1 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 an audio 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 mouse, operation dials, a touch panel, and the like are used. Usually, these operation
devices are iAgRIIBJSA Totre spvideRSE VAt I RMEHSNS BF tHE efectitiic BPParatisés On the other
hand, depending on the functions andwaoft gﬁl%gégﬁgﬁpparatuses, there has been a demand

for making the number of operation keys as sthall as possible and making operations easier to perform

and efficient.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates.to an audic signal
processing apparatus that detects an cperation input of a
user by using an audio signal picked up by a microphone, and
to an audio signal pxocessing method for use therewith.
Furthermore, the present invention relates te a program for
implementing such an audio signal processing apparatus and
audioc signal processing method. |
2; Description of the Related Art

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

Usuélly, these operation devices are installed in
correspondence with the functions of the electronic
apparatuses. On the other hand, depending on the functions
and usage of the electronic apparatuses, 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



In Japanese Unexamined Patent Application Publication 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 signal waveform picked up by a microphonezwhen 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 the apparatus housing and to
improved ease df Use-146EFdp examplecasahaperationtof @pertatlexmpsicrptayer, ascase in which a
microphone is installed in a headphone portion mounted by the user is considered. The user usually

keeps a poftibfe RRISICHIayRT it BRGtheR Dotket s bah™orthelike: SThis 7€ Becadse T3 not
necessary Eoe@gg Q({Lg e &og@bﬁg é’@lusliﬁ pﬁ%%rnaélstgeu\ggyi If 8 certain aperation is possible by tapping
a periphery of a microphone of the headphone portion. However, in order to detect that audio signal

Application Publication No. 2008-166887, lightly tapping a

micreophone or & periphery therecof with & finger or the like

is recognized as an coperation input. For this rsason, an

audio signal waveform picked up by a microphone when a user

performs tapping is recognized by a waveform correlation

process.

SUMMARY COF THE INVENTION

As in Japanese Unexamined Patent Applicaticn
Publiication No. 2008—166897; since a micropnone can alsoc be
uszed as an input device, this use contributes to a reduction
in the number of operation keys of the apparatus housing and
o dimproved zase of use.

For example, as an operation of a portable music player,
a case in which a microphone is installed in a headphone
portion mounted by the user is considered. The user usually
keeps a portable music player in a clothes pocket, a bag, or
the like. This is because it is not necessary to take ocut
the portable music player all the way if a certain operation
is possible by tapping a periphery of a microphone of the
headphone portiocon.

However, in order to deiect 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 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
nonredular 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 a high-performance electronic apparatus. However, in an apparatus for which a
comparativelyrlowerrcost e stronglydémanded i sgchasah&abbveqnéaioned portabfe music player, a

large number of calculations is undesirable because it b%con%ei a farcltgr in irétiresasisng the cost of the
music play&°21cFghtABmofs: HetauSe heRaRs ataRjE Humbar F Cattufations fof detecting an

operation, the time unjil the pperatian,is recognized beeomesfong, and,censequently the long time

becomes disadvantageous for achieving device operation with a satisfactory response.
Accordingly:iitis desteable ta perfofmralkprocessesrantbdeterrhinetibrs Iy frviesaxis Signal processing,
decrease 4 — .

central 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 order to constantly
perform a process with a lot of calculations, & 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 is strongly demanded, such as the
above-menticned portable music player, a large number of
calculations is undesirable because 1t becomes a factor in
increasing the cost of the music player.

Furthermore, because there are a large number of
calculations for detecting an operation, the time until the
operation is recognized becomes long, and conseguently the
iong 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. In a first aspect of the present invention, there is provided an audio signal
processing apparatus comprising: a tapping detettion unit to which an audio signal picked up by a

microphene,is.ipRut A that detects atappingdpsihspeation:an thedhasisrafan epargytion
increase/decrease determination process for making a determination as to whether an increase and a

decrease 6fwn exrergy leVBEof iaw-fredte?iey LHMPBNEts @Qﬁ§%%@sidﬁ§l%cdr%itﬁﬁl Phrst time
Periodi And.a gantia it [t &%fé%fg‘ssai% ain gantrol process thalis sef,fpra tagping dnpy,

operafion In response to a tapping input operation being detected by the tapping detection unit,
whereirppthese pergy dncredsé/deareasedetermination process, it is determined whether or not the

energy level of the low-frequency components of the audio signal has increased tg more than a first
greased lom

threshold vaft’é afd tHerbifter fieb&iergyfavel S detrESSat to [08E Tian 3 second threshord value

Withinégg\ﬁ{@é'@ne Periogh a1 oThe 1apping detectionunitdeigstissihat adappibgdrpyioperatian has
been performed in a case where the detection of the increase and the decrease of the energy level in
the ere?§P iMFe rGstréade dateEMiRatioHprotesSwWiA the fifhime periodYeciie aPiudlity of

times pdiun.gizegand ime grlod langer ihap thg fist e periagsy s nFuttheimoreaudie slgnals of a
plurality of channels may be‘input to the tapping detection unit, and thé tapping detection unit may
perfo/onthetdrergypincicaseddecrease Sdeteymination prerasdarran aadio®igsainahichraudio

sigr_1a|s of a pluragt ogfr%g?nnelsaarg atdéjed. ﬁltgﬁngﬁivelg' %udi%gi r}zla\‘cljsrofa%plyrri%litggégh%r}lrgfls may
be inptt 15 tHe'ta gﬁ a8forfuit Shtthe tapping detection uﬁqﬁ May perform the energy
increaselglecreasa-defermination pigcesswimeasch afdhe audipsigaals obieplerality ofchannels, and
may detect a tapping input operation on each channel. Alternatively, be input to the detection unit
may audic signal occur within a first time period; and a control
unit that performs a certain contrcl process that is set for a
tapping input operation in response to a tapping input operation
being detected by the tapping detection unit, wherein in the
energy increase/decrease det@rminatidn process, it is determined
whether or not the energy level of the low-fregquency components
of the audio gignal has increased to more than a first threshold
value and thereafter the energy level has decreased to less than
a second threshold value within the firat time period.
The tapping detection unit detects that a tapping input
operatiom'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 period
longer.than the first time period.
Furthermore, audio signals of a plurality of channels may
be dinput to the tapping detection wunit, and the tapping

detection unit may perform the energy increase/decrease



audio signals of a plurality of channels may tapping detection unit, and the tapping perform a channel
determination process for making a determination as to whether a channel contains tapping sound
among the audio signals of the plurality 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 subjracied, and may dgiect the.channglinhich, the;detestiog of fha [appingspgui:aperation and the
tapping Input operation have been performed. Furthermaore, the audio signal processing apparatus
may 6 furtherycluda agvicreghoreanhersin the audiddignal pickerkup-hy the gligrophaneiis input to
the tapping detection unit. In a second aspect of the present invention, there is provided an audio
signalgirgoessingeiethod tonsokising thé stpsrafedsteniiy Peappiriginpitpefgionapthedasis of
an energy increase/decrease determination process for making a determination as to an increase or a

decreS6& 6F &t ¥nhergfiEvel DRROWHEGUERRY tBHpGRETS Wit regBrtito BRYaulf Sighll pidked up by -
a micigphoge wiitin,a st imenarlod, and pedqiring ageriabeantio) pipcesshat jssetfor a

tapping Inpdt operation in response to a tapping input operation being detected in the tapping

detectigpistep, IvRerLinsin #1e enesgyrinereaseidecreasedeiamainationpracessy it is«dletermined
whether or not the energy level of the low-frequency components of the audio signal has increased to

more thappa fipst tesholdoetade and thereafteh thehermargy level has decreased to less than a second

threshold value within the first time period. )
Alternatively, audio signals of a plurality of channels may

be input to the tapping detection unit, and the tapping
detection unit may perfoxrm a channel determination process for
making a determination as to whether a channel contains tapping
sound among the audic signals of the plurality of channels and
the energy incxease/decreas&ldetermination 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, the audic signal processing apparatus may



In a third aspect of the present invention, there is provided 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 ith regard to an audio signal picked up by a

microphone. withn,a fir4 ime perlads and;performing.a cedain sanueLPiopess hatis Relforg tapping
input opération in‘response to a tapping input operation being detected in the tapping detection step,
whereig inthe energyicgase/decigase deternnpationprocesacit iscdatermingdavhether or not the
energy level of the low-frequency components of the audio signal has increased to more than a first
threshold vailie and thercafiér theprergy lefel hae decrsssedto lésy tRii@Becondeneshbil value
within the first time period. In embodiments of the present invention such as that described above,

the eF&Fgy féi)@ﬁoﬂ%w%né&%@%oﬁé%?éﬁ&%%gﬁéio SR picked uﬁllﬁ/ tfi&Fiegral or
separate migropfones s monioleg Then, s deteqineg hal a tgp has gcyggd 1 thg case winere

a
the energy level has increased oF decreasedwi time period. In particular, it is also preferable

that ithe. Zdetermined that/a tan-wpytopeiatienhasaccyredindhe sase where aplurality of taps are
detected within a second time period.  In the case where a tap has occurred, the energy level
(amplifede)-of lawftequensy componentsiafzesmicroplongcinpeesignalfiinereases Therdfove lit
becomes possible to detect a tap simply and easily without performing waveform analysis by

monit&fing #R¥ e AERIFBTIGW-fré B TR0 of BRI sighal. @ 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, 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 energy level haé decreased to less than
a second threshold value within the first time period.

In a third aspect of the present invention, there ig
provided 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 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



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 audio signal by a simplified process.
Consequently, it is possible to reduce a processing burden for detecting operation and reduce cost as
a result of the reduction. Furthermore, the sifiplified process allows the operation detection time

period,tq be shartened, and ice opefati j isfact se bec S ible. BRIEF
DES%&?Eﬁﬁgﬁgo#I?H E%%R}\%ﬁé(%%& %I%?g%.%%%%lz%ké iég?g%né%?ét%hgg b%gc gg’ﬁg%%%%f an
embodirpent-of dhepresant dnventions rmifig 2 ima flowehestef the basic precessof henembddiment

of the present invention; 8 Fig. 3 is an illustration of an NC headphone of the embodiment; Fig.
4 is awdleokdiagram afcthe NE headptone loftisd embodinsentow- frequency components

of the audioc signal has increased to more than a first threshold

value and thereafter the energy level has decreased to less than

a second threshold value within the first time period.

In embodiments df the present invention such as that
described above, the energy level of Ilow-frequency components
regarding an audio signal picked up by the integral or separate
microphones 1is 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 it be



Fig. 5 is a block diagram of a configuration example | of a tapping detection unit of the embodiment;
Figs. 6A and 6B 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 BE 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 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;

determined that & 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 2 microphone
input signal increases. Therefore, it becomes possible to
detect a tap simply and easily without performing wavefornm
analysis by monitoring the energy of low»frequency
components of an audioc 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. Conseguently, it 1s possible to reduce
a processing burden for detecting operation and reduce cost
as a result of the reduction.

Furtﬁermore, the simplified process allcws the
operation detection time period tc be shortened, and a
device operation with a satisfactory response becomes

possible.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

embodiment of the present invention;



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 embodiment;
Fig. 14 is a flowchart in the case of two and three tapping determination of the embodiment;  Figs.
15A and 155 are illustrations of an example of an electronic mail operation of the embodiment; and

16 is an illustration of an example of an electronicfmail 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

¥ig. 3 is 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 I
of a tapping detection unit of the embodiment;

Figs. 6A and 6B 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
detecticn unit ¢f the embodiment;

Figs. 82 and BB ars illustrations of tapping
determinatiocn of the tapping detection unit of the
embodiment;

Fig. ¢ 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
IT of the tapping detection unit of the embodiment;

Fig. 11 is a block diagram of a configuration example
III of a tapping detection unit of the embodiment;

Fig. 12 is a flowchart cf the process of the tapping
detectiocn unit of the configuration example III of the
empediment;

Pig. 12 is a flowchart in the case of three tapping

determination of the embodiment;



2. Embodiment applied to NC headphone 2-1: Configuration of NC headphone 2-2: Tap detection unit
(configuration example 2-3: Tap detection unit (configuration example Il) 2-4: Tap detection unit
(configuration example Ill) 2-5: Modification of process of tapping detection unit 3. Embodiment
applied to various apparatuses 4. Program 1. Basic configuration and processing First, the basic
configuration as an embodiment of the present inviention will be described.

Fig. 14 i1s a flowchart in the case cof two and Threse
tapping determination ¢f the embodiment:

Figs. 15A and 158 are illustrations of an sxample of an
electronic mail operation of the embodiment; and

Fig. 16 1s an iliustration of an examples of an

electronic mall 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 NC headphone
Z2-2: Tap detection unit (configuration example I)
2-3: Tap detection unit {confilguration example I1I)
2-4: Tap detection unit {configuration example III)
2=5: Modification of pxocess'of tapplng detection unit
3. Embodiment applied to varicus apparatuses

4. Program

ot

Basic configuration and processing

Pirst, 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 &



The present invention assumes a system in which, originally, a microphone (hereinafter abbreviated as
a- 10 "mic") device that is disposed in an apparatus and 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 usér. 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 axis analysis such as that used in the related art is not performed, and processing
is performed with regard to only the time axis. Thus, processing resources are decreased, and a

detection eifect.is,obfained, .,Lhe embodiment fo be described:below takes the forpp of any of

various electronic apparatuses in which an audio signal processing apparatus that adopts such a
detection atgerithmrotthe preésentinvention and:retognizeszoperationdnputis ifstalled.  Fig. 1
illustrates the basic configuration of the embodiment ... In.Fig. 1, an audio signal processing unit 1, a

mic 4, a micTEHpliers, S AR ToRvErskon anft 6 Und-amormal protessing &stent? aré illustrated.
;Zi audio sigpalproceseing. unithdpcludasa tapping detegion Hnit2,and gsonial snitsh, The audio

this action will be referred to as "tapping"”} a mic or the

periphery therecf i1s reccgnized as an operation input of =z

user. The present invention relates to a detection

algorithm for cperation input by this tapping. In

particular, in the detection algorithm of the present

invention, freguency axlis analyels such as that used in the

related art i1s not performed, and processing is performed

with regard to only the time axis. Thus, processing

resources are decreased, and a detection effect is obtained.

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.

a3
P
{1

Fig. 1 illustrates the basic configuration of
sembodiment.

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

The audic signal processing unit 1 includes a tapping

detection unit 2 and a ceontrol 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 hat 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 conversion unit Then, the audio signal formed as a digital
signal is input to the normal processing system 7and the audio signal processing unit 1. 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.

Alternatvely, g Separale e 4 gan.Be.conperted. .o Examples inareghinclyde adobilg phone, a
ing

digital camera having & sound recording fiinction as well as an image recor function, an IC
recorder, apdpformatiornogrocessingedevice isuchas apersdhal cordputes; hawihg an audio
communication function, a mobile device, and a noise cancellation headphone (hereinafter referred to

as an "NC headphshey). Each df thesé varous t5es & eletftonicappdratugesF 7 2

D8P, and the like.

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

The normal processing system 7 referred to herein
indicates a processing unit of usual functions with respect
to an audic signal in the electronic 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 purposes. hlternatively,
a2 separate mic 4 can be connected.

Examples thereof include a mobile phone, a digital
camera having a scund recording function as well as an image
recording function, an IC recorder, an informaticn
processing device, such as a personal computer, having an
audic communication function, a mobile device, and a noise
cancellation headphone {(hereinafter referred to as an "NC
headphone”; .

Tach of these various types of electronic apparatuses



12 is installed with a processing system corresponding to a function with regard to a mm c input audio
signal.  For example, in the case of an apparatus having a function of recording sound into a
recording medium, parts that perform 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 system 7 of Fig. 1. Furthermore, if& communicable device, such as a mobile phone, in
the case of the communicable device having a function of transmitting an audio signal, parts for
performing a compression process, an encoding process for transmission, a transmission process,
and the like form the normal processing system 7 of Fig. 1. In addition, in the case of an NC

headphone descrihed with referenge 10 5ig <3 and supseguentfiguiess e functionsportion that

performs a noise cancellation process corresponds to the normal processing system 7. In the
normal progcessingsystem:7, proeessescarresporidiag to thesecfunctivas are performed with regard to

the- input audio signal. The audio signal proce§sin%unit 1 pert(?rms d%tfgtiog of a tapping with
regard to an input &tdfo*sighaFso as tb%t&@ts[ﬁe‘b%eéi' iR T by the User” Fitst, the tapping

demmﬁonuPEé%Q?%%n%gtggeg%Hinq sound inte a recording medium, parts
that perform a compression process for scund recording, an
encoding process for recording, and a recording process on a
reéording medium, or the like form the normal processing
system 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 transmitiing an audio signal, parts for
performing a compression process, an encoding process for
rransmission, a transmission process, and the like form the
normal processing system 7 of Fig. 1.

In addition, in the case of an NC headphone described
with reference to Fig. 3 and subseguent figures, the
function porticn that performs a noise cancellaticon process
corresponds to the normal processing system 7.

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

The audioc signal processing unit 1 performs detection
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 Z 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 energy level in the low-frequency components of the input audio
signal within a first time period. That is, when there is an instantaneous increase/decrease of the
energy level within the fi ime period, it is detected! 3hat 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 mit 4, or the like is not erroneously
recognized as an operation, a plurality of continuous taps may be detected as an operation input. That

is, in an energy increase/decrease determination processrin a case ahere the detection of an
increase and decrease of the energy level of the low-frequency components of the audio signal within

the first tinepperidd oecirs, a phurelitycofitimes within epsecohtdcime petivdiohger tharrfiest time
periodmay be : . . .

basis of an energy increase/decrease determinaticon process
that makes a determiﬁation as to an increase or a decrease
of the energy level in the low-frequency components of the
input audio signal within a first time period. That is,
when there is an instantaneous increase/decrease of the
energy level within the first time period, it is detected
that the user has performed a tapping.

Cne tapping may be recognized as an operation input.
In order that an unconscious tapping by the user, the
handliﬁg of the mic 4, a collision of some object body with
the mic 4, or the like 1s not erroneocusly 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 period occurs a plurality of times within a second Time
period longer than the first time period, 1t may be
considered that a tapping input operation has been performed.

The tapping detection unit 2 detects one or more Laps
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



considered that - tapping input operation has been performed. 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 with the operation detection signal Btlet that the tapping detection uriit 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

embodime%%@_%f'%%%ag apparalus, For gxample i the case.qf g.apparatys, baving a function of

reproducing music data or the like, examples thereof include a reproduction function. In that case, an
operation im yéichrprisic: teprodtictior cebtrotiscperformed: by tappingthemicwhby theaser, and
music reproduction is performed is realized. = The basic configuration of the embodiment of the
present invEABIGH 78 a¥d describéd abdvedR Figr. Thae IS 4Re fptitdudid Sight okt te mic 4 is input

to the audio,glanal processing. inttd. andiine alglo elgnal piocessing ol 1, detects theguser operation
the tappi here it cte

on the basié of the determination o tapping. Then, ih'a ¢ase where it is detected that the operation
input has ogeursed -a certakpeoniroliprecess seresponding:te the-apesatiem is-performed. Fig. 2

illustrates a basic process of the embodiment.
performs a certain contrel process that is set with regard
to the tapping input cperation.

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
apparatus having a function of reproducing music data or the
like, examples thereof include a reproduction functicn. In
that case, an operation in which music reproducticen control
is performed by tapping the mic 4 by the user, and nusic
reproduction is performed is realized.

The basic configuration of the embodiment of the
present inventicn is as described above in Fig. 1. That is,
the input audio signal from the mic 4 1s input to the audio
signal processing unit 1, and the audic signal processing
unit 1 detects the user operatlon on tThe basis of the
determination ¢f the tapping. Then, in a case whers it is
detected that the operation input has cccurred, a certain
controel process corresponding to the operation is performed.

Fig. 2 illustrates a basic process ¢f the embodiment.



15 In the 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 _ 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 @@dpﬁp&@o - gna%-sigpgg@gigﬂ%ilyggr@tqs an NG headphgne 10 that is used

by being connected to a music reproduction device, such as a portable medium player 20. The
medium playe+ 20 eepiodueasdata, isuchcas msic, whichis recordedrinzan inteenal recording
medium, and outputs 2-channel L and R audio signals to the connected N headphone 10.
tapping determination is performed in step Fl. That is,
this is the preccess of the tapplog deteétien unit 2. Then,
in a case where it is determined that a tapping as an
operation input by the user has occurred, the process
procesds to step F3 from step FZ, and a control process
corresponding to the operation input i1g 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 nolise 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 headphone

Fig. 3 schematically illustrates an NC headphone 19
that is used by being connected to a music reproduction
device, such as a portable medium plaver 20.

The medium player 20 reproduces data, such as music,
which is recorded on an internal recording medium, and
outputs Z2-channel L and R audio signals tc the connected NC
headphone 10.

The NC headphone 10 is constituted by a headphone unit



The NC headphone 10 is constituted by a headphone uni 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 to pick up sound of the right and left speager 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 exampleis 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 pr%%%ssaol;l% {E%d-g‘:%rl\{vcagg fethod, and.may be a type that performs a noise cancellation
fee od. ' o

process of a feedback met
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 nolse cancellation process 0of a so-called
feed-forvard method is performed, and mics 12L and 1Z2R are
provided to pick up sound of the right and left spesker
housings.

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

In the case of this example, it ils sufficlent that at
any rate, the mics 125L and 12R are provided.

Furthermore, the headphone unit 11 is net limited to
the NC headphone 10 that performs a nolse cancellation
process of a feed-forward method, and may be a type that
performs a noise cancellation process of a feedback method.

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

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

reduced to be- output from the speakers 13L ancd L3R,



The noise cancellation unit 14 is connected to the headphone unit 11 in which the ries 12L and 12R
are provided in the manner described above. The noise cancellation unit 14 mixes a noise
reduction audio signal with an audio signal of reproduction music or the like, which is supplied from the
medium player 20, thereby causing an audio signal in which external noise is reduced to be output
frome speakers 13L and 13R. 17 When simply mightioned, noise reduction is performed in lowing
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 uni,, 14 generates a
noise reduction audio signal that is in a phase that is acoustically opposite to external noise on the

basis of the audig,signal 5)3‘,1%!1 external naise picked.up. by the mics 12L and 12R. Thep, the

generated noise reduction audio signal is combined with an audio signal of reproduction music or the
like and is suppliesh tostherspeakere 3L 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 cBAfpdHetits antl tﬁ@%x%@ﬁwaﬁ*ﬁ‘é?’s%efﬁa%%cﬁ%ﬂyT@%Wthﬁ‘(fﬁ&ﬁﬂ% speaker housing

are cancelled Withgagh.olher. 0 shace. Exterbal ngise.companents prg fegliged apyl the oniginal output
audio of reBro Uchion TuSic reaches the sense o earing of the user. An example of the internal

configuratien efthe:neise cansglatiom unif Jdis showen iroFige 4cancFheaoise: cancellation unit 14
includes mic amplifiers 311 and 31R, A/D conversion units 32L and 32R, a main processing unit 33
using a DSPEsLaTRE, 8 Mmemdfy HARLD:Lon audio signal that is in a phase

that is acoustically opposite to external noise on the basis
of the audic signal of the external ncise plcked up by the
mics 12L and 12R. Then, the generated ncise reduction audioc
‘signal is combined with an audio signal of reprocduction
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 leaks in through the speaker
housing are cancelled with each other in space. External
noise components are reduced and the original ocutput audio
cf 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 31R, A/D conversion units 32L and 3ZR, a main

processing unit 33 using a DSP or a CPU, a memory unit 40,



18 power amplifiers 42L and 42R, and AID conversion units 41L and 41R. 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 following manner. Reproduced audio
signals SA-L and SA-R of an L channel and an Riéhannel 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 41L and 41R. Then, the equalizer 39 performs sound quality
correction of amplitude-frequency characteristic correction, a phase-frequency characteristic

correction, or bogh., .1 [hg cowrection pracess:of theeqyalizes 3vis-parfiermed o therbasis of a control
signal 393 From the control unit 38. For example, an indication of frequency characteristics is

performed gnhacaqQmlance with the control signal 393. The reproduced audio signals SA-L and SA-R
on which sound quality correction has been performed by the equaljzer, §% are added with a noise

reduction audio Si§rali Hie BEEERS 36 ANE36R Srespecivaly - 4Rd afe therealter supplied to the
power amplifiers 47 and 42R... 34, 4 gain unit 35, adders 36L and 36R, a
tapping detection unit 37, a control unit 38, and an
egualizer 39.

First, the audio signal of reproduction music or the
like from the medium player 20 is processed in the following
manner. Reproduced audic signals SA-T and SA-R of an L
channel and an R channel as so-called headphone cutput are
supplied from the medium player 20.

The reproduced audioc signals SA-L and 3A-R are
converted into digital signals by the A/D conversiocn units
41L and 41R. Then, the egualizer 39 performs sound quality
correction of amplitude-frequency characteristic correctlion,
a phase;frequency characteristic correction, or both.

The correction process of the egualizer 39 is performed
on the basis of a control signal 5G3 from the centroel unit
38. TFor example, an indication of freguency characteristics
is performed in accordance with the contrel signal SG3.

The reproduced audio signals SA-L and SA-R on which
sound guality correction has been performed by the egualizer
3% are added with a noise reduction audio signal in the
adders 36L and 36R, respectively, and are thereafter

supplisd to the power amplifiers 4zL and 42R.



19 The power amplifiers 4214 and 42R may be constituted by a digital amplifier or may be
constituted by a C/A conversion unit and an analog amplifier. Then, the outputs from the power
amplifiers 42L and 42R are set as driving signals for the speakers 13L and 13R, and audio output
based on the reproduced audio signals SA-L and SA-R are performed from the speakers 13L and
13R. On the other hand, the above-mentioned ndiSe cancellation process is performed in the following
manner. Audio signals SmL and SmR picked upley 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/C conversion units 32L and 32R, respectively. The digitized audio signals SmL

and SmR that are guipuyt, from the AIB; conversion-units; 32L aad 32R are.supplied 0 e noise
cancellation unit 34. For the noise cancellation unit 34, a digital filter that generates a noise reduction

audio signal i the abbvesmentiored feed-forward methodtstusedoThe rfoide cancellation unit 34

performs a filtering process on each of the audio signals S,rg[.ﬁ and SmR by using a filter coefficient
indicated by A EGHTOISIgRAILS G froMthe Eontidl TRt 38, adgenerates noise reduction audio signals

(ﬁtheI_Channel%%%%he&%gh%gyguts from the power amplifiers 42L and 42R

are set as driving signals for the speakers 13L and 13R, and
audio output based on the reproduced audioc signals SA-L anad
34-R are performed from the speakers 131 and 13R.

¢On the other hand, the above-mentioned nolse
cancellation process is performed in the following manner.

Audic signals Sml and SmR picked up by the mics 12T and
12R are amplified by the mic amplifiers 31L and 31IR in the
noise cancellation unit 14, and are thereafter converted
into digital signals by the A/D conversion units 3ZL and 3ZR,
respectively.

The digitized audic 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 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 8SG1 from
the control unit 38, and generates noilse reduction audio
signals of the L channel and the R channel.

The generated noise reduction audioc signals of the L



The generated noise reduction audio signals of the L 20 channel and the R channel are supplied to
the gain unit 35. The gain unit 35 provides a gain with respect to the noise reduction audio signals of
the L channel and the R channel by using the gain coefficient indicated by the control signal SG2 from
the control unit 38. Then, the noise reduction audio signals of the L channel and the R channel
from the gain unit 35 are added to the reproducedgudio 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 reproduced audio
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, , e_noise cancellation uni ] mple further
includes a ﬁ}ﬁ%ﬁgﬁ t%f %‘%?egt?n% g ugféb?%rgg%atﬁogﬂgpé%ﬁé(? %ybtép%%r% %ée%igfrﬁlgg@%ad 12R or the
periphery thergeokzin The audio signalsSmlzant SmRipicked:WR-by theomies: 126 and 12R are also
supplied to the tapping detection unit 37. The configuration and operation of the tapping detection
unit 37 will becieseribeddartkin eetaik 16 the tapping detéstivhlufit 37: Bpping BR e mics 12L and

O e B RIS E°L R 1PREEE 2R & Rroees L enl 1F e 2R, Sespiicalt. the t@pping
signal SG2 from the contrel unit 38.

Then, the noise reducgticon audio signais of the L
channel and the R channel from the gain unit 35 are added to
the reproduced audic signals SA-L and SA-R, which are
suppiied te the adders 36L and 36R, respectively, in the
manner described above.

As a result cf the reproduced audio being output from
the speakers 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 12L and 12R or the periphery thereof.

The audic signals Smi and SmR picked up by the mics 1ZL
and 12R are zlso supplied to the tapping detection unit 37.

The configuration and operation of the tapping
detection unit 37 will be described later in detall. 1In the
tapping detection unit 37, tapping of the mics 12L and 1ZR
or the periphery thereof is detected with a process in only

the time axis. S8pecifically, the tapping input operaticn is



21 detected on the basis of the energy increase/decrease determination process for making a
determination as to the increase and the decrease within the first time period of the energy level of the
low-frequency components of the input audio signhals 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 is output to the cogrrol unit 38. The control unit 38 controls each
unit of the noise cancellation unit 14 on the basis of the control signals SG1, SG2, and SG3.
Furthermore, it is possible to transmit a control signal 3G4 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 tapping operation %F%eguserﬁ That js, when the control unit 38 €g’e%:é%gdrtl)izes in accordance with

the operation detection Signa &fthat %‘tapp%gefﬁ%ﬁ?%p%Fé%ﬁ)%age etec Sf the tapping detection

unit 37, thecontrel unit-38 pefforns S:Ccertaincoptral proerss:that is: setwith segard-tothe tapping
input operation. For example, in response to the detection of the operation by the tapping input,
operation irputirformation iStanseited s atbhirol Sighal SGAtd-tHeemeditim player 20. The
memory unit 40 has store thelsheinénform ion that 22 is referred to b}{%ge ggngﬂrggunit 38 in the

control procéss. FoFekAmpI&h the memory linit 46 iRforhatioh-oh the
input audic signals SmL and SmR. Then, in particular, when
tapping is performed continuously a plurality of times, thisg
is detected as an operation input by the user, and an
operation detection signal Sdet is output toe the control
unit 38.

The control unit 38 controls each unit of the noisse
cancellation unit 14 on the basis of the control signals 5G1,
8G2, and 5G3. Furthermors, Lt is possible To transmit a
control signal 5G4 to the medium plaver 20.

In particular, in this example, the control unit 38
includes & function of performing a contrcl process in
correspondence with the tapping operation of the user. That
is, when the control unit 38 recognlzes in accoxdance with
the operation detection signal Sdet that & tapping input
operation is detected by the tapping detection unit 37, the
control unit 38 performs a certain control procass that is
set with regard to the tappling input operation. For example,
in response o the detection of fhe operation by the tapping
input, operaticn input information is transmitted as a
control signal 5G4 to the medium player 20.

The memory unit 40 has stored therein information that



filter coefficients in the noise cancellation unit 34 and the equalizer 39, and the like are stored. In
the present embodiment, the control unit 38 performs a certain control in response to the tapping input
“operation of the user. The following are assumed as examples of the control process. First, as the
control signal SG4, the transmission of operation input information to the medium player 20 is
considered. Examptes thereof include control relgted 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 cancellation function on/monitor mode (ambient

sound;mckug h%%ﬂ%laéi%%emﬂmg%émyggg Jydgg9h 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 control unit 38 performs
a certain contrcl in response to the tapping input operation
of the user. The following are assumed as examples of the
control processs.

First, as the control signal 5G4, the transmission of
operation input information to the medium player 20 1s
considered.

Examples thereoi include
- control related to a reproduction operation of music or
the like, such as reproduction/stop/scund 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 nolge cancellation function on/monitor
mode {amblent scund pickup, hearing ald operation)

- volume up/down

- switching betwsen voice phone conversation and music
reproduction |

In a case where, for example, a tapping operation is

set ag an operation of "reproduction®, the control unit 38



switching 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 nit 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 contentdms 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 42R is gssumerlif 622 yolLme dan, ne eontrol it 38 performs a

process fopt?ansmlttlng command of "volume up” or "volume down " to the medium player 20 in
response to the detectionefthedapping-eperatiop hythe tappihg deteetien winit:37.2  Furthermore,
the tapping can be distinguished in accordance with the number of continuous taps and can be set, or
a variety ofteperations anie gistihgurhetdA HECOIIARER WRRERE AURTTST T aps, the combination of

B et T e Ll s St
operations. }9-Qrdes g;inplementa: neisecancefiation funddien zssigned to a

tapping opsration.

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 othex 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

ro be a volume up and the tapping of the mic 1ZR is assumed

to be a volume down, the contrel unit 38 performs a process

for transmitting a command of "volume up" or "volume down "
to the medium plaver 20 in response to the detection of the
tapping operation by the tapping detection unit 37,

Purthermora, 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 12R, and the like, and can be
set. In that case, the control unit 38 transmits a certaln
command to the medium player 20 in response to the detection
of those tapping operations.

Tn order to implement a noise cancellation function, it



- 24 is necessary to dispose the mice 12L and 12R near a user's ears. For this reason; usually, the mice
12L and 12R are disposed near a user's ear. Then, for example, during commuting, even if the main
body of the medium 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, which offers a lot of convenience. Furthermore,
an example in which the control unit 38 performs $ae 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{_girport, theﬁlgtfo%m of ERstgggrg, ic_g] %;rgLn gF a factory even
if the noise ehVironhTaTit chardctefighics ré 0bséred using frequency characteristics. Therefore, for
filter charagteristics fog noise teductiony it is griginally desired:that optimah filter charagteristics
appropriate for each noise environment characteristic be used. For this reason, it is useful for the user
to switch and setestnostappropriate fitercharadteistics by tapping-the miceiTZL and 12R. 25
Furthermore, the control unit 38 may switch between gain coefficients of tq%ggin ynit 35 under the

control basea 8 he dontfdi Sigrial 33%intesPonss Yo tapping datectidh. A “festitt, its possible for
the user to adjust as desired theJevel.of thepoise canceliation with aeasy,eperations

the operation of the medium player 20 to be controlled,
which offers a lot of convenience.

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 coeifficients of the noise
cancellation unit 34 may be switched under the control in
accordance with the control signal SGl in response to the
Tapping operation.

In general, the noise environment characteristic

i

differ greatly depending on the location, for example, an
airport, the platform of a statlion, in a train, or a factory
even if the ncise environment characteristics are okserved
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, it is useful for the user to switch and select most
appropriate filter characteristics by tapping the mics 12L

and 12R.



Furthermore, the control unit 38 may change the filter coefficient in the equalizer 39 under the control
in accordance with the control signal 333 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 memory unit 40 as a preset, and equalizer characteristics
that are the sound quality preferred by the user cag be selected as desired with an easy tapping
operation, 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 | shown in Fig. 5 will be described. Configuration example | is a
configuration example in which a tapping is detected.in mon with regard to the audio signals SmL
and SmR from tﬁg%%éeﬂ"i?éﬁd 1;%@ “Onfh%ofap%rfﬁét d%é ection unit §?%‘néﬁdc‘$§ @n adder 51, a

low-pass filter: 52, gerversion-to-abselyie-yalue cirguit 26 S3aardownpassfikerd4, and a
determination processing unit 55.  The audio signals SmL and SmR from the mice 12L and 12R are
added by the adder51tdrd arsinput te thenfol-pass fitter 520The cutfftfegaaacy of the low-pass

filter 52 is setfcl. Forexampla, it is set that fc|] = 400 Hz. . . . .
detection. As a result, 1t 18 possibkbls for the user to

adjust as desired the level of the nolse cancellation with
an easy operation.

Furthermere, the control unit 38 may change the filter
coefficient in the egualizer 3% under the control in
accordance with the control signal SG3 in response to
tapping detection. As a result, it is possible for the user
to select a sound guality correciion state with an easy
operation. For example, varicus freguency characteristics
are stored in the memory unit 40 as a preset, and equalizer
characteristics that are the soung guallty preferred by the
user can be selected as desired with an easy tapping
operation, which is useful.

Z2-2: Tapping detection unit (configuration example I)
Hereinafter, the configuraticn and operation of the
ta?ping detection unit 27 will be described. Here, first, a

configuration example I shown in Fig. 5 will be described.

Configuration example I is a confiquratioﬁ example in
which a tapping is detected in common with regard to the
audio signals SmlL and SmR from the mics 1ZL and 12R.

The tapping detection unit 37 includes an adder 51, a

low-pass filter 52, a conversicn-tc-absolute-value clrcuit



The low-frequency components with regard to the added signal of the audio signals Smi 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 is converted into an absolute value by the
conversion-to-absolute-value circuit 53 is made to be a signal S indicating the energy level of the audio
signals Smad and SmR through the low-pass filtersb4 and is input to the determination processing unit
55. The cut-off frequency fc2 of the low-pass filter 54 is set at, for example, 50 Hz or the like. In the
determination processing unit, wit 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 asares :{tl(%fﬁgge gfte%%%n,aa%gpglﬂigg detection.signal §g§t is output to the

control unit'38. © @J&%Bgratlons of the tapping detection unit 37 will' be describéd with reference to
Figs. 6A ang,6B tofig. 9. 27 Fig. 6A illustrates a waveform when a tapping occurs. Here, time
waveforms of the audio signals Sml, and SmR as the outputs of the mics 121, and 12R when the
peripheral portiorfbftha fics Riand 12REhat arél niEUInte8 4R thé heddpRond urt*Fl afe continuously
tapped two times é.g%%bl}%{t]ap}pmgg are Kshpyvn. g é Jfime Igg_[lgdgl is,atime Ie_gggh of the waveform at

the time of 3ne Appiny, Zhd & Tnie pefiod 12 T4 e length that is taken from when the first tapping

starts (rise of wavefeym) untila seeond tappiagiseempleted{eonvergense of wavefosn).
is set at fcl. For example, it is set that fol = 100 Hz.

The low-fregquency components with regard to the added
signal of the audioc signals SmL and SmR ocutput from the low-
pass filter 52 are converted Iintc an absclute vazlue by the
conversion-to—absolute-value circuit 53.

The signal that is converted intc an absolute value by
the convefsionutOWabsolute-value circuit 53 is made to be a
signal 8 indicating the energy level of fhe audio signals
SmL and SmR through the low-pass filter 54 and is input to
the determination processing unit 55. The cut-off frequency
fo2 of the low-pass filter 54 is set at, for example, 30 Hz
or the like.

Iin the determination processing unit, with regard to
the signal 8, 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 27 will

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



In practice, as can be seen from the figure, reflection occurred by the housing and the acoustic 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 ti time
period, excluding the waveform due to reflection) when one tapping is performed are as shown in Fig.
6B. The short dashed line indicates a state in yhich 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 examplelower than or equal to 100 Hz) is

predominantly greatly picked up at tapfpinhg time. Th#sﬂ,ﬂ itsuggcient that thg information herein is
considered.  First th&on pass fifters2 Sh8RRIATEY. B'had £ furttion’dt eXiracting such

lOMFﬂequenCyCOHg¥gF”ﬁ§me waveforms cof the audio signals Sml and SmR
as ‘the outputs of the mics 12L and 12R when the peripheral
porticn of the mics 12L and 12ZR that are mounted in the
headphone unit 11 are continuously tapped two tilimes (double
tapping) are shown.

A time period tl1 is a time length of the waveform at
the time of cne tapping, and a time period tZ2 is a time
length that is taken from when the first tapping starts
{rise of waveform) until & second tapping is completed
{convergencé of waveform) .

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

Here, the freguency characteristics of the response
waveform (targeting the waveform of the tl time periecd,
exciuding the waveform due to reflection) when one tapping
is performed are as shown in Flg. 6B.

The short dashed line indicates a state in which dark
noise at normal time is pickéd 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 freguency characteristics, it

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



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-toabsolute-value circuit 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 S as an envelope indicating the
energy level by the low-pass filter 54. Fig. 7 illistrates 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 S. The determination processing unit 55
performs an energy se/decrease determination process of Fig. 7 on the input signal S. First,
in step F101, the determination processing unit 55 det ane\s whether or not the level of the signal S
is higher thaf FthrésholdHiu& 7. ©F Eigs %AtSn&%BB &Rd 9-fiuStr&te-tie Wavetorm of the signal S

a”d““EShQEEﬁ%E%SQEEk@BdJﬁ“éé”%%ﬁﬂ?ﬁeo@iﬁg. Thus, it is sufficient
that the information haerein is considered.
First, the low-pass filter 52 shown in Fig. 5 has a

unction of extracting such low-Ifreguency components.

[

Then, since the output of the low-pass filter 52 is the
low-frequency components, and 1s an amplitude having &
positive/negative value, the negative amplitude Is alsc
_converted inte an absolute value by the conversion-to-
absolute-value circuit 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 S as an envelope indicating
the energy level by the low-pass filter 54.

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

The determination processing unit 55 performs an energy
increase/decrease determination process of Fig. 7 on the
input signal 3.

First, in step F101, the dstermination processing unit
55 determines whether cr not the level of the signal 8 is
higher than a threshold value THI.

Figs. B8A and 8B and 9 illustrate the waveform of the

signal S and threshold values THI and THZ. The threshold



value THI 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 is used to
determine whether or not the energy level of the signal S has decreased. Tn step F101, the value
of the signal S that is input is compared with the threshold value THI one after another. When the
signal S is determined to be smaller than or equabtp the threshold value THI, the process returns to
step F101, as indicated by "R", and the comparison of the input value of the next signal S with the
threshold value THI is performed. When the signal S exceeds the threshold value TH1, the
determination processing unit 55 proceeds to step F102. In step F102, first, the determination
processing unit 55 resets a counter Qnl to 0 and starts the counting. . Then, while the determination
processing"Ghit'85 mcrermerits the %Sﬁﬁie%r r‘“"lcri1 i%es?éé F105° the %ete“r%ir%gﬁo@nﬂg%}?essing unit 55
performs the, determination.of steps £104;8nd £106. o= imstepik104, thexdatermination processing
unit 55 determines whether or not the value of the counter Ora has not reached a first time period

THtml.  Thedfirsttme pariod-THtmtisea certaib timespdriot:showh ifrFigss 8iiand BB This is set as

a time period for . . . : -
thrashold value that is used to determine whether or not the

energy level of the signal 3 has decreased.
Tn step F101, the value of the signal 5 that is input
is compared with the threshold value TH1 one after another.

When the signal § is determined to be smaller then or equal

Fry

to the threshold value TH1l, the process returns to step FLUL,

zs indicated by "RB", and the comparison of the input value

h

of the next signal S with the threshcld value THL is
periormed.

Whnen the signal 3 exceads the threshold value THL, the
determination processing unit 35 proceeds to step FlOZ.

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

Then, while the determination processing unit 55
increments the counter Cnl in step F103, the determination
rocessing unit 55 performs the determination of steps F104
and F1045. |

In step F104, the determination processing unit 33
determines whether or not the values of the écunter Cnl has
not reached a first time periocd THtmi.

The first time period THtml is a certain time period

shown in Figs. 8A 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 Onl exceeds the first time period THtml in step F104,
the process returns to step F101 as indicated by "R". That is, in that case, 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 S hag hecome smaller than the threshold value TH2.
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 increases sharply, and thereafter the energy level decreases
in a short tifk: fFoFdem® detemine suchawavefornahangerintse fitnslagiss ipstepF104, the

elapsed timg period after the increase of thg energ nIevel has heen detected is confirmed. That is, this

is an _elapse“(:‘]1 ﬁmselgg‘r%d at fhaespgﬁ?%vrhreen it s no yé:ta&‘eetgﬁ’ﬁ med in step F105 that the energy level
of the signal S hag decreasad. .. Jhisfactwillbedeseribed.with sefergnce:ta-kigs; fA-and 813.

pericd THtml in step Fl04, the process returns te step FL0L
as indicated by "R". That is, in thét case, 1t 1s
determined that the tapping is not tapping as an operation.

Furthermore, in step Fl05, the determination processing
unit 55 determines whether or not the signal 2 has become
smaller than the threshold value THZ.

When 1t is determined in step F105 that the signal §
has become smaller than the Tthreshold wvalue TH2, the
determination processing unit 55 proceeds to step FLO6, and
temporarily determines that a first tapping as an operation
has occurred.

As described earlier in Fig. 6&, the energy level of
the waveform of the gignal 3 at tapping time increases
sharply, and thereafter the energy level decreases in a
short time. In order to determins such a waveform change in
the time axis, in step FlG4, the elapsed time period after
the increase of the energy level has besen detected is
cenfirmed. That is, this i1s an elapsed time psariod at the
point when it is not yet determined in step F105 that the
energy level of the signal 5 has decreased.

This fact will be described with reference to Figs. EBA

and 88.



31 Fig. 8A illustrates an example in a case where one tap has occurred. in this case, the
waveform (energy level envelope waveform) of the signalSrsssharply, and asaresult of the waveform
exceeding the threshold value TH1 at a point in time ta, it is determined in step F101 that the energy
has increased. At this point in time in step F102, the counting of the counter Cni starts. In the
case of Fig. BA, at point in time tb, the energy leveg} of the signal S has decreased to less than the
threshold value TH2. 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 tb, the process proceeds from step 5105 to step
5106, whereby the tapping is determined to be a first tapping. That is, as a result of the increase
and the decrease of the energy leyel being detected within the firc. period THtml, the tapping is
determined to be & tapping ? gi(/)%se\éorﬁlttz,'tr%ﬁo‘vré‘i}?L exﬁf“r%”vém% othef hgﬁé?@ngrf%?illﬂgtera%eag?g case in which

the tapping.s hat determined to be a tapping as an operation. In this case, as a result of the
waveform of the signal S exceeding the threshold value TEI at point in time tc, it
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 value THL at a point in
time ta, it 1s determined in step F1l01 that the energy has
increased.

At this point in time in step F102, the counting of the
counter Cnl starts.

In the case of Fig. 8A, at point in time th, the sanergy
level of the signal S has decreased to less than the
threshold value TH2. This point in time th 1s a point
beforée the end of the first time period THtml, which starts
at the point in time ta. Therefore, at point in time tb,
the process proceeds from step FL05 to step F106, whereby
the tapping is determined to be a first tapping.

That is, as & result of the increase and the decrease

ot

of the energy level being detected within the first time
periocd THtml, the tapping is determined to be a tapplng as
ocne operatién!

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

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

8§ exceeding the threshold value THL 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 to, the energy level of the signal S has not decreased to less than the

threshold value TH2.

In this case, after the firsg4ime 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 as a result of tapping as an
operation. For example, the increase and the decrease is regarded as an increase of the energy level

due to othet Bxt&raF ok orthe @S i tHe' Blocesse§ tip 1o stefE1U6 abéve, the determination

processingunit 93 determines whether or not one tapping has occurred.

At this point in time, 1in step 102, the counting of

the zounter 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 TH2.

In this case, after the first time period THtml has

passed, the process of Fig. 7 proceeds from step Fl04 to
step FLOL.

That is, because the increase and the decrease of the
energy level has not been detected within the first time
paricd THiml, it is determined that the increase and the
decrease is not the increase of the energy level of the
signal S as a result of tappiﬂgras an operation. For
example, the increase and the decrease is regarded as an
increase of the energy level dus to other external noise or
the like.

In the processes up tTo step F106 above, the
determination processing unit 53 determines whether or not
one tapping has occurred.

When it is determined in step ¥1l06 that a first tapping



When it is determined in step F106 that a first tapping 33 has occurred, the determination processing
unit 55 resets the counter On2 to O in step F107, and causes the counting to start. Then, while the
determination processing unit 55 increments the counter On2 in step F108, the determination
processing unit 55 performs the determination of steps F109 and F110. In step F109, the
determination processing unit 55 determines whether or not the value of the counter On2 has not
reached a second time period THtm2. 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 theperiod 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 F109, the process returns to

step F101. That 7 FHTRECcadd it i€ Hetemmmat hat R66 CoRfintSustags as ah%iserition have not

beenpeﬁogﬂgdcounter Cn2 to 0 in step F107, and causes the counting
to start. “

Then, while the determination processing unit 55
increments the counter CnZ in step Fi0B, the determination
processing unit 5% performs ﬁhe determination of steps F109
and F110.

In step F109, the determination processing unit 55
determines whether or not the value of the counter CnZ has
not reached a second time period THLmZ.

The second ftime period THtmZ is a certain time period
shown in Fig. 9. The second time period THtmZ is set to be
a time period longer than the first time period THtml and is
set as a2 time period for determining whether or not the
tapping is two continucus taps.

If the value of the counter CnZ exceeds the sscond time
period THtmZ in step F108, the process returns to step FLIOL.
That is, in that case, it is determined that two continuous
taps as an operation have not been pesrformed.

Furthermore, in step F110, the determination processing
unit 55 determines whether or not the signal 5 has become
greater than the threshold value TH1.

This is a determination process as to whether or not
the increase of the energy level of the signal 3 by the

second tapping has been observed.



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 is determined in step F110 that the signal S has become greater than the threshold value
TH1, the determination, processing unit 55 perforg1§ the processes of steps F111 to F114. The
processes of steps F111 to F114 enclosed by the dashed line are the same processes (common
routine) of steps F102 to 105 that are similarly enclosed by the dashed line. In step Fill, first, the
determination processing unit 55 resets the counter Onl to 0, and causes the counting to start.

Then, while the determination processing unit 55 increments the counter Onl in step F112, the

determination pro®&&ing-urlif 58 F&HAME e detehifhatibh’of $t8ps 113 aidPE114°  In step F113,
the determu;uggog é)(ggggs%@g M@Qgggergﬂgescmgggﬁg natthe vla}J!lie of the counter Onl has not

reached the first time period THtml.
determination processing unit 55 ferforms the processes of

steps FI1ll to F114.

The processes of steps FLL1 to Fll4d enclosed by the
dashed line are the same processes (common routine] of steps
F102 to F105 that are similarly enclosed by the dashed line,

In step F111, first, the determination processing unit
5% resets the counter Cnl to 8, and causes the counting to
start.

Then, while the-determination precessing unit 55
increments the counter Cnl in step F1l2, the determination
processing unit 55 performs the determination of steps F113
and ¥ll4.

In step F113, the determination processing unit 55
determines whether or not the value of the counter Cnl has
not reached the first tTime 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 8 has cccurred Ilnstantaneocusly in the
manner described above, that isg, the increase/decrease is an
instantaneous increase/decrease ¢f the energy level due to
the tapping operation. Therefore, when the value of the
counter Cnli exceseds the first time period THtml in step F113,

the process returns to step F101 as indicated by "R". That



The first time period THtm1 is set as a time period for determining whether or not the
increase/decrease of the energy of the signal S has occurred instantaneously in the manner described
above, that is, the increase/decrease is an instantaneous increase/decrease of the energy level due to
the tapping operation. Therefore, when the value of the counter Cni exceeds the first time period
THtml in step 113, the process returns to step 10%as indicated by "R". That 35 , in that case, it is
determined that the tapping was not a tapping as an operation. Furthermore, in step F1l4, the
determination processing unit 55 determines whether or not the signal, S has become smaller than the
threshold value TH2. When it is determined in step F114 that the signal S has become smaller
than the threshold value TH2, the determination processing unit 55 proceeds to step F115, whereby it

is determiné@rthaftHe $ec it fappirtg 28 did5eratibhthas Gecurféd. B BBS& G wilPbe given with

reference tg Fig, %_,V g Fig. 9/llystrates a.change in the energy level of the signal S in a case where
two continuous l%psrhave occurred. In this case, when the waveform of the signal .S eNceeds the

threshold value THI &t peintdndime te dt iscdeteiminechin step Sitinthat the enerpslsdsincreased. At
this point in time, in step F102, the counting of the counter Cnl starts. ] '
unit 5Y determines whether or not the signal 3 has become
smaller than the threshcld value THZ.
When it is determined in step Fil4 that the signal S
has become smaller than the threshold wvalue THZ, the
determinaticon processing unit 55 proceeds te step FILS,
whereby it is determined that the second tapping as an
operation has occurred.
A description will be given with reference to Fig. 9.
Fig. ¢ illustrates a change in the energy level of the
signal S in a case where twe continuous taps have occurred.

In this case, when the waveform of the signal S exceeds

the threshold walue THL 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 value THZ.
This peint 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 F10% to F106, whereby the tapping is determined to be a

first tapping.



Then, at point in time tf, the energy level of the signal S is decreased to less than the threshold value
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 5106, 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 #g, as a result of the waveform of the signal S
exceeding the threshold value TH1 before the value of the counter On2 reaches the second time
period THtm2, it is estimated in step Fl 10 that the energy has increased due to the-second tappi.ng.
At this point in time, the counting of the counter Cnl starts in step 7111. Then, at point in time th,
the energy level of the signal S has decreased to less than the;hresho? lue TH2. This point in time

th is a point befofe i éntf oP e first Time Bericd THAT, WhiCh stifts & po?'illrﬁ ifi tiMe tg. Therefore, at

point in time tg, the, process proceeds frem step F114 to step F115, whereby it is determined that the
second tapping has been performed. The case in which it is determined in step F109 that the

process is not a tapping eperation anditheiprocess returas testep-F101 id:a casedwvhich, after point
in time tf, the increase of the second energy level is not detected even if the second time period THtm2

o

is reached % Fhfthérfbre, the TASBA WHich s det&inned ik t&5 F113 that fhettapping is not a
tapping operafion and @ﬁepf%sg% Leturns tq.sten E101 s a case,in which, after;pgint in time tg, the
decrease of the energy level is not detected even if the first time period THtml is reached. That is,
THtmZ, 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 F1ll.
Then, at point in time th, the energy level of the
signal § has decreased to less than the threshold valiue THZ.
This point in time th is a point before the end of the first
time period THiml, which starts at point in time tg.
Therefore, at point in time tg, the process proceeds from
step F114 to step F115, whereby it is determined that the
second tapping has been performed.
The case in which it is determined in step Fl09 that
the process is not a tapping operation and the process
returns to step F101 is a case in which, after point in time
#f, the increase of the second energy level is not detected
even if the second time period THimZ is reached.
rurthermore, the case in which it is determined in step
F113 that the tapping is not a tapping cperation and the
process returns to step F101 is a case in which, after point
in 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 F115, the determination processing unit 55 determines that a
double tapping as a conscious operation 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 algve energy increase/decrease 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 operation without causing an increase of
resources. In a case where a tap has occurred, the energy level (amplitude) of the low-frequency
components of the microphone input si%nal_increases. Accordingly, by monitoring the energy of the

low-frequerity: ormpoheRtSEr the 4Gdio signal, RBSRTSnT AAa5ER o the ke i§Hot Pérformed and a

tapping is detected.hy the energy increase/dggrease determination. 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 withdfew reseueces ke the-paisercancetation uni d<pofitheNC+ 88 headphone

10, a necessary detection process becomes possible with simple and easy operations as described
above mﬂﬂgﬁggy@%p@ﬁééﬁyeQrocessing unit 55 determines that a doukle

tapping as a conscious operation 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 periforms Lthe above
energy increase/decrease 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 opsration without causing an
increase ©I resources.

In a case where a tap has ccourred, the energy level
{amplitude) of the low-freguency components of the
microphone input signal increases. Accordingly, by
monitoring the ensrgy ¢f the low-Iresquency components of the
audic signal, waveform analysis or the like is noct performed
and a tapping is detected by the esnergy increase/decrease
determination.

As a result, a reduction in the processing burden for
detecting an operaticn and a reduction in cost are made
possibie. In particular, in & small apparatus with few

resources like the noise cancellation unit 14 of the NC



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 opggation having a satisfactory response becomes
possible.”  Furthermore, in the case of this example, a determination as to two continuous taps
(double tapping) is made by using the second time period THtm2 as a reference, and in the case
where the double tap has occurred, the double tap is recognized as the open of the user. In

addition, for the determination as to each of the first and copfirmation taps, hy using.the first time
period TH &2 T8frerce, thé ’T%r?se’tﬁﬁ?arn%ogu%tiﬁgr‘élé%%/ epc%éggse oﬁ%the energBy level of the signal S is

confirmed.,,;  ,Thatis, in the @neray; ingrease/destease defernination-process af Fig. 7 dn a case
where the detection of the increase and the decrease of the energy level of the signal 39 S within the
first time perad TéHthd octues 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 tapping detection unit 37 detects that a
tapping input operafich Fraéeen pérféﬁnéa.n&amly rleetsaP e PRtk the

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 cf calculations as
2 signal processing in the time axls, 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 operatiocn having a satisfactory response becomes
possible.

furthermore, in the case of this example, a2
determination as to two continuous taps (double tapping) is
made by using the secend time period THtm?2 as a reference,
and in +he case where the double tap has occurred, the
double tap is recognized as the operation of the user.

Tn addition, for the determinaticn as te esach of the
first and confirmation taps, by using the first time period
THtﬁl as a reference, the instantanecus increase/decrease of
the energy level of the signal $§ is confirmed.

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

nerease and the decrease of the energy level of the signal

e



Therefore, first, when 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 continues to touch the mics 121J
and 12R, can be prevented from being erroneously, detected. Furthermore, recognition of a double
tapping as an operation excludes a case in which the user erroneously operates the mic 12L or 12R
and the influence of extrinsic noise, and is useful to increase the detection accuracy when compared
to the one tapping operation. Furthermore, according to the configuration example shown in Fig. 5,

it is possible for the user to perform a tapping Qpera‘_;ion of either of the rﬁ‘]t a}ng,left mics 12L and 12R
as desiredS vitdriexdmplet Wheth 5A&ef e hafldd i Blodisiedwhire RAViRg a big it becomes

possible to.easily perform 2., 4Q tappipg operatign by the free.hand, thereby, achieying ease of

operation. "~ Then, in response to the tapping detection unit 37 detecting a tapping operation as
described akove:dhe gentrotuait 38 perfarms-canteol comnesponding:tortheoperatioréontent assigned
to the tapping operation, for example, the control shown earlier as an example. ~ If De control unit 38
is made to HaRSAHER €BMMERE $6F-6ontrdliing tHe Bpefation &fthe MelftiR PrEyer2H: 5t is possible for
g:)em urﬁﬁ[i:\% gggflgarrg]i%?l olgggatboene\ﬂvhg% }'}% Ir_pn%g:ggm player 20 is carried in a pocket or a bag during

Therefore, first, when an increase of the energy level
has occurred, it is not immediately determined that the
tapping is a tapping operation, making it pcssible to avoild
a situaticn where an increase in the energy level due to
other external noise or the like is erronecusly detected as
tapping. For example, extrinsic ncoise, such as wind noise,
the time during which the user continues to touch the mics
121, and 12R, can be prevented from being erroneously
detected.

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

Turthermore, 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 12L
and 12R &s desired.

For example, when one of the hands is occupled while

having a bag, it becomes possible to easily perfoim a



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 the mics 12L and 12R, if an ordinary (inexpensive) 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 thg cost. In addition, in the case of the NC
headphone 10 of this example, the mics 12L and 12R are provided in the headphone unit 11 for the
purpose of a noise cancellation function. 41 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-@8VigBS CPRheiskample diFid ©5 Sthie?aldio Sigials S it Hrid SRR FofF the mics 12L
and 12R ofottIqeOL %@g . 8{]ﬁnnels are combined, and a determination as to a tapping operation is
made. Alternativ% y, only the audio signal (for example, the audio signal SmL) of only one of the
channels may beinput, toithedewrpass:filter 32.dnthabcase, ey the mic 121 -ofithe channel is used
for a tapping operation. 2-3: Tapping detection unit (configuration example 1) A tapping detection
unit 33 as &e6RfiGuration exaraplad] RREBE testribed SHftrefershceto'Eig. 10

control unit 38 performs contrel corresponding te the
operation content assigned to the tapping operation, for
example, the control shown earlier &s an example.

If the contrel unlit 38 is made to transmit a command
for controlling the operaticon of the medium player 20, it is
possible for the user to perform an operation while the
medium plaver 20 is carried in a pocket Qr‘a bag during
commuting.

Furthermore, since the operation is & process of
tapping with a finger, it is possible To institutively
control the medium player 20 cr the nolise cancellation unit
14.

Furthermore, since the cperation is a methoed of tapping
the mics 12L and 12R, if an ordinary (inexpensive) mic, and
a Sigﬁal 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 of this
example, the mics 121 and 1ZR are provided in the headphone

unit 11 for the purpose of a noise cancellation function.



The configuration example IT 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. For example, the
configuration example Il is a configuration example in which the tapping of the mic 12L can be set as a
volume up and the tapping of the mic 12R as a volume down. As shown in Fig. 10, the tapping
detection unit 37 adopts a tapping detection configyration of two independent systems using an L
-channel and an R channel. 42 That is, a Ic pass'filter 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 121- Furthermore, a low-pass filter 52R, a conversion-to-absolute-value circuit 53R,
a low-pass filter 54R, and a determination processing unit 55? are provided for the audio signal SmR

from the miE4PR. 21 PRE bpkrationdofthedBREpdss fitdRE21P8RG B2FE tHE 11T the
conversionglp-absplute-yalue circuits 531 and 53R and-the low-passfiliers 54L.and 547 are the same

as the operations of the low-pass filter 52, the conversion-to-absolute-value circuit 53, and the
low-pass filters4 of thercorfiguration €xample 4=Thds,irepeated desceriptionsthereof aresomitted.
Furthermore, itsufficient that each of the determination processing units 55L and 55R performs, for
example, afFsHEr gy icréaseldeeréase deterfifinatiort processt adishcwin ifkigi ., and

there is no increase of parts forming the device.

In the example of Fig. 5, the audic signals SmlL and SmR
from the mics 12L and 12R of the L and R channels are
combined, and a determination as to a tapping operation is
made. Alternatively, only the audio signal {for exanmple,
the audio signal SmL) of only cne of the channels may be
input to the low-pass #ilter 52. In that case, only the mic
125 of the channel is used for a tapping operation.

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

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

The configuration example II 1s an example in which the
I channel and the R channel, that is, the mics 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 sef as a volume up and the tapping of the mic 1ZR as
a volume down.

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

systems using an L channel and an R channsl.



Then, when the determination processing unit 55L detects a. double tapping with regard to the signal
S obtained from the audio signal SmL, the determination processing unit 55L outputs an operation
detection signal SdetL to the control unit 38. When the determination processing unit 55? detects a
double tapping with regard to the signal S obtained from the audio signal SmR, the determination
processing unit SSR 43 outputs an operation detection signal SdetR to the control unit 38. The
control.. unit .38 is able to recognize two types of operation inputs on the basis of the operation
detection signals SdetL and SdetR, and is able to control, for example, the volume up/down in
response to those signals. In accordance with the configuration example I, it possible to

separately perform two types o& eratlonsysm the right and Ieft mlcs 12Lgnd 12R, which improves
usability of the user® 2-4-*Tagpi g%éf’@‘ctlon*ﬁﬁ&%con |ggdrat|on gxample )~ Next, a configuration

example liLisshown in,Eig, d 1. Simijadly 4o the gonfiguration example Ik fhe configuration example Il
is an example in which the L channel and the R channel, that is, the mics 12L and 12R, can be

assigned taiseparaite operatipns;respéctively.ilh thélcasecofihe coffigufation-etampfe R, since the
tapping detection unlt 37is Slmp|X mstalled Wlth two La |n detectlon progﬂ:%sasslggfilteer

signal SmL from e mic . PFur nore,

52R, a conversion-to-absolute-value circuit 53R, a low-pass

Filter 54R, and a determination processing unit 55R are

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

The operations of the low-pass filters 52L and 5ZR, 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—passlfilt@r 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.

Furthermors, it is sufficient that each of the
determination processing units 55L and 55R performs, for
example, an energy 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 audio signal SmL, the determination
processing unit 55L cutputs an operation detection signal
SdetL to the control unit 3E.

When the determination processing unit SSeretects a
double tapping with regard to the signal 8 obtained from the

audio signal SmR, the determination processing unit 55R



systems, the burden caused by the configurationcreased. The configuration example 11l is an example
in which the burden caused by the configuration can be reduced. In the configuration example lll,
the tapping detection unit 37 performs a channel determination process for making a determination as
to whether the channel contains tapping sound between the audio signals Sm.1, and SmR of a
plurality of channels, and performs an energy incygase/decrease determination process for an audio
signal in which audio signals of a plurality of channels are added or subtracted. As a result, the
detection of the tapping input operation and the detection of the channel in which the tapping input
operation is performed are performed. Ins case, as shown in Fig. 11, the audio signal SmL from the
mic 12L is input to the low-pass filter 52L, and the low-frequency components thereof are extracted at
the cut-off FeEHEREY fEl. CPSEGIREOR: e S0P SigRar SHE Font the fific 12” E9mput to the
low-pass filter. 52Rgand the low-frequency components thereof are extracted at the cut-off frequency
fel. The output of the low-pass filter 52L is supplied to the conversion-to-absolute-value circuit 56L
and the subtractar:b9.control unit 38 is able to recognize two types of

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

In accordance with the configuration example II, 1t is
possible tTo 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 III)

Next, a configuration example III is shown in Fig. I1I1.
Similarly to the configuration example II, the configuration
example IIT is an example in which the L channel and the R
channel, that is, the mics 12L and 1ZR, can ke assigned to
separate operations, respectively. In the case of the
cenfiguration example II, since the tapping detection unit
37 is simply installed with two tapping detection processing
systems, the burden caused by the configuration is incxeased.
The configuration example III is an example in which the
hurden 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 audioc signals Sml and SmR of a plurality



Furthermore, the output of the low-pass filter 52R is supplied to the conversion-to-absolute-value
circuit 56R and the subtractor 59. The conversion-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.  herefore, for the output of the subtractor 57, a
difference of the energy levels of the low-frequency components of the audio signals 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 low-bass filter 53 at the cut-off frequency fc2 and supplies the envelope signal to the
determination processing unit 55. In the determination ,proceg‘%igeg unit 55, when a tapping is

performed %3 o8t the tic&A2 L 5Td 458 tAE pdRiiveand fég d&terfi&tion of the envelope
signal makgs it.passible fo detect which;one of the mica 121 .and 12R the tapping hias been performed

to. A subtraction process’is performed by the subtractor 59 on the low-frequency componenL..., of
the audio signals Smb and SMR-thatare«ekiracted. by the lewpassdilters $2brand-52R, and a
difference value is extracted.

ks a result, the detection of the tapping input operation

and the detection of the channel in which the tapping input

operation iz performed are performed.

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

Furthermore, the audioc signal SmR from the mic I2R is
input to the low-pass filter 52R, and the low-frequency
components thereof are extracted at the cut-off frequency
£cl.

The output of the low-pass filter 521 is supplied to
the conversion-to-absolute~value clrcuit 56L and the
subtracter 59,

Furthermore, the output of the low-pass filter BZR is
supplied to the éﬁnversionwto~absolute—value circult 58R and
the subtractor £5¢.

The convergion-to-absclute~-value circult 56L convertis
the ocutput of the low-pass filter 52L into an absolute value
and supplies it to the subtractor 537. The conversion-to-
absclute-value circult 56R converts the output of the low-

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



In a case where a tapping is performed on one of the mics 121., 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 absolute value by the conversion-to-absolute-value circuit 46 is
made to be a signal S that is converted into an eg\éelope by the low-pass filter 54 at a cut-off frequency
fc2, and is supplied to the determination processing unit 55. In the determination processing unit
55, an energy increase/decrease determination process is performed on the signal S. When a double
tapping is detected with regard to the signal S, 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/dé&reasetietafmration process of the determination processing unit 55 in this case is

peﬁo”nEdEBin’?ﬁ&%@%&%%hF@b%zthe output of the subtractor 57, =&

difference of the energy levels of the low-fregquency
components of the audlo signals 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 low=-pass filter 58 at the cut-off
frequency f£cZ and supplises the envelope signal o the
determination processing unlit 53.

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

2 subtraction process ig performed by the subtractor 59
on the low-freguency components of the audio signals Sml and
SmR that are extracted by the low-pass fillters 52L and 52R,
and a difference value 1s extracted.

in a case where a Tapplng is performed on one of the
mics 12L and 12R, the energy of the low-freguency components
of the tapped audio signal increases. Therefore, for the
output of the subtractor 589, the energy increase components
due to the tapping appear.

The output of the subtractor 5% is converted into an

absolute value by the conversion-to-absoclute-value clrguit



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. In the process of Fig. 12, the
detection of a first tapping is performed in steps F101 to F106. Furthermore, 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 Ie\éfé 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 LiF determination
in step F130. For this, a determination is made 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 signal of the R channel is subtracted from the absolute value-converted
signal of thé: chandeéldf thé sebtractorBras i Fif 1 £ 3 the'siGralFromthe I6W-pass filter 58 is

posiive, the channel is detemine o oe and. chaunel, and iLthe sigpaldsnegativee he channel i

determined o be an annel. atis, this L/R determination is a process for detecting wioh one
of the mics#A2L anéd2R-has:pgendapped.: he NeX :the determinationqerecessingrtinit 55 performs a
confirmation process for confirming the tapping is a second tapping in steps F111 to F114 in the same
rnannerasintheE@séﬁﬁFﬂg??ﬁmiﬁation processing unit 55, an ensrgy
increase/decrease determination process is performed on the
signal 8. When a double tapping 1s detected with regard to
the signal 3, 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
determinaticon proecess cof the determinatidn processing unit
55 in this case is.performed as in, for example, Fig. 1Z2.
In Fig. 12, the procssses that are the same as those of
Fig. 7 above are designated with the same step numbers, and
duplicated descriptions thereof are omitted.
in the process of Fig. 12, the detection of a first
tapping is performed in steps FLC01 te ¥F106. Furthermore, in
steps F107 te 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 1is an increase in the energy level of the
signal 5 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 FI30.

For this, a determination is made as to whether the



Then, if a decrease of the energy level of the signal S within the second time period THtm2 is detected
in step F114, etermined in step F115A that the second tapping has been performed. At this
time, the determination processing unit 55 outputs the operation 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 progess in step 5130. In the case of the configuration
example ITT, the 48 control unit 38 is able to recognize two types of operation inputs in which the
mics 12L and 12R are used separately in accordance with the operation detection signal Sdet and the
determination signal D-LR, and is able to control, for example, volume up/down in accordance with
those signals. Therefore, on the basis of the configuration example Ill, it is possible to separately
perform twé t§pes of 6pBratiohs g i right &7 Iet’% mids 128 ant 128, RiRfch iniSroVes usability
ofuser. Mogleé)g\(/aeg,ﬂt‘ip@e %t{rdggicsauggd

fnt in time. In the case of a
configuration in which the absclute value-converted signal
of the R channel is subtracted from the abscolute valus-

converted signal of the L channel in the subtractor 57 as in

1

fig. 11, if the signal from the low-pass filter 58 is
pogitive, the channel is determined to be an L channel, and
if the signal is negative, the channel is determined tc be
an R channeal.

That is, this L/R determination is a process for
detecting which one of the mics 125L and 12ZR has beén tapped,

Next, the determination processing unit 55 performs a
confirmation process for cenfirming the tapping is a second
tapping in steps F111 to Fll4d in the same manner as in the
case of Fig. 7.

Then, if a decrease of the snergy level of the signal 8
within the second time period THtmZ is detected in step Fli4,
it is determined in step FL15A that the second tapping has
been performed.

At this time, the determination processing unit 55
outputs the operation detection signal Sdetl and the
determination signal D-LR of the L/R channel to the control
unit 38. The det@rminaﬁibn signal D-LR is generated on the
basis of the P determination process in step FI130.

In the case of the configuration example III, the



by the configuration of the tapping detection unit 37 can be decreased when compared with the case
of the configuration example Il. In particular, because only one determination processing unit 55 is
necessary, a processing (resource) burden can be reduced. In place of the subtractor 59, 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 exagéoles of tho 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 example in 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. L.
control unit 38 is able to recognize Lwo Lypes Or operailon
inputs in which the mics 12L and 1ZR are used separately in
sccordance with the operation detection signal Sdet and the
determination signal D-LR, and 1s able to controel, for
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 12R, 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 59, 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/descrease determinatiocn process cf the
tapping detection upit 37. More various examples are
considered as modificaticons cof the embodiment.
In each of the above-described examples, an example in

4

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



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 Sdet. Furthermore, a triple tapping rather than a double tapping, that is,
three continuous taps, May be recognized as an operation input. The energy increase/decrease
determination process in this case is performed ag 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 where 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. Pcdtdinglie e deterPrinafibs Hrocedsing thft 55 piftceedieits SteFE1158, whereby it is
temporarilyxdeégrmilnzeg d?hg; t%% sgc%g% é%%%ing that is estimated to be a user operation has occurred.
Then, while fhe detefmination proc%ssmg unit 55 increments the counter On2 in step F116, the

determination progessiag:uiit 85 performs:the-determinationof sieps£44 7p80 anckiE118.
step F106 of Fig. 7, the determination processing unlt 55
may detrermine the tapping to ke an operaticn of the user and
may output an operation detection signal Sdet.

- Furthermore, a triple tapping rather than a double
tapping, that is, three continuocus taps, may be rescognized
as an operation input.

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

The processes in Fig. 13, which are tThe 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 Fll4 are the same as in Fig.
7. Therefore, in a case where it is detected in step F11l4
that the signal 8 has decreased to less than the threshold
value THZ, this is a case in which it is determined that the
second tapping has been pericrmed. Accerdingly, the
determination processing unit 55 proceeds to step F115B,
whereby it is temporarily determined that the second tapping
that lg estimated to be & user operation has occurred.

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

procegsing unit 55 performs the determination of steps FLl7



In step F117, the determination processing unit SS determines whether or not the value of the counter
0On2 has not reached the second time period THtm2. If the value of the counter Cn2 exceeds the
second time period THtmM2 in step F117, the process returns to step F101 as indicated by "R". That is,
even if the second time period THtm2 is reached, that case is a case in which a third energy level is
not detected, and it is determined that three contig ous taps as an operation has not been performed.
Furthermore, in step F118, the determination processing unit 55 determines whether or not the signal
S has increased to more than the threshold value TH1. 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 F118 that the signal S has increased to more than the threshold value TH1, the
determinati®ndproéeésdsing unit 55 performs the processes of steps F119 to F122.  Also, in this case,
the processes of §tepstF119?1 17:122hwhichftgre qug§eg b 3:th dasﬂ_tled line, are the same as the
processes (common foutine) of steps F111 16 F114 and steps F102 to E105, which are similarly
enclosed by dhe dashed RLdiPBer or not the value of the counter Cn2 has

net reached the second time period THImZ.

If the value of the counter CnZ exceseds the second time
period THtmZ in step F1l17, the process returns te step F101
as indicated by "R". That 1ls, even if the second time
period THim? is 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
perfcrmed.-

Furthermore, in step FLl18, the determination processing
unit 55 determines whether or not the signal 5 has increased
o more than the threshold value THL,

This ig a determination process of whether or not an
increase in the energy level of the signal § by the third
tapping has been cbhserved.

When it 1is determined in step F118 that the signal S
has increased to more than the threshold valus THL1, the
determination procegsing unit 55 performs the processes of
steps F119 to F122.

Alsc, in this case, the processes of steps F119 te Fl2Z,
which are enclosed by the dashed line, are the same as the
processes (commen routine) of steps Flll to Fll4 and steps

F102 to ¥105, which are similarly enclosed by the dashed



In step F119, first, the determination processing unit 55 resets the counter Cni to 0, and starts the
counting. Then, while the determination processing unit 55 increments the counter Cnl in step
F120, the determination processing unit SS makes determinations of steps F121 and F122. In step
F121, the determination processing unit 55 determines whether or not the value of the counter Ohl has
not reached the first time period THtml.  The firgt time period TH.tml 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/decrease of the energy level due to a tapping
operation.  Therefore, when the value of the counter Onl exceeds the first time period THtml in step
F121, the prot@ss returns to step F101 as indicated by "R". That is, in that case, it is determined that

the tapping is nota tapping,as.an opeLation.. . Fyshermote Jnsiep £122, e deteymination

processing unit 55 detérmines whethér or not the signal S has decréased to less than the threshold
value TH2552r e = MWhentitisdeterainethin step Fl2hthat the signah & has:decreased to less than the
threshold value TH2, the determination processing unit 55 proceeds to ste[t) F123, whereby it is
determined that & fififd tappidgasah GpériBh TS 6EciFeEessing unit 55

increments the counter Cnl in step F120, the determination
processing unit 55 makes determinations of steps Fli21 and
Flz2.

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

The first time period THtml is set as a time period for
making a detsrmination as to whether oxr not the energy
increase/decrease of the signal 3 has occurred
instantanecusly in the manner described zbove, that is,
whether or not the energy increase/decrease is an
instantaneous increase/decrease of the energy level due to a
tapping operation.

Therefore, when the value of the counter Cnl exceeds
the first timé periocd THtml in step F1Z1, the pxocess.
returns to step F101l 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 Fi22, the determination processing
unit 55 determines whether or not the signal S has decreased

o less than the thresheld valus THZ.



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 perforrgf 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 shown in which two types of operations can be recognized by each of the taps of the mics
12L and 12R in th&ebnfiguratioRcexaripiesd anddfteAIerativeR? a plifality 8Ff/pes of operations

e e b enhe o S ey T e 0
operationSdetermination procsssing unit 55 proceeds to step F123,

whereby it is determined that a third tapping as an

operation has occurred.

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

Zs a result of such processing, 1t is possible to
detect that three taps have been performed within a certain

" time period, and by receognizing the three taps as an
operation input, the control unit 38 can perfcrm a certain
contrcol process.

Of course, four or more ccntinuous taps can also be
detected as an operation. The processing in that case may
he 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.shown in which two
types of operations can be recognized by each of the taps of
the mics 12L and 12R in the configuration examples II and
III. Alternatively, a plurality of types of cperations can

also be recognized on the basis of the number of taps



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 8101 to 81153 are the same as those
of Fig. 13. in a. case where it is temporarily determined in step 81153 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 8116 to 8118. Hgte, 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 operation. Then, an operation detection signal SdetW indicating that a double tapping
operation FE<5EETFEd is output to the control unit 98.  On the other hand, in a case where the third

tapping is estimaed, the process proceeds.from,step il 18:40;step £l anchtherprogesses of steps
8119 to F122 are performed in the

double tapping and a triple tapping are recognized as

different operations.

The processes in Fig. 14, which are the same as those
of Fig. 132, are designated with the same reference numerals,
and descriptions thereof are omitted.

Steps Fl0l to F115B are the same as those of Fig. 13.

in a case where it is temporarily determined 1In step
F115B that & second tapping has occurred, similarly to Fig.
13, whether or not a third tapping occurs within th@_secgnd
time period THtm2 is monitored in steps Fllé to F118.

Here, in a case where the second time period THtmZ has
passed while the third tapping is not detected 1n step F117,
the process is assumed to proceed to step Fii4d.,

That ig, the determination processing unit 55
devermines that the number of taps performed by the user is

two, and it is determined in step F1l24 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 is output to the control unit
38,

On the other hand, in a case where the third tapping is
estimated, the process proceeds from step F118 to step ¥llY,

and the processes of steps F112 to FlZZ are performed in the



54 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. According to the energy increase/decrease
determination process as shown in Fig. 14, the cgptrol 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 above-mentioned configuration examples Il and Ill is made, it is possible to

recognize four types of operation inputs as a double tapping and a triple tapping_of each of the mics
12L and 12R™¢ “Ri&FaTAl ﬂfat,tfg?th‘éf’rﬁ%réf*or}ré%ppﬁrgg’ or four or r‘ﬁ%ﬁg continuous taps may be

distinguished and recognized, and fusthermore .more varieus, opgrations=may-he: made possible.
Furthermore, iR th present embodiment, as an example of the NC headphone 10, the existing mica

12L and 12R Jerxneisetcancedation ate usedriiryany micophonestor-gperativn input can be
disposed, many types of operation. 55 = .
operation is recognized. In this case, the determination
processing unit 55 outputs an operation detection signal
S3detT 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 is akle 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
wilth each operatlion input.

Of course, if a combination with the apove-menticned
configuration examples IT and ITZT is made, 1t is possible to
recognize four types of operation inputs as a double tappi;g
and a triple tapping of each of the mics 12L and 12R,

It is natural that, furthermore, one tapping or four or
more continuocus taps may be distinguished and recognilzed,
and furthermore, more various operations may be made
rossible.

Furthermcre, in the present embodiment, as an example
of the NC headphone 10, the existing mics 12L and 12ZR for
noize cancellation are used. Tf many microphones for

operation input can be disposed, many types of operation



inputs become possible with the microphones. 3. Embodiment applied to various 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,
it is considered that the audio signal processing ug\j)l 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 noise
cancellation unit 4 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 exhibigd:s “FREWRICR 7 HatcaéemayBe BRé RIS #istalled in the connected headphone
device, or may be a mic device that is separate from the headphone device connected to a mic input
terminal. Of course, in a case where a mic is to be incorporated in the main body of the medium player
20, the micanay-he-dsed:n b6 = ppiuhernores alse; dnarpimage:capidingtdaee, such as a digital still
camera or a video camera, a. mic is often installed. By causing such an image-capturing device to be
provided with theloniigutdtioh 8PFg: 1, STBPEfaRN-RpUE USIHYCE Mic DeedRTEd possible.

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, ths
examples therecof will be described.

First, in the medium playver 20 shown in Fig. 3, it is
considered that the audio signal processing unit 1 (the
tapping detection unit 2, the contrcl unit 3) shown in Fig.
1 is installed.

That is, the example is a case in which the function of
the noise cancellation unit 14 is incorporated in the mediunm
player 20. In this case, the medium player 20 1s a specific
device in which the sudio 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 hneadphone 10 can be exhibited.

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

mic may be used.



In the case of a game machine, a tapping to the mic 4 can also be used for an operation in the case of
agame.  Similarly, the present invention can be applied to a personal computer, a portable
information processing device (for example, a FDA (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, foBr xample, a stereo mic for communication installed
in a personal computer or a mobile PC, it is possible to recognize 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 EUCHESBANGC IFeetiphoHe, a'meditiA prafert A hebifé Bhofe, & bbile PC, or a
ponabk’g%ﬁﬁéﬂ%%g@%@%‘%%ﬁhﬁ %émera or a video camera, a mic i1s often
installed. By causing such an image-capturing device to be
provided with the configuration of Fig. 1, an operation

input using a mic becomes possibl

it

In the case of a game machine, a tapping to the mic £
can also be used for an operation in the case of 3 game.

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

In a case where a mic for audioc input is to be provided
in these devices, an operation input as a result cf tapping
the mic becomes possible. By using, for example, a stereo
niec for communicaticn installed in a personal computer or a
mobile PC, it 1s possible to recognize an operation by
detecting tapping, and it is possible to perform a certain
process.

Furthermore, in the case of a mobile phone, a mic 1s
naturally provided. Consequently, the use thersof 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, such as an NC headphone, a medium player, a mobile

phone, a mobile FC, or a portable game machine, is often a



mobile device having high portability. Thus, it is useful that the disposal of a switch that takes a large
area can be omitted. There is a background that, since the apparatus is a small apparatus,
necessarily, the resources of a CPU and a OSP, 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 dg rmination process is performed in the time axis,
and tapping detection is performed without performing frequency analysis or the 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 operati(_)p, it is possible to assign a variety ofgerations depending on which mic is tapped, the
number of &P tfe fftevar beiiesd taps antPthedke! * = ¥ Furth@fmore, trefardingdimic, not only a

mic used far,another.audio npuy funetion, byt also.a iic dedicated for.a tapping opgration input may
be provided. urﬁwermdre, fhe mic used for the tapping operation m%y be any of a stereo
microphon@@mmural microphone, and a multi-channel microphone. 58

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 thes
detection algorithm is preferably lighter.

For this reason, the algorithm of the embodiment in
which the above-described energy increase/dscrease
determination process is performed in the time axis, and
tapping detection is performed without performing frequency
analysis or the like 1z more effective.

It additicn, the present invention can also be applied
te various communication apparatuses, audic 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, the interval
between taps, and the like.

Furthermore, regarding a miéf net only a mic used for
another audio input function, but also a mic dedicated for a
rtapping operation input may be provided.

Furthermore, the mic used for the tapping operation may
e any of a stereo microphone, a monaural microphone, and a

multi-channel micrcphone.



Furthermore, as the operation content by Lapping operations, a variety of examples, such as an
operation regarding recording reproduction, an operation regarding transmission and reception, a
menu operation, an entry opera-on, 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 thgtransmission 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, the mio 102 may be a mic that is installed in the main
body of the mobile phone 100. By tapping the microphone 102, an arbitrary el.cotronic ma.il
document is created and transmitted. First, a control unit (not shown) in the mobile phone 100 sets in

advance, a special€688 HHAA sefttt MHSUE K 8howR iF Bl 4B~y tapping

operations, a variety of examples, such as an operaticn
regarding 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. 158 illustrates an example in which an earphone
speaker 101 having a mic 102 installed therein is 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 micropheone 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. 15B.

As a special code, a double tapping within one second
is set as an in/out operation of the select mecde.
Turthermore, a triple tapping within one second is set as an
operation for returning to the previocus selected item.

For the select mode, the transmission destination



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 second is set as an operation for returning to the previous
selected item. For the select mode, the transmission destination 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 trggsmission 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 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 &8 56 transhfissi6ii destinafion igread-66t, execution select are

provided.

in the transmission destination select mede, & person
whose address is registered can be selected as a maill
transmission destination. In the text selsct mode, sentence
content can be selected. In the sxecution ss=lect mode, an
operation, such as transmission or cancellation, can be
selacted.

Fig. 16 illustrates an example of operations of the

creation and transmission of electronlic mail.

?T]

‘irst, when a double tapping i1s detected, the control
unit of the mobile phone 100 enters into a transmission
destinetion select mode. Then, the name of the person
registered as the transmissicn destination is resad out.

The user listens to the name that is read ocut from a
speaksr 101, and double taps again at the time when the nane
of the party to whom a text is to be transmitted this time
is read out.

Then, the control unit determines the person who 13
read out immediately before the double tapping as the
transmission destination. In the case of the figure,
"Mr./Ms. B is sslected as the transmission destination.
Then, the control unit shifts from the transmission
destination zelect mode to the fext select mode.

In the text select mode, the control unit perferms a



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 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. B" is selected as the transmission
destination. Then, the control unit shifts from the gegansmission destination select mode to the text
select mode. In the text select mode, the control unit performs a 60 process for reading out various
texts. It is sufficient that the user listens to the text that is read out from the 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 des{red to pe rceigur dy it is syfficient that a triple
tap be perforited = ff?%hth%’ee(gégrjﬁ%Ieoi“rlltthx(;’zaﬁ"hglu%,S the fexts are reac oﬁrﬁn the order of "currently gong

to work”, "new returnings..'llbe lade, today".nHergy if the Alser wants ¢0 setect ¥pawdeturning”, but the
readout advanced to the next text, the user performs a triple tapping. In response to this, the control
unit reads sgtagain thelpreviodistext oVt astargiigln at the time when the text

of the content to be transmitted this time 1s read out.

furthermore, in a case where the readout content is
desired to be returned, it is sufficient that a triple tap
ge performed.

Tn the example in the figure, the texts are read out in
the order of “currently gong to work", "now returning”,
"T'11 be late today"™ ---. Here, 1f the user wants te select
"now returning", but the readout advanced to the next text,
the user performs a triple tapping. In response 1O this,
the control unit reads ocut 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 selact mode by assuming that “"now returning” is
selected.

Fven in the execution select mode, the control unit
performs a process for reading out executlon content. Then,
for example, if the user performs a double tap at the time
the text is read out as "transmission", the control unit
recognizes that "transmissionf ig selected, ends the
execution select mede, and performs a transmission process.

By such & process, an electronic mail document of "now



Here, if the user performs a double tapping, the control unit shifts from the text select mode to 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 "transmission”, the control unit
recognizes that "transmission” is selected, ends t}¢ execution select mode, and performs a
transmission. process. By such a process, an electronic mail document of "now 61 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 s ossiblﬁ/to trgnsmit ﬁxe(%gh;asgnq t;yéndail in a simplified
manner neaf the &aftwithotit Eﬁﬁﬁ%ﬁqnéf&g Arain'ar withotit taking ouf a mobile phone/terminal from

a bag or the like., o Inthe gxample, 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-imadvencezpping, it is possible to input character codes and

a preset sentence. For example, 1in 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 without

chatting inside a train or without taking out a mobille

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, 1t is possible to transmit a
text comparatively simply, efficiently, and without being
easily noticed by a person nearby.

Furthermore, in the examplie, a rsadout process is
performed at the time of selecting an item. This process is
not necessarily necessary, and a confirmation may be
performed in the last or middle stage.

Furthermore, the readcut of the select iltem is
considered to advance by a single tapping operation.

0f course, a mechanism in which, by using the similar
technique, 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.



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. Furthermore, in the example, a readout process is
performed at the time of selecting an item. This process is not necessarily necessary, and a
confirmation may be performed in the last or middle stage. Furthermore, the readout of the select
item is considered to advance by a single tapping;gperation. Of course, a mechanism in which, by
using the similar technique, the code of the characself rather than a fixed phrase is input, and
characters are input on a character by character basis by tapping, may be implemented. 62 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 5)¥ tgggin&th@a‘right ear, itis

possible tofCompafatReR edsily Mpat thefexg 1w 7 the figure,

b, ¢, d, & -+ " is selected by tapping the left ear, and
thereafter the desired level among "a level, b leval, -7
are selected by tapping the right sar, 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 detection 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 1s separately connected within a
first time period.

The control step performs a certain control process
that is set for the tapping input operation in response to
the tapping input operation being detected in the tapping
detaction 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

nrocessing apparatus of the present invention is implemented.



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 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 regard4o an audio signal picked up by a microphone that
is separately connected within a first time period. The control step performs a certain control
process that is set for the tapping input operation in response to the tapping input operation being
detected in tne 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 sigiiat pictessiiiy apparatisdf fHe present vntion i< fhpEhtentéd, 631Phatlis; the
processes 91‘1 Figs1 2 an@dtz _(9r Fig. 1{32@11:7_1;%. A3 O!:_ig 14, etc.) are performed.  Such a program can be

recorded in advance'in an HDD serving as g‘recording medium that is incorporated in a device, such
as a personal corpputerzopaROM; a-Hashmersery: @te., imadviciecamputes incliuding a CPU.
serving as a recording medium That i1s incorperated 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 bs stored "recorded"
temporarily or permanently on a removable recording medium,
such as a flexible disc, a compact disc read only mencry
{CD-ROM) , a magnet optical (MO) disc, a DVD, & Blue-ray disc,
a magnetic disc, a semiccnductor memory, or a memory card.
Such a removable recording mediwn can be provided as a so-
called packaged software.

Furthermore, in addition to being installed from a
removable recording medium into a perscnal computer or the
like, the program can be downloaded from a download 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 Priocxity Patent Application JP
2010-088658 filed in the Japan Patent O0ffice on April 7,
2010, the entire contents of which are hereby incorporated
by reference.

It should be understood by those skilled in the art

that various modifications, combinations, sub-combinations



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 memory, or a memory
card. Such a removable recording medium can be provided as a so-called packaged software.

ore, in addition to being installed from a removabl&recording medium into a personal computer or the
like, the program can be downloaded from a download site through a network, such as a LAN (Local
Area Network) or the Internet.  The present application contains subject matter related to that
disclosed in Japanese Priority Patent Application JP 2010-088659 filed in the Japan Patent Office on

April 7, 2010, the entire contents of which are hereby incorpo_al d by reference. It should be
understoooeﬁy‘f‘tﬁo]s*éeﬁaﬁé@ﬂ?tﬁ%aéfrtQﬁ%af?ﬁ@ﬁl%%ﬁﬁba%ng?é&%iﬁa‘“‘?%ﬁ%ﬁf &l tombinations 64

and alterations may, ogcut depending.on-design reguirements and;qiher factors ipsfar as they are

within the scope of the appended claims or the equivalents thereof. 65
the appended claims or the eguivalents thereof.



CLAIMS: 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 determinafién process for making a determination as to whether
an increase?ig‘gw?sQecrease of an energy level of low-frequency components of the audio signal occur
within a first time period; and a control unit that perfoims 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, wherein in the energy increase/decrease determination process, it is determined
whether or not the enBRyyRRYEP of HIE Fow HFSR ST SO PBASATEST Fidid 'Sigral has increased to

more than a first threshold valye and.thereafter the sheray level.has degreased (:lgss ghan a second
threshold value Withir the first ime period. 2. The audio signal processing apparatus according to
Claim 1, whersip theqtappingeetection Hpiiteiectsthatadappiagsinput epetationhas been performed
in a case where detection of the increase and the decrease of the energy level in the energy
increase/der¢Easé eeterniFRAORITOESS ithiFHEE BYstiitne SRFRICECIRRSEplurality, of times within a

second time period longer, than the, irgt imé period. 66, -3 Theaudio sional pracessing apparatus

) =] Cﬁrml% ) 3 > -
according to Claim 2, wherein audio signals of a plurality of channels are input to the tapping detection
unit, and azn increase and a decrease of an energy level of low-freguency

components of the audio signal occur within a first time
pefiod; 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 detectéd by the tapping
detection unit, |

wherein-in the energy increase/decrease determination
process, it is determined whether or not the energy level of
the low-fregquency components of the audio signal has increased
to more than a first threshold value and thereafter the energy
level has decreased to less than a second threshold value

within the first time period.

2. . The audio signal processing apparatus 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 period occurs a plurality. of times within a

second time pericd longer than the first time period.



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 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 fgr eash changel, 1 f-Theaydio:signgl prosessing apparatys-accesding to Claim 2,

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

tapping deteetion 2inityerfelnts awhamnel getdrmintion progess for makirpareiermination whether a

channel contains a ta%%ing sound among the audio signals %f the plurality of channels and performs
Nl all

the energy RtEaS8/detfedSE BAREL Mfiation Hrocéss Wittt fégard to an audio signal in which the audio
signals of the plurglity.of channels ate.added,or: sublraciednand:detests-the channel in which the

detection of the tapping Input operation and the tapping input operation have been performed. 67
6. The audiosigralaiocessingeapiparetus netorting 1o Claien 25 farheeédmpeisiitia microphone,

wherein the audio signal picked up by the microphane is_input to the tappin tection unit. 7. An
audio sign&fpfot&ed n?é‘t%a]c%rﬁ%ri?in%n}t E@téﬁé’ o?:é PRI RN S5LEE

4. The audio signal processing apparatﬁs according to
Claim 2, wherein audio gignals 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
gignals of the plurality Qf channels, and detects a tapping

input operation for each channel.

5. The gudio signal processing apparatus according to
Cclaim 2, whérein audio sgignals of a plurality of channels are
input to the tapping detection unit, and

the tapping detection unit performs a channel
determination process for making a determination whether a
channel contains a tapping sound among the audio signalsg of
the plurality of channels and performs 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 detects the channel in
which the detection of the tapping input operation and the

tapping input operation have been performed.



detecting a tapping input operation on the basis of an energy increase/decrease determination process
for making a detelmination as to an increase or a decrease of an energy level of low-frequency
components with regard to an audio signal picke@/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, 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 68 to more than a first threshold value
and thereafter the-ensiy kevelhas HEerdassd 76 FEsthAPR LERbHE tRFEHEId VaIUwithin the first

time period. . S. A program for causing a computatio roce%%igg q[%/i%%go perform the step of:

detecting 5%3&5‘in@’in’§ﬁf%%%¥at%ﬁn bn the sellsﬁéO %ﬁogrgé%?’increas% decrease déetermination process

for making.adetermpination ag te.andnerease-epadiacrease ofan energydevekofiow-frequency

components with regard to an audio signal picked up by a microphone within a first time period,
detection unit.

- 7. An audio signal processing method comprising the

steps of:

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

perﬁorﬁing 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,

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



and _ _performing'g certa_in control process that is set for a tapping input operation in response to a
Fapplng input operation being detected in the tapping detection step, wherein in the energy
increase/decrease determination process, it is défermined whether or not the energy level of the

low-frequency companents of the audio signal has_increased to,m first Id value and
thereafterttﬁer%%ergﬁf&x}elah ¢ aggre%ree o%%svtﬁgﬁea gggor% %%é%gé%][ \%I%% v%%t{t%%lgt%e first time

penod. level has decreased to less than a second threshold value

within the first time period.

8. 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 microphone within a first time period;
and

performing a .certain control process that is set for a
tapping input operation in response té a tapping input
operation being detected in the tapping detection step,

wherein in the energy increase/decrease determination
process, it is determined whether or not the energy level of
the low-frequency components of the audic signal has increased
to more than a first threshold.value and thereafter the energy
level has decreased to less than a second threshold value

within the first time period.



