satisfactory response.

Accordingly, it is desirable to perform all processes

and determinations by time axis signal processing, decrease



the number of calculations, and shorten the time until detection at the same time in a case where an
operation input is to be detected from an audio signal of a microphone input caused by tapping
performed by a user.  According to an embodiment of the present invention, there is provided an
audio signal processing apparatus including: a tapging detection unit to which an audio signal picked
up by a microphone is input and that detects a tapping input operation on the basis of an energy
increase/decrease determination process for making a determination as to an increase and a
decrease of an energy level of low-frequency components of the audio signal within a first time period;

and a conirpl uni, el peorms Acertaln sutrolfracess that s setdora fapping input operation in

response to a tapping input operation being detected by the tapping detection unit. The tapping

detection yait detects:that atappingriaput:operation; has beenperformed ip acasesmhere the detection
of the increase and the decrease of the energy level in the energy increase/decrease determination
process withinithefirstitime petiodoctars & plurality of titnes withinalsecond time periodienger than
the first time period.  Furthermore, audio signals of a plurality of channels may be input to the

tapping detBEltn GRL S5 the tapping teteGioh iHEmay hetforfitthe energy increase/decrease
determmatlon process on an atucgl% glg@ﬁbgn X"n*?é%hca%@orgﬁ%” Is ofa ﬁ{ur%t%(ec%{ﬂgh&r]\p_els are added.
Alternatively, audio signa sofa plurality of channels may be input to the tapping detection unit, and the
tapping deteetien unit mayperformsthe-eneragy Ncrease/decrease deterajipationprocess on each of
the audio signals of the plurality of channels, and may detect a tapping input operation on each
channel. inAlematigely zaudipsignalsiof-a piuralityof thahnelsimay:beinputdo the tappidg detection
unit, and the tapping detection unit magfggrfor_m a channel determination process for making a
determinatiof 5&%o Whethefa Bhahnel bontains tagping sBind Arfbhgthé Ao &ignals of the plurality
of channels_and the energy increase/decrease determination process with regard to an audio signal in
hich the A S O e DLy o Che 278 atied o S EASba. and may detect the

channel in; which {he detection-of the tapping, NPt eperationandrthe tappingdnput operation have
been performed.  Furthermore, in the energy increase/decrease determination process, it may be

determinedanirethér.at:notthe energy tlevehofthe dewarequendy coamponents eftheraudio signal has
increased to more than a first threshold value and thereafter the energy level has decreased to less

than a secdtitfthrésholdvafiestitiin fie fPaRTESPEod FurtherRdre: the At sihalbrocessing

appaﬁﬂusgn%xrst time period; and a centrol unit that performs a
certain control process that 1s set for a tapping input
operation in response To a tapping input coperation being
detected by the tapping detection unit. The tapping
detection unit detects that a tapping input operaticn has
been performed in a case where the detection of the increase
and the decrease of the energy level in the energy
increase/decrease determination process within the first
time pericd occurs a plurality of times within a second time
periocd longer than the first time period.

Furthermcore, audio signals of a plurality of channels
may be input to the tapping detection unit, and the tapping

detection unit may perform the energy increase/decrease



6 further include a microphone, wherein the audio signal picked up by the microphone is input to the
tapping detection unit. According to another embodiment of the present invention, there is provided
an audio signal processing method including the step of: detecting a tapping input operation on the
basis of an energy increase/decrease determinatiof process for making a determination as to an
increase or a decrease of an energy level of low-frequency components with regard to an audio signal
picked up by a microphone within a first time period; and performing .a certain control process that is
set for a tapping input operation in response to a tapping input operation being detected in the tapping
detection Step.. ... .Acgo,rdin%ito another embodimueélt gf the Elgefegg |n‘¥gg%gln th%tr.e is provided a

1nat1on rocess 0l .anaa SN Sl& i i ?u £ O )
program for causing a computation processing device to petform: a tapping detection step; and a

control step: 4, ; nsthepresentinvention syeh gsthatdescribed.abgve, the.energy levelof

low-frequency components regarding an audio signal picked up by the integral or separate
microphonasisdaneriitpted.sThen, 4t is deterniined tifat@htapriwssocciyred=n the case where the energy
level has increased or decreased within a first time period. In particular, it is also preferable that it be 7

tapping detection unit, and the tapping detection unit may

perform the esnergy increase/decrease determination process

on each of the audio signals of the plurality of channels,

and may detect a tapping input operaticn on each channel.

Alternatively, audio signals of a plurality of channels
may be input to the tapping detectlicn unit, and the tapping
detection unit may perform a channel determination process
for making a determination as tc whether a channel contains
tapping sound among the audioc signals of the pluraiity of
channels and the energy increase/decrease determination
process with regard to an audio signal in which the audio
signals of the plurality of channels are added or subtracted,
and may detect the channel in which the detection of the
tapping input operation and the tapping input operation have
been performed.

Furthermore, in the energy increase/decrease
determination process, 1t may be determined whetTher or not
the energy level of tThe low-freguency components of the
audic signal has increased to more than a first Thresholid
value and thereafter the energy level has decreased to less

than a second threshold value within the first time period.

Furthermore, the audioc signal processing apparatus may



determined that a tap input operation has occurred in the case where a plurality of taps are detected
within a second time period. In the case where a tap has occurred, the energy level (amplitude) of
low-frequency components of a microphone input signal increases. Therefore, it becomes possible to
detect a tap simply and easily without performing wiaveform analysis by monitoring the energy of
low-frequency components of an audio signal. According to an embodiment of the present invention, is
possible to detect a user operation performed by tapping on the basis of a microphone input audio
signal by a simplified process. Consequently, it is possible to reduce a processing burden for detecting
operation and reduce. cos_Lt asa result of th reductiog. Furthermore, .the simglifjed process allows
Lur*‘g[er.lni: uce adntlcgog one ale erelin Che au 'Jt.O Sl'ﬁ‘l al .
the operation detéction time period to be Shortered, and a device opération with a satisfactory
response becqmes possible. BRIEFDESCRIBTION QF THE DRAWINGS, ; Fig. 1 is a block
diagram of the basic configuration of an embodiment of the present invention; Fig. 2 is a flowchart
of the basit=precessaf theiembodiment of the present invention;
According to another embodiment of the present
invention, there 1s provided an audic signal processing
methoed including the step of: detecting a tapping input
cperation on the basis of an energy increase/decrease
determination process for making a determination as to an
increase or a decrease of an energy level of low-freaguency
components with regard to an audic signal picked up by a
microphone within a first time periocd; and performing a
certain control process that is set for a tapping input
operation in response Lo a tapping ilnput coperation keing
detected in the tapping detection step.
According to another embodiment of the present
invention, there is provided a program for causing a
computation processing device to perform: a tapping
detection step; and a ccntrcl step.
In the present invention such as that described above,
the energy level of low-freguency components regarding an
audic signal picked up by the integral or separate
microphones is monitored. Then, it is determined that a tap
has occurred in the case where the energy level has

increased or decreased within a first time period.

In particular, it is also preferable that 1t be



8 Fig. 3is an illustration of an NC headphone of the embodiment;  Fig. 4 is a block diagram of
the NC headphone of the embodiment;  Fig. 5 is a block diagram of a configuration example | of a
tapping detection unit of the embodiment;  Figs. 6A and 65 are illustrations of an audio signal that is
input to the tapping detection unit of the embodiment;  Fig. 7 is a flowchart of processing of the
tapping detection unit of the embodiment;  Figs. 8A and 8B are illustrations of tapping determination
of the tapping detection unit of the embodiment;  Fig. 9 is an illustration of operation input detection
of the tapping detection unit of the embodiment; Fig. 10 is a block diagram of a configuration example

determined that a tap input operation has occurred in the
case where a plurality of taps are detected within a second
time period.

In the case where a tap has occurred, the energy level
(amplitude) of low-freguency components of a microphone
input signal increases. Therefore, i1t becomes possible to
detect a tap simply and easily without performing waveform
analysis by monitoring the energy of low-frequency
components of an audio signal.

According to an embodiment of the present invention, it
is possible to detect a user operation performed by tapping
on the basis of a microphone input audic signal by a
simplified process. Conseqguently, it is possible to reduce
a processing burden for detecting operation and reduce cost
as a result of the reduction.

Furthermore, the simplified process allows the
operation detection time period to be shortened, and a
device operation with a satisfactory response becomes

rossible.

BRIET DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of the basic configuration of
an embodiment of the present inventiocon;

Fig. 2 is a flowchart of the basic process of the

embodiment of the present invention;



Il of the tapping detection unit of the embodiment; Fig. 11 is a block diagram of a configuration
example Il of a tapping detection unit of the embodiment; Fig. 12 is a flowchart of the process of
the tapping detection unit of the configuration example Il of the embodiment; Fig. 13 is a flowchart
in the case of three tapping determination of the ebodiment; 9  Fig. 14 is a flowchart in the case of
two and three tapping determination of the embodiment;  Figs. 15A and 15B are illustrations of an
example of an electronic mail operation of the embodiment; and
Fig. 3 is an illustraticn of an NC headphone of the
embodiment ;
Fig. 4 is a2 block diagram of the NC headphone of the
ambodiment;
Fig. 5 is a block diagram of a configuration example T
of a tapping detection unit of the embodiment;
Figs. 6A and 6B are illustrations of an audic signal
that is input to the tapping detection unit of the
embodiment;
Fig. 7 is a flowchart of processing of the tapping
detection unit of the embodiment;
Figs. BA and 8B are illustrations of tapping
determination of the tapping detection unit of the
embodiment;
Fig. 9 is an illustration of operation input detection
of the tapping detection unit of the embodiment;
Fig. 10 is a block diagram of a configuration example

1T of the tapping detection unit of the embodiment;

1s a block diagram of a configuraticon example

frod

Fig. 1
IIT of a tapping detection unit of the embodiment;

Fig. 12 is a flowchart of the process of the tapping
detection unit of the configuration example III of the
embodiment ;

Fig. 13 is a flowchart in the case of three tapping

determination of the embodiment;



Fig. 16 is an illustration of an example of an electronic mail operation of the embodiment.
DESCRIPTION OF THE PREFERRED EMBODIMENTS  Hereinafter, embodiments of the present
invention will be described in the following order. 1. Basic configuration and processing 2. Embodiment
applied to NC headphone 2-1: Configuration of NGsheadphone 2-2: Tap detection unit (configuration
example I) 2-3: Tap detection unit (configuration example 1) 2-4: Tap detection unit (configuration
example Ill) 2-5: Modification of process of tapping detection unit
Fig. 14 is a flowchart in the case of two and three
tapping determination of the embodiment;
Figs. 15A and 15B are illustraticns of an example of an
electronic mail operation of the embodiment; and

Fig. 16 1is an illustration of an example of an

electronic maill operation of the embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, embodiments of the present invention will
be described in the following order.
1. Basic configuration and processing
7. bkEmbodiment applied to NC headphone
2-1: Configuration of NC headphons
2-2: Tap detection unit {(configuration example I}
2-3: Tap detection unit (configuration example II)
Z2-4: Tap detection unit {configuration examplie IIT)
2-5%: Modification of process'of tapping detection unit
2. Embodiment applied to varicus apparatuses

4., Program

pt

Basic configuration and processing

First, the basic configuration as an embodiment of the
present invention will be described.
The present inventicn assumes a system in which,

originally, a microphcne (hereinafter abbreviated as a



3. Embodiment applied to various apparatuses 4. Program 1. Basic configuration and processing

First, the basic configuration as an embodiment of the present invention will be described.  The
present invention assumes a system in which, originally, a microphone (hereinafter abbreviated as a
10 "mic") device that is disposed in an apparatus gpd used for the purpose of picking up sound is used
as a sensor for inputting various operations for controlling the function of the apparatus. Then, lightly
tapping (in this specification, this action will be referred to as "tapping”) a mic or the periphery thereof
is recognized as an operation input of a user. The present invention relates to a detection algorithm for

operation input by this tapping. In particular, in the detection algorithm of the present invention,
frequency é%&écagal‘ﬁ}gféléiﬁh%?ﬁa’% Gséd FheTelatdd &t i§ 0P parbiéd.- antPiifdceSsing is

gggft’igidéﬁ’g? ré%%%?a%%e%y the time a5, TOUS, processing fesqurces afg decreased, and a
inputting varicus operations for controlling the function of
the apparatus. Then, lightly tapping (in this specification,
this action will be referred to as "tapping™) a mic or the
periphery thereof i1s recognized as an operation input of &
user. The present inventicn relates tc a detection
algorithm for operation input by this tapping. In
particular, in the detection algorithm of CLhe present
invention, freqguency axis analysis such as that used in the
related art is not performed, and processing lis performed
with regard to only the time axis. Thus, processing
resources are decreased, and a detection effect is obtained.

The embodiment o be described below takes the form of
any of varicus electronic apparatuses in which an audio
signal processing apparatus that adopts such a detection
algorithm of the present invention and recognizes coperation
input is installed.

Fig. 1 illustrates the basic configuration of the
embodiment.

In Fig. 1, an audio signal precessing unit 1, a mic 4,
a mic amplifier 5, an A/D conversion unit 6, and a normal
processing system 7 are illustrated.

The audio signal processing unit 1 incliudes a tapping

detection unit 2 and a control unit 3. The audic signal



The embodiment to be described below takes the form of any of various electronic apparatuses in
which an audio signal processing apparatus that adopts such a detection algorithm of the present
invention and recognizes operation input is installed. Fig. 1 illustrates the basic configuration of the
embodiment.  In Fig. |, an audio signal processiy unit 1, a Laic 4, a mic amplifier 5, an A/D
conversion unit 6, and a normal processing system 7 are illustrated. =~ The audio signal processing
unit 1 includes a tapping detection unit 2 and a control unit 3. The audio signal 11 processing unit 1
corresponds to the audio signal processing apparatus of the present invention. The audio signal
processing unit 1 is constituted by, for example, a CPU, a DSP, and the like. = The audio signal that

is picked G By i€ 448 Amplified ByARB IR Andlifier § antis théreafar sebjRekdto™d
analog-to-lgial spnversipn by the AID onversion unit. Then, the audio sigpa formed as a cigia
signal is input {6 the normal procgssmg system 7 and the audio signal processing unit 1.
processing unit 1 is constituted by, for example, a CPU, a
DSP, and the like.

The audio signal that is picked up by the mic 4 is
amplified by the mic amplifier 5 and is thereafter subjected
to analog-to-digital conversion by the A/D ceonversion unit 6.
Then, the audio signal formed as a digital signal 1s input
to the normal processing system 7 and the audio signal
processing unit 1.

The normal processing system 7 referred to herein
indicates a processing unit of usual functlons wlith respect
to an audio signal in the electreonic apparatus to which the
audio signal from the mic 4 1s input.

In consumer electronic apparatuses, the mic 4 has
already been provided for various purpceses. Alternatively,
a separate mic 4 can be connected.

Examples thereof include a mobile phone, a digital
camera having a sound recording function as well as an image
recording function, an IC reccrder, an information

rocessing device, such as a personal computer, having an
audic communication function, & mobille device, and a noise
cancellation headphone (hereinafter referred to as an "NC
headphone") .

Each of these various types of electronic apparatuses



The normal processing system 7 referred to herein indicates a processing unit of usual functions with
respect to an audio signal in the electronic apparatus to which the audio signal from the mic 4 is input.
In consumer electronic apparatuses, the mic 4 has already been provided for various purposes.
Alternatively, a separate mic 4 can be connected. {5 Examples thereof include a mobile phone, a
digital camera having a sound recording function as well as an image recording function, an IC
recorder, an information processing device, such as a personal computer, having an audio
communication function, a mobile device, and a noise cancellation headphone (hereinafter referred to
as an "NC headphone"). Each of these various types of electronic apparatuses 12 is installed with a
processing Systefit-édrtéshontiny to & Fiiction With regaFét athesmpitalticsigRal  For

example, in the case of an aplparatua having a function of recocgding sound.into a recording medium,
Tunction with Eﬁar jde Mic 1nput aucdlio SLgraL. .
parts that perform a compréssion process for sound recording, an encoding process for recording, and

arecording procgg;roggarﬁg@(ﬁgjngmegglgncgrs@edykeafgrrgﬁ@% normal pregessing system 7 of Fig. 1.
Furthermore, in a communicable device, such as a mobile phone, in the case of the communicable

device having atfunetientofrzansmitting anacdioisignalz parts fordpetfornintiarcompression process,
an encoding process for transmission, a transmission process, and the like form the normal processing
sygen]75ﬁp@_P§rform a compression process for sound recording, an

encoding process for recording, and a recording process on a

recording medium, or the like form the normal processing

gystem 7 of Fig. 1.

Furthermore, in a communicable device, such as a mobile
phone, in the case of the communicable device having a
function of transmitting an audio signal, parts for
perfoerming a compression process, an encoding process for
transmission, a transmlssion process, and the like form the
normal processing system 7 of Fig. 1.

In additicon, in the case of an NC headphone described
with reference to Fig. 3 and subseguent figures, the
function portion that performs a ncise cancellation process
corresponds to the normal processing system 7.

In the normal processing system 7, processes
corresponding to these functions are periormed with regard
to the input audio signal.

The audio signal processing unit 1 performs detectiocon
of a tapping with regard to an input audic signal so as to
detect the operation input by the user.

First, the tapping detection unit 2 detects a tapping



In addition, in the case of an NC headphone described with reference to Fig. 3 and subsequent
figures, the function portion that performs a noise cancellation process corresponds to the normal
processing system 7. In the normal processing system 7, processes corresponding to these
functions are performed with regard to the input aydio signal. ~ The audio signal processing unit 1
performs detection of a tapping with regard to an input audio signal so as to detect the operation input
by the user. First, the tapping detection unit 2 detects a tapping 13 by the user with a process in only
the time axis. Specifically, the tapping input operation is detected on the basis of an energy

increase/decrease determination process that makes a determination as to an increase or a decrease
of the enefdy [VaI intRé 16w Frequenty cBmponentddfithe ifput-diidic SigRal within a first time period.

That is, wgen there is an instantaneous mcrease/d%crease 0112_ :tLhe erilegrgé@%\éeé within ﬁh%ﬂr&t time

period, it isifetected thatthe user ﬁggﬁéﬁgrrﬁ&?g taggi%‘}gf.a ne tapping may be recognized as an

operation input.Inprderthat apinconseigus tapping by dhe ysek the handling efthednis 4, a collision
of some object body with the mic 4, or the like is not erroneously recognized as an operation, a
plurality ofeentinueks taps may<herdetectedrasian operaticiminpat Ihatis, N drenespr
increase/decrease determination process, in a case where the detection of an increase and decrease

of the enetdy Ievel SFREIGWHFSHeNnt) cohfpohetits sFthestitio SifRaPRRihthe firstitine period

occurs a pluragligé/ of utgq(%s \S/v:iLthina% 5%9%@1(1 gmg pte:{ilg)éjtloQg{eﬂre thgg 1;[9% éirst t@% Eerljosq, it may be
considered thata apping mp%?opera"flonjhascbeen performed.
when there is an instantaneous increase/decrease of the
energy level within the first time period, it 1s detected
that the user has performed a tapping.
One tapping may be recognized as an operation input.
In order that an unconscious tapping by the user, the
handling of the mic 4, a collision of some object body with
the mic 4, or the like 1s not erroneously recognized as an
operation, a plurality of continucus taps may be detected as
an operation input. That is, in an energy increase/decrease
determination process, in a case where the detection of an
increase and decrease of the energy level of the low-
frequency components of the audio signal within the first
time pericd cccurs a plurality of times within a second time
period longer than the first time period, 1t may be
considered that a tapping input operaticn has been performed.
The tapping detecticn unit 2 detects one or more taps
as an operation input, and outputs an operation detection

signal Sdet to the control unit 3.

The control unit 3 includes at least a function of a



The tapping detection unit 2 detects one or more taps as an operation input, and outputs an operation
detection signal Sdet to the control unit 3. The control unit 3 includes at least a function of a 14 control
process in such a manner as to correspond to the user operation in the electronic apparatus. Then,
when the control unit 3 recognizes in accordance Wjth the operation detection signal Sdet that the
tapping detection unit 2 has detected a tapping input operation, the control unit 3 performs a certain
control process that is set with regard to the tapping input operation. Since the control process
differs depending on various electronic apparatuses, examples of the control process will be described
in the description of a specific embodiment of the electronic apparatus. For example, in the case of an
apparatusaviFg a fERctioRSSf reprotiticihgmblit thta 3F the like 'S@mIes tHetebfificlude a
reproduction function. In that case, an operation in which music reproduction control is_performed by
tapping the mic 83(? %aetﬁggr, éﬁdﬁﬁsig ?gﬁrgaa&focn iaépppez%f%arrih%%is rktjaﬁa]lfaz%’d. e etgléesic
configuration-of,the embadimept.ofthe:presentinyentioniis as-descriped;aboygdn Fig. 4. That is, the
input audio signal from the mic 4 is input to the audio signal processing unit 1, and the audio signal
processing«mitdcdetectsithe ases operationtontthe basip oftheddeteminationof thetappmg. Then, in
a case where it is detected that the operation input has occurred, a certain control process
correspondfricPtothe opefatiiiispeHortmed PRy 2tiftistratés & basic process of the embodiment.

performs a certain contrcl process that is set with regard
to the tapping input operation.

Since the control process differs depending on varicus
electronic apparatuses, exanples of the control process will
be described in the descriptiocn of a specific embodiment of
the electronic apparatus. For example, in the case of an
apparatus having a function of reproducing music data or the
like, examples thereof include a reproductlion function. In
that case, an operation in which music reproduction control
is performed by tapping the mic 4 by the user, and music
reproduction is performed is realized.

The basic configuration of the embodiment of the
present invention is as described above in Fig. 1. That is,
the input audio signal from the mic 4 is input to the audic
signal processing unit 1, and the audio signal processing
unit 1 detects the user operation on the basis of the
determination of the tapping. Then, in a case where 1t 1s
detected that the operation input has occurred, a certain
control process corresponding to the operatlon is performed.

Fig. 2 illustrates a basic process of the embodiment.



15 Inthe audio signal processing unit 1 to which a mic input audio signal is constantly input as in
Fig. 1, a tapping determination is performed in step Fl. That is, this is the process of the tapping
detection unit 2. Then, in a case where it is determined that a tapping as an operation input by the user
has occurred, the process proceeds to step F3 from step F2, and a control process corresponding to
the operation input is performed. That is, this is the process of the control unit 3.  In the following,
the embodiment will be described by giving an example of a noise cancellation headphone (NC
headphone) as a specific example of the electronic apparatus.  Furthermore, other examples of the
electronic apparatus will be described later. 2. Embodiment applied to NC headphone 2-1:
Configuration of NC HeadpHERE = 7§23 sBRématcaliydllvEtrates ah NC headpRore- £0 that is used
by being coy?nggteadut .4 msujg,icnr rg%ucti(g)vrlwsq%vri_gq, sugp asa g%rtg?leﬂediuw plgyer 20. The
medium pfaiy%r 20 reproduceg data,‘such as rﬁus‘i’c,'?//vhlcfﬁs tecorded oni an intérnal recording
medium, %%%(?H!%t%@’r?@%ﬂ%'alt%ﬁ R audio;signals to the eannected NGrhgadphone 10. The NC

e

headphon is constituted by a headphone unit
this is the process of the tapping detection unit Z. Then,

in a case where it is determined that a tapping as an
operation input by the user has occurred, the process
proceeds to step F3 from step FZ, and a control process
corresponding to the operation input is performed. That is,
this is the process of the control unit 3.

In the following, the embodiment will be described by
giving an example of a noilse cancellation headphone (NC
headphone) as a specific example of the electrenic apparatus.

Furthermore, other examples of The electronic apparatus

wilill be described later.

2. Embodiment applied to NC headphone

2-1: Configuration of NC headphone

Fig. 3 schematically illustrates an NC headphone 10
that is used by being connected to a music reproduction
device, such as a portable medium player 20.

The medium player 20 reprcduces data, such as music,
which 1s recorded on an internal recording medium, and
outputs 2-channel L and R audio signals tc the connected NC
headphone 10.

The NC headphone 10 is constituted by a headphone unit



16 11 and a noise cancellation unit 14.  The headphone unit 11 has speakers 13L and 13R of an L
channel and an R channel in each of the speaker housings corresponding to right and left ears of a
user. In the case of this example, a noise cancellation process of a so-called feed-forward method is
performed, and mics 12L and 12R are provided toqgjck up sound of the right and left speaker
housings.  The headphone unit 11 may be an earphone type or ear pad type rather than a type
having a speaker housing as shown in the figure. In the case of this example, it is sufficient that at
any rate, the mics 12L and 12R are provided. Furthermore, the headphone unit 11 is not limited to
the NC headphone 10 that performs a noise cancellation process of a feed-forward method, and may
be a type that PeffofmE & iGis€ BaREelEdibh Probdsstof & feedback method.  The noise cancellation
unit 14 is conr_lecit_ed t%é%edg a%hour}}ei%niﬂl in \évhischeth rr%igs 11%: aanrlddlzilg}?r%gr%\gdid i_n the _
manner described Gbove, e noise canceﬁ?ﬂon tnit 14 mixes & noise reduction audio signal with
an audio signal,of reprodugtion:music-erthe like.whichjs supplied;fram-thermediumyplayer 20, thereby

causing an audio signal in which external noise is reduced to be outputfrom the speakers 13L and
13R. corresponding to right and left ears of a user. In the case
of this examplie, a nolse cancellation process ¢f a sc-called
feed-forward method is performed, and mics 121 and 12ZR are
provided to pick up sound of the right and left speaker
housings.

The headphone unit 11 may be an earphone type or ear
pad type rather than a type having a speaker housing as
shown in the figure.

In the case of this example, it is sufficient that at
any rate, the mics 12L and 12ZR are provided.

Furthermore, the headphcone unit 11 is not limited to
the NC headphone 10 that performs a noise cancellation
process of a feed-forward method, and mayv be a type that
performs a noise cancellation process of a feedback method.

The noise canceliation unit 14 is connected to the
headphone unit 11 in which the mics 121 and 12ZR are provided
in the manner described above.

The noise cancellation unit 14 mixes a ncise reduction
audic signal with an audio signal of reproduction music or
the like, which is supplied from the medium piaver 20,
thereby causing an audio signal in which external nolse 1is

reduced to be-output from the speakers 13L and 13R.



17  When simply mentioned, noise reduction is performed in the following manner.  The mics 12L
and 12R mounted in the speaker housing pick up external noise that reaches the ears of the user
through the speaker housing. The noise cancellation unit 14 generates a noise reduction audio signal
that is in a phase that is acoustically opposite to external noise on the basis of the audio signal of the
external noise picked up by the mics 12L and 12R. Then, the generated noise reduction audio signal is
combined with an audio signal of reproduction music or the like and is supplied to the speakers 13L
and 13R.  Therefore, since the opposite phase components of external noise are contained in the
audio output from the speakers 13L and 13R, the opposite phase components and the external noise
that actually leak¥ iR thfouitih'the spehker KSusing ars cafcalied With each 6ther i'§place! External
noise conmq?ne%siqrgwrfguc%%ggg the original output audio of reproduction music reaches the sense
of hearing© ‘the User." - "An exémpice' of the internal configuration of the noise cancellation unit 14 is

shown in Fig. 4. 11, The noise-eancellation:upit 14-includes mic amplifiers,34-and 31R, A/D

conversion units 32L and 32R, a main processing unit 33 using a DSP or a CPU, a memory unit 40,

18 power amptifiers 424t anct 42Ryand A/Dreconversionanits 423 andAIR. the user
through the speaker hcousing. The noise cancellation unit 14
generates a nolse reduction audic signal that 1s in a phase
that is acoustically opposite to external noise cn the basis
of the audic signal of The external noise picked up by the
mice 121 and 12R. Then, the gensrated noise reduction audioc
signal is combined with an audio signal of reproduction
music or the like and is supplled to the speakers 13L and
13R.

Therafore, since the opposite phase components of
axternal noise are contained in the audio output from the
speakers 13L and 13R, the opposite phase components and the
external nolse that actually leaks in through the speaker
housing are cancelled with each other in space. External
noise components are reduced and the original ocutput audio
of reproduction music reaches the sense of hearing of the
user.

An example of the internal configuration of the noise
cancellation unit 14 is shown in Fig. 4.

The noise cancellation unit 14 includes mic amplifiers
31L and 21R, A/D conversion units 32L and 32R, a2 main

processing unit 32 using a DSP or a CPU, a memory unit 40,



The main processing unit 33 is provided with a noise cancellation unit 34, a gain unit 35, adders 36L
and 36R, a tapping detection unit 37, a control unit 38, and an equalizer 39.  First, the audio signal
of reproduction music or the like from the medium player 20 is processed in the follow manner.
Reproduced audio signals SA-L and SA-R of an L.ghannel and an R channel as so-called headphone
output are supplied from the medium player 20.  The reproduced audio signals SA-L and SA-R are
converted into digital signals by the A/D conversion units 413 and 41R. Then, the equalizer 39
performs sound quality correction of amplitude-frequency characteristic correction, a phase-frequency
characteristic correction, or both.  The correction process of the equalizer 39 is performed on the
basis of akerfsl SiGRAISESFrond tHe edntrol Unit 38 For-eXarple, Antindicatibn of frégliency
characteristics is performed in accordance with the control signal SG3.  The reproduced audio
signals SAL%nd"SA-R on which sound quality correction has been performed by the equalizer 39 are

added with a noisg teduction audia signal,in the-adglers 361, and:36R; respectively, and are thereafter
supplied to the power amplifiers 423 and 42R. 19  The power amplifiers 42L and 42R may be

constituted by a=digitaliamplifier or hagy be ganstitutedtbys & D/Acbaversian. unit anéén, aralog
amplifier.  Then, the outputs from the power amplifiers 42L and 42R are set as driving signals for the
speakers L3ahed 3R andtaudio Butput based oAthé Féprodilééd abdio™signals SA-L and SA-R are

performed from the speakers 13L and 13R.
egqualizer 39.

First, the audio signal of reproduction muslc or the
like from the medium player 20 is processed in the following
manner. Reproduced audio signals SA-L and SA-R of an L
channel and an E channel as so~called headphone ocutput are
supplied from the medium plaver 20.

The reproduced audic signals SA-L and SA-R are
converted into digital signals by the A/D conversion units
41L and 41R. Then, the egqualizer 39 performs sound guality
correction of amplitude-frequency characteristic correction,
a phase-freqguency characteristic correction, or both.

The correction process of the egualizer 39 is performed
on the basis of a control signal SG3 from the control unit
38. For example, an indication of fregquency characteristics
is performed in accordance with the control signal SG3.

The reproduced audic signals SA-L and SA-R on which
sound quality correction has been performed by the egualizer
38 are added with a necise reduction audio signal in the
adders 36L and 36R, respectively, and are thereafter

supplied to the power amplifiers 42L and 4Z2R.



On the other hand, the above-mentioned noise cancellation process is performed in the following
manner.  Audio signals SmL and SmR picked up by the mics 12L and 12R are amplified by the mic
amplifiers 31L and 31R in the noise cancellation unit 14, and are thereafter converted into digital
signals by the A/D conversion units 32L and 32R, sgspectively.  The digitized audio signals SmL and
SmR that are output from the A/D conversion units 32L and 32R are supplied to the noise cancellation
unit 34. For the noise cancellation unit 34, a digital filter that generates a noise reduction audio signal
in the above-mentioned feed-forward method is used. The noise cancellation unit 34 performs a
filtering process on each of the audio signals SmL and SmR by using a filter coefficient indicated by a
control signal SGT froRPtfeicaHtidH Lifit 385 afid GehBratés Nolde el Getivh alidio Sigihl$ Bf the L
channel and the R channel. Th &I%enerated noi%e reduction audio. signals %f he L 20 channel and the

R channeFare’stippiled 8 tHe ddin unit 350 Fhe Gaift (Mt 35 providesa gain With respect to the noise
reduction audio signals of the.L channe) a&%tpgd? gﬁ@@@@i@/&sing the gain coefficient indicated by

the control signal SG2 from the control unit 38.

Then, the outputs from the power amplifiers 42L and 42R
are set as driving signals for the speakers 13L and 13R, and
audic output based on the reproduced audio signals SA-L and
SA-R are performed from the speakers 13L and 13R.

Cn the other hand, the above-menticoned noise
cancellation process is performed in the following manner.

Audic signals SmL and SmR picked up by the mics 1ZL and
12R are amplified by the mic amplifiers 321L and 31R in the
noise cancellation unit 14, and are thereafter converted
inte digital signals by the A/D conversion units 32L and 32R,
respectively.

The digitized audio signals SmL and SmR that are output
from the A/D conversion units 3ZL and 32R are supplied to
the noise cancellation unit 34. For the ncise cancellation
unit 324, a digital filter that generates a noise reduction
audio signal in the above-mentloned feed-forward method is
used. The nolse cancellation unit 34 performs a filtering
procesas on each of the audic signals SmlL and SmR by using a
filter coefficient indicated by a control signal SG1 from
the control unit 38, and generates noise reduction audio
signals of the L channel and the R channel.

The generated noise reduction audic signals of the L



Then, the noise reduction audio signals of the L channel and the R channel from the gain unit 35 are
added to the reproduced audio signals SA-L and SA-R, which are supplied to the adders 36L and 36R,
respectively, in the manner described above.  As a result of the reproduced audio being output from
the speakers 13L and 13R on the basis of such reggpduced audio signals SAL and SA-R in which the
noise reduction audio signal is added, the noise reduction function such as that described above is
exhibited. The noise cancellation unit 14 of this example further includes a function of detecting a
user operation performed by tapping the mics 12L and 12R or the periphery thereof. The audio
signals Smi, and SmR picked up by the mics 12L and 12R are also supplied to the tapping detection
unit 37. Theeonfiglration aid: operdiionrof the kppingpdéteeton @niti37 willlve déscribeéd later in

detail. In the tapping detection unit 37, tapping of the mics 12L and 12R or the periphery thereof is
detected witla process’in bnii i tiie Axis. Spaeitically; the HpBING input opEratidh’is 21 detected

on the basis,af the energyinerease/decrease determination pracess for making adeferpyination as to

the increase and the decrease within the first time period of the energy level of the low-frequency

components ofitherigputaudie signals: Sailcare SmRJThen.da pattictiay, whestapping is performed
continuously a plurality of times, this is detected as an operation input by the user, and an operation
detection sigraleSdetGs obitpurtd-tive controt@hit88Lt 38.

Then, the noise reduction audio signals of the L
channel and the R channel from the gain unit 35 are added to
the reproduced audio signals SA-1 and SA-R, which are
supplied to the adders 36L and 36R, respectively, in the
manner described above.

As a result of the reprcduced audio being output from
the sgpeakers 13L and 13R on the basis of such reproduced
audic signals SA~L and SA-R in which the noise reduction
audio signal is added, the noise reduction function such as
that described above is exhibited.

The noise cancellation unit 14 of this example further
includes a function of detecting a user operation performed
by tapping the mics 12T and 12R or the periphery thereof.

The audio signals Sml and SmR picked up by the mics 1Z2L
and 12R are also supplied to the tapping detection unit 37.

The configuration and operation of the tapping
detection unit 37 will be described later in detall. In the
tapping detection unit 37, tapping of the mics 1ZL and 1ZR
or the periphery therecf is detected with a process in only

the time axis. Specifically, the tapping input operation is



The control unit 38 controls each unit of the noise cancellation unit 14 on the basis of the control
signals SG1, SG2, and 333. Furthermore, it is possible to transmit a control signal 334 to the medium
player 20.  In particular, in this example, the control unit 38 includes a function of performing a
control process in correspondence with the tappin;g,‘operation of the user. That is, when the control unit
38 recognizes in accordance with the operation detection signal Sdet that a tapping input operation is
detected by the tapping detection unit 37, the control unit 38 performs a certain control process that is
set with regard to the tapping input operation. For example, in response to the detection of the
operation by the tapping input, operation input information is transmitted as a control signal 334 to the
medium pis/et 20eThemdmenlansit 40 hasSteredthseein inforration that ZXiggeferred to by the
control unit 38 in the control process. For example, in the memory. unit 40, information on the filter

coefficienfdSh IHrEhoRe HhRI&TSH Gnit 34 dhd thE Lqlializer 39 dhd thefike ars Stored.  In the
present empodiment, the control &Qﬁééa%%rf%@gn%e@ﬁ@ coptrol in.respopss. fo.the fapping input

operation of the user. The following are assumed as examples of the control process.  First, as the
control signak SG4 the tragsmissian ef.epearation inpuidnformatiat tmthetmeditint player 20 is

considered.
input audioc signals SmL and SmR. Then, in particular, when
tapping is performed continuously a plurality of times, this
is detected as an operation input by the user, and an
operation detection signal Sdet 1is output to the control
unit 38.

The control unit 38 controls each unit of the noise
cancellation unit 14 on the hasgsis of the control signals SG1,
5G2, and S5G3. Furthermore, it is possible to transmit a
control signal $SG4 to the medlum player 20.

In particular, in this example, the control unit 38
includes a function of performing a control process in
correspondence with the tapping operation of the user. That
is, when the control unit 38 recognizes in accordance with
the operation detecticn signal Sdet that a tapping input
operation is detected by the tapping detection unit 37, the
control unit 38 performs a certain control process that is
set with regard to the tapping input operation. For example,
in response to the detection of the operation by the tapping
input, operation input information is transmitted as a
control signal $G4 to the medium player 20.

The memory unit 40 has stored therein information that



Examples thereof include control related to a reproduction operation of music or the like, such as
-reproduction/stop/sound recording/FF (fast forwarding)/REW (fast rewinding) switching between
reproduction and mute (or small sound volume reproduction) switching between on/off of noise
cancellation function switching between noise ca@céellation function on/monitor mode (ambient sound
pickup, hearing aid operation) volume up/down ing between voice phone conversation and
music reproduction  In a case where, for example, a tapping operation is set as an operation of
"reproduction”, the control unit 38

is referred to by the control unit 38 in the control process.
For example, in the memory unit 40, information on the

filter coefficients in the noise cancellation unit 34 and

the equalizer 3¢, and the like are stored.

In the present embodiment, the contrel unit 38 performs
a certain contrcl in response to the tapping input operation
of the user. The following are assumed as exampies of the
control process.

First, as the control signal SG4, the transmission of
operation input information to the medium player 20 1s
considered.

Fxamples thereof include
- control related to a reproduction coperation of music or
the like, such as reproduction/stop/sound recording/FF (fast
forwarding) /REW (fast rewinding)
~ gwitching between reproduction and mute (or small sound
volume reproduction)

- switching between on/off of noise cancellation function
- switching between noige cancellation function on/monitor
mode {(ambient scund pickup, hearing aid operatlion]

- volume up/down

- switching between voice phone conversation and music
reproduction

In a case where, for example, a tappling coperation is

set as an operation of "reprcduction”, the centrol unit 38



23 performs a process for transmitting a command of "reproduction” to the medium player 20 in a case
where a tapping operation is detected by the tapping detection unit 37. The same applies to the other
cases, and it depends on what kind of operation content has been assigned to a tapping operation.
Furthermore, as will be described later, in a case where the tapping of the mic 12L and the tapping of
the mic 12R are distinguished from each other and detected, it is possible to assign two types of
operation content. In that case, if, for example, the tapping of the mic 12L is assumed to be a volume
up and the tapping of the mic 12R is assumed to be a volume down, the control unit 38 performs a
process for transmitting a command of "volume up" or "volume down " to the medium player 20 in
response Iethecdetectiorrofthesapping operation-by tiatappigraéedtiot unit 37.  Furthermore,
the tapping can be distinguished in accordance with the number of continuous taps and can be set, or

a variety of opefatibHs can be distingGished i BcEorddice with the huriber of ts: the combination of
the right alagggfimj%gé&g@%ﬁsan@etbsdiksda%g/ cap be;sgt.Infhaticase. the contral, unit 38

transmits a certain"command to the medium player 20 in response to the detection of those tapping
operations;-in orderdodapienaentia Beisecaneellationsfunetion; 4t, 24rig necessary teidispase the mics
12L and 12R near a user's ears. For this reason, usually, the mics 12L and 12R are disposed near a
user's earvThén onéxarhple; duging commuoting) leveasdf theanaindsodyrefithé enédium player 20 is not
taken out, mere tapping of the mics 12L and 12R allows the operation of the medium player 20 to be

controlled “@hich 6HerE 2Bt 3 Convenience.

Furthermore, as will be described later, in a case
where the tapping c¢f the mic 12L and the tapping of the mic
12R are distinguished from each other and detected, 1t is
possible to assign two types of cperation content. In that
case, Lf, fcor example, the tapping of the mic 12L 1s assumed
to ke a velume up and the tapping of the mic 1ZR 1s assumed
to be a volume down, the controel unit 38 performs a process
for transmitting a command of "volume up” or "volume down "
to the medium player 20 in response to the detection of the
tapping operation by the tapping detectlion unit 37.

Furthermore, the tapping can be distinguished in
accordance with the number of continuous taps and can be set,
or a variety of operations can be distinguished in
accordance with the number of taps, the combination of the
right and left mics 12L and 12ZR, and the like, and can be
set. In that case, the control unit 328 transmits a certain
command t¢ the medium player 20 in response to the detection
of those tapping operations.

In order to implement a noise cancellation function, it



Furthermore, an example in which the control unit 38 performs the internal control of the noise
cancellation unit 14 in response to tapping detection is considered. For example, the filter
coefficients of the noise cancellation unit 34 may be switched under the control in accordance with the
control signal SG1 in response to the tapping operation. In general, the noise environment
characteristics differ greatly depending on the location, for example, an airport, the platform of a
station, in a train, or a factory even if the noise environment characteristics are observed using
frequency characteristics. Therefore, for filter characteristics for noise reduction, it is originally desired
that optimal filter characteristics appropriate for each noise environment characteristic be used. For
this reason, st isausefiddor thecuser 1o suitch andiselect mostappropitate fiter eharaeteristics by
tapping the mica 12L and 12R. 25 Furthermore, the control unit 38 may switch between gain

coefficients ®F the gaMturit'3% underthie-contiof baded bR Thé'¢ortrdi-sigrial G2 i Fesponse to
tapping detection. A 4 Lesult, it is,possible for the yser to adjust as desired the.leyel of the noise

cancellation with an easy operation. Furthermore, the control unit 38 may change the filter
coefficientdn the egualizes-39-under the ceptrel inaggordance with-the conirok signakb853 in response
to tapping detection. As a result, it is possible for the user to select a sound quality correction state
with an easy operdtion. Fot exampie, Varipus freqletéyecharastetistics are stored: inthiesmemory unit
40 as a preset, and equalizer characteristics that are the sound quality preferred by the user can be

selected astesiBl %hith-ar e8sy Hppifg Op&ratBh >WRichds usefuP=2-2°Tappingdetection unit

(configuration exa ﬁ Q He(g;ing epéq%ggquuégtion and operation of the tapping detection unit
37 will be descri edj.“p iere, flarstL a configuration examplé | shown in Fig. 5 will be described.

Furthermore, an example in which the control unit 38
performs the internal control of the noise cancellation unit
14 in response tc tapping detection is conslidered.

For example, the filter coefficients of the noise
cancellation unit 34 may be switched under the control in
accordance with the control signal SG1 in response to the
tapplng cperation.

In general, the noise envircnment characteristics
differ greatly depending on the locaticn, for example, an
airport, the platform of a station, in a train, or a factory
even 1f the noise environment characteristics are observed
using freguency characteristics. Therefore, for filter
characteristics for noise reduction, it is originally
desired that optimal filter characteristics appropriate for
each noise environment characteristic be used. For this
reason, 1t 1s useful for the user to switch and select most
appropriate filter characteristics by tapping the mics 12L

and 12R.



Configuration example | is a configuration example in which a tapping is detected in common with
regard to the audio signals SmL and SmR from the mics 12L and 12R. The tapping detection unit
37 includes an adder 51, a low-pass filter 52, a conversion-to-absolute-value circuit 26 53, a low-pass
filter 54, and a determination processing unit 55. 2 The audio signals SmL and SmR from the mics
122 and 12R are added by the adder 51 and are input to the low-pass filter 52. The cut-off frequency
of the low-pass filter 52 is set at fcl. For example, it is set that fcl = 10.0 Hz. The low-frequency
components with regard to the added signal of the audio signals SmL and SmR output from the
low-pass filter 52 are converted into an absolute value by the conversion-to-absolute-value circuit 53.
The signal that i$' convertaebinto ahlabsolkne vallewbithedonversiondid-absslateivalie circuit 53 is
made to be a signal S indicating the energy level of the audio signals SmL and SmR through the

low-pass filfet 5441 is ifpGtitothe deteimifdtidh Frockessing Units5. The &b fidquency fc2 of the
low-pass fllter 54 is set gL, far.example, SQ Hz og the like. In the determinationocessing unit, with

regard to
detecticon. As a result, it is possible for the user to
adjust as desired the level of the noise cancellation with
an easy operation.

Furthermore, the control unit 38 may change the filter
coefficient in the egualizer 39 under the control in
accordance with the control signal S5G3 in response to
tapping detection. As a result, it is possible for the user
to select a sound quality correction state with an easy
operation. For example, various frequency characteristics
are stored in the memcry unit 40 as a preset, and equalizer
characteristics that are the sound guality preferred by the
user can be selected as desired with an easy tapping
cperation, which is useful.

2-2: Tapping detection unit (configuration example 1)
Hereinafter, the configuration and operation of the
tapping detection unit 37 will be described. Here, first, a
configuration example 1 shown in Fig. 5 will be described.

Configuration example I is a configuratioﬁ example in
which a tapping is detected in common with regard to the
audio signals SmlL and SmR from the mics 12L and 12R.

The tapping detection unit 37 includes an adder 51, a

low-pass filter 52, a conversion-to-absclute-value circuit



the signal S, the presence or absence of an operation input by tapping is detected in the energy
increase/decrease determination process that will be described later. Then, as a result of the
detection, an operation detection signal Sdet is output to the control unit 38. Such operations of the
tapping detection unit 37 will be described with refgéence to Figs. 6A and 63 to Fig. 9. 27 Fig. 6A
illustrates a waveform when a tapping occurs. ere, time waveforms of the audio signals SML and
SmR as the outputs of the mics 12L, and 12R when the peripheral portion of the mics 12L and 12R
that are mounted in the headphone unit 11 are continuously tapped two times (double tapping) are
shown. A time period tl is a time length of the waveform at the time of one tapping, and a time
period t2 &% tirae lengthakat i§ takerrfrérh whan the st Epping Sthpld (Fse of favetorm) until a
second tapping is completed (convergence of waveform).  In practice, as can be seen from the
figure, reflécti occurred by the housing and the acoustic unit at the time of tapping, and a small

waveform is seenzIitlg der (N hedappinadeactianayelonsy, . ele. hafreglentys
characteristics of the response waveform (targeting the waveform of the ti time period, excluding the
waveform due teJeflection) when:ene: tapping:isperformed-are assshown inokige 6Bs

filter 52. The cut-off frequency of the low-pass filter 52

is set at fcl. For example, it is set that fcl = 100 Hz.

The low-frequency components with regard to the added
signal of the audio signals SmL and SmR output from the low-
pass filter 52 are converted inte an absolute value by the
conversion-to-absolute-value circuit 53.

The signal that is converted intc an absclute value by
the conversicn-to-absclute-value circuit 53 1s made to be a
signal S indicating the energy level of the audio signals
SmL and SmR through the low-pass filter 54 and 1s input to
the determination processing unit 55. The cut-off frequency
fc? of the low-pass filter 54 is set at, for exampie, 50 Hz
or the like.

In the determination processing unit, with regard to
the signal S, the presence or absence of an operation input
by tapping is detected in the energy increase/decrease
determination process that will be described later. Then,
as a result of the detecticn, an operation detection signal
Sdet is cutput to the control unit 38.

Such operations of the tapping detection unit 37 will

be described with reference to Figs. 6A and €B te Fig. 9.



The short dashed line indicates a state in which dark noise at normal time is picked up, the dashed line
indicates characteristics at tapping time, and the solid line indicates the difference components
between the two.  As can be seen from the frequency characteristics, it is clear that the signal of
low-frequency components (for 28 example, lower,.than or equal to 100 Hz) is predominantly greatly
picked up at tapping time. Thus, it is sufficient thatthe information herein is considered.  First, the
low-pass filter 52 shown in Fig. 5 has a function of extracting such low-frequency components.

Then, since the output of the low-pass filter 52 is the low-frequency components, and is an amplitude
having a positive/negative value, the negative amplitude is also converted into an absolute value by
the conversion-teabsoléte-valle eircuit 53 im order ¢d nrakeva determisativinas tocthedrsegative
amplitude as the energy level. Then, the output is made to be a signal S as an envelope indicating the

energy level by theI6w-Jassilier 5350 MEigO7 ilffstratesia floWeRaf bF anEnetdy inthéase/decrease
L S s ol g o o oo
performs ap energy ingregse/dgcrease-determination praeess:of kigus endhe inpuisignal S.
headphone unit 11 are continucusly tapped two times (double
tapping) are shown.

A time period tl is a time length of the waveform at
the time of cne tapping, and a time period t2 1s a time
length that is taken from when the first tapping starts
(rise of waveform) until a second tapping is completed
(convergence of waveform).

In practice, as can be seen from the figure, reflection
occurred by the housing and the acocustic unit at the time of
tapping, and a small waveform is seen a little later than
the tapping reaction waveform.

Here, the frequency characteristics of the response
waveform (targeting the waveform of the tl time pericd,
excluding the waveform due to reflection) when one tapping
is performed are as shown in Fig. ©B.

The short dashed line indicates a state in which dark
noise at normal time is picked up, the dashed line 1ndicates
characteristics at tapping time, and the solid line
indicates the difference components between the two.

As can be seen from the frequency characteristics, 1t

is clear that the signal of low-frequency components {(for



First in step F101, the determination processing unit 55 determines whether or not the level of the
signal S is higher than a threshold value TH1. Figs. BA and 88 and 9 illustrate the waveform of the
signal S and threshold values THI and TH2. The threshold 29 value THL1 is a threshold value that is
used to determine whether or not The energy level of the signal S has increased. On the other hand,
the threshold value TH2 is a threshold value that iS5 Used to determine whether or not the energy level
of the signal S has decreased. In step 5101, the value of the signal S that is input is compared with
the threshold value TEI one after another. When the signal S is determined to be smaller than or equal
to the threshold value TH1, the process returns to step 5101, as indicated by "R", and the comparison
of the inputuatuel ef, thenext signah Sawvitrethesthreshold Valde ) TElds pefdmed.antWhen the signal S
exceeds the threshold value TH1, the determination processing unit 55 proceeds to step 5102.

greatly picked up at tapping time. Thus, 1t 1s suffilcient

that the information herein is considered.

First, the low-pass filter 52 shown in Fig. 5 has a
function of extracting such low-freguency components.

Then, since the output of the low-pass filter 52 1s the
low-frequency components, and is an amplitude having a
positive/negative value, the negative amplitude is also
converted into an absolute value by the conversion-to-
absolute-value cilrcuit 53 in order to make a determination
as to the negative amplitude as the energy level. Then, the
output is made to be a signal 5 as an envelope indicating
the energy level by the low-pass filter 4.

Fig. 7 illustrates a flowchart of an energy
increase/decrease determination process in which the
determination processing unit 55 detects two continuous taps
as an operation input of a user on the basis of the signal 5.

The determination processing unit 55 performs an energy
increase/decrecase determination process of Fig. 7 con the
input signal S.

First, in step F10l, the determination processing unit
55 determines whether or not the level of the signal S is
higher than a threshold value THI.

Figs. 8A and 8B and 9 illustrate the waveform of the

signal S and threshold values TH1 and TH2Z. The threshold



In step F102, first, the determination processing unit 55 resets a counter Cril to O and starts the
counting. Then, while the determination processing unit 55 increments the counter Cril in step
5103, the determination processing unit 55 performs the determination of steps 5104 and 5105. In
step 5104, the determination processing unit 55 dgtermines whether or not the value of the counter
Cril has not reached a first time period THtml. e first time period THtml is a certain time period
shown in:Figs. 8R and 8B. This is set as a time period for 30 determining whether or not the energy
increase/decrease of the signal S has occurred instantaneously. If the value of the counter Cirl
exceeds the first time period THtml in step 5104, the process returns to step 5101 as indicated by "R".
That is, inthateasgl it is determinetsthat thevtappingisaiot tappisg asan operation.ne  Furthermore,
in step 5105, the determination processing unit 55 determines whether or not the signal S has become
smaller th¥h #é threShold ValuetHoergy level of the signal S has

increased. On the other hand, the threshold value TH2 is a
threshold value that is used to determine whether or not the
energy level of the signal 5 has decreased.

In step F101, the value of the signal 8 that 1s input
is compared with the threshcld value TH1 one after another.
When the signal 8 1s determined tc be smaller than or sgual
to the threshold value TH1, the process returns tc step F101,
as indicated by "R", and the compariscn of the input value
of the next signal S with the threshold value TH1 is
performed.

When the signal 3 excesds the threshold value THL, the
determination processing unit 55 proceeds to step F10Z.

In step F102, first, the determinaticn processing unit
55 resets a counter Cnl to 0 and starts the counting.

Thern, while the determination processing unit 55
increments the counter Cnl in step FL03, the determination

rocessing unit 55 performs the determination of steps F104
and F10b.

In step F104, the determination processing unit 55
deternines whether or not the wvalue of the counter Cnl has
not reached a first time period THtml.

The first time pericd THtml is a certain time pericd

shown in Figs. 8A and 8B. This is set as a time pericd for



When it is determined in step F105 that the signal S has become smaller than the threshold value
TH2, the determination processing unit 55 proceeds to step F106, and temporarily determines that a
first tapping as an operation has occurred.  As described earlier in Fig. 6A, the energy level of the
waveform of the signal S at tapping time increasea&harply, and thereafter the energy level decreases
in a short time. In order to determine such a waveform change in the time axis, in step F104, the
elapsed time period after the increase of the energy level has been detected is confirmed. That is, this
is an elapsed time period at the point when it is not yet determined in step 5105 that the energy level
of the signal S has decreased. This fact will be described with reference to Figs. 8A and 8E. 31
Fig. 8A illustrates.an exgmple:inra case whete one tap has occurred.z s Inthiscase, hé waveform
(energy level envelope waveform) of the signal S rises sharply, and as a result of the waveform
exceeding-the thfeshold vallieé THICS S point imfrm@tadit &odételmined in step F101 that the energy
has increased. _ _At this pointin tir%]e irp] step F102, th% c?untin of the counter Cnl ?:tarts. In the
case of Fig. 8A, éulpdi]ﬁF in time T, the neerg)? [&Velof trie sigenxa? s decreaséd Tfo es8than the

threshold value THZ.,This point in timedh ds, a paint heforethe end.ofthe first time petiad THtmI, which
starts at the point in time ta. Therefore, at point in time tb, the process proceeds from step F105 to
step F106awherehy-thedapping i determingd toshe afirsttappingse, it is

determined that the tapping is not tapping as an operation.

Furthermore, in step F105, the determination processing
unit 55 determines whether or not the signal § has become
smaller than the threshold value THZ.

When it is determined in step F105 that the signal S
has become smaller than the threshold value THZ, the
determination processing unit 55 proceeds to step F106, and
temporarily determines that a first tapping as an operation
has occurred.

As described earlier in Fig. 6A, the energy level of
the waveform of the signal S at tapping time increases
sharply, and thereafter the energy level decreases in a
short time. In order to determine such a waveform change in
the time axis, in step Fl04, the elapsed time pericd after
the increase of the energy level has been detected is
confirmed. That is, this is an elapsed time pericd at the
point when it is not yet determined in step F105 that the
energy level of the signal S has decreased.

This fact will be described with reference to Figs. 8A

and 8B,



That is, as a result of the increase and the decrease of the energy level being detected within the first
time period THtml, the tapping is determined to be a tapping as one operation. On the other hand,
Fig. 85 illustrates a case in which the tapping is not determined to be a tapping as an operation. In
this case, as a result of the waveform of the signagi exceeding the threshold value THI at point in time
tc, it 32 is determined in step F101 that the energy thereof has increased. At this point in time, in
step F102, the counting of the counter Cnl is started.  In the case of Fig. 8B, after that, the energy
level has not decreased suddenly.  Then, at point in time td at which the first time period THtml has
passed after the point in time tc, the energy level of the signal S has not decreased to less than the
threshold value FHZ.. 82 illustrates an example in a case where one tap

has occurred.

In this case, the waveform (energy level envelope
waveform) of the signal S rises sharply, and as a result of
the waveform exceeding the threshold wvalue THL1 at a point in
time ta, it is determined in step F101 that the energy has
increased.

At this point in time in step F1l02, the counting of the
counter Cnl starts,

In the case of Fig. 8A, at peint in time tb, the energy

i,.....l

level of the signal 38 has decreased to less than the
threshold value THZ. This point in time tb is a point
before the end of the first time period THtml, which starts
at the point in time ta. Therefore, at point in time th,
the process proceeds from step F105 to step F106, whereby
the tapping i1s determined to be a first tapping.

That 1s, as & result of the increase and the decrease
of the energy level being detected within the first time
period THtml, the tapping is determined to be a tapping as
one operation.

On the other hand, Fig. 8B illustrates a case 1n which
the tapping is not determined tc be a tapping as an
operation.

In this case, as a result of the waveform of the signal

S exceeding the threshold value THL at point in time te, it



In this case, after the first time period THtml has passed, the process of Fig. 7 proceeds from step
F104 to step F101.  That is, because the increase and the decrease of the energy level has not
been detected within the first time period THtml, it is determined that the increase and the decrease is
not the increase of the energy level of the signal S 25 a result of tapping as an operation. For example,
the increase and the decrease is regarded as an | rease of the energy level due to other external
noise or the like.  In the processes up to step F106 above, the determination processing unit 55
determines whether or not one tapping has occurred. When it is determined in step F106 that a first
tapping 33 has occurred, the determination processing unit 55 resets the counter On2 to 0 in step
F107, andicausesdhe Coadting tesstart. 1 0Themanhitenthesdeterninatien pracessimg unit 55
increments the counter On2 in step F108, the determination processing unit 55 performs the
determinatif o 8fps-F109 and F110. In step F109, the determination processing unit 55

determines whether of gt te,valus ofthe counter 902 has pgbreaghed a second fime period THim?

the counter Cnl is started.

In the case of Fig. 8B, after that, the energy level
has not decreased suddenly.

Then, at point in time td at which the first time
period THtml has passed after the point in time tg, the
energy level of the signal S has not decreased to less than
the threshold vélue THZ.

In this case, after the first time pericd THtml has
pagsed, the process of Fig. 7 proceeds from step F104 to
step F101.

That is, because the increase and the decrease of the
energy level has not been detected within the first time
pericd THtml, it is determined that the increase and the
decrease is not the increase of the energy level of the
signal 8 as a result of tapping.as an operation. For
example, the increase and the decrease 1s regarded as an
increase ¢f the energy level dus to other external noise or
the like.

In the processes up to step F106 above, the
determination processing unit 55 determines whether or not
one Tapplng has occurred.

When it is determined in step Fl06 that a first tapping



The second time period THtm2 is a certain time period shown in Fig. 9. The second time period THtm2
is set to be a time period longer than the first time period THtml and is set as a time period for
determining whether or not the tapping is two continuous taps. If the value of the counter On2
exceeds the second time period THtm2 in step Flg% the process returns to step F101. That is, in that
case, it is determined that two continuous taps as ‘an operation have not been performed.
Furthermore, in step F110, the determination processing unit 55 determines whether or not the signal
S has become greater than the threshold value THI. This is a determination process as to whether
or not the increase of the energy level of the signal S by the second tapping has been observed. 34
When it isidetermined iresteptFELQithat the signakS hasdiecomengreaterithas the:threshold value
TH1, the determination processing unit 55 performs the processes of steps F111 to 5114. The
processes ofsteps FLET t6'5114 @ntlosed By the 'dbsheddne ate #5e Sarmepreeesses €ommon
routine) of steps 5102 to 5105 that are similarly enclosed by the dashed line. In step Fill, first, the
determination pFocessmg unit 55 resets the counter Cnl to 0, and causes the counting to start.

Then, while the determination processing unit 55
increments the counter CnZ in step F108, the determination
processing unit 55 performs the determination of steps FLO9
and F110.

In step ¥1l09, the determination processing unit 55
determines whether or not the wvalue of the counter Cn2Z has
not reached a second time period THimZ.

The =zeccond fime period THTmZ 1s & certain time period

W
0
0
ot
ot
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shown in Fig. 9. The second time period THLmZ2 i
a time periocd longer than the first time period THtml and is
set as a time period for determining whether or not the
Tapping is two continuous taps.

1f the wvalue of the counter (nZ2 exceeds the second time
pericd THtmZz in step F109, the process returns to step Fill.
That is, in that case, it 1s determined that two continuous
taps as an operation have not been performed.

Furthermore, in step F110, the determination processing
unit 55 determines whether or not the signal S has become
greater than the threshold wvalue THL.

This 1s a determination process as tc whether or not
the increase of the energy level of the signal § by the

second tapping has been observed.



Then, while the determination processing unit 55 increments the counter Cnl in step 5112, the
determination processing unit 55 performs the determination of steps 5113 and F114. In step
F113, the determination processing unit 55 determines whether or not the value of the counter Onl has
not reached the first time period THtml. The fir% time period THtml is set as a time period for
determining whether or not the increase/decrease i the energy of the signal S has occurred
instantaneously in the manner described above, that is, theincrease/decrease is an instantaneous
increase/decrease of the energy level due to the tapping operation. Therefore, when the value of the
counter Cnl exceeds the first time period THtml in step 5113, the process returns to step 5101 as
indicated by "5". What 35:is; i that case,ritia detersmined thatdhe tapping wasinptaltapping as an
operation. Furthermore, in step F114, the determination processing unit 55 determines whether or
not the sigrat StzsECcome siviallef s thBthrdsheRivdlide TH2:e When#i§ determined in step

F114 that§|e si%nal S has become smaller than th%g’uresho d value TH2, the determination
processin Thit %ﬁ%é&&% %réjt(éﬁﬁzsfl%?wlﬁ%fetby it id” 8é:te?rﬁf?1sedttﬁ§t fﬁréosceec%%%ﬁaﬁping as an
operation Q@glggcgﬂqq. A desgription will be given with reference to Fig. 9.

The processes of steps F111 to Fll4 enclosed by the
dashed line are the same processes {common routine) of steps
F10Z2 to F105 that are similarly enclosed by the dashed line.

In step F111, first, the determination processing unit
55 resets the counter Cnl to 0, and causes the counting to
start.

Then, while the determination processing unit 55
increments the counter Cnl in step FllZ, the determination
processing unit 55 performs the determination of steps F113
and F114.

In step F113, the determination processing unit 55
determines whether or not the value of the counter Cnl has
not reached the first time period THtml.

The first time period THtml is set as a time period for
determining whether or not the increase/decrease of the
energy of the signal § has occurred instantanecusly in the
manner described above, tThat is, the increase/decrease is an
instantaneous increase/decrease of the energy level due to
the tapping cperation. Therefore, when the wvalue of the
counter Cnl exceeds the first time pericd THtml 1n step F113,

the process returns to step rl0l as indicated by "R". That



Fig. 9 illustrates a change in the energy level of the signal S in a case where two continuous taps have
occurred. In this case, when the waveform of the signal S exceeds the threshold value TH1 at
point in time te, it is determined in step F101 that the energy has increased. At this point in time, in
step F102, the counting of the counter Cnl starts. Then, at point in time tf, the energy level of the
signal S is decreased to less than the threshold vat?ée TH2. This point in time tf is a point before the
end of the first time period THtml, which starts at point in time te. Therefore, at point in time tf, the
process proceeds from step F105 to F106, whereby the tapping is determined to be a first tapping. 36
From the point in time tf, the counting of the counter On2 starts in step F107. Then, at point in time tg,
as a result.efe wavefaem of the=sighal S exceeding the threshaldviatue-ZHL beforezthervatue of the
counter On2 reaches the second time period THtm2, it is estimated in step F110 that the energy has
increasedaUeatBRhE $ee6nd TappPiig: #tthis point in time, the counting of the counter Cnl starts in step
Fill. ~ Then, at _?oint in time th, the_ener%%le%(ﬂ %f thehsigr%ﬁlts has de%reased to less than the
threshold value TH2." I%rf)%ﬁﬁ’in tihe*th e 4 point be ore the &nd of thefirst t?rﬁgcpeesri%ﬁrﬁ%tml, which .

starts at pojnt {n ime {g- Lherefore, gtipointin tipe 19, theprocess-proceeds, from.step 5114 to step
5115, whereby it is determined that the second tapping has been performed.
smaller than the threshold value THz.

When it is determined in step ¥F114 that the signal S
has become smaller than the threshold wvalue THZ, the
determination processing unit 55 proceeds to step Fl1l5,
whereby it is determined that the second tapping as an
operation has occurred.

A description will be given with reference to Fig. 9.

Fig. 9 illustrates a change in the energy level of the
signal S in a case where two continuous taps have occurred.

In this case, when the waveform of the signal § exceeds
the threshold value THL1 at point in time te, it is
determined in step F101 that the energy has increased. At
this point in time, in step FL0Z, the counting of the
counter Cnl starts.

Then, at point in time tf, the energy level of the
signal S is decreased o less than the threshold value THZ.
This point in time tf is a point before the end of the first
time pericd THtml, which starts at point in time te.
Therefore, at point in time tf, the process proceeds from

atep F105 to F106, whereby the tapping is determined to be a

Lirst tapping.



The case in which it is determined in step 5109 that the process is not a tapping operation and the
process returns to step F101 is a case in which, after point in time tf, the increase of the second
energy level is not detected even if the second time period THtm2 is reached. Furthermore, the
case in which it is determined in step 5113 that th3 apping is not a tapping operation and the process
returns to step 5101 is a case in which, after pointiH time tg, the decrease of the energy level is not
detected even if the first time period THtml is reached. That is, 37 this is a case in which the second
increase of the energy level is as shown in Fig. 83. In a case where the process proceeds to step
8115, the determination processing unit 55 determines that a double tapping as a conscious operation
of the user has bresperfarmedh it thiat casecan operdtioncetectioncsigialiSdetdndicating that an
operation has occurred is output to the control unit 38. The determination processing unit 55
performs thealsoverdrerdy intieéaseldétrease determination process in the time axis as shown in Fig.
7, making it possible for the tapping detection unit 37 of this example to_easily make a determination
as to a tapping op&Fatior withaut tausing ai hcrédse ot r%sgﬁr%%?F “In %%t%sgé\l/@rhee?rg tap has

occurred, fhe eneray leyel (amplitude). gt e lowsfrequenay compenents efitheJmicsophaqng:input signal

increases. Accordingly, by monitoring the energy of the low-frequency components of the audio signal,
waveform-analysisor thedikeds notperfermed and astappingds detected hy the energy

increase/decrease determination.
THLmZz, it is estimated in step F110 that the energy has
increased due to the second tapping. At this point in time,
the counting of the counter Cnl starts in step Fl11l.

Then, at point in time th, the energy level of the
signal S has decreased to less than the threshold value THZ.
This point in time th is a point before the end of the first
time period THtml, which starts at point in time tg.
Therefore, at point in time tg, the process proceeds from
step F114 to step Fil5, whereby it is determined that the
second tapping has been performed.

The case in which 1t is determined in step F109 that
the process ig not a tapping operation and the process
returns to step F101 is a case in which, after point in time
tf, the increase of the second energy level is not detected
even 1f the second time period THtm2 is reached.

Furthermore, the case in which 1t 1s determined in step
F113 that the tapping is not a tapping operation and the
process returns to step FL01 is a case in which, after point
in time tg, the decrease of the energy level i1s not detected

even if the first time period THtml is reached. That is,



As a result, a reduction in the processing burden for detecting an operation and a reduction in cost are
made possible. In particular, in a small apparatus with few resources like the noise cancellation unit 14
of the NC 38 headphone 10, a necessary detection process becomes possible with simple and easy
operations as described above, which is very effective. Furthermore, it is constantly necessary to
perform the process for detecting an operation input to deal with nonregular user operations. For this
reason, since the process is a process with a small number of calculations as a signal processing in
the time axis, the process is suitable as a process that is constantly performed. Furthermore, since
the process is a simple and easy process, the operation detection time period is shortened and device
operation bayiggiassatistacteryiresponse: beaemes possibie: Fuethesmore, ih ¢hegase;of this example,
a determination as to two continuous taps (double tapping) is made by using the second time period
THtmM2 askeréférente 2and fretie chise Vildere®Re double tap has occurred, the double tap is
recognized as the operation of the user In addition, for the determination Egi each of the first and
RhE

confirmation tapg,nmfu&ﬁﬁ the'first eﬁm%hﬁeﬁ&? THEMI &S G referénce’ the Tkt eous'®

increase/dgcrease ofthe energy level.ot the signal Siscopfitpedes that a double

tapping as a consclous coperation of the user has been
performed. In that case, an operation detection signal Sdet
indicating that an operation has occurred is output to the
control unit 38.

The determination processing unit 55 performs the above
energy increase/decrease determination process in the time
axis as shown 1n Fig. 7, making it possible for the tapping
detecticn unit 37 of this example to easily make a
determination as to a tapping operation withcut causing an
increase of resources.

In a case where a tap has cccurred, the energy level
(ampilitude) of the low-freguency componants of the
microphone input signal increases. Accordingly, by
monitoring the energy of the low-freguency compecnents of the
audio signal, waveform analysis or the like is not performed
and a tapping is detected by the energy increase/decrease
determinaticn.

As a result, a reducticn in the processing burden fox
detecting an operation and a reduction in cost are made
possible. In particular, in a small apparatus with few

resources like the noise cancellation unit 14 of the NC



That is, in the energy increase/decrease determination process of Fig. 7, in a case where the detection
of the increase and the decrease of the energy level of the signal 39 S within the first time period
THtml occurs a plurality of times (two times in this example) within the second time period THtm2 that
is longer than the first time period THtml, the tapp?%/detection unit 37 detects that a tapping input
operation has been performed. Therefore, first;Ywhen an increase of the energy level has occurred,
it is not immediately determined that the tapping is a tapping operation, making it possible to avoid a
situation where an increase in the energy level due to other external noise or the like is erroneously
detected as tapping. For example, extrinsic noise, such as wind noise, the time during which the user
continuesie feyctuthe mics 121, and 421, candie-preventeg-frara deing ermaeously ditected.
Furthermore, recognition of a double tapping as an operation excludes a case in which the user
erroneoushyi bperatethe micdl 226l 12R ahdthe infliencesstextrisic AsiRECand s GSefiFto increase
the detection accuracy when compared to the one tapping operation. Furthermore, according to
the configUratibnexample Shown in Fig. 5, it is possible for the user to perform a tapping operation of

either of the rightandleft ;ics.12L and 12R as desired, .o EQL example, wharkens, of e hands is

occupied while having a bag, it becomes possibie to easily perform a
process for detecting an operaticn input to deal with

nonregular user operations. For this reason, since the
process is a process with a small number of calculations as
a2 signal processing in the time axis, the process is
suitable as & process that is constantly performed.

Furthermore, since the process 1s a simple and easy
process, the operation detection time period is shortened
and device operation having a satisfactory response becomes
possible.

Furthermore, in the case of this example, a
determination as to two continuocus taps (double tapping) is
made by using the second time period THtm2Z as a reference,
and in the case where the double tap has occurred, the
double tap 1s reccgnized as the operatlon of the user.

In addition, for the determinaticon as To each of the
first and confirmation taps, by using the first time period
THtm! as a reference, the instantaneous increase/decrease of
the energy level of the signal S is confirmed.

That 1is, in the energy increase/decrease determination
process of Fig. 7, 1in a case where the detection of the

increase and the decrease of the energy level of the signal



40 tapping operation by the free hand, thereby achieving ease of operation. Then, in response to
the tapping detection unit 37 detecting a tapping operation as described above, the control unit 38
performs control corresponding to the operation content assigned to the tapping operation, for
example, the control shown earlier as an example, If the control unit 38 is made to transmit a
command for controlling the operation of the medidrh player 20, it is possible for the user to perform an
operation while the medium player 20 is carried in a pocket or a bag during commuting.

Furthermore, since the operation is a process of tapping with a finger, it is possible to institutively
control the medium player 20 or the noise cancellation unit 14. Furthermore, since the operation is
a method of tapping:thenmics: 12+ and A2Rp i an-erdinary (inexpensive) mituand a-sigeal processing
unit of a CPU/DSP or the like are available, mounting is possible without using a special sensor, such
as a touch:derssor, (\Wwhichis mseful forredgcing ane tost. v 1 tintadditién, 96 teeéase BEthe NC

headphone 10 of this example, the mics 12L and 12R are provided in the headphoge unit 11 for the
pwpose0?3%5%%gﬁﬁﬁ%aﬁ&?ﬁuﬁﬁoﬁpﬁier than the first tTime periocd THtml,

the tapping detection unit 37 detects that a tapping input
operation has been performed.

Therefore, first, when an increase of tThe energy level
has occurred, it is nct ilmmediately determined that the
tapping is a tapping operation, making it possible to avoid
a situation where an increase in the energy level due to
other external nocise or the like is erronecusly detected as
tapping. For example, extrinsic noise, such as wind nocise,
the time during which the user continues to touch the mics
12L and 12R, can be prevented from being erroneously
detected.

Furthermore, recogniticn of a double tapping as an
operation excludes a case in which the user errcneocusly
operates the mic 121 or 12R and the influence of extrinsic
noise, and is useful to increase the detecticn accuracy when
compared to the one tapping operation.

Furthermore, according to the configuration example I
shown in Fig. 5, it is possible for the user to perform a
tapping operation of either of the right and left mics 1ZL
and 12R as desired.

For example, when one of the hands is occupled while

having a bag, 1t becomes possible to easlly perform a



Since an operation by a tapping is made possible using the mics 12L and 12R, it is not necessary to
provide a new sensor device for the purpose of inputting an operation, the operation is suitable to
reduce the cost in that point, and there is no increase of parts forming the device. In the example
of Fig. 5, the audio signals SmL and SmR from the mics 12L and 12R of the L and R channels are
combined, and a determination as to a tapping opé tion is made. Alternatively, only the audio signal
(for example, the audio signal SmL) of only one of the channels may he input to the low-pass filter 52.
In that case, only the mic 12L of the channel is used for a tapping operation. 2-3: Tapping detection
unit (configuration example 1) A tapping detection unit 37 as a configuration example Il will be
describeduwifivreierenpe ta FgnlGy thbhe coafiguration example |l is aniexample . which the L
channel and the R channel, that is, the mics 121 and 12R, can be assigned to separate operations,
respectively. CPFor example, the configuration example Il is a configuration example in which the
tapping of the mic 121 can be set as a volume_up and the tap in]% of the m ¢ 12R §a volume down.
[

As shown in Fig.'16 the tappifigidRtettiohUnit 37 5355ts HFtapping detdtioh éonfiguration of two
independent systems,using an.1: chanpel and:an R.chaqnel,. 424 apove, the

control unit 38 performs control corresponding to the
operation content assigned to the tapping operation, for
example, the control shown earller as an example,

If the control unit 38 1s made To transmit a command
for controlling the operation of the medium player 20, it is
possible for the user to perform an operation while the
medium player 20 is carried in a pocket or a bag during
commuting.

Furthermore, since the operation is a process of
tapping with a finger, it i1s possible to institutively
control the medium player 20 or the noilse cancellation unit
14.

Furthermecre, since the operation is a methed of tappilng
the mics 121 and 12R, if an ordinary (insxpensive) mic, and
a signal processing unit of a CPU/DSP or the like are
available, mounting is possible without using a special
sensor, such as a touch sensor, which is useful for reducing
the cost.

In addition, in the case of the NC headphone 10 cf this
example, the mics 12L and 12R are provided in the headphone

unit 11 for the purpose of a noise cancellation function.



That is, a low-passfilter 52L, a conversion-toabsolute-value circuit 53L, a low-pass filter 54L, and a
determination processing unit 55L are provided for the audio signal SmL from the mic 12L.
Furthermore, a low-pass filter 52R, a conversion-to-absolute-value circuit 53R, a low-pass filter 54R,
and a determination processing unit 55R are provFi&etd for the audio signal SmR from the mic 12R.
The operations of the low-pass filters 52L and 52K the conversion-to-absolute-value circuits 53L and
53R, and the low-pass filters 54L and 54R are the same as the operations of the low-pass filter 52, the
conversion-to-absolute-value circuit 53, and the low-pass filter 54 of the configuration example I. Thus,
repeated descriptions thereof are omitted. Furthermore, it is sufficient that each of the
determination processingeunitsiohl. apd S55R-periorms;, forexample san lehergysincreasefdecrease
determination process as shown in Fig. 7.  Then, when the determination processing unit 55L
detects a.'toubleltippiierwith Fegardl td thé signafSobtained fonk 15e atdioigiial SmL, the

determinatior%groc%?sing unit 25L ogt uts an ogerati:ondete%%ion signal SdetL tg the cogHol unit 38.
When the Heteéttiin ovnlﬁr%cggéiné Unit55R d&tects a dotble tjarﬁ%in%nwﬂ??ergaara?g the si%nal S

obtained from the audio;signal SR, the. determination processing unit B5R A3 outputs,an operation

detection signal SdetR to the control unit 38.  The control unit 38 is able to recognize two types of
operation #ptts: of sheybasis of dhe speration etectimsignals iEdefl abd<SdetR, and is able to
control, for example, the volume up/down in response to those signals.

In the example of Fig. 5, the audio signals Sml and SmR
from the mics 12L and 1ZR of the L and R channels are
combined, and a determination as to a tapping operation is
made. Alternatively, only the audic signal (for example,
the audio signal SmL) of only cne cf the channels may be
input toc the low-pass filter 52. In that case, only the mic
12 of the channel is used for a tapping operation.

2-3: Tapping detection unit (configuration example ITI)

A tapping detection unit 37 as a configuration example
I will be described with reference to Fig. 10.

The configuration example IT is an example in which the
I channel and the R channel, that 1s, the mice 12L and 1ZR,
can be assigned to separate operations, respectively.

For example, the configuration example II is a
configuration example in which the tapping of the mic 12L
can be set as a volume up and the tapping cf the mic 12R as
a volume down.

As shown in Fig. 10, the tapping detection unit 37
adopts a tapping detection configuration of two independent

systems using an L channel and an R channel.



In accordance with the configuration example I, it is possible to separately perform two types of
operations using the right and left mics 12L and 12R, which improves usability of the user. 2-4:
Tapping detection unit (configuration example 1ll)  Next, a configuration example Il is shown in Fig.
11. Similarly to the configuration example Il, the canfiguration example Ill is an example in which the L
channel and the R channel, that is, the mics 121, alfd 12R, can be assigned to separate operations,
respectively. In the case of the configuration example Il, since the tapping detection unit 37 is simply
installed with two tapping detection processing systems, the burden caused by the configuration is
increased. The configuration example Il is an example in which the burden caused by the
configuration cambetreduced: 1o the:eorffiguratiorséxamplediinthertappingtdetection unit 37
performs a channel determination process for making a determination as to whether the channel
contains tappingSoant betreésn e alidio Signals Smil; aR¢ SmR bf apldrklity 34%ofchannels, and
performs an en%rﬁy incr,ease/decrease,determinatiggfrocess for an audio_si

o

signals of eﬁlﬁ f)péf:c%hoe{hn%fsogr%sas&&léﬁ ¥ dubtratted As & 1ésu e 58[%2%0% c\;gﬁwgg’ f%lé)?)li?lg input
operation and,the defection gf the, channelin which:the, tapping.iaput-operation, isperformed are
performed. ~ In this case, as shown in Fig. 11, the audio signal SmL from the mic 12L is input to the
low-pass filter 524, and the tovwfregueney compenentsitherenf are extracted at thereutaeft frequency
fel. filter H54R, and a determination processing unit 55R are

provided for the audic signal SmR from the mic 12R.

The operations of the low-pass filters 521 and 5ZR, the
converslion—-to~-absclute-value circuits 53L and 53R, and the
low-pass filters 54L and 54R are the same as the coperations
of the low-pass filter 52, the conversion-to-absclute-value
circuit 53, and the low-pass filter 54 of the configuration
example I. Thus, repeated descriptions therecof are omitied.

Furthermore, it is sufficient that each of tThe
determination processing units 55L and 55R performs, for
example, an enerqgy increase/decrease determination process
ag shown in Fig. 7.

Then, when the determination processing unit 55L
detects a double tapping with regard to the signal 8
obtained from the audic signal SmlL, the determination
processing unit 55L outputs an operation detection signal
Sdetl to the control unit 38.

Wnen the determination processing unit 55R detects a

double tapping with regard to the signal S cobtained from the

audic signal SmR, the determination preocessing unit 55R



Furthermore, the audio signal SmR from the mic 12R is input to the low-pass filter 52R, and the
low-frequency components thereof are extracted at the cut-off frequency fcl.  The output of the
low-pass filter 52L is supplied to the conversion-to-absolute-value circuit 56L and the subtractor 59.
Furthermore, the output of the low-pass filter 52R is supplied to the conversion-to-absolute-value
circuit 56R and the subtractor 59.  The conversitn-to-absolute-value circuit 56L converts the output
of the low-pass filter 52L into an absolute value and supplies it to the subtractor 57. The
conversion-toabsolute-value circuit 56R converts the output of the low-pass filter 52R into an absolute
value and supplies it to 45 the subtractor 57. Therefore, for the output of the subtractor 57, a
differencecofdbhe energy levels:af ihe law-frequéeney eampanenstsaafithe audiossignals SmL and SmR of
the right and left channels appears. The output of the subtractor 57 is made to be an envelope
signal in the-idw-pass filter 58 at the cut-off frequency fc2 and supplies the envelope signal to the

determination pro‘cessin% unit 55. , . . :
The conhtroi unit 38 is able to recognize two types of

operation inputs on the basis of the operation detection
signals SdetlL and SdetR, and is able to control, for example,
the volume up/down in response to those signals.

In accordance with the configuration example TI, it is
possible to separately perform two types of operations using
the right and left mics 12L and 1ZR, which improves
usablility of The usezx.

2-4: Tapping detection unit (configuration example IIT)

Next, a configuration example III is shown in Fig. 11.
Similarly to the configuration example II, the configuration
example III is an example in which the L channel and the R
channel, that is, the mics 12L and 12R, can be assigned to
separate operations, respectively. In the case of the
configuration example 17, since the tapping detection unit
37 is simply installed with two tapping detection processing
systems, the burden caused by the configuration is increased.
The configuration example III is an example in which the
burden caused by the configuration can be reduced.

In the configuration example III, the tapping detection
unit 37 performs a channel determination process for making
a determination as to whether the channel contains tapping

sound between the audic signals Smi and SmR of a plurality



In the determination processing unit 55, when a tapping is performed to one of the mics 12L and 12R,
the positive and negative determination of the envelope signal makes it possible to detect which one of
the mics 12L and 12R the tapping has been performed to. A subtraction process is performed by
the subtractor 59 on the low-frequency componergs of the audio signals SmL and SmR that are
extracted by the low-pass filters 52L and 52R, an % difference value is extracted. in a case where
a tapping is performed on one of the mics 12L and 12R, the energy of the low-frequency components
of the tapped audio signal increases. Therefore, for the output of the subtractor 59, the energy
increase components due to the tapping appear. The output of the subtractor 59 is converted into
an absolutervaluehydhe coaversion-tosahsolute-valae gircuih 46:=53;43 dradestoslae a signal S that is
converted into an envelope by the low-pass filter 54 at a cut-off frequency fc2, and is supplied to the
determinafiefi prEcEssPUNP55Ces Anthé deferfifdtiorPprdtassing unit 55! ahtehergy

increase/de\creasWe determin i1on rocess is pelgformeg on the signal S. When a double tapping is
detected Wit/ Télyard 1o the Eai%ﬁjél%f"gﬁ’ opera |c‘)‘?ﬁndleefé"cstioanr§5|gr&1§§11¥j§éa?atoarnd{S & 'dktétmivation signal
D-LR of ﬂ}?sl‘/gz gé%ﬂﬁai ?retﬁgtpﬁlé{:%m?i%q{]t@f U‘E]He?’&:apping input operation
and the detection of the channel in which the tapping input
operation is performed are performed.

In this case, as shown in Fig. 11, the audio signal SmL
from the mic 12L is input fto the low-pass filter 52L, and
the low-~frequency components thereof are extracted at the
cut-off freqguency fcl.

Furthermore, the audio signal SmR from the mic 12R is
input to the low-pass filter 52R, and the low-frequency
components thereof are extracted at the cut-off freguency
fcl.

The output of the low-pags filter 521 1s supplied to
the conversion-to-absclute-value circuit 56L and the
subtractor 59,

Furthermore, the output of the low-pass filter 52ZR 1is
supplied to the conversion-to-absclute-value circuit 56R and
the subtractor 59.

The conversion-to-absolute-value circuit 56L converts
the output of the low-pass filter 52L intc an absolute value
and supplies it to the subtractor 57. The conversion-to-
absolute-value cilrcult 56R converts the output of the low-

pass filter 52R into an absolute value and supplies it to



It is sufficient that the energy increase/decrease determination process of the determination
processing unit 55 in this case is performed as in, for example, Fig. 12. In Fig. 12, the processes
that are the same as those of Fig. 7 above are designated with the same step numbers, and
duplicated descriptions thereof are omitted. égi process of Fig. 12, the detection of a first
tapping is performed in steps F101 to F106. Furthérmore, in steps F107 to F110, the time period from
the first tapping until a second tapping is monitored. The above is similar to that of Fig. 7. If there is
an increase in the energy level of the signal S that is expected to be determined to be a second
tapping in step F110, the determination processing unit 55 makes an L/R determination in step F130.
For this, ardeternination issmagle as to whether the 47 signal from the low-pass filter 58 of Fig. 11 is
positive or negative at this point in time. In the case of a configuration in which the absolute
value-converted Bigriz 6% tfe RichianhBRisGubiraktedfrémahée Whssiid aluéicorverted signal of the L
channel in the subtractor 57 as in Fig. 11, if the s nal from thei W-pass filter 58 is positive, the

channel iSdétermiedobe at c%‘aﬁﬁgpf 8“? 2 Signaiié Jative, t¥e charnel is determined to be

an R chamiigheon L 1%, iz R etargrinatn e 2 process fordetecting which:one. of the mics 121
and 12R has been tapped.

left channels appears.

The output of the subtracteor 57 is made to be an
envelope signal in the low-pass filter 58 at the cut-off
frequency fc2 and supplies the envelope signal to the
determination processing unit 55.

In the determination processing unit 55, when a tapping
is performed to one of the mics 12L and 12R, the positive
and negative determination of the envelope signal makes it
possible to detect which one of the mics 12L and 12R the
tapping has been performed to.

A subtraction process is performed by the subtractor 59
on the low-frequency components of the audio signals SmL and
SmR that are extracted by the low-pass filters L5ZL and LZR,
and & difference value 1s extracted,

In a case where a tapplng is performed on one of the
mics 12L and 12R, the ensrgy ¢f the low-freguency components
of the tapped audic signal increases. Therefore, for the
output of the subtractor 59, the energy increase components
due to the tapping appear.

The cutput of the subtractor 59 is converted into an

absclute value by the cenversion-to-absolute-value circult



Next, the determination processing unit 55 performs a confirmation process for confirming the tapping
is a second tapping in steps F111 to F114 in the same manner as in the case of Fig. 7.  Then, if a
decrease of the energy level of the signal S within the second time period THtm2 is detected in step
F114, it is determined in step F115A that the second tapping has been performed. At this time, the
determination processing unit 55 outputs the operﬁﬁon detection signal SdetL and the determination
signal D-LR of the L/R channel to the control unit 38. The determination signal D-LR is generated on
the basis of the P determination process in step F130. In the case of the configuration example Ill, the
48 control unit 38 is able to recognize two types of operation inputs in which the mics 12L and 12R are
used separately. i accordarcewith the gperationetection sighal-Sdetandrtbe determination signal
D-LR, and is able to control, for example, volume up/down in accordance with those signals.
Thereforecom thevbasik of the configuration éxdrple 14 itds pessible-to separatelygseriorm two types
of operations using the right and left mics 12L and 12R, which improves usability of the user.

Moreover ‘thé bufdén causetPby- the cdrifighrationof thetaphing defeTtoR Thits? ¢Bh-be decreased
when compared with the case af the configuratian example |l Inpayticulay, because only one

determination processing unit 55 Is necessary, a processing (resource) burden can’be reduced.
increase/decrease determination process is performed on the
gignal S. When a double tapping is detected with regard to
the signal §, an operation detection signal Sdet and a
determination signal D-LR of the L/R channel are output to
the control unit 38.

It is sufficient that the energy increase/decrease
determination process of the determination processing unit
55 in this case 1s performed as in, for examples, Fig. 12.

In Fig. 12, the processes that are the same as those of
Fig. 7 above are designated with the same step numbers, and
duplicated descriptions therecf are omitted.

In the process of Fig. 12, the detection of a first
tapping 1s performed in steps F10l to Fl06. Furthermore, in
steps F107 teo F110, the time perlod from the first tapping
untlil a second tapping is meonitored. The above is similar
to that of Fig. 7.

If there i1s an increase in the energy level of the
signal 3 that is expected to be determined to be a second
tapping in step F110, the determination processing unit 55
makes an L/R determination in step F130.

For this, a determination is made as to whether the



In place of the subtractor 59, an adder is considered to be used. 2-5: Modification of processing of
tapping detection Up to this point, examples have been given as regards to the examples of the
configuration and the examples of the energy increase/decrease determination process of the tapping
detection unit 37. More various examples are considered as modifications of the embodiment. In
each of the above-described examples, an exampﬂaTin which a double tapping is made to be a certain
operation is 49 given. However, of course, only the first tapping may be recognized as an operation.
For example, in that case, when the process proceeds to step F106 of Fig. 7, the determination
processing unit 55 may determine the tapping to be an operation of the user and may output an
operation detection signal Sget. 1 owFtisthermeone; artripte tappinggathier than addoublertapping, that is,
three continuous taps, may be recognized as an operation input.

negative at this point in time. In the case of a

configuration in which the absolute value-converted signal

of the R channel is subtracted from the absclute value-

converted signal of the L channel in the subtracter 37 as in

Fig. 11, if the signal from the low-pass filter bHE is

positive, the channel is determined to be an L channel, and

if the =signal 1is negative, the channel is determined to be

an R channel.

That is, this L/R determination 1s a process for
detecting which one of the mics 12L and 1ZR has been tapped.

Next, the determinaticn processing unit 55 performs a
confirmation process for confirming the tapping is a second
fapping in steps F111 te F114 in the same manner as in the
case of Fig. 7.

Then, if a decrease of the energy level of the signal 8
within the second time period THtmZ i1s detected in step Flid,
1t is determined in step FL115A that the second tapping has
been performed.

AT this time, the determination processing unit 55
outputs the cperation detection signal Sdetl and the
determination signal D-LR of the L/R channel to the control
unit 38. The determination signal D-LR is generated on the

basls of the P determination process in step F130.

In the case of the configuration example III, the



The energy increase/decrease determination process in this case is performed as in, for example, Fig.
13. The processes in Fig. 13, which are the same as those in Fig. 7, are designated with the same
reference numerals, and detailed descriptions thereof are omitted. In Fig. 13, steps F101 to F114
are the same as in Fig. 7. Therefore, in a case w rgée it is detected in step F114 that the signal S has
decreased to less than the threshold value TH2, this is a case in which it is determined that the second
tapping has been performed. Accordingly, the determination processing unit 55 proceeds to step
F115B, whereby it is temporarily determined that the second tapping that is estimated to be a user
operation has occurred. Then, while the determination processing unit 55 increments the counter
0n2 in stepdril6e the:determihationproeessing unit 55 pesforms the determinationrefcsteps F117 50
and F118.  In step 117, the determination processing unit 55 determines whether or not the value of
the counteém@HZ ﬁaslhowféaéheelftﬁef%ééénd%ﬁwea@”&lde??\Hﬁfﬁ? us fidhé YRREAIRE colinter Cn2

exceeds the second time period THtm2 in ste £ Fllcz ghe rocess returns step 10&. indicated by
"R, That [5-&0&F FHE sBLMY tifme patiod THIM2 i Teached that 858 i |s S s w % a third

energy levelis not,detected, and itjs dgtermined, that three continuoys taps:as %QDeratlon has not

been performed.
example, volume up/down in accordance with those signals.

Therefore, on the basis of the configuration example
III, it is possible to separately perform two types of
operations using the right and left mics 12L and 1ZR, which
improves usability of the user. Moreover, the burden caused
by the configuration of the tapping detection unit 37 can be
decreased when compared with the case of the configuration
example II. In particular, because only one determination
processing unit 55 is necessary, a processing (resource)
burden can be reduced.

In place of the subtractor 5%, an adder is considered
to be used.

2-5: Modification of processing of tapping detection
unit]

Up to this point, examples have been given as regards
to the examples of the configuration and the examples of the
energy increase/decrease determinaticn process of the
tapping detection unit 37. More varlous examples are
considered as meodifications of the embodiment.

In each of the above-described examples, an example in

which a double tapping is made to be a certain operation 1is



Furthermore, in step 118, the determination processing unit 55 determines whether or not the signal S
has increased to more than the threshold value THI.  This is a determination process of whether or
not an increase in the energy level of the signal S by the third tapping has been observed.  When it
is determined in step 118 that the signal S has increased to more than the threshold value TH1, the
determination processing unit 55 performs the pro%gsses of steps 119 to 122.  Also, in this case, the
processes of steps 5119 to 122, which are enclosed by the dashed line, are the same as the
processes (common routine) of steps 111 to 114 and steps 102 to 105, which are similarly enclosed by
the dashed 51 line. In step F119, first, the determination processing un 55 resets the counter Onl
to 0, and stakts the countinger, Theacwhite:thecdetermination psacessing unit ba incsements the

counter Cal in step F120, the determination processing unit 55 makes determinations of steps 121 and
F122. recognized as an operation.

For example, in that case, when the process proceeds to
step F106 of Fig. 7, the determination preccessing unit 50
may determine the tapping to be an operation of the user and
may output an operation detection signal Sdet.

Furthermore, a triple tapping rather than a double
tapping, that is, three continuous taps, may be recocgnized
as an operation input.

The energy increase/decrease determination process in
this case is performed as in, for example, Fig. 13.

The processes in Fig. 13, which are the same as those
in Fig. 7, are designated with the same reference numerals,
and detailled descriptions thereof are omitted.

In Fig. 13, steps F101 to F1l4 are the same as in Fig.
7. Therefore, in a case where 1t i1s detected 1in step F1l4
that the signal $ has decreased to less than the threshold
value TH2, this is a case in which 1t is determined that the
second tapping has been performed. Accordingly, the
determination processing unit 55 proceeds to step F115B,
whereby it is temporarily determined that the second tapping
that 1s estimated to be a user operation has occurred.

Then, while the determination processing unit 55
increments the counter CnZ2 in step F1l16, the determination

processing unit 55 performs the determination of steps 117



In step F121, the determination processing unit 55 determines whether or not the value of the counter
Cnl has not reached the first time period THtml. The first time period THtml is set as a time period
for making a determination as to whether or not the energy increase/decrease of the signal S has
occurred instantaneously in the manner described_above, that is, whether or not the energy
increase/decrease is an instantaneous increase/detrease of the energy level due to a tapping
operation. Therefore, when the value of the counter Cril exceeds the first time period THtml in step
F121, the process returns to step 101 as indicated by "R". That is, in that case, it is determined that
the tapping is not a tapping as an operation. Furthermore, in step 122, the determination
processing titish gdetermines whether or not the signal S has decreased to less than the threshold
value TH2. 52 When it is determined in step F122 that the signal has decreased to less than the
threshold value TH2stherddtériinatibi precessing @it 55 proceedstostep! F123 Swhereby it is
determined that a third tapping as an operation has occurred .
determines whether or not the value of the counter Cn2 has
not reached the second time period THLm2Z.
If the value of the counter CnZ exceeds the second time
period THtmZ in step F117, the process returns to step F101
as indicated py "RY. That is, even if the second time
period THtm2 1s reached, that case is a case in which a
third energy level is not detected, and it is determined
that three continuous taps as an operation has not been
pverformed.
Furthermore, in step F11l8, the determination processing
unit 55 determines whether or not the signal S has increased
to more than the threshold value THIL.
This is & determination process of whether or not an
increase in the energy level of the signal S by the third
Ltapping has been observed.
When it is determined in step F118 that the signal &
has increased to more than the threshold value TH1, the
determination processing unit 55 performs the processes of
steps F119 To FlZZ.
Alsc, in this case, the processes of steps F119 to F12Z,
which are enclosed by the dashed line, are the same as the

processes {common routine) of steps F1l1ll to Fl1l4 and steps

F102 to F103, which are similarly enclosed by the dashed



Then, the determination processing unit 55 determines that a triple tapping by the user as a conscious
operation has been performed, and outputs an operation detection signal Sdet indicating that an
operation has occurred to the control unit 38.  As a result of such processing, it is possible to detect
that three taps have been performed within a certain time period, and by recognizing the three taps as
an operation input, the control unit 38 can performsé certain control process. Of course, four or
more continuous taps can also be detected as an operation. The processing in that case may be
considered by applying the processing of Fig. 13 above. Furthermore, an operation input formed of
a combination of a plurality of taps and pauses can also be detected. In addition, earlier, an
example is shewn in which two types of operations can be recognized by each of the taps of the mics
12L and 12R in the configuration examples Il and Ill. Alternatively, a plurality of types of operations
can also be recognizedeon thelliasis of the niimbelstaps 153 peHbrmee ce s Fga14ilbstrates an
example of processing in which a double tapp%igg &ndaaqtcgiple tapgisngagre recoggigﬁg f’iS different

Opeﬁﬂmnéb regets the counter Cnl star e cou

Then, while the determination processing unit 55
increments the counter Cnl in step F120, the determination
processing unit 55 makes determinations of steps F1Z1 and
Fl22.

In step F121, the determination processing unit 55
determines whether or not the value of the counter Cnl has
not reached the first time period THtml.

The first time period THtml i1s set as a time period for
making a determination as to whether or not the energy
increase/decrease of the signal S has cccurred
instantaneously in the manner described above, that is,
whether or not the energy increase/decrease is an
instantaneous increase/decrease of the energy level due to a
tapping cperation.

Therefore, when the value of the counter Cnl exceeds
the first time period THtml in step FlZl, the process
returns to step F101 as indicated by "R". That 1s, in that
case, it is determined that the tapping is not a tapping as
an operation.

Furthermore, in step Fi22, the determination processing
unit 55 determines whether or not the signal 5 has decreassd

to less than the threshold value THZ.



The processes in Fig. 14, which are the same as those of Fig. 13, are designated with the same
reference numerals, and descriptions thereof are omitted. Steps F101 to F115B are the same as those
of Fig. 13. In a case where it is temporarily determined in step F1152 that a second tapping has
occurred, similarly to Fig. 13, whether or not a third tapping occurs within the second time period
THtm2 is monitored in steps F116 to F118. Heté, in a case where the second time period THtm2
has passed while the third tapping is not detected in step F117, the process is assumed to proceed to
step F124. That is, the determination processing unit 55 determines that the number of taps performed
by the user is two, and it is determined in step F124 that the tapping is an operation input by a double

tapping operatiopnEpen,an aperatien getectionsignal SdetWrindicating thata gauble dapping
operation has occurred is output to the control unit 38. On the other hand, in a case where the third
tapping islestimated;¢he process.preceeds:fromistepEId8ito step F118, ditid theCprocesses ofsteps

F119 to F122 are performed in the 54 ‘
determination processing unit 55 proceeds to step F1Z3,

whereby it 1s determined that a third tapping as an
cperation has occurred.

Then, the determination processing unit 55 determines
that a triple tapping by the user as a conscious operation
has been performed, and outputs an operation detection
signal Sdet indicating that an operation has occurred to the
control unit 38.

As a result of such processing, 1t is possible to
detect that three taps have been performed within a certain
time period, and by reccgnizing the three taps as an
operation input, the control unit 38 can perform a certain
control process.

Of course, four or more continuous taps can alsc be
detected as an operaticn. The processing in that case may
be considered by applying the processing of Fig. 13 above.

Furthermore, an operation input formed of a combinatlon
of a plurality of taps and pauses can also be detected.

In addition, earlier, an example is shown in which two
types of cperations can be recognized by each of the taps of
the mics 1215 and 12R in the configuraticn examples IT and
ITT. Alternatively, a plurality cf types of operations can

also be recognized on the basis of tThe number of taps



same manner as in the case of Fig. 13. Then, when the tapping is determined to be a third tapping, the
process proceeds to step F123, whereby a triple tapping as an operation is recognized. In this case,
the determination processing unit 55 outputs an operation detection signal SdetT indicating that a triple
tapping has occurred to the control unit 38. Ac grding to the energyincrease/decrease
determination process as shown in Fig. 14, the control unit 38 is able to recognize two types of
operation inputs in accordance with the operation detection signals SdetW and SdetT, and it is
possible to perform a certain control process in accordance with each operation input. Of course, if
a combination with the abovementioned configuration examples Il and 11l is made, it is possible to
recognizefeurtypes©f operation inputs as a double tapping and a triple tapping of each of the mics
12L and 12R. It is natural that, furthermore, one tapping or four or more continuous taps may be
distinguished anélirecogrizéd larid- firthermare, SHEFEVEroOUS dperaticiisimay be madepodsible.
Furthermore, in the present embodiment, as an examPIe of the NO heagggone 10, the existing mics

121 and 12RYor hoise EantelIatioh are tsad: T mARY microphonés foroperation input can be

disposed, many.types of operation. 55 inputs become possible with the microphones. 3. Embodiment
applied to various types of apparatuses

The processes in Fig. 14, which are the same as those
of Fig. 13, are designated with the same reference numerals,
and descriptions thereof are omitted.

Steps F101 to F115B are the same as those of Fig. 13.

In a case where 1t 1s temporarily determined in step
F115B that a second tapping has occurred, similarly to Fig.
13, whether or not a third tapping occurs within the second
time period THtmZ is monitored in steps Fli6 to F118.

Here, in a case where the seccond time period THtmZ has
passed while the third tapping is not detected in step FI117,
the process is assumed to proceed to step Fl1Z4.

That is, the determination processing unit 55
determines that the number of taps performed by the user is
two, and it 1s determined in step Fl24 that the tapping is
an operation input by a double tapping operation. Then, an
operation detection signal SdetW indicating that a double
tapping operation has occurred 1is output to the control unit
38.

On the other hand, 1in a case where the third tapping is
estimated, the process proceeds from step Fl18 to step F11Y,

and the processes of steps F119% to Fl22 are performed in the



Up to this point, embodiments in which the present invention is applied to the NC headphone 10 have
been described. However, the present invention can be applied to a variety of electronic apparatuses.
Hereinafter, the examples thereof will be described. First, in the medium player 20 shown in Fig. 3,
it is considered that the audio signal processing unit 1 (the tapping detection unit 2, the control unit 3)
shown in Fig. 1 is installed. That is, the exampt€'is a case in which the function of the noise
cancellation unit 14 is incorporated in the medium player 20. In this case, the medium, player 20 is a
specific device in which the audio signal processing unit 1 of the embodiment of the present invention
is installed, and the effects that are the same as the effects of the above-mentioned NC headphone 10
can be exhibitedmanrlhe mic 41n that case say-be ope that.is instalied irthe connected headphone
device, or may be a mic device that is separate from the headphone device connected to a mic input
terminal. Ofcourse, inha chseawheresa nic i e iNcorporataeinitie nidia body©f fie medium player
20, the mic may be used. 56  Furthermore, also, in an image-capturing device, such as a digital still

camera oFd Gide§Canteta®aMichs often InNStAIREd BY ddusing sudar ifagé-capturing device to be
provided with. the. conflapation g L an ongratian onul using amichecomes possile.  In the
case of a game machine, a tapping to téﬁe mic 4 can also be used for an operation in the case of a
game. processing unit 5% outputs an operation detection signal

SdetT indicating that a triple tapping has occurred to the

control unit 38.

According to the energy increase/decrease determination
process as shown in Fig. 14, the control unit 38 i1s able to
recognize two types of operation inputs in accordance with
the operation detection signals SdetW and SdetT, and 1t is
possible to perform a certain contrel process in accordance
with each operation input.

Of course, 1if a combination with the above-mentioned
configuration examples IT and III is made, it 1s possible to
recognize four types of coperation inputs as a double tapping
and a triple tapping cof each of the mics 12L and 12ZR.

It is natural that, furthermore, one tapping or four or
more continuous taps may be distinguished and recognized,
and furthermore, more various operations may be made
possible.

Furthermore, in the present embodiment, as an example
of the NC headphone 10, the existing mics 12L and 12R for
noise cancellation are used. If many microphones for

operatiocon input can be disposed, many types of operation



Similarly, the present invention can be applied to a personal computer, a portable information
processing device (for example, a PDA (Personal Digital Assistant)), or a mobile phone. In a case
where a mic for audio input is to be provided in these devices, an operation input as a result of tapping
the mic becomes possible. By using, for example, a stereo mic for communication installed in a
personal computer or a mobile PC, it is possible télfécognize an operation by detecting tapping, and it
is possible to perform a certain process.  Furthermore, in the case of a mobile phone, a mic is
naturally provided. Consequently, the use thereof makes it possible to apply the present invention
without incurring a new installation burden of a mic device. In particular, an apparatus having a mic
disposed therein ssuch-as,an NG beadphene; ra medium playsiica mobile phone, a mobile PC, or a
portable game machine, is often a 57 mobile device having high portability. Thus, it is useful that the
disposal of a switch that takes a large area can be omitted.

3. Embodiment applied to varicus types of apparatuses

Up to this point, embodiments in which the present
invention is applied to the NC headphone 10 have been
described. However, the present invention can be applied to
a variety of electronic apparatuses. Hereinafter, the
examples thereof will be described.

First, in the medium player 20 shown in Fig. 3, 1t 1is
considered that the audic signal processing unit 1 (the
tapping detection unit 2, the control unit 3) shown in Fig.
1 is installed.

That is, the example is a case in which the function of
the nolse cancellation unit 14 1s incorporated in the medium
player 20. 1In this case, the medium player 20 is a specific
device in which the audio signal processing unit 1 of the
embodiment of the present invention is installed, and the
effects that are the gsame as the effects of the above-
mentioned NC headphons 10 can be exhibited.

The mic 4 in that case may be cone that is installed in
the connected headphone device, or may be a mic device that
1s separate from the headphone device connected to a mic
input terminal. Of course, in a case where a mic 1is to be
incorporated in the main body of the medium player 20, the

mic may be used.



There is a background that, since the apparatus is a small apparatus, necessarily, the resources of a
CPU and a DSP, which are installed in the inside, are limited, and the detection algorithm is preferably
lighter. For this reason, the algorithm of the embodiment in which the above-described energy
increase/decrease determination process is performed in the time axis, and tapping detection is
performed without performing frequency analysis &Bthe like is more effective. In addition, the
present invention can also be applied to various communication apparatuses, audio visual (AV)
apparatuses, household electrical apparatuses and the like. Furthermore, regarding a tapping
operation, it is possible to assign a variety of operations depending on which mic is tapped, the
number of taps, therntesvaldetween daps, andsthe likeqe - Fzrthermore dregarding aumie, not only a
mic used for another audio input function, but also a mic dedicated for a tapping operation input may
be provideds a Eughemiore} tHel micused forithe tapping operstion may heanysof §tefeo
microphone, a monaural microphone, and a multi-channel microphone. 58 Furthermore, as the

operation cBﬁtEﬁ%??appnﬁH opérations, & L&aﬂeﬁfbf‘é&%ﬁ?dg?%%%ﬁjé%garﬂjgﬁél%ﬁloﬁ%agrdlng
recording reproduction, an;( p&{%tl ,r% egarding transmission and-reception, a,meny operation, an entry
off ope

operation, and a power supply on/ ation, are considered.
input using a mic becomes possible.

In the case of a game machine, & tappilng to the mic 4
can alsc be used for an operaticn in the case of a game.

Similarly, the present invention can be applied to a
personal computer, a portable information processing device
(for example, a PDA (Personal Digital Assistant)), or a
mobile phone.

In a case where a mic for audic input is to be provided
in these devices, an operation input as a result of tapping
the mic becomes possible. By using, for example, a stereo
mic for communication installed in a personal computer or &
mobile PC, it is possible to reccognize an operation by
detecting tapping, and it is possible to perform a certain
process.

Furthermore, in the case of a mobile phone, a mic is
naturally provided. Consequently, the use thereof makes it
possible to apply the present invention without incurring a
new installation burden of a mic device.

In particular, an apparatus having a mic dispcsed
therein, such as an NC headphone, a medium player, a mobile

phone, a mobile PC, or a portable game machine, 1s often a



Furthermore, the mic can also be used to create electronic mail sentences and input characters.
Examples of the creation of electronic mail and the transmission operation will be given. Fig. 15A
illustrates an example in which an earphone speaker 101 having a mic 102 installed therein is
connected to the mobile phone 100. Of course, _}he min 102 may be a mic that is installed in the
main body of the mobile phone 100. By tappiné the microphone 102, an arbitrary electronic mail
document is created and transmitted. First, a control unit (not shown) in the mobile phone 100 sets
in advance, a special code and a select mode, as shown in Fig. 150.  As a special code, a double
tapping within one second is set as an in/out operation of the select mode. Furthermore, a triple
tapping within:one seeondds set-as anoperation-fos setuining to theipreviausiselected item. For the
select mode, the transmission destination
that the disposal of a switch that takes a large area can be
comitted.
There 1s a background that, since the apparatus is a
small apparatus, necessarily, the resources of a CPU and a
D3P, which are installed in the inside, are limited, and the
detection algorithm is preferably lighter.
For this reason, the algorithm of the embodiment in
which the above-described energy increase/decrease
determination process is performed in the tTime axis, and
tapping detection is performed without performing freguency
analysis or the like is more effective.
In addition, the present inventiocon can alsc be applied
to various communication apparatuses, audio visual (AV)
apparatuses, household electrical apparatuses and the like.
Furthermore, regarding a tapping operation, it is
possible to assign a varliety of operations depending on
which mic is tapped, the number of taps, the interval
between ftaps, and the like.
Furthermore, regarding a mic, not only a mic used for
another audio input function, but alsc a mic dedicated for a
rapping operation input may be provided.
Furthermore, the mic used for the tapping operatiocon may

be any of a stereo microphone, a menaural microphone, and a

multi-channel microphone.



59 select, the text select, and the execution select are provided. In the transmission destination
select mode, a person whose address is registered can be selected as a mail transmission destination.
In the text select mode, sentence content can be selected. In the execution select mode, an operation,
such as transmission or cancellation, can be sele%gd Fig. 16 illustrates an example of operations
of the creation and transmission of electronic mail: First, when a double tapping is detected, the
control unit of the mobile phone 100 enters into a transmission destination select mode. Then, the
name of the person registered as the transmission destination is read out. The user listens to the
name that is read out from a speaker 101, and double taps again at the time when the name of the
party to whom arextis é&a-he feansgutted histimeatsread ouh t en T hen, theseantrol unit determines the
person who is read out immediately before the double tapping as the transmission destination. In the
case of theHigure, "'MryMs2 BYds selettedlas thartaifsimission destinatior? SRHent #§éicontrol unit shifts

from the transmission destination select moge to the text select mode. In the text select mode, the
Conﬂolunﬁ?ﬁﬁﬁﬁﬁﬁg recording reproduction, an operation regarding

transmission and reception, a menu operation, an entry
operation, and a power supply on/off operation, are
considered.

Furthermore, the mic can also be used to create
electronic mail sentences and input characters.

Examples of the creation of electronic mail and the
transmission operation will be given.

Fig. 15A illustrates an example in which an earphone
speaker 101 having a mic 102 installed therein i1s connected
to the mobile phone 100.

Of course, the mic 102 may be a mic that is installed
in the main body of the mobile phone 100.

By tapping the microphone 102, an arbitrary electronic
malil document is created and transmitted.

First, a control unit (not shown) in the mobile phons
100 sets in advance, a specilal code and a select mode, as
shown in Fig. 15B.

As a special code, a deuble tapping within one second
is set as an in/out operation of the select mode.
Furthermore, a triple tapping within cone second L1s selt as an
operation for returning to the previous selected ltem.

For the seclect mode, the transmission destination



60 process for reading out various texts. It is sufficient that the user listens to the text that is read out
from he speaker 101, and double taps again at the time when the text of the content to be transmitted

this time is read out.

Furthermore, in a case where the readout content is desired to be returned, it

is sufficient that a triple tap be performed. in the example in the figure, the texts are read out in the
order of "currently gong to work", "now returning",5pll be late today" .... Here, if the user wants to
select "now returning”, but the readout advanced to the next text, the user performs a triple tapping. In
response to this, the control unit reads out again the previous text "now returning". Here, if the user
performs a double tapping, the control unit shifts from the text select mode to the execution select

mode by assusing thais

‘newreturpingc is, selectethe <Eveniinithe execution select mode, the control

unit performs a process for reading out execution content. Then, for example, if the user performs a

double tapr arthectirie

the text is read out as "transmission”, the control unit recognizes that

"transmission” is selected, ends the execution select mode, ang(gerform a transmission. process. By

such a process, ai didétroric Fidi dothierit of "o t6f2 =¢

e, & person

whose address 1s registered can be selected as a mail

transmlssion destination. In the text select mode, sentence

content can be selected. In the execution select mode, an

operation, such as transmission or cancellation, can be

selected.

Fig.

16 iliustrates an example of operations of the

creation and transmission of electronic mail.

First, when a double tapping is detected, the controel

unit of the mobile phone 100 enters into a transmission

destination select mode. Then, the name ¢f the person

reglstered as the transmission destination 1s read cut.

The user listens to the name that 1s read ocut from a

speaker 101, and double taps again at the time when the name

of the party to whom a text is to be transmitted this time

is read out.

Then, the control unit determines the person who is

read out

immediately before the double tapping as the

transmission destination, In the case of the figure,

"Mr. /Ms.

BY i selected as the transmisslon destination.

Then, the control unit shifts from the transmission

destination select mode to the text select mode.

In the text select mode, the control unit performs a



returning” is created for Mr./Ms. B, and is transmitted. As in this example, by making a
determination as to the time of tapping, it is possible to input character codes and a preset sentence.
For example, in the case in which there is a mic as in Fig. 15A, it is possible to transmit a fixed phrase
by mail in a simplified manner near the ear withous, chatting inside a train or without taking out a mobile
phone/terminal from a bag or the like. In the example, types of transmission destinations and fixed
phrases that are often used by a maker or a user are preset in advance, and furthermore, rules as
special codes are determined in advance. As a result of the above, it is possible to transmit a text
comparatively simply, efficiently, and without being easily noticed by a person nearby.
Furthermagrecindhe example zaiteagdout processds: perfermed at the time of Séleciing an item. This
process is not necessarily necessary, and a confirmation may be performed in the last or middle stage.
Furthermdréathereadeaest the Sefdtt itém isteonsiiered fradvehceTiFa Sitigle tppind Bperation.

Of course, a mechanjsm in which, by using the similar, techpique, the.code of the character itself rather
than a fixed” Eﬁr%%“g iésfgr?dut,agiﬁid ghoa%{rgcit%r% %Pesinap%%ﬁ ac gtLrjg(g:etng [B?e(:h‘ggfc?ert Bla@si;% %i/dfapping,

may be implemented. . 62.,+ +o pe transmitted this time is read out.

Furthermore, in a case where the readout content is
desired teo be returned, it is sufficient that a tTriple tap
ke performed.

In the example in the figure, the texts are read out in
the order of "currently gong to work", "now returning",
"I'1l be late today"™ --+. Here, 1f the user wants to select
"now returning”, but the readout advanced to the next text,
the user performs a triple tapping. In response to this,
the control unit reads out again the previcus text "now
returning’.

Here, 1f the user performs a double tapping, the
control unit shifts from the text select mode tce the
execution select mode by assuming that "now returning” is
selected.

Even in the execution select mode, the control unit
performs a process for reading out execution content. Then,
for example, if the user performs a double tap at the time
the text is read out as "transmissicn", the control unit
recognizes that "transmission” 1s selected, ends the
execution select mode, and performs a transmission process.

By such a process, an electronic maill document of "now



For example, although not shown in the figure, if one of "a, b, c, d, e" is selected by tapping the left
ear, and thereafter the desired level among "a level, b level, ..." are selected by tapping the right ear, it
is possible to comparatively easily input the text. 4. Program  The program of the embodiment of the
present invention is a program for causing a computation processing device to perform a tapping
detection step and a control step.  The tapping dtection step detects a tapping input operation on
the basis of an energy increase/decrease determination process for making a determination as to the
increase and the decrease of an energy level of the low-frequency components with regard to an audio
signal picked up by a microphone that is separately connected within a first time period. The
control step=performssd cerainreonieal pracess thatds setfor dhel tapping inpuh oOpeeation in response to
the tapping input operation being detected in the tapping detection step.  As a result of control units
(computation prdeessingtdevices) @fvafousapparaiisescdeseiiban abole PeirtFoperatétin
accordance, with such a program,,t@e audio si ngl] processin ap aratgg oLthe present invention is
”nmemenﬁﬂfﬁb§L Cappillg, 1t is possible Lo input character codes an
a pregset sentence. For example, in the case in which there
is a mic as in Fig. 10A, 1t 1s possible to tTransmit a fixed
phrase by mail in a simplified manner near the ear without
chatting inside a train or without taking cut a mobile
phone/terminal from a bag or the like.
In tThe example, tvpes of transmission destinations and
fixed phrases that are often used by a maker or a user are
preset in advance, and furthermore, rules as special codes
are determined in advance.
As a result of the above, it is possible to transmit a
Text comparatively simply, efficiently, and without bheing
easily noticed by a person nearby.
Furthermore, 1n the example, a readout process 1s
performed at the time of selecting an item. This process is
not necessarily necessary, and a confirmation may be
perfeormed in the last or middle stage.
Furthermore, the readout ©of the select 1tem is
considered to advance by a single Tapping operation.
Of course, & mechanism 1n which, by using the similar
technigue, the code of the character itself rather than a

fixed phrase is input, and characters are input on a

character by character basis by tapping, may be implemented.



That is, the processes of Figs. 2 and 7 (o, Fig. 12, Fig. 13, Fig. 14, etc.) are performed. Such a
program can be recorded in advance in an HDD serving as a recording medium that is incorporated in
a device, such as a personal computer, or a ROM, a flash memory, etc., in a microcomputer including
a CPU. Alternatively, the program can be stored "recorded" temporarily or permanently on a
removable recording medium, such as a flexible diSt, a compact disc read only memory (CD-ROM), a
magnet optical (MO) disc, a DVD, a Blue-ray disc, a magnetic disc, a semiconductor memory, or a
memory card. Such a removable recording medium can be provided as a so-called packaged
software. Furthermore, in addition to being installed from a removable recording medium into a
personal camputerapthe, like] the program:-carhbe downloadedfiem @edowrdloadsitethfough a
network, such as a LAN (Local Area Network) or the Internet. The present application contains
subject métterrelated %o that disclésedin Jupanese Prictip Patent Kppligdtiort 37 2020088659 filed in
the Japan Patent %fficg on Aprijl 7,,2010, the eTtire contents of Whi(i[h are Qerebi/ incorpprated by
reference "SIt EAGTA beihderstond y thoSe skifteddn the art tha ’variou%‘?ﬁodifications,

combinatigns, subrcombinafions. a@%@p@ agg@ti%?m_a)éggcrurid@p§gdw5%g§%igeCgequirements and
other factors insofar as they are within the scope of the appended claims or the equivalents thereof.

comparatively easily input the text.

4. Program

The program of the embodiment of the present invention
is a program for causing a computation processing device to
perform a tapping detection step and a control step.

The tapping detection step detects a tapping input
cperation on the basis of an energy increase/decrease
determination process for making a determination as to the
increase and the decrease of an energy level of the low-
frequency components with regard to an audio signal plcked
up by a microphone that is separately connected within a
first time pericd.

The control step performs a certain control process
that is set for the tapping input operation in response Lo
the tapping input operation being detected in the tapping
detection step.

As a result of control units (computation processing
devices) of various apparatuses described above being
operated in accordance with such a program, the audio signal

processing apparatus of the present invention 1is implemented.



65 WHAT IS CLAIMED IS: 1. An audio signal processing apparatus comprising: a tapping
detection unit to which an audio signal picked up by a microphone is input and that detects a tapping
input operation on the basis of an energy increase/decrease determination process for making a
determination as to whether an increase and a degrease of an energy level of low-frequency
components of the audio signal occur within a firstttme period; and a control unit that performs a
certain control process that is set for a tapping input operation in response to a tapping input operation
being detected by the tapping detection unit. 2. The audio signal processing apparatus according
to Claim 1, wherein the tapping detection unit detects that a tapping input operation has been
performedrinza case where detections etthefinérease anddihe decrease of the energyilevelirs the
energycrease/decrease determination process within the first time period occurs a plurality of times
within a sédehd tirhe pefied loriget than s first time period.

Such a program can be recorded in advance in an HDD
serving as a recording medium that is incorperated 1n a
device, such as a personal computer, or a ROM, a flash
memory, etc., in a microcomputer including a CPU.

Alternatively, the program can be stored "recorded"
temporarily or permanently on a removable recording medium,
such as a flexible disc, a compact disc read only memory
{(CD-ROM), a magnet optical (MO} disc, a DVD, a Blue-ray disc,
a magnetic disc, a semiconductor memery, Or a memory card.
Such a removable recording medium can be provided as a so-
called packaged software.

Furthermore, in addition to being installed from a
removable recording medium into a personal computer cr the
like, the program can be downloaded from a downlcoad site
through a network, such as a LAN (Local Area Network) or the
internet.

The present application contalns subject matter related
to that disclosed in Japanese Pricrity Patent Application JP
2010-088659 filed in the Japan Patent Office on April 7,
2010, the entire contents of which are hereby incorpcrated
by reference.

It should be understood by those skilled in the art

that various modifications, combinations, sub-combinations



66 Claim 2, wherein audio signals of a plurality of channels are input to the tapping detection unit, and -
the tapping detection unit performs the energy increase/decrease determination process on an-audio -
signal on which audio signals of a plurality of channels are added. 4. The audio signal processing
apparatus according to Claim 2, wherein audio si%%als of a plurality of channels are input to the
tapping detection unit, and the tapping detection unit performs the energy increase/decrease
determination process on each of the audio signals of the plurality of channels, and detects a tapping
input operation for each channel. 5. The audio signal processing apparatus according to Claim 2,
wherein audio signals of a plurality of channels are input to the tapping detection unit, and the
tapping detedtiern unit petforms mschannel: detéesminationgprocessfor gmaking: a deteramination whether a
channel contains a tapping sound among the audio signals of the plurality of channels and performs
the energyititréadeidedraate Heteriination prockss withirégHrd-foian AiiGiosFgwst i Which the audio
signals of the pIuraleiet}(ié);ghacqrglellls{l ar%%}dggd or subté%qted andd(q:lgtigecé%t‘he channel in which the

5 the B AT

detection 0 Fheat%Bplng input opergtion an



tapping input operation have been performed. 6. The audio signal processing apparatus according
to Claim 2, wherein in the energy increase/decrease determination process, it is determined whether
or not the energy level of the low-frequency components of the audio signal has increased to more
than a first threshold value and thereafter the energﬁ/ level has decreased to less than a second
threshold value within the first time period. 7. The audio signal processing apparatus according to
Claim 2, further comprising a microphone, wherein the audio signal picked up by the microphone is
input to the tapping detection unit. 8. An audio signal processing method comprising the steps of:
detecting a tapping input operation on the basis of an energy increase/decrease determination process
for makingig Aleterminationas:taran increase or a decrease of an energy level of low-frequency
components with regard to an audio signal picked up by a microphone within a first time period; and
performing a certain control process that is set for a tapping input operation in response to a tapping
input 68 operatign being detected in the tapping detection step. .
P P ?u Ag ausgo signaglggé%essfng apparatus comprising:
a tapping detection unit to which an audio signal

picked up by a microphone is input and that detects a

tapping input operation on the basis of an energy

increase/decrease determination process for making a

determination as to whether an increase and a decrease of an

energy level of low-freguency components of the audio signal

ocour within a first time period; and

a control unit that performs a certain control process
that 1s set for a Ltapping input coperation in response to a

tapping input coperation being detected by tThe tapping

detection unit.

2. The audic signal processing apparatug according to
Claim 1, wherein the tapping detection unit detects that a
tapping input operation has been performed in a case where
detection of the increase and the decrease of the energy
level in the energy increase/decrease determination process
within the first time pericd occurs a plurality of times
within a =second time period longer than the first time

periocd.

3. The audic signal processing apparatus according to



9. A program for causing a computation processing device to perform the step of:  detecting a
tapping input operation on the basis of an energy increase/decrease determination process for making
a determination as to an increase or a decrease of an energy level of low-frequency components with
regard to an audio signal picked up by a microph within a first time period; and  performing a
certain control process that is set for a tapping inpUt operation in response to a tapping input operation
being detected in the tapping detection step.

Claim 2, wherein audio signals of a plurality of channels
are input to the tapping detection unit, and

the tapping detection unit performs the energy
increase/decrease determination preocess on an audio signal

on which audio signals of a plurality of channels are added.

4. The audio signal processing apparatus according to
Claim 2, wherein audio signals of a plurality of channels
are input to the tapping detection unit, and

the tapping detection unit performs the energy
increase/decrease determination process on each of the audio
signals of the plurality of channels, and detects a tapping

input operation for each channel.

5. The audic signal processing apparatus according to
Ciaim 2, wherein audic signals of a plurality of channels
are input to the tapping detection unit, and

the tappling detection unit performs a channel
determinaticn process for making a determination whether a
channel contains a tapping sound among the audioc signals of
the plurality of channels and performs the energy
increase/decrease determination process with regard to an
audioc signal in which the audio signals of the plurality of
channels are added or subtracted, and detects the channel in

which the detection of the tapping input operation and the



67

tapping input operation have been performed.

6. The audio signal processing apparatus according to
Claim 2, wherein in the energy increase/decrease
determination process, it is determined whether or not the
energy level of the low~freguency ccmponents of the audio
signal has increased Lo more than a first threshold value
and thereafter the energy level has decreased to less than a
second threshold value within the first time pericd.

.

7. The audio signal preccessing apparatus according to
Claim 2, further comprising a microphone, wherein the audio
signal picked up by the microphone is input tc the tapping

detection unit.

8. An audic signal processing method comprising the
steps of:

detecting a tapping input operation on the basis of an
enerqgy increase/decrease determination process for making a
determination as To an ilncrease or a decreass of an energy
level of low-freguency components with regard to an audioc
signal picked up by a microphone within a first time period;
and

performing a certain control process that is set for a

tapping input operation in response to a tapping input
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operation being detected in the tapping detection step.

8. A program for causing a computation processing
device to perform the step of:

detecting a tapping input operaticn on the basis of an
energy increase/decrease determination process for making a
determination as to an increase or a decrease of an energy
level of low-fregquency components with regard to an audic
signal picked up by a microphone within a first time period;
and

performing a certain control process that is set for a
tapping input operation in response to a tapping input

operation being detected in the tapping detection step.



