SOUND SIGNAL PROCESSING APPARATUS, MICROPHONE APPARATUS, SOUND SIGNAL
PROCESSING METHOD, AND PROGRAM BACKGROUND The present disclosure relates to a
sound signal processing apparatus and a sound signal processing method that detect a user operation
input by a sound signal collected by a microphone. Also, the present disclosure relates to a program
for implementing the sound signal processing apparatus and the sound signal processing method.
Furthermore, the present disclosure relates to a microphone apparatus that supplies a sound signal to
a sound signal processing apparatus. In various kinds of electronic equipment, operating keys, a
keyboard, a mouse, operating dials, a touch panel, and so on are used as devices for inputting user

operations. SCUsHalfy, tHése opéfating HévicesHreinstaledih-accordalicewith e finction of

electronic equipment. On the ather h n% depending on the function or us of electronic equipment,
it is desired to make the %ﬁ%b%%% %ge a%%%p%é%"\gﬁ &ég%gg po é\xlgle}?%g%%%gle easy-to-use,
efficient operations. Japanese Unexamined Patent Application Publication No. 2008-166897
mentioned above discloses a technique that uses a microphone as a device for operation input. The
techniquerdesaiiEoin Japanese Unexamined Patent Application Publication No. 2008-166897
recognizes user's light tapping on the microphone and its vicinity with a finger or the like as an
operation input. ToghisteriF e Waveforiidica §6URd Signalcalledtfed by thedimicrophone when the

user taps the microghone IS recognized through a waveform correlation process.
processing apparatus and asound signal processing method

that detect a user operation input by a sound signal
collected by a microphone. Also, the present disclosure
relates To a program for implementing the scund signal
processing apparatus and the sound signal processing method.
Furthermore, the present disclosure relates to a microphone
apparatus that suppliss a sound signal to a sound signal
processing apparatus.

In various kinds c¢f electronic eguipment, operating
keys, & kevboard, 2 mouse, cperating dials, a touch panel,
and so on are used as devices for inputting user operations.

Usually, these operating devices are installed in
accordance with the function cf electronic eguipment. 0On
the other hand, depending on the function cr usage of
electronic equipment, it is desired to make the number of
operating keys as small as possible, or enable easy-to-use,
efficient cperations.

Japanese Unexamined Patent Applicaticn Publication No.
2008-166897 mentioned above discloses a technigue that uses

a microphone as a device for operation input. The technigue



SUMMARY As in Japanese Unexamined Patent Application Publication No. 2008-166897 mentioned
above, the ability to use a. microphone also as an input device can contribute to reduced number of
operating keys on the housing of equipment and improved operability.  For example, as an
operation on a portable music player, suppose a case where a microphone is attached to the
headphone portion worn by the user. The user usually puts the portable music player in a pocket of
clothing, a bag, or the like. If the user is able to perform a predetermined operation by tapping the
vicinity of the microphone in the headphone portion, this saves the user the trouble of taking the
portable music player out. On the other hand, since "tapping" is detected, although it is possible to do
such an agtier egor@aldnt td argestie ofpirexsireea bl BhcED forexample,
Play/Pause/Record/Power on/off, the above-mentioned technique is 'no::%uited for "operational

gestures foPWHIEH e imB % bittorris Beitg pressed IS HApsItant™ - © For SXamplé fthe 7

above-megtioned technigys s not.suited for “an.operation far perforing (st forwaed during playback

while pressing a button” as fast-forward playback, or an action such as "changing the playback pitch or
playback speed:whbile pressing aputon”. To this end, the waveform of a sound
signal collected by the microphone when the user taps the

microphone is recognized through a waveform correlation

process.

SUMMARY

As in Japanese Unexamined Patent Application
Publication No. 2008-166897 menticned above, the ability to
use a microphone also as an input device can contribute to
reduced number of operating keys on the housing cf eguipment
and improved operability.

For example, as an operation on a portable music player,
suppose & case where a microphone i1s attached to the
headphone portion worn by the user. The user usually puts
the portable music plaver in a pocket of clothing, a bag, or
the like. If the user is able to perform a predetermined
operation by tapping the vicinity of the microphone in th
headphone portion, this saves the user the trouble cf taking
the portable music player out.

On the other hand, since "tapping” 1s detected,
although it is possible to do such an action eguivalent to a

gesture of "pressing a button once", for example,



In the case of operations for which an operation quantity is relevant, for example, Volume up/Down,
and "Advance" of a cursor or a selected portion of a menu, although tapping can be used to perform
such operations, tapping is inconvenient in some cases. For example, tapping is inconvenient for the
kind of operation for which an operating element such as a jog dial or a slide lever is suited. For
example, in the case of applying a tapping operation to Volume Up/Down, a conceivable mode of
operation would be to turn the volume up (or down) by one step with each single tap. Then, to greatly
raise (lower) the volume quickly, in the case of a tapping operation, it is necessary to perform tapping
many times, making quick operation difficult. Moreover, the resulting operation is neither intuitive nor
easy to uSE. Althowgh 4t iBsevantaesas 16 uée Bimidtbphereds afi cimbufBédice and allow operations
to be given by tapping in the manner as describgd above, such.an operation input mode is not
appropriafeef%/?%gﬁidegkiﬁﬁs OP pErAtions. sjiocﬁ aqsogec%%t%lﬁt?&fsiogeer%%é)lﬁ,easncrfl an o%%%éi%n for which

an operatign quaniity is relevant, Itis desirable fo.enable even g .contigyous operation or an operation

for which an operation quantity is specified, by using a microphone as an input device, thereby

enabling effectivedsse-ef-=atb0perating inpiiracade Hsingr-ibe mieraphoges iA saund signal processing
apparatus according to an embodiment of the present disclosure includes a sliding operation detecting
section toswhitls @ sovnd signalcoliedtbarby’® microphoneisunplited, dnd which detéimes start and

end of a sliding operation by a determination process using a sliding sound signal component in the
inputted SouAd %I,Wﬂé%ﬁdﬁﬁ%%ﬁ%i@nzﬁ Lohiponent b ﬁ'\%“ﬁrg%&’@& gsy%ﬂg é?(ﬁr% ‘operation on

the microphone itselt.arifs wicinity .and.a,control.section thatperforms a prgdetermined control

process that is set with respect to the sliding Operation, during a period from the start to the end of the
sliding openatigpdetermined byithe sliding-aperatien detecting section. Also, as the determination
process, the sliding
In the case of operations for which an operation
guantity is relevant, for example, Volume Up/Down, and
"Advance" of a cursor or a selected portion of a menu,
although tapping can be used tc perform such coperations,
tapping is inconvenient 1in some cases. For example, tapping
is inconvenient for the kind of cperation for which an
operating element such as a jog dial or a slide lever is
suited.
For example, 1in the case of applying a tapping
operation to Volume Up/Down, a conceivable mode of coperation
would be to turn the volume up (or down) by one step with
each single tap. Then, to greatly raise (lower) the volume
quickly, in the case of a tapping operation, 1T is necessary
to perform tapping many times, making quick operation
difficult. Moreover, the resulting operation is neither
intuitive nor «asy to use.

Although it is advantageous to use a microphone as an



operation detecting section determines that the sliding operation has been started, when a time during
which an energy level of the sliding sound signal component is equal to or higher than a first level has
continued for a first time or more. Further, as the determination process, the sliding operation
detecting section determines that the sliding operation has been ended, when a time during which the
energy level of the sliding sound signal component is lower than a second level has continued for a
second time or more.  Also, the sliding operation detecting section performs the determination
process by using a sliding sound signal component produced by a rotary sliding motion on the
microphone itself or its vicinity with a finger or a sliding tool.  Also, a plurality of channels of sound
signals aréngputtedttoithe slidihgedperation deteciing Settiorandithersliding-eparation detecting
section performs the determination process with respect to a sound signal obtained by adding the

plurality of Efaftfld 8F sGind §igharsts eath ifier. 5 AltétHaffisly, 5 ploFality BF thafiéls of sound

signals are Ingited (o the, sliding.onergtian detegting segion, Anthe sliding.gpsration detecting

section performs the determination process with respect to each of the plurality of channels of sound
signals, and determines the-start and, epdof the sliding operationwith respeghto each of the

channels.
operation quantity is relevant.

It is desirable to enable even a continuous cperation
or an operation for which an operation guantity is specified,
by using a microphone as an input device, thereby enabling
effective use of an operation input mode using the
microphone.

A sound signal processing apparatus according to an
embodiment ¢f the present disclosure includes a sliding
operation detecting section tce which a scund signal
collected by a microphone is inputted, and which determines
start and end of a sliding operation by a determination
process using a sliding sound signal component in the
inputted scund signal, the sliding sound signal component
being produced by the sliding cperation on the microphone
itgelf or its vicinity, and a control section that performs
a predetermined control process that 1s set with respect to
the sliding operation, during a pericd frcom the start to the
end of the sliding coperation determined by the sliding
operation detecting section.

Also, as the determination process, the sliding

operation detecting section determines that the sliding



Alternatively, a plurality of channels of sound signals are inputted to the sliding operation detecting
section, and the sliding operation detecting section determines the start and the end of the sliding
operation, and determines a channel on which the sliding operation has been performed, by
performing a channel determination process which determines a channel that contains a sliding signal
component from among the plurality of channels of sound signals, and the determination process with
respect to a signal obtained by adding or subtracting sliding sound signal components from the
plurality of channels to or from each other.  Also, the sliding operation detecting section further
detects a sliding operation direction from the inputted sound signal, and the control section performs a
predeternfiiéd é6ritedl processathiat istsetiwith respest o theslidingiopesatiti diteétion detected by the
sliding operation detecting section, during the period from the start to the end of the sliding operation

determined by thé _sjtfa}ﬁmgloﬁéﬁ‘raﬁgﬁ d%&e“c?iﬁﬁ%e%ﬁ&ﬁ.d SA%?%&?W:‘?&%BE@H%%@&MQ section
further detects,a sliding operation location from.theyinputted, 88%&%3@@%@%“%&9% ol section

performs a predetermined control process that is set with respect to the sliding operation location
detected hyi the sliding-eperation detecting section, during the period from the start to the end of the
sliding operation determined by the sliding operation detecting section.  Also, the sound signal
processing apparattsifarthecincludes dericropheriel aindoa soand sighkcalletted:by the microphone
is inputted to the sliding operation detecting section. A microphone apparatus according to an

embodimé&Rt o e presint Giscidsare ficiudds ARTEOPhBRE, anda shllingtutde 88ction that is
formed in \@%'Qg% 8%%@95%%%%%@%9%&% gl lﬁgﬁgp‘é@iﬁ‘g‘)qfﬁiﬂ?@h—. +14Is0, a microphone
isC

apparatus according to an embodiment of the present osure includes a microphone, and a.

directionakseung,/squrce sestion that 43 providedsigavicinityrof the srigropbane ;and praduces different
sound signal components depending on a sliding operation direction.
than a second level has continued for a second time or more.

Also, The sliding operation detecting secticn performs
the determination process by using a sliding sound signal
component produced by a rotary sliding motion on the
microphone itself or its vicinity with a finger or a sliding
toaol.

Alsc, a plurality of channels of sound signals are
inputted to the sliding coperation detecting section, and the
sliding operation detecting section performs the
determinaticon process with respect te a sound signal
obtained by adding the plurality of channels of sound
signals to each other.

Alternatively, a plurality of channels of sound signalis
are inputted to the sliiding operation detecting section, and
the sliding operation detecting section performs the
determination process with respect to each of the plurality

of channels of sound signais, and determines the start and



Also, a microphone apparatus according to an embodiment of the present disclosure includes a
microphone, and a plurality of sliding sound source sections that are provided in a vicinity of the
microphone, and produce different sound signal components when a sliding operation is performed. A
sound signal processing method according to an embodiment of the present disclosure includes
determining start and end of a sliding operation by a determining process using a sliding sound signal
component in a sound signal collected by a microphone, the sliding sound signal component being
produced by the sliding operation on the microphone itself or its vicinity, and performing a
predetermined control process that is set with respect to the sliding operation, during a period from the
determinegistart o ehd of i shdingoperation: vWIA prograimcadcordingasan®mbodiment of the
present disclosure is a program for causing an arithmetic processing apparatus to execute the
determination 't the start and end of the sliding operation, and the predetermined control process.

The embodments ot e resent disclosie,as described abovenake | posaiblp to;detestan inpu

operation that is continuous or has an operation quantity, while using a microphone for the input
operation angd throughtsimpte;saund signak precessing- i ofhusttbetises pedorms a,pradetermined
operation as a sliding motion on the microphone or its vicinity with a finger or the like, that is, as an
operation of:keeping the fingererttherikeaneving wehilestotiéling dhé avitrophsné of its Vigifity in a
tracing fashion. = In that case, the sound produced by the sliding motion is collected by the
nﬂmnphoﬁ&dﬂﬁﬁfﬂﬁﬁgoﬁﬁj§aﬁaﬁlldlng operatiion, and caetermines a

channel on which the sliding operation has been performed,
by performing a channel determination process which
determines a channel that contains a sliding signal
compeonent from among the plurality of channels of sound
signals, and the determination process with respect to a
signal obtained by adding or subtracting sliding sound
signal components from the plurality of channels to or from
each other.

Also, the sliding operation detecting section further
detects a sliding operation direction from the inputted
gsound signal, and the contrcl section performs a
predetermined control process that i1s set with respect to
the sliding operation direction detected by the sliding
operation detecting section, during the period from the
start to the end of the sliding operation determined by the
sliding coperation detecting section.

Also, the sliding operation detecting section further
detects a sliding operation locaticen from the inputted sound

signal, and the control section performs a predetermined



inputted from the microphone to the sound signal processing apparatus contains the sound signal
component of the sound produced by the sliding motion (sliding sound signal component).
Accordingly, the start and end of the sliding operation are determined from the energy level or
amplitude of the sliding sound signal component. Thus, a continuous operation or an operation
guantity can be recognized from the duration of the sliding operation. That is, it is possible to recognize
the sliding operation on the microphone or its vicinity as a continuous operation or an operation having
an operation quantity, and perform the corresponding control process. BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a block diagram of the basic configuration according to an embodiment of the
present disclosurd; prdigss QAEAd 25 are dach arlexpiaratery diagidht of A lsHditg operation
according to an embodiment of the present disclosure; Fig, 3 is a flowchart of basic processing

accordingPiHi &b diménRtof e Prasent disciosule:® S Fig 48 & expianatdry diagram of an NC
headphone according to an emppodiment, , frg. 3153 block diggram. otan NC headphone according

to an embodiment;
end of the sliding coperation determined by the sliding
operation detecting section.

Alsc, the sound signal processing apparatus further
includes a microphone, and a sound signal collected by the
microphone is inputted to the sliding operation detecting
section.

A microphone apparatus according to an embodiment of
the present disclosure includes a microphone, and a sliding
guide section that is formed in a vicinity of the microphone
and guides a sliding operation position.

Also, a microphone apparatus according to an embodiment
of the present disclosure includes a microphone, and a
directional sound source section that is preovided in &
vicinity of the microphone, and produces different sound
signal components depending on a sliding operation direction.

Also, a microphone apparatus according to an embodiment
of the present disclosure includes a microphone, and &
plurality of sliding sound source sections that are provided
in a vicinity of the microphone, and produce different sound
signal components when a sliding operation is performed.

A sound signal processing method according to an

embodiment of the present disclosure includes determining



Fig. 6 is a block diagram of Configuration Example | of a sliding operation detecting section according
to an embodiment;  Fig. 7 is an explanatory diagram of sound signals processed in a sliding
operation detecting section according to an embodiment;  Fig. 8 is a flowchart of processing in a
sliding operation detecting section according to an embodiment;  Fig. 9 is an explanatory diagram of
determination of sliding operation start/end by a sliding operation detecting section according to an
embodiment;  Fig. 10 is a block diagram of Configuration Example 1l of a sliding operation detecting
section according to an embodiment;  Fig. 11 is a block diagram of Configuration Example III of a
sliding operation detecting section according to an embodiment; _. 12 is a flowchart of processing
in a sliding opetatiordetecting sectiohlif iCenfigeration Examples| | ICadcording 16 @n embodiment;

Figs. 13A and 13B are each an explanatory diagram of a configuration including a slidcipg guide

accordingPtb 4 émbbaiient® S 1Rige 4R AndA 48 -4ié each Al eXSianatory diatPam of a
Conﬁgunﬁgy%gg%nggi?é@@ggogﬁj%Qqﬂgéyygﬁ%ﬁ%ﬁﬂqnhe sliding sound signal
component being produced by the sliding operation on the
microphone itself or its vicinity, and performing a
redetermined control process that i1s set with respect to
the sliding operation, during a period from the determined
start to end of the sliding operation.

A program according to an embodiment of the present
disclosure is a program for causing an arithmetic processing
apparatus to execute the determination of the start and end
of the sliding operation, and the predetermined control
process.

The embodiments of the present disclosure as described
above make 1t possible to detect an input operation that is
continuous or has an operation gquantity, while using a
microphone for the input operation and through simple sound
signal processing.

Thus, the user performs a predetermined operation as a
sliding motion on the microphone or its vicinity with a
finger or the like, that is, as an operation of keeping the
finger or the like moving while touching the microphone or
its wvicinity in a tracing fashion.

in that case, the sound produced by the sliding motion

is collected by the microphone. Thus, the sound signal



according to an embodiment; Figs. 15A to 150 are each an explanatory diagram of an example of
a directional sound source section according to an embodiment; Fig. 16 is a block diagram or a
sliding direction detection configuration according to an embodiment; Fig. 17 is a flowchart of
processing in the case of a sliding direction detection configuration according to an embodiment;

Figs. 18A and 18B are each an explanatory diagram of a frequency characteristic with respect to the
sliding direction according to an embodiment; Figs. 19A and 195 are each an explanatory diagram
of sliding direction determination according to an embodiment; Figs. 20A and 20B are each an
explanatory diagram of another example of sliding direction determination according to an
embodimeéntut tEigsI 2 oA a2 15 arecedcinan explanatory disgramecial corfitfatiorlmcluding a

sliding guide and a directional sound source section according to an e@mbodin}?nt; and
apparatus contains the sound silgnal cohmponent ol the sound

produced by the sliding motion (sliding sound signal
component). Accordingly, the start and end of the sliding
operation are determined from the energy level or amplitude
of the sliding sound signal component. Thus, a continuocus
operation or an operation quantity can be recognized from
the duration of the sliding operation. That is, 1t is
possible to recognize the sliding operaticn on the
microphone or its vicinity as a continuous operation or an
operation having an operation quantity, and perform the

corresponding control process.

BRIEF DESCRIPTICN OF THE DRAWINGS

Fig. 1 is a block diagram of the basic configuration
according to an embodiment cf the present disclosure;

Figs. 22 and 2B are each an explanatory diagram of a
sliding operation according to an embodiment of the present
disclosure;

Fig. 3 is a flowchart of basic processing according to
an embodiment of the present disclosure;

Fig. 4 is an explanatory diagram of an NC headphone
according to an embodiment;

Fig. 5 is a block diagram of an NC headphcone according

to an embodiment;



Figs. 22A and 22B are each an explanatory diagram of a configuration including a plurality of sliding
sound source sections according to an embodiment. Hereinbelow, embodiments of the present
disclosure will be described in the following order. <1. Basic configuration and processing> <2.
Embodiments applied to an NC headphone> [2-1: Configuration of an NC headphone] [2-2: Sliding
operation detecting section (Configuration Example )] [2-3: Sliding operation detecting section

Fig. 6 is a block diagram of Configuration Exampie I of
a sliding operation detecting section according to an
embodiment;

Fig. 7 is an explanatory diagram of sound signals
processed in a sliding operation detecting section according
to an embodiment;

Fig. 8 1s a flowchart of processing in a sliding
cperation detecting section according to an embodiment;

Fig. 9 is an explanatory dilagram of determination of
sliding operation start/end by a sliding operation detecting

section according te an embodiment;

b
-

Fig. 10 ig a block diagram of Configuration Example
cf a sliding operation detecting section according to an

embodiment;

1
B4
i

Fig. 11 is a block diagram of Configuration Example
of a sliding operation detecting section according to an
embodiment;

fig. 12 is a flowchart of processing in a sliding
cperation detecting section in Configuration Example IIT
according to an embodiment;

Figs. 13A and 13B are each an explanatory diagram of a
configuration including a sliding guide according to an
embodiment;

Figs. 14A and 14B are each an explanatory diagram of a

configuration including a directicnal sound source section



(Configuration Example 11)] [2-4: Sliding operation detecting section (Configuration Example I11)] <3.
Embodiment in which a sliding guide is provided> <4. Embodiment in which a directional sound
source section is provided> <5. Embodiment in which a sliding guide and a directional sound source
section are provided> <6. Embodiment in which a sliding sound source section is provided> <7.
Embodiments applied to various kinds of equipment and modific fons> <8. Program>

according te an embodiment;

Figs. 15A to 15C are each an explanatory diagram of an
example of a directional sound source section according to
an embodiment;

Fig. 16 is a block diagram cf a sliding direction
detection configuration according to an embodiment;

Fig. 17 iz a flowchart of processing in the case of a
sliding direction detection configuration accerding to an
embodiment ;

Figs. 18A and 18B are each an explanatory diagram of a
fregquency characteristic with respect to the sliding
direction according to an embodiment;

Figs. 19A and 19B are each an explanatory diagram of
sliding direction determination according to an embodiment;

Figs. 20A and 20B are each an explanatory dilagram of
another example of sliding direction determination according
to an embodiment;

Figs. 21A and 21B are each an explanatory diagram cf a
configuration including a sliding guide and a directional
socund source sectlion according to an embodiment; and

Figs. 22A and 22B are each an explanatory diagram of a
configuration including a plurality of sliding sound source

sections according to an embodiment.

DETATILED DESCRIPTION OF EMBODIMENTS



<1. Basic configuration and processing> First, the basic configuration as an embodiment of the - 12 -
present disclosure will be described.  The present disclosure assumes a system that uses a
microphone device mounted in equipment and used for the purpose of collecting sound, as a sensor
for various kinds of operation inputs made to control the functions of the equipment. As in Japanese
Unexamined Patent Application Publication No. 2008-166897 described above, there have been
proposed systems that allow functions to be switched or turned on/off by tapping (a tap) on a
microphone or its vicinity. However, among the functions of various kinds of equipment, there are a
function for which it is necessary to specify a specific time span in real time, and a function for which it
is suitable to spébify=aimoperation YuanttmBYy ahatdgy teca bt Biiteh these flifctiohs torrespond
to such an operation as keeping pressing a push button switch for a predetermined time. In this
regard, a Rioddoroperation-based on tappig of aMicfdphone is not suited for operating such

functions. <1 -A%%%rgi@géyol@g;%gpggi%%t 9 gﬁepgrcgég%g&%glpsure provides a user interface suited for

a continuous operation or an operation for which an operation quantity is specified, by enabling an
operation inputte bemade by a:sliding-opesation wherebygifinger or the like is moved while

touching a microphone or its vicinity.

[2-1: Configuration of an NC headphone]

[2-2: Sliding operation detecting section
(Configuration Example I}]

[2-3: Sliding operation detecting section
(Configuraticn Example II)]

[2-4: Sliding operation detecting section
(Configuration Example IIT)]
<3, Embodiment in which a sliding guide is provided>
<4 . Embodiment in which a directiocnal sound source section
is provided>
<5. Embodiment in which a sliding guide and a directiocnal
sound source section are provided>
<6, Embodiment in which a sliding sound source section 1is
provided>
<7. Embodiments applied to various kinds cof eguipment and
medifications>

<8. Program>
<2. Basic configuration and processing>

First, the basic configuration as an embodiment of the

- 12 -



The present disclosure relates to a detection algorithm for detecting an operation input made by this
sliding operation, and a mechanism associated with the detection algorithm. The detection algorithm
according to an embodiment of the present disclosure makes it possible to obtain detection results
with reduced processing resources by performing processing only on the temporal axis, without
performing processing that necessitates a large amount of computation such as a frequency axis
analysis. The embodiments described below represent various kinds of electronic equipment
installed with a sound signal processing apparatus that adopts the above-mentioned configuration to
recognize an operation input made by a sliding operation. Fig. 1 shows the basic configuration
accordingetocareembddiments ureFigill dhéws dssoundisighal processing section 1, a microphone 4, a
microphone amplifier 5, an A/D converter 6, and a normal processing system 7.  The sound signal

processing sectibh®l mefiela Sliding Speration Hetdttng settioh® and & 'confiGFséction 3. The
sound siapal pracessino seetan. 1. foliespANds, (2.8 sound sional prosessing Apharatus according to

1
an embodiment e present disclosure. The sound signal processing section 1 is formed by, for
example, g cantral processing=unit {GPLL or @, digital signat pracesser (RSR) s Aseund signal

collected by the microphone 4 is amplified by the microphone amplifier 5, before undergoing

analog-digifal zpaversiominithe AiD corverter 6cThérn, the Soand wighal evhverfed-finto a digital signal

is inputted to the normal processing system 7 and the sound signal processing section 1.
egulipment.

As in Japanese Unexamined Patent Application
Publication No. 2008-166897 described above, there have been
proposed systems that allow functions to be switched or
turned on/off by tapping (a tap) on a microphone or its
vicinity. However, among the functions of various kinds of
eguipment, there are a function for which it is necessary Tto
specify a specific time span in real time, and a function
for which it is suitable tc specify an cperaticon quantity.
By analogy to a typical switch, these functions correspond
to such an operation as keeping pressing a push button
switch for a predetermined time. In this regard, a mode of
operation based on tapping of a micrephone is not suited for
operating such functions.

Accordingly, an embodiment of the present disclosure
provides a user interface suited for a continuocus operation
or an operation for which an operation guantity is specified,
by enabling an operation input to be made by a "sliding
operation" whereby a finger or the like is moved while

touching a microphone or its vicinity.



The term normal processing system 7 as used herein refers to a processing section for functions
normally associated with a sound signal in electronic equipment to which a sound signal is inputted
from the microphone 4. In consumer electronic equipment, the microphone 4 is already provided
for various purposes. Alternatively, a separate microphone 4 can be connected to consumer electronic
equipment. Examples of such consumer electronic equipment include a digital camera equipped
with a sound recording function as well as a picture recording function, an IC recorder, an information
processing apparatus such as a personal computer having a voice communication function, mobile
equipment, and a noise-cancelling headphone (hereinafter, "NC headphone"). In each of these
kinds of electrori¢:equipaianitta piccessiigrsystemas provided with respdctto alriiickdphivhe input
sound signal in accordance with its function. For example, in the case of e dC@(ﬁ}gent having the

function of FécotBing ot t8' rLEFding Meditit secitiots thit pertsrmt b ging such as
compressflg?%n for sound recording, engaaing for, ?§8Ed'ﬁ@e§i‘qﬂﬁe&9rd'ﬂ8 tq the.recording medium

make up t norma processmg system 7 shown in Fig. 1. In the case of equipment that is capable

of commuyicationsueh asta, podabledelephonejand has the-funetion of transmitting a sound signal,
sections that perform processing such as compression, encoding for transmission, and transmission
make up thelneimat processingssysternansholwsintpigule makes it possible to

obtain detection results with reduced processing resources
by performing processing only on the temporal axis, without
performing processing that necessitates a large amount of
computation such as a frequency axis analysis.

The embodiments described below represent various kinds
of electronic eguipment installed with a sound signal
processing apparatus that adopts the above-mentioned
configuration to recognize an operation input made by a
sliding operation.

Fig. 1 shows the basic configuration according to an
embodiment.

Fig. 1 shows a sound signal processing section 1, a
microphone 4, a microphone amplifier 5, an A/D converter 6,
and a normal processing system 7.

The sound signal processing section 1 includes a
sliding operation detecting section 2 and a control section
3. The sound signal processing section 1 corresponds to &
sound signal processing apparatus according to an embodiment
of the present disclosure. The sound signal processing

secticon 1 is formed by, for example, a central processing



Further, in the case of an NC headphone described later with reference to Fig. 3 onwards, the
functional portion that performs a noise cancellation process corresponds to the normal processing
system 7. The normal processing system 7 performs processing according to these functions, with
respect to an inputted sound signal. The sound signal processing section 1 performs detection of a
sliding operation with respect to an inputted sound signal, thereby detecting an operation input made
by the user. First, the sliding operation detecting section 2 detects the start and end of a user's
sliding operation solely through processing on the temporal axis. Specifically, when the time
during which the energy level of the sliding sound signal component of an inputted sound signal is
equal to onhighetFah adirstdevié|dias=dontinged foroa first timveror(more, the sliding operation

detecting section 2 determines that a sliding operation has started. At this time, the sliding operation
detecting sectiof 25UHPGts H-Eiitfing Stakt Gtk o EighaPsdes e tontrot Section 3. After the

start is detemined, yhen the fime during hich e, eneray level of the sliding sound signal component
is lower thama second level has continued for a second time, the sliding operation detecting section 2

determinesthattheslidingzoperation has gnded. AL this limecthe;slidiag operationdetecting section 2
outputs a sliding end detection signal SdetE to the control section 3. That is, the time from the

determinationrof tlse. gtaat tocthe determinaticrookthéiend is detenmiaéd as thegpetriodduring which the
sliding operation is continued.

the normal processing system 7 and the sound signal

processing section 1.

The term normal processing system 7 as used herein
refers to a processing section for functions normally
assoclated with a sound signal in electronic equipment to
which a sound signal is inputted Ircom the micreophone 4.

In consumer electronic equipment, the microphone 4 is
already provided for various purposes. Alternatively, a
separate microphone 4 can be connected to consumer
eiectronic egquipment.

Examples of such consumer electronic eguipment include
a digital camera eqguipped with a sound recording function as
well as a picture recording function, an IC recorder, an
information processing apparatus such as a personal computer
having & voice communication function, mobile eguipment, and
a noise-cancelling headphone (hereinafter, "NC headphone™).

In each of these kinds of electronic sguipment, a
processing system is provided with respect to a microphone
inputr sound signal in accordance with 1ts function.

For example, in the case of eguipment having the



As will be described later, the sliding start detection signal SdetS and the sliding end detection signal
SdetE may take various conceivable signal forms. The sliding start detection signal SdetS and the
sliding end detection signal SdetE may not necessarily be two independent lines of signals but may be
any such signal that allows the control section 3 to recognize the start and end of sliding. The
control section 3 is equipped with the function of performing a control process in accordance with at
least a user operation in electronic equipment. When, on the basis of a sliding start detection signal
SdetS, the control section 3 recognizes that the start of a sliding operation has been detected by the
sliding operation detecting section 2, the control section 3 starts a predetermined control process that
is set withfrespectto thé stidingroperatierundWhenz onghe basis ofeeslidiiyy eR@ defectibn signal
SdetE, the control section 3 recognizes that the end of the sliding operation has been detected by the

sliding opéfation<tistéctiiy Section™ tHE cORtrol SettioA™PERFSthe comtrol Protess being executed.
Alternatively, the control section 3 performs a.predetermingd, control process. while, ecognizing the
Seriod frémthe ﬁpiné) i ? (?5

length of the PETo S start detection signal SdetS to the sliding end detection signal

SdetE, thatisthe:lenrgthofthe peded dyingsh the usern isceptinuipg:the slidingroperation, as an
operation quantity.  Since the control process executed varies for each kind of electronic equipment,
examplessgf@ontrohprtcess Will be described later in the description of specific embodiments of
electronic equipment. For example, in the case of equipment having_the function of playing back music

data or the like, YoIUrhE Ui?BBwh cortbol BRitrol bffist forward Piaybatk or rewind playback, and the

lmee”ec%%%§ﬁ%$%ation such as a portable telephone, and has the

function of transmitting a sound signal, sections that
perform processing such as compression, encoding for
transmission, and transmission make up the normal processing
system 7 shown in Fig. 1.

Further, in the case of an NC headphone described later
with reference to Fig. 3 onwards, the functional portion
that performs a ncise cancellation process corresponds to
the normal processing system 7.

The normal processing system 7 performs processing
according te these functions, with respect to an inputted
sound signal.

The sound Sigﬁal processing section 1 performs
detection of a sliding operation with respect to an inputted
sound signal, thereby detecting an operation input made by
the user.

First, the sliding operation detecting section 2
detects the start and end of a user's sliding operation

solely through processing on the temporal axis.



For example, turning up/down of the volume of playback sound, or the like is implemented by the user
performing a sliding operation on the microphone 4. Figs. 2A and 2B illustrate how a sliding
operation is performed. Fig. 2A shows a personal computer 100. In the personal computer 100, for
example, the microphone 4 is provided in the flat portion of the housing near the keyboard. As
shown in enlarged view, the user performs a sliding operation so as to trace the top surface of the
microphone 4 or its vicinity, with a finger or a sliding tool such as a pen-shaped pointer. The sound
produced by the sliding operation is collected by the microphone 4, and is supplied to the sliding
operation detecting section 2 in accordance with the configuration as shown in Fig. 1. The sliding
operation detectimg:sedtiore2 tetermiires thesstartfendcof the sliding opetdtioreteolserving the
amplitude or energy level (the absolute value of the amplitude) of the sliding sound signal component

of the inpeatE soGrid igRal - L AFR 28°8HysSa Paftof P ResdpHoheBafBhony 266 %at is provided

with the microphone 4 for the purpose of noise cancelling, for ex nyoi 191 g%%qp ane 200 has a
headphon%o&rlﬁ)/%rszjo%{l%ﬁd &hn gﬁ%ﬁe?cetfozot}ﬁa%%%%rp%%gﬁl in%erte Sbyt e usep]lnto his/her ear.

The microphope 4.isprevided onithe:side gppesitafrom the earpiece 202, thak iss at arposition where
the microphone 4 can collect external sound.

~

detecting section 2 determines that a sliding operation has
started. At this time, the sliding operation detecting
section 2 outputs a sliding start detection signal Sdetd to
the control section 3.

After the start is determined, when the time during
which the energy level of the sliding sound signal component
is lower than a second level has continusd for a second time,
the sliding operation detecting section 2 determines that
the sliding operation has ended. At this time, the sliding
operation detecting section 2 outputs a sliding end
detection signal SdetE to the control section 3.

That is, the time from the determination of the start
to the determination of the end 1s determined as the period
during which the sliding operation is continued.

As will be described later, the sliding start detection
signal SdetS and the sliding end detection signal SdetE may
take various conceivable signal forms. The sliding start
detection signal Sdet3 and the sliding end detection signal
SdetE may not necessarily be two independent lines of
signals but may be any such signal that allows the control

section 3 to recognize the start and end of sliding.



The user performs such a sliding operation as to trace the top surface of the microphone 4 or its
vicinity with a finger or the like.  In the same manner as mentioned above, the sound produced by
the sliding operation is collected by the microphone 4, and is supplied to the sliding operation detecting
section 2 in accordance with the configuration as shown in Fig. 1. The sliding operation detecting
section 2 determines the start/end of the sliding operation by observing the amplitude or energy level
(the absolute value of the amplitude) of the sliding sound signal component of the inputted sound
signal  As described above, for example, a sliding operation is such an operation that the user
touches and continuously traces the top surface of the microphone 4 or its vicinity in various kinds of
electronic equipfient withtarfingercorithetike. 1s leshoulgde noted thatsvhilerrigs °©2A ahd 2B depict a
linear sliding ?ngation, the user may perform a circular (rotary) sliding operation. A linear sliding

operation&R e Fiirtaih et BHly for #Sh6rEfTedhd SsH St Sthid User May fibthe able to

perform infended sontoln some gases. In,ych cases, e Useris nads fo peton adreular siding
motion aroundthepmlcropﬁone 4, for example, the tuser can easily continue the sliding operation.

The basic.gonfiguiation-according to ap.embediment af thespresent diselosureris@s described above
with reference to Fig. 1. That is, an input sound signal from the microphone 4 is inputted to the sound

signal prosessingseétioranthesoundrsignal iproedssirig séctions1l ddtetts apserdpetation by
determining a sliding operation. When it is detected that an operation input has been made, a

predeterniiAéd BBAtOISTEEESS T puffdrRfedSh HitBRIRE Wth-(Me Serafidn e section

~

2, the control section 3 starts a predetermined control
process that is set with respect te the sliding operation.

When, on. the basis of a sliding end detection signal
SdetE, the contrel section 3 recognizes that the end of the
sliding operation has been detected by the sliding operation
detecting section 2, the control section 3 ends the control
process being executed.

Alternatively, the control section 3 performs a
predetermined control process while recognizing the length
of the period from the sliding start detection signal SdetS
to the sliding end detection signal Sdetk, that is, the
length of the period during which the user is continuing the
sliding operation, as an operation guantity.

Since the control process executed varies for each kind
of electronic eguipment, examples of control process will be
described later in the description of specific embodiments
of electronic eguipment. For example, in the case of
equipment having the function of playing back music data or

the like, Volume Up/Down control, control of fast forward



Fig. 3 shows the procedure of basic processing according to an embodiment. In the sound signal
processing section 1 to which a microphone-input sound signal is inputted at all times as shown in Fig.
1, as step F2, it is determined whether or not a sliding operation has been started. This is a process in
the sliding operation detecting section 2. Then, if it is determined that a sliding operation as a user
operation input has been started, the processing proceeds from step F2 to F3, and a control process
according to the operation input is started as a process in the control section 3. In step F4, as a
process in the sliding operation detecting section 2, it is determined whether or not the user's sliding
operation has been ended. Then, if it is determined that the sliding operation has been ended, the
processing prgteeds fram:step 4 to Foylandithe action aecdrding torthe operatioreinpat which has
been executed by the control section 3 is ended. In the following, embodiments will be described
with a noiSe-EaRcalig Readphohe (NG REdapRons) asif spetiicidxatple ‘6t erectiontedddipment.

Examples of other electronic equipment will be also described later. <2. Embodiments.applied to an
NC headption té@[z l:‘teon]fisgu%ﬂﬁglneg}ea#ﬁ&eﬁéfadb%%n%fe“ SialS b

operaticn on the microphone 4.

Figs. 2A and 2B illustrate how a sliding operation is
performed.

Fig. 2A shows a persconal computer 100. In the personal
computer 100, for example, the microphone 4 1s provided in
the flat portion of the housing near the keyboard.

As shown in enlarged view, the user performs a sliding
operation so as to trace the top surface of the microphone 4
or its vicinity, with a finger or a sliding tool such as a
pen-shaped pointer.

The scund produced by the sliding operation is
collected by the microphone 4, and is supplied to the
sliding operation detecting section 2 in accordance with the
configuration as shown in Fig. 1. The sliding operation
detecting section 2 determines the start/end of the sliding
operation by observing the amplitude or energy level (the
absolute value of the amplitude} of the sliding sound signal
component of the inputted sound signal.

Fig. ZR shows a part of & headphone ({(earphone) 200 that
is provided with the microphone 4 for the purpose of noise
cancelling, for example. The headphone 200 has a headphone

driver 201, and an earpiece 202 that is the portion inserted



Fig. 4 schematically shows a noise-cancelling headphone (NC headphone) 10 used by being
connected to music playback equipment such as a portable media player 20.  The media player 20
plays back data such as music recorded on an internal recording medium, and outputs two channels, 2
and R, of sound signals to the connected NC headphone 10.  The NC headphone 10 includes a
headphone section 11 and a noise cancellation section 14. The headphone section 11 has I, and R
channels of speakers 13L and 13R inside respective speaker housings corresponding to the left and
right ears of the user. In the case of this example, a so-called feedforward noise cancellation
process is performed. Microphones 12I, and 12R are provided so as to collect external sounds from
the outside ofithe leftand tightspeakéndousings, reBpectidety.ophdtshould bemoted that the
headphone section 11 may not be of a type having the speaker housing as shown in the drawing, but
may be ofcdin eaphoheaysesR6WAIN FIPDE: bt attearipattypes In thiéxarfiple? an§ of these types
may be used as long as the m| ophones 1 1 and ?fLZR are pr Yldeg Also t_Lhe NC rgjeadphone 10
is not limifédto @ C‘“ﬁ]eéf]%h % that 5é)r‘?orms a edaforwar noise cefsznceeﬂa%i 10N process but may be

an NC headpho%éhaispgffo}'ﬁ@?iaofﬁﬁgb@ﬁ%ﬂ°§e§?f@§ﬂ%}'%@@§§§%n as to trace
the top surface of the microphone 4 or its vicinity with a
finger or the like.

In the same manner as mentioned above, The sound
produced by the sliding operation 1s collected by the
microphone 4, and is supplied to the sliding operation
detecting section 2 in accordance with the configuration as
shown in Fig. 1. The sliding operation detecting section 2
determines the start/end of the sliding operation by
cbserving the amplitude or energy level (the absclute value
of the amplitude) of the sliding sound signal component of
the inputted sound signal.

As described above, for example, a sliding operation is
such an operation that the user touches and continuously
traces the top surface of the microphone 4 or its vicinity
in various kinds of electronic eguipment with a finger or
the like.

I+ should be noted that while Figs. ZA and 2B depilct a
linear sliding operation, the user may perform a circular
(rotary) sliding operation.

A linear sliding operation can be maintained only for a

short time and, as a result, the user may not be able to

- 20 -



The noise cancellation unit 14 is connected to the headphone section 11 provided with the
microphones 121 and 12R as mentioned above. The noise cancellation unit 14 mixes a noise
reduction sound signal into the sound signal of playback music or the like supplied from the media
player 20, thereby outputting a sound signal with reduced external noise from each of the speakers
131 and 13R. Briefly speaking, noise reduction is performed as follows. = The microphones 12L and
12R each attached to the speaker housing collects external noise reaching the user's ear via the
speaker housing. From the sound signal of the external noise collected by each of the microphones
12L and 12R, the noise cancellation unit 14 generates a noise reduction sound signal of acoustically
opposite phase-torthe exterdalknaise.cthdn, the noise carcelatiornlunit W4lsynthesizesithie generated
noise reduction sound signal with the sound signal of playback music or the like, and supplies the
resulting $6td-sSighalts eaeRof e BpEaKErS 1BL AT E3RY S ACEHREINGRS i sGdit ottputted from
each of thg speakers 1%L gnd ] 3Rfcontgi£§ma ompgpentdosfeopposge ghgﬁ to gé%e{ri%luneoise. Hence,
this opposi{éepﬁﬁs%r@@mﬁoﬁen rand the exteral hoise that acTuglfii’lea i via the speaker housing
spatially cancel.each;other,out, with the result that as auditorily perceived by the user, the external
noise component is reduced and the original output sound of the playback music reaches the user.
An example of the internal configutatian of thernaise cardellation unit Ehiscshowamin Eig. 5. The noise
cancellation unit 14 has microphone _

the present disclosure is as described above with reference

to Fig. 1. That is, an input sound signal from the

microphone 4 is inputted to the sound signal processing

section 1, and the sound signal processing section 1 detects

a user operation by determining a sliding operation. When

it is detected that an operaticon input has been made, a

predetermined control process 1s performed in accordance

with the operaticn.

Fig. 3 shows the procedure of basic processing
according to an embodiment.
In the sound signal processing section 1 to which a

microphone-input sound signal is inputted at all times as

shown in Fig. 1, as step F2, it is determined whether or not

a sliding operation has been started. This is a process in

the sliding operation detecting section Z. Then, if it 1is

determined that a sliding cperation as a user operation

input has been started, the processing proceeds from step FZ

to F3, and a control process according to the operation

input is started as a process in the control section 3.

In step F4, as a process in the sliding operation



amplifiers 31L and 31k, A/D converters 32L and 32R, a main processing section 33 formed by a DSP
or CPU, a memory section 40, power amplifiers 42L and 42R, and A/D converters 41L and 41R.

The main processing section 33 is provided with a noise cancellation section 34, a gain section 35,
adders 36L and 36R, a sliding operation detecting section 37, a control section 38, and an equalizer
39. First, the sound signal of playback music or the like from the media player 20 is processed as
follows. From the media player 20, L and R channels of playback sound signals SA-L and SA-R as
so-called headphone outputs are supplied. The playback sound signals SA-L and SA-R are
respectively converted into digital signals by the A/D converters 41L and 41R. Then, in the equalizer
39, these seund signalsaretsubjected 1a sbandgualityicorrectior suel asamplitude4requency
characteristic correction or phase-frequency characteristic correction, or both, =~ The correction
process invfereégualizéf399% execiited on the hadREst £EGRFO signdf SG3 fromthe Tontrol section

38. For example, desi natlLon of trequen%.characterist'cs or the Iik%;serdloré%ggéhe %grétrol signal SG3.

The playb@tk $bind Signals SAT &nd SAR thathave = °" 72°

processing proceeds from step F4 to F5, and the action
according to the operation input which has been executed by
the control section 2 1s ended.

In the following, embodiments will be described with a
noise-cancelling headphone (NC headphone) as a specific
example of electronic equipment.

Examples of other electronic equipment will ke also

described later.

<2. Embodiments applied to an NC headphone>

[(2-1: Configuration of an NC headphone]

Fig. 4 schematically shows a ncoise~cancelling headphone
(NC headphone) 10 used by being ceonnected to music playback
equipment such as a portable media player 20.

The media player 20 plays back data such as music
recorded on an internal recording medium, and outputs two
channels, L and R, of sound signals to the connected NC
headphone 10.

The NC headphone 10 includes a headphone section 11 and
a neise cancellation section 14.

The headphone section 11 has L and R channels of

- P27 =



undergone sound quality correction in the equalizer 39 are respectively added with noise reduction
sound signals by the adders 36L and 36R, and supplied to the power amplifiers 42L and 42R,
respectively.  The power amplifiers 42L and 42R may each be made of a digital amplifier, or may be
made of a D/A converter and an analog amplifier.  Outputs from the power amplifiers 42L and 42R
serve as driving signals for the speakers 13L and 13R, and sounds based on the playback sound
signals SA-L and SA-R are outputted from the speakers 13L and 13R, respectively. On the other hand,
the processing for noise cancellation described above is performed as follows.  Sound signals SmL
and SmR collected by the microphones 12L and 12R are amplified by the microphone amplifiers 31L
and 31R iphe neise capicelatbr ot 14 sant therseenverted intoadigital signads inythe A/D converters
321, and 32R, respectively.
corresponding to the left and right ears of the user.
In the case of this example, a sco-called feedforward
noise cancellation process is performed. Microphones 1ZL
and 12R are provided so as to colilect external sounds from
the outside of the left and right speaker housings,
regpectively.
1t should be noted that the headphone section 11 may
net be of a type having the speaker housing as shown in the
drawing, but may be of an earphone type shown in Fig. 2B, or
an ear-pad type. In this example, any of these types may be
used as long as the microphones 12L and 12R are provided.
Also, the NC headphone 10 is not limited to an NC
neadphone that performs a feedforward nolise cancellation
process but may be an NC headphone that performs a feedback
noise cancellation process.
The noise cancellation unit 14 is connected to the
headphone section 11 provided with the microphones 12L and
12R as mentioned above.
The noise cancellation unit 14 mixes a noise reduction
sound signal into the sound signal of playback music or the
like supplied from the media player 20, thereby ocutputting a
sound signal with reduced external noise from each of the

apeakers 13L and 13R.

Briefly speaking, nolse reduction 1s performed as



The digitized sound signals SmL and SmR outputted from the A/D converters 32L and 32R are
supplied to the noise cancellation section 34. The noise cancellation section 34 is configured as a
digital filter that generates a noise reduction sound signal in the feedforward mode mentioned above.
The noise cancellation section 34 performs filtering on each of the sound signals Smh and SmR, with
a filter factor designated by a control signal 501 from the control section 38, thereby generating L and
R channels of noise reduction sound signals.  The generated L and R channels of noise reduction
sound signals are supplied to the gain section 35. The gain section 35 gives a gain to the L and R
channels of noise reduction sound signals, with a gain factor designated by the control signal SG1
from the conmirobsection 38. Then, the L and R channels of noise reduction sound signals from the
gain section 35 are supplied to the adders 361 and 36R, and added with the playback sound signals
SA-L and SA-R a5 ¥e8efBEPaBEGE rédpeciely: <R A pRyBadesaTHdstarediitputted from the

speakers 131 ?er?fﬁ on the baglf,lof the pla Qggrlg gpugg ls&glalsegAEIi gnd éﬁ@'Ruté)@V%h'gh the noise

reduction $8un Signa s'have’been added in this way, respectively, the hoise reduction function as

described.ahove;is exgHedy,« 5 KEhe Roise cancellationunit,t4 inthisexamplefughet is.equipped with
the function of detecting a user operation made by a sliding operation on the microphone 121, 12R or
its vicinitye x t eThe sound. signatsl Smi2-and ISmR espectivelyscatlecteddhystiesmictoplormes 121 and
12R are also supplied to the sliding operation detecting section 37. While the configuration and
action of thé®lidingeopetation deteeting 3eéich 37Will be deIBABEd fateFintiérédetall, the sliding

operation detecting section 3 . : :
P reéuct on soung signal of acoustically opposite phase to the

external noise. Then, the noise cancellation unit 14
synthesizes the generated noise reduction sound signa: with
the sound signal of playback music or the like, and supplies
the resulting sound signal to each of the speakers 13L and
13R.

Accordingly, the sound outputted from each of the
speakers 13L and 13R contains a component of opposite phase
to external noise. Hence, this copposite phase component and
the external noise that actually leaks in via the speaker
heousing spatially cancel each other cut, with the result
that as auditorily perceived by the user, the external noise
component isg reduced and the original output scund of the
playback music reaches the user.

An example of the internal configuration of the noisse
cancellation unit 14 is shown in Fig. 5.

The noise cancellation unit 14 has microphone
amplifiers 31L and 31R, A/D converters 32L and 32K, a main

processing section 33 formed by a D3P or CPU, a memory
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detects a user's sliding operation on the microphone 12L, 12R and its vicinity solely through
processing on the temporal axis. Specifically, when the energy level of the sliding sound signal
component in the inputted sound signal SmL, SmR has continued to exceed a predetermined value for
a first time or more, the sliding operation detecting section 37 determines that a sliding operation has
been started. Then, to notify the start of operation input by the user, the sliding operation detecting
section 37 outputs a sliding start detection signal SdetS to the control section 38.  Also, after the
sliding operation is started, when the energy level of the sliding sound signal component has continued
to be lower than a predetermined value for a second time or more, the sliding operation detecting
section 3&determinesithap theeslidimpopdration haslbeernderiddhl. Thed, fo Rotifyive ehd 0% operation
input by the user, the sliding operation detecting section 37 outputs a sliding end detection signal
SdetE to thélcohirdl §éétion 38.  The control section 38 controls the individual sections of the noise

cancellation unit},’lh4eb¥1£henabove-mentioned C%[J rol signals "S%%TO%%‘E%”% £G3. Also,;the control
s S 4 t0 dia’p

section 38 can also transmit%rc?ocn?rso?%%%afg to the me ayer 20. In this example, in

particular, thg control section:38. is gquipped wjth thedfunetionofperforming @ controkriprocess in

accordance with a user's sliding operation. That is, the control section 38 performs a predetermined
control pré&gss thatisiset withoespectitorthe stiding ioperationt, during the period iy which the sliding
operation as grasped by the sliding start detection signal SdetS and the sliding end detection signal
SdetE is B éxscutéd. BoFexdmplé i redBénse to detection of an operation inputted by a sliding

operation, the caqntrol ?,_secté%ré 3% é@rﬂ‘émits 0 eiatci)%n inf%t/ Qégr@%{?gitg tgg r@%%iag)ﬁ%er 20 as the
r

. st .l L
control signal 5 47" The memory Section 40 stores information to be referenced y the control
section 38&-when perfogping.a coniralprogess: Rorexample; the memorysection 40 stores information

on the filter factors in the noise cancellation section 34 and the equalizer 39, and so on.

From the media player 20, L and R channels of playback
sound signals SA-L and SA-R as sco-called headphone outputs
are supplied.

The playback sound signals SA-L and SA-R are
respectively converted into digital signals by the A/D
converters 411 and 41R. Then, in the egualizer 39, these
sound signals are subjected to sound guality correction such
as amplitude-frequency characteristic correction ox phase-
freguency characteristic correction, or both.

The correction process in the equalizer 39 1is executed
on the basis of z control signal SG3 from the control
secticn 38. For example, designation of freguency
characteristics or the like is done by the control signal
SG3.

The playback sound signals SA-L and SA-R that have
undergone sound guality correcticn in the equalizer 39 are

respectively added with noise reduction sound signals by the



In this embodiment, the control section 38 performs a predetermined control in accordance with a
user's sliding operation. A realtime, continuous control is suited for the control process. The following
are assumed as examples of such control.  First, it is conceivable to transmit a command to the
media player 20 as the control signal SG4 to thereby cause the media player 20 to execute, for
example, the following actions. - Control to perform FF (fast forward)/REW (rewind) to a playback
position desired by the user while listening to the sound, during the sliding operation period. Control to
turn playback off and noise cancellation off only during the sliding operation period (control to switch to
a state suited for when making a conversation that will end soon). Control of an operation to turn the
noise cangeHbation faAttiem aff oFly, darng thepslidirgloperatiba peviodto facilitatel hearirdg  6f ambient
sounds. Control to adjust the volume up or down to a volume position desired by the user, with the
length of theSs|idlitity opératiéR pefidd as an operation quantity. Control to adjust playback speed up or

e o oy sl seni fear b g sgn M AC USR] e Bind oRgraiopPeriod as an
digital amplifier, or may be made of a D/A converter and an
analog amplifier.

Outputs from the power amplifiers 421 and 42R serve as
driving signals for the speakers 13L and 13R, and socunds
based on the playback sound signals SA-L and SA-R are
cutputted from the speakers 13L and 13R, respectively.

On the other hand, the processing for noise
cancellation described above 1s performed as follows.

Sound signals SmL and SmR collected by the microphones
127, and 12R are amplified by the microphone amplifiers 31L
and 31R in the necise cancellation unit 14, and then
converted into digital signals in the A/D converters 32L and
3Z2R, respectively.

The digitized sound signals SmL and SmR outputted from
the A/D converters 32L and 32R are supplied to the noise
cancellation section 34. The noise cancellation section 34
is configured as a digital filter that generates a noilse
reduction sound signal in the feedforward mode mentioned
above. The ncise cancellation section 34 performs filtering
on each of the sound signals 3mlL and SmR, with a filter
factor designated by a control signal 5Gl from the control

section 38, thereby generating L and R channels of noise
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Control to adjust playback pitch up or down to a playback pitch desired by the user, with the length of
the sliding operation period as an operation quantity. Control to partially play back multiple contents
such as music or video sequentially during the sliding operation period, i.e., control of such an action
as to allow the user to sequentially search through contents while partially viewing or listening to the
contents, and play back the content at the instant when the sliding operation is stopped. For example,
supposing that a sliding operation is an operation related to the action of the media player 20, the
control section 38 performs the process of transmitting a necessary command to the media player 20
during the sliding operation period detected by the sliding operation detecting section 37.  As will be
describedratencinithe casenwheréagsliding operation on the microphone 12L and a sliding operation
on the microphone 12R are to be detected in a differentiated manner, two kinds or operations can be
assigned. In that 8&se]ToEaxamplel as8Gnihgthatastidingfoperatich 6/ HEmMIGOpRGHE42L means
Volume up and a sliding operation on the microphane 12L means.Volume down,.the control section 38
performs ﬁfegﬁr%ﬁcgsg E%trgﬁgt%??ﬁﬁg £'\)/or€1brﬁe %%’l%r %&Bﬁ%ndgv\\é/ﬁ" gof%rena%%%[g the media player

20response tq detectian of a.slidingeperation by the sliding operationdeteeting,section 37.  Further,
as will be described later, it is also possible to differentiate operations in accordance with the sliding
direction, theislidingfocationdanrd saohs Alsal on the dasis dfsgombinatensyofithese differentiations
and the left and right microphones 12L and 12R, a variety of operations can be set in a differentiated
manner. | t5atcasersiwell, ahe tofitrbl SEQIBn 3B traRsHhits A Pradétermingd-command to the media

player 20 in respanog o dete g R e3e SN QPE e ion sound

signals from the gain section 35 are supplied to the adders
36L and 36R, and added with the playback sound signals SA-L
and SA-R as described above, respectively.

As playback sounds are outputted from the speakers 13L
and 13R on the basis of the playback sound signals SA-L and
Sh~R to which the nolse reduction sound signals have been
added in this way, respectively, the noise reduction
function as described above 1s exerted.

The noise cancellation unit 14 in this example further
is equipped with the function of detecting a user operation
made by a sliding coperation on the micreophone 121, 12R or
its vicinity.

The sound signals SmL and SmR respectively collected by
the microphones 121 and 12R are also suppliied to the sliding
operation detecting section 37.

While the configuration and action of the sliding
operation detecting section 37 will be described later in

more detail, the sliding operation detecting section 37
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To realize the noise cancellation function, it is necessary to mount the microphones 12L and 12R as
close to the ears as possible. For this reason, the microphones 12L and 12R are usually mounted
close to the ears. Thus, it is of great convenience to the user if the user is able to control the action of
the media player 20 by simply performing a sliding operation on the microphone 12L, 12R, without
taking the main body of the media player 20 out during a commute or the like, for example.  Itis also
conceivable for the control section 38 to perform internal control of the noise cancellation unit 14 in
response to detection of a sliding operation.  For example, the control section 38 may be configured
to switch the filter factor of the noise cancellation section 34 by control using the control signal SG1, in
response de asslidingzoperation. Edriekamplepit issalsopossibiete comrobsochaniaction as to
sequentially switch the filter factor in short time units during the sliding operation period so that the
user can SEBcEhe filteF charattsristic $0it8d Yorthe CirenPERGiRGR Ceféralif Speaking, the noise

environment characteristic vari reatl dep nding,on the.environment feggh n‘@l\ggr al location
such as aﬁeﬂlﬁfi%ﬁf hé :6I%%fbrmqs&%act%g%csafét%ﬁ, tf%eh insi ehgf & ?r%fn? 4 %(a:'yory, or thé i e, even when

observed as afrequency.chasactedstic. Jhesefore, asthedilter gharacteristis fauneiseseduction, it is
desired to use the optimal filter characteristic suited to each individual noise environment
characteristit., Forthisreasanyit isradvantageoussedllowcthe dises tonseguentially switch te and select
the most suitable filter characteristic by performing a sliding operation on the microphone 12L, 12R.
Also, the EGritFSl seetién 38 Mgy Be cbhfigaretitd shitthtRe afifactdrt the gaiffsectioh 35 by
control using the control si$ng[1§gz in_response to a sligcj'jlngno%eggti%% This gllq:vJ\E/s (tJhe user to adjust

. o LT r = ng operatil er. 5ta .
the noise cancSliation 16Vel in An arbitrary fashion through ah-edsy operation - "Also, the control

section 38.may be.configured to change the filter factorin;the egualizen39 by contrelysing the control
signal SG3, in response to detection of a sliding operation. For example, it is also possible to control
such an actien as 1@ sequentially sivitchthe equalizing ebaracteristican 'shott time anitsidurng the
sliding operation period so that the user can select a preferred characteristic. This allows the user to
select a s6lRd §uakty cofreetior SEite throtgh Anteasy Gperaticr For Ex@mite, itfs-advantageous to

store various preset frequency characteristics in the memory section 40 jn advance agg allow the user
. : t ; ol
tosequenﬂa“ya%ﬁﬁféqd%%%gg f%e éilglng operat15% 18 8 ar{e% d%e &

energy ievel of the sliding sound signal component has
continued to be lower than a predetermined value for a
second time or more, the sliding operation detecting section
37 determines that the sliding operation has been ended.
Then, to notify the end of operation input by the user, the
sliding operation detecting section 37 cutputs a sliding end
detection signal Sdetk to the control section 38.

The control section 38 controls the individual sections
of the noise cancelliation unit 14 by the above-mentioned
control signals SGl, 3$G2, and SG3. Also, the control
section 238 can alsc transmit a control signal SG4 to the
media player 20.

In this example, in particular, the control section 38.

is equipped with the function of performing a control
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characteristics that provide a preferred sound quality and select a suitable characteristic at the end of
the sliding operation. [2-2: Sliding operation detecting section (Configuration Example 1)]
Hereinbelow, the configuration and action of the sliding operation detecting section 37 will be
described. Here, Configuration Example | shown in Fig. 6 will be described first. This Configuration
Example | represents a configuration example in which a sliding operation is detected in a manher
common to the sound signals SmL and SmR from the microphones 121 and 12R. The sliding
operation detecting section 37 includes an adder 51, a low-pass filter 52, an absolutizing circuit 53, a
low-pass filter 54, and a determination processing section 55. The respective sound signals SmL
and SmR from: thes'mierophenesid2tandit2R are added togethernin the adder b1 andinputted to the
low-pass filter 52. The cut-off frequency of the low-pass filter 52 is set to fcl. This cut-off frequency fcl
is set to a¥requiehey fomextrakting atsliding Sowrt Sighascom portait L Brthelcad eastidrethe
microphones 125 and 12R are each attached to a headphone housing molded from resin, for example,

the cut-offfréqiicticy i 86t tosuth-a freqlenGPihal makes fi5ossibIg 16 exfREthE Stnd signal
component prog C%‘é’hﬁ%ﬁfg&ge{ 1S fraced 01\{_9reth&rgé%?ageg@ameggfogg, g cutsaff frequency fcl

suited for the kind of resin being used is determined. Of course, there are also cases where a
componenrfymade of a ragtallicsnateriabier anether material is used i the:surraungdings efthe
microphones 125 and 12R. Thus, the filter characteristic is determined in accordance with the material
of the micrsphotesek25iand $2R1thémSdives of the material:usedtindheir Sorrogpdings.e, During a
sliding operation, a sliding sound produced near the microphone is the %r}edominant component in the

sound signdl SMERHSIARE ft Hobftbe Roted: hoveVBF thatthe sttt siGhalS Eret and SmR also
contain broad:nanawidih,naise such as background noise and ambient naise. .
operation input information to the media player 20 as the
control signal SG4.

The memory section 40 stores information to be
referenced by the contrel section 38 when performing a
control process. For example, the memory section 4§ stores
information on the filter factors in tThe noise cancellation
section 34 and the equalizer 39, and so on.

In this embodiment, the contrcl section 38 performs a
predetermined control in accordance with a user's sliding
operation. A real-time, continuous control is suited for
the control process. The following are assumed as examples
of such control.

First, it is conceivable to transmit a command to the
media plaver 20 as the control signal $G4 to thereby cause
the media plavyer 20 to execute, for example, the following
actions.

- Control to perform FF (fast forward)/REW (rewind) to a

_29_



Accordingly, first, the sliding sound signal component is extracted with the low-pass filter 52.
Generally speaking, the sound signal component of a sound produced by a sliding motion has high
energy in low frequencies. Thus, it is conceivable to extract the sliding sound signal component with

the low-pass filter 52. However, depending on the material used, it is also conceiva

ble to use a

band-pass filter with a predetermined pass-band. In any case, it suffices that the frequency band
with high energy level of the sliding sound signal component be extracted first.  The sliding sound
signal component in the summed signal of the sound signals SmL and SmR outputted from the
low-pass filter 52 is absolutized in the absolutizing circuit 53.  The signal SO absolutized in the

absolutizing siveuit53 iednverteddatoia sifnal Stiepresenting the enérgytievelof t

he sonad signal

SmL, SmR via the low-pass filter 54, and inputted to the determination processing section 55. The
cut-off fre§Gericyr fc \bf #igl oW pass fitéi 4 F§ett6 BoFedqiihtyTor converting the signal SO into an
envelope §igggt%i hetgegcerminati%l Pﬁgggg{ssgr%% section detects the gé%rilggg of a slijgling operation

through proces.s.itr:f}éo estribed feﬁerp, with respect to tﬁre}%iéln%j[%? Tﬁ%ﬁ, as aresult o

determinatipn pracessing section quiputs & sliding start detection signat SdetS and
to a state suilted for when making a conversation that
end soon).
- Control of an operation to turn the noise cancellati
function off only during the sliding operation period
facilitate hearing of ambient sounds.
- Control to adjust the.volume up or down to a volume
position desired by the user, with the length of the s
operation period as an operation gquantity.

- Control to adjust playback speed up or down to a pla

?tlhe detection, the
Qitch

will

on

to

1iding

yhack

speed desired by the user, with the length of the sliding

operation period as an operation guantity.

- Control to adjust plavback pitch up or down to a pla

yback

pitch desired by the user, with the length of the sliding

operation period as an operation gquantity.

~ Control to partially play back multiple contents such as

music or video sequentially during the sliding cperati

Con

period, i.e., control of such an action as to allow the user

to sequentially search through contents while partiall

Y

viewing or listening to the contents, and play back the

content at the instant when the sliding coperation is stopped.

For example, supposing that a sliding operaticn 1
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sliding end detection signal SdetE to the control section 38.  The action of the sliding operation
detecting section 37 described above will be described with reference to Figs. 7 to 9. Fig. 7 shows
an example of the waveforms of the signal SO and signal S when a sliding operation is performed. As
described above, the low-pass filter 52 extracts a sliding sound signal component. Since the output of
the low-pass filter 52, which is the sliding sound signal component, has an amplitude with a
positive/negative value, in order to determine the negative amplitude as an energy level as well, the
signal SO absolutized in the absolutizing circuit 53 is used.  As shown in the drawing, during the
sliding operation period, the energy level of the signal SO (the amplitude level of the absolutized
sliding soupe signiab compoaeat] beconies high.ion Ipshddid beabied FHavwéeverZthat Bivser's sliding
operation is unstable, and.traciré%]is not necessarily done with constant speed and force. Thus, the

amplitude“Faieson FE5SRaAl fmesealssr™s BYFepreefiing this aHE Signat $%rfveloped by the
s Hasiz b e Rerge AHing UL Ng.eneIgy gl conTNBR R besasi detsgmined as the
operation period detected by the sliding operation detecting
section 37.

Ls will be described later, in the case where a sliding
operation on the microphone 121 and a sliding operation on
the microphone 12R are to be detected in a differentiated
manner, two kinds of operations can be assigned. In that
case, for example, assuming that a sliding cperation on the
microphone 121 means Volume up and a sliding operation on
the microphone 12L means Volume down, the control section 38
performs the process of transmitting a "Volume up" or
"volume down® command to the media player 20, in response To
detection of a sliding operation by the sliding cperation
detecting section 37.

Further, as will be described later, it is also
possible to differentiate operations in accordance with the
sliding direction, the sliding location, and so on. Also,
on the basis of combinations of those differentiations and
the left and right microphones 12L and 12R, a varlety of
operaticons can be set in a differentiated manner. In that
case as well, the control section 38 transmits a
predetermined command to the media player 20 in response to

detection of each of those sliding operations.

|
(W8]
[}
1



From this signal S, the determining processing section 55 determines the sliding operation period
shown in the drawing, that is, the period during which functional control according to the sliding
operation is performed with respect to a controlled object. Fig. 8 is a flowchart of a process in which
the determining processing section 55 determines the start an end of a sliding operation from the
signal S.  The determining processing section 55 performs the sliding operation determination
process shown in Fig. 8 with respect to the signal S that is inputted. First, in step F101, the
determining processing section 55 determines whether or not the level of the signal S is higher than a
threshold TH1. Fig. 9 shows the waveform of the signal S and thresholds TH1 and TH2. The
threshold TH1 ista threshald<fot determiring wdetkerlermatthe energydevelidf the signal S has
increased. On the other hand, the threshold TH2 is a threshold for determining whether or not the
energy leve ot fe SignaPSTHaL decrégsat © L CR StepF 104L thé Valtiefof #ie SinaF Sthat is inputted

is sequengil%: compared with th%]&hreshoild THEJE' Ifitis determinegéh%t,the va&rllue of the signal S is
S d . i

equal to of aiiaf thah thethreshold TH1: the elt%rrﬁfen?rﬁf’go 1Bl’oc%sgnglsC(:alcf:agn BETeturAs to step F101

as indicated by{'Rs, and thesnextinputvalye gf thessignal S is,compared with,the threshold TH1.

of great convenience to the user 1f the user is able to
control the action of the media plaver 20 by simply
performing a sliding operation on the microphone 12L, 1ZR,
without taking the main body of the media player 20 out
during a commute or the like, for example.

It is also conceivable for the control section 38 to
perform internal control of the noise cancellation unit 14
in response to detection of a sliding operation.

For example, the control section 38 may be configured
to switch the filter factor of the nolse cancellation
section 34 by contreol using the contrel signal 3GL, in
response to a sliding operation. For example, it is also
possible to control such an action as to seguentially switch
the filter factor in short time units during the sliding
operation period so that the user can select the filter
characteristic suited for the current condition.

Generally speaking, the noise environment
characteristic varies greatly depending on the environment
of each individual lccation such as an airfield, the
platform of a train station, the inside of a train, a

factory, or the like, even when observed as a frequency
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When the value of the signal S exceeds the threshold TH1, the determining processing section 55
proceeds to step F102. In step F102, the determining processing section 55 first resets a counter
Onl to 0, and causes counting to be started. Then, while incrementing the counter Cnl in step
F103, the determining processing section 55 performs the determinations in steps F104 and F105.

In step F104, the determining processing section 55 determines whether or not the value of the signal
S is larger than the threshold TH1. In step F105, the determining processing section 55 determines
whether or not the value of the counter Cnl has reached a first time THtml. The first time THtml is a
predetermined time interval as shown in Fig. 9. This is set as a time for determining that an increase
that has oceutred ir thesenergy dfitee signab$ is aot monfantarrbuthis azcontindeds. inckfease in energy
level due to a sliding operation. If it is detected in step F104 that the signal S is lower than the
threshold THI S is- @6tefrniridel that theSinéfeakEaA ehergifrRvel deteetedin step-F 161 is a momentary

one and nat caused byréa slidin opergtigg, aenadcgle.%%tge%m?gg?nI%(:)Lcsegsinrgvg_gcéiorge%%returns to step
5101 as ifdicatdd by "R'- Thatis, it is determined that a sfi iNg-opéeration has hot been started.

characteristic. For this reason, 1t 1s advantageous to
allow the user to seguentialliy switch to and select the most
suitable filter characteristic by performing a sliding
operation on the microphone 12L, 1ZR.

Also, the control section 38 may be configured to
switch the gain factor ¢f the gain section 35 by control
using the control signal S$SGZ, in response to a sliding
operation. This allows the user to adjust the ncise
cancellation level in an arbitrary fashion through an easy
operation.

Alsc, the contrel section 38 may be conflgured to
change the filter factor in the equalizer 39 by control
using the control signal SG3, 1in response to detection of a
sliding cperation. For example, it 1s also possible to
control such an action as to sequentially switch the
equalizing characteristic in short time units during the
sliding operation period so that the user can select a
preferred characteristic. This allows the user Lo select a
sound quality correction state through an easy operation.
For example, it is advantageous to stere various preset
frequency characteristics in the memcry section 40 in

advance, and allow the user to sequentially apply equalizer



On the other hand, the case where it is determined in step 5105 that the value of the counter Onl has
reached the first time THtml is a case where it is determined that the state in which the energy level of
the signal S is larger than the threshold TH1 has continued. At this time, the determination
processing section 55 proceeds to step 5106, and determines that a sliding operation has been
started. Then, the determination processing section 55 outputs a sliding start detection signal SdetS to
the control section 38.  After determining that a sliding operation has been started, the determining
processing section 55 proceeds to step 5107, and starts determination of the end of the sliding
operation. First, in step 5107, the determination processing section 55 compares the signal S with
the threshatd: TH2; and determines whetheriotanot the simalk-8 dasdecd me:lower tham the threshold
TH2.  As shown in Fig. 9, for example, the threshold TH2 is set to a slightly lower level than the
threshold STHE Thig:thesHelE TH izee Falbe Férdetermming'8 deefedse ih'the enefgyfével of the
signal S. When the signal S has become smaller than the threshold TH2, the determination
processinﬁpsee)é%ﬁ%% ‘regards this as indicating a possibility that the sliding operation has been ended,
and proceeds to step 5108. In step 5108, the determination processing section 55

[2-2: Sliding cperation detecting section (Configuration

Example I} ]

Hereinbelow, the configuration and action of the
sliding operation detecting section 37 will be described.
Here, Configuration Example I shown in Fig. ¢ will be
described first.

This Configuration Example I represents a configuration
example in which a sliding operation is detected in a manner
common to the sound signals SmlL and SmR from the microphones
1IZL and 1ZR.

The sliding operation detecting section 37 includes an
adder 51, a low-pass filter 52, an absolutizing circuilt 53,
a low-pass filter 54, and a determination processing section
B5.

The respective sound signals SmL and SmR from the
‘microphones 121 and 12R are added together in the adder 51
and inputted to the low-pass filter 5Z. The cut-off
frequency of the low-pass filter 52 is set to fcl. This
cut-cff freguency fcl is set to a freguency for extracting a

sliding sound signal component. In the case where the

T



resets a counter On2 to 0, and causes counting to be started. Then, while incrementing the
counter On2 in step F109, the determining processing section 55 performs the determinations in steps
F110 and F111. In step F110, the determination processing section 55 determines whether or not
the signal S has become lower than the threshold TH2. Also, in step F111, the determination
processing section 55 determines whether or not the value of the counter Cn2 has reached the second
time Thmt2. The second time THtm2 is a predetermined time interval as shown in Fig. 9. This is
set as a time for determining that a decrease that has occurred in the energy of the signal S is not
momentary but is a continuous decrease in energy level following the end of the sliding operation.

If it is detected trstep&l102hatthe sigmal:5 bas aotbecome tewerthan the sheshald TH2, it is
determined that the decrease in energy level detected in step 5107 is a momentary one and not
caused byretidihg of He sliting bpérationl and fﬁédéﬁé?ﬁfm&iont@r‘écésﬁﬁ@géction 55 returns to step
5107 as indicated bé’ "Q". That is, it is de erml fgd that the sI| ngo eratlon has not beeT ended.

For exampre@ﬁljge% shotws, R b@n@dl Aa fa%gdﬁwcfﬁ/ch after the ';etart of s?alng lf‘he energy level
of the signal S.has.temparadlydecreased;below the threshold TH2, In.this gase. the periad tmA is a

period shorter than the
is traced over the resin material. Therefcore, a cut-off

frequency fcl suited for the kind of resin being used is
determined. OFf course, there are also cases where a
component made of a metallic material or ancother material is
used in the surroundings of the microphones 1ZL and 12R.
Thus, the filter characteristic iz determined in accordance
with the material of the microphones 12L and 1ZR themselves
or the material used in theilr surroundings.

During a sliding operation, a sliding sound produced
near the microphone is the predominant component in the
sound signal SmlL or 3SmR. It should be noted, however, that
the sound signals SmlL and SmR also contain broad-bandwidth
noise such as background nolse and ambient noilse.
Accordingly, first, the siiding sound signal component is
extracted with the low-pass filter 5Z.

Generally speaking, the sound signal component of a
sound produced by a sliding moticn has high energy in low
frequencies. Thus, it is concelvable to extract the sliding
sound signal component with the low-pass filter 5Z. However,
depending on the material used, it 1s also conceivable to

use a band-pass filter with & predetermined pass-band.



second time THtm2. In such a case, the decrease is determined as a temporary decrease in level
during the sliding operation. A sliding operation performed by the user is not necessarily a regular
sliding motion. As mentioned above, the sliding motion is not performed with a fixed force at a constant
speed. Moreover, momentary stoppage of the sliding motion due to a finger getting stuck or the like
during sliding is a common occurrence. For this reason, it is not appropriate to determine that the
sliding operation has been ended as soon as a decrease in the energy level of the signal S is
observed. Accordingly, the second time THtm2 is set, and if the period during which the decrease has
occurred is less than the second time THtm2, it is determined that the sliding operation has not been
ended. On thenother hand gtheicasewitierestistdetérmined i stepeREtl] tratdhervalue of the
counter Cn2 has reached the second time THtm2 is a case where it is determined that the state in
which the 'ehfgyEleeERoT the Eignat 5 islsinalie THAT IRCIAFESHOIF T2 REFESAFTURd®S At this time,
the determination Prcg:e;sin section 55 proceeds to step F112, and determines that the sliding

operation Fasseenehdet” Eén, the determination processing section 55 outputs a sliding end

detection signal [$detEto the contral-section, 38, - ckerexample; inFig. Suafterthe.energy level of

the signal S drops below the threshold TH2 Tor the second time, the state in which the energy level has
dropped continues for dhe! seconthlimeSkhitma or itoFe.dn thatcase, it isdetemmineddthat the sliding
operation has been ended.
filter 52 is absolutized in the absclutizing circuit 53.
The signal S0 absolutized in the absolutizing circuilt
53 is converted into a signal S representing the energy
level of the sound signal SmL, SmR via the low-pass filter
54, and inputted to the determination processing section 55.
The cut-off frequency fc2 of the low-pass filter b4 1is set
to a frequency for converting the signal S0 into an envelope
signal.
The determination processing section detects the
start/end of a sliding operation through processing
described later, with respect to the signal 5. Then, as a
result of the detection, the determinatilon processing
section cutputs a sliding start detection signal SdetS and a
sliding end detection signal SdetE to the control section 38.
The action of the sliding operation detecting section
37 described above will be described with reference to Figs.
7 to 9.
Fig. 7 shows an example of the waveforms of the signal

S0 and signal $ when a sliding operation is performed.

As described above, the low-pass filter 52 extracts a
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In the sliding operation detecting section 37 in this example, the determination processing section 55
determines the start/end of a sliding operation in the manner as described above with reference to Fig.
8. This allows the control section 38 to recognize the period during which the sliding operation is being
performed, thereby enabling a control based on a sliding operation as a continuous operation or an
operation for which an operation quantity is specified. Also, in the sliding operation detecting
section 37, the determining processing section 55 determines the start/end or a sliding operation by
observing an increase/decrease in energy level on the temporal axis. This makes it possible to
determine a sliding operation easily without causing an increase in resources.  When a sliding
operation s perfarmed, the energyalevebfamplitude) ofA saundsignakdfraipredeteriined band (sliding
sound signal component) in a microphone input signal increases. Accordingly, by monitoring the
energy of Ltédtdiry SouricEdigRal-comipsientSa Sliding opidtionSéaiiBe Setdtidd by determining an
increase/decrease in enz}rgg, Vé/%h%ut ﬁg{fﬁg&@iggfha v%aveform analys his enables a reduction in

is,
. nalysis, o o, thigenaplesa
processmﬁc’f’gg& 5t dlete Mg an op%1 ation, and the res%lt%%sclos re(fljlc%%%. I Sartléular, in the case of

equipmenmaéﬂ%gem@ace@%mé@aélﬂgsggrggﬁé%haﬁgm%@&@ cancalfation wgit 14 of the NC
headphone 10, it is very advantageous to be able to perform a necessary detection process through
such a simple«ction. we lll [s neécessarnytolexstuid theloperatan input detedtion prodesisrat all times to
handle irregular user operations. For this reason, since the detection process is signal processing on
the temporaltis- with-a srhalf &ffount of computation, such a detection process is suitable as a
process to be eg}ecutg}d at aII‘time}'sl.e Furthermore, since ;Cq%destffcti‘on rocess is simple, the time

necessary for détScting the start of end'sFa Sliting opération is shortened thereby enabling the action

of the apparatus with-geod tesponse . - 1in ke case of this example, evepwhen-theke is a momentary
drop in the energy level of the sighal S due to momentary stoppage of sliding or the like, this is not
immediately regarded-as<theendlofthe stiding operaticmund signal component)
beccmes high.
It should be noted, however, that a user's sliding
operation is unstable, and tracing is not necessarily done
with constant speed and force. Thus, the amplitude varies
on very small time scales.
By representing this as the signal $ enveloped by the
low-pass filter 54, the period during which high energy
level continues can be easily determined as the sliding
operation period.
From this signal S, the determining processing section
55 determines the sliding operation period shown 1n the
drawing, that is, the period during which functional control
according to the gliding operation is performed with respect
to a controlled obiect.
Fig. 8 is a flowchart of a process in which the

determining processing section 55 determines the start and



For example, even when the energy level drops temporarily for a very short time due to resting of a
finger for some time during the course of sliding, irregular mixing of noise, or the like, if the energy
level increases immediately after the drop, then it is determined that the sliding operation is being
continued. Thus, as detection of a user operation, It is possible to detect the end of the operation in
a favorable manner and as intended by the user. That isis unnecessary for the user to pay too much
attention to making a careful sliding motion, thereby allowing for easy operation. According to
Configuration Example | shown in Fig. 5, the user may perform a sliding operation on either one of the
left and right microphones 12L and 12R. Thus, when, for example, one hand is occupied doing
something:tike cdrryinglaibag.a shiding operatibnccanthe perfonmasd &asily using the other, unoccupied
hand, thus providing improved operability. Then, in response to detection of a sliding operation by
the sliding operatioh dEtE6tHY Sectipn3Pirahslngy, the coRfrolsedtivh BB Pérfomts a control
according to the kind of operation assigned to this slidi eration, for example, thg control illustrated

above. Sﬁjtrﬁﬁz%%nﬁglesrpéigﬁlo%%é% i3'to transmit & %oﬁ”l}r}rrg]é%%gf%rsc%ﬁﬁ%lli:ﬁa‘ ?%%‘%étlon oft % media
player 20, the user is.able,tg operate the media player 20 while keeping the media

First, in step F101l, the determining processing section
55 determines whether or not the level of the signal 5 1s
higher than a threshold THL.

Fig. 9 shows the waveform of the signal S and
thresholds TH1 and TH2Z. The threshold TH1 is a threshold
for determining whether or not the energy level of the
signal S has increased. On the other hand, the threshold
THZ is a threshcld for determining whether or not the energy
level of the signal & has decreased.

In step FL101, the wvalue of the signal S that is
inputted is sequentially compared with the threshold THIL.

If it is determined that the value of the signal $ is egual
to or smaller than the thresholid TH1, the determining
processing section 55 returns to step F101 as indicated by
"R, and the next input value of the signal § is compared
with the threshold THL.

When the value of the signal S exceeds the threshcld
TH1, the determining processing section bb proceeds to step
L0z,

In gtep F102, the determining processing section 5b

first resets a counter Cnl to 0, and causes counting to be
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player 20 in a pocket or a bag during a commute or the like.  Also, since the operation method used
is such that a sliding motion is made with a finger or the like, it is possible to intuitively control the
media player 20 or the noise cancellation unit 14.  Also, since the mode used is such that a sliding
motion is made on the microphone 12L, 12R or its vicinity, implementation is possible as long as there
are an ordinary (inexpensive) microphone and a signal processing section such as a CPU/DSP even
without using a special sensor such as a touch sensor, which contributes to reducing cost.
Furthermore, in the case of the NC headphone 10 in this example, the headphone section ii is
provided with the microphones 12L and 12R for the noise cancellation function. Since a sliding
operation £andie=performed using the microphones 12L and 12R, it is unnecessary to provide an
additional sensor device for operation input. This configuration example is suited for cost reduction
also in this respééteBind Ao Goes otcatisk ditineFeasein #hé hufber of cimponéhtsthat make up
the appar %JS. While in.the examcple shown in Fig. 5 tléegjsoundfsignals mL and SmR from the
respective an %%ﬁ%ﬁﬁé@%f%gro%%soﬁgg 12T and " 12R aré %i/:ntﬁergl‘%e 6 determine a sliding

operationanly one ofthe channels of squrd signals (tet example, the sound signal SmL) may be
inputted to the low-pass filter 52. In that case, only the microphone 12L on the corresponding channel

is used for the porposecaf the Glidingropesation:n{2=3 rSlidingoperating detecting section (Configuration
Example Ml

determines whether or not the value of the signal S is

larger than the threshold THIL.

In step F105, the determining processing sectiocn 55
determines whether or not the value of the counter Cnl has
reached a first time THtml.

The first time THtml is a predetermined time interval
as shown in Fig. 9. This is set as & time for determining
that an increase that has occurred in the energy of the
signal 8 is not momentary but is a continuous increase in
energy level due to a sliiding operation.

If it 1s detected in step Fl04 that the signal § is
lower than the threshold TH1, it is determined that the
increase in energy level detected in step F101 is a
momentary one and not caused by a sliding operatlon, and the
determination processing section 55 returns to step FI01 as
indicated by "R". That is, it is determined that a sliding
operation has not been started.

On the other hand, the case where it i1s determined in

step F105 that the value of the counter Cnl has reached the

first fTime THtml 1s a case where it is determined that the



The sliding operation detecting section 37 as Configuration Example Il will be described with reference
to Fig. 10.  Configuration Example Il is an example in which the L channel and the R channel, that
is, the microphones 12L and 12R can be assigned to different operations. For example, this
configuration example is such that a sliding operation on the microphone 12L can be assigned to
Volume up, and a sliding operation on the microphone 12R can be assigned to Volume down. As
shown in Fig. 10, the sliding operation detecting section 37 adopts two independent lines of sliding
operation detection configurations for the L channel and the R channel. That is, a low-pass filter
52L, an absolutizing circuit 53L, a low-pass filter 54L, and a determination processing section 55L are
provided for theesaundrsignal St feomthe niierophoné 12t e Alsoyalowspass filter &2R, an
absolutizing circuit 53R, a low-pass filter 54R, and a
than the threshold TH1 has continued.
At this time, the determination prccessing section 53
proceeds to step F106, and determines that a sliding
operation has been started. Then, the determination
processing section 55 outputs a sliding start detection
signal SdetS to the control section 38.
After determining that a sliding operation has been
started, the determining processing section 5L proceeds to
step F107, and starts determination of the end of the
sliding operation.
First, in step F107, the determination processing
section 55 compares the signal S with the thresheld THZ, and
determines whether or not the signal $ has become lower than
the threshold THZ2.
As shown in Fig. 9, for example, the threshold THZ is
set to a slightly lower level than the threshold TH1. This
threshold THZ is a value for determining a decrease in the
energy level of the signal S.
When the signal S has become smaller than the threshold
TH2, the determination processing section 55 regards this as
indicating a possibility that the sliding operation has been
ended, and proceeds to step F108.

In step F108, the determination processing secticn 55

resets & counter Cn2 to 0, and causes counting to be started.



determination processing section 55R are provided for the sound signal SmR from the microphone
12R. Since the actions of the low-pass filters 52L and 52R, the absolutizing circuits 531, and 53R,
and the low-pass filters 54L and 54R are the same as the actions of the low-pass filter 52, the
absolutizing circuit 53, and the low-pass filter 54 according to Configuration Example | mentioned
above, repetitive description is avoided. The determination processing sections 555 and 55R may
each perform the process of determining the start/end of a sliding operation as shown in Fig. 8, for
example. Upon detecting the start of a sliding operation with respect to a signal S obtained from
the sound signal Smii, the determination processing section 555 outputs a sliding start detection signal
SdetS(L) to the Gortrol sebtidr, and-uporedétesting tie end ot the Sliding dpéitation38) the
determination processing section 55L outputs a sliding end detection signal SdetE(L) to the control

section 38:'¢  UpoRIIEBAGHY INeCSER b 2% ibfig-dp&ration With7eEPéctt8% signal S obtained from

the sound itsi nal SmR, the determiqaéi ArQ %ssé 1s%qtﬁ1' 55R outputs a sliding start detection
. L t L ALk [ kS [ P .
signal Sde %%S)f?olﬁ% control section §§ anéupoﬁ%etectlng the end of the sliding operation, the

determination prpgessing sectien 585 outpits asliding end detection sighat Sdetk(R) 40 the control
section 38. The control section. 38 can recognize two kinds of operation inputs on the basis of the

sliding staredetectioresignakSdetS(byand thezsliding end Hetection signal8detB{9 rand e sliding
start detection signal SdetS(R) and the sliding end detection signal SdetE(R). Therefore, for example,
the abovelm@nti UBhineé Wp/Down control or the like can be performed in accordance with those

e i naegerio tecanfaion Rxamele s daspie AboYe-yghinds of operations
section 55 determines whether or not the wvalue of the
counter CnZ has reached the second time Thmtz.

The second time THtm2 1s a predetermined time interval
as shown in Fig. 9. This is set as a time for determining
that a decrease that has occurred in the energy of the
signal 3 is not momentary but is a continuous decrease in
energy level following the end of the sliding operation.

If it is detected in step F110 that the signal S5 has

not become lower than the threshold THZ, it is determined

that the decrease in energy level detected in step F107 is a

momentary one and not caused by ending of the sliding

operation, and the determination processing section 55

returns to step 107 as indicated by "Q". That is, 1t is

determined that the sliding coperation has not been ended.
For example, Fig. 9 shows, as a period TmA, a state in
which, after the start of sliding, the energy level of the

signal § has temporarily decreased below the threshold THZ.

In this case, the period tmA is a period shorter than the
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use with the left and right microphones 122 and 12R, making this configuration suitable for improving
user operability. [2-4: Sliding operation detecting section (Configuration Example 111)] Next,
Configuration Example Il is shown in Fig. In this example, as in Configuration Example Il mentioned
above, the 2 channel and the R channel, that is, the microphones 122 and 12R can be assigned to
different operations. In the case of Configuration Example Il mentioned above, the sliding operation
detecting section 37 is simply installed with two lines of sliding operation detection processing
systems, and thus the load on the configuration is large. Configuration Example Il can reduce the
load on the configuration.  In Configuration Example lll, the sliding operation detecting section 37
performs a€hanreldeterminatian pracesswahich determinesa channekthat ¢entains a sliding sound
signal component from among a plurality of channels of sound signals SmL and SmR, and a sliding
operation $Edrf&nd deteriiinatiorpioeeas withdespédtto & sotmitFsighditobtained by adding or

subtractinglsliginrg soungrséignalncomponents from the plurality of channels to or from each other. A
sliding operajtioﬁ, dnd the Endntiel on which the sliding operation has been performed can be thus

detected. In thig casg,as %%%/\L@H&Eig- 44 rtherspund signal-Smb drom the,microphone 12L is

inputted to the low-pass filter 52L, and a sliding sound signal component is extracted with the cut-off
frequencydfekessarily a regular sliding motion. As mentioned above,

the gliding motion 1s not performed with a fixed force at a
constant speed. Moreover, momentary stoppage of the sliding
motion due to a finger getting stuck or the like during
sliding is a common occurrence.

For this reason, 1t is not appropriate to determine
that the sliding coperation has been ended as soon as a
decrease in the energy level of the signal S is cbserved.
Accordingly, the second time THtmZ is set, and 1if the period
during which the decrease has occurred 1s less than the
second time THtm2, it 1s determined that the siiding
cperation has not besen ended.

On the other hand, the case where 1t is determined in
step F1lll that the value of the counter CnZ has reached the
second time THtmZ is a case where it is determined that the
state in which the energy level of the signal S is smaller
than the threshold THZ has continued.

At this time, the determination processing section 5D
proceeds to step F112, and determines that the sliding
ocperation has been ended. Then, the determination

processing section 55 outputs a sliding end detection signal



The sound signal SmR from the microphone 12R is inputted to the low-pass filter 52R, and a sliding
sound signal component is extracted with the cut-off frequency fcl. The output of the low-pass filter
52L is supplied to an absolutizing circuit 56L and a subtractor 59. The output of the low-pass filter
52R is supplied to an absolutizing circuit 56R and the subtractor 59. The absolutizing circuit 56L
absolutizes the output of the low-pass filter 52L, and supplies the resulting output to a subtractor 57.
The absolutizing circuit 56R absolurizes the output of the low-pass filter 52R, and supplies the
resulting output to the subtractor 57.  Therefore, as the output of the subtractor 57, the difference in
energy level between the respective sliding sound signal components of the left and right channels of
sound sighdktSmtarid Smirappedrssection 36,

For example, in Fig. 9, after the energy level of the
signal S drops below the threshold THZ for the second time,
the state in which the energy level has dropped continues
for the second time ThtmZ or more. In that case, 1t is
determined that the sliding operation has been ended.

In the sliding operation detecting section 37 in this
example, the determination processing section 55 determines
the start/end of a sliding operation in the manner as
described above with reference to Fig. 8. This allcows the
control section 38 to recognize the period during which the
sliding operation is being performed, thereby enabling a
control based on a sliding operation as a continuous
operation or an cperation for which an operation guantity is
specified.

Alsc, in the sliding operatiocon detecting section 37,
the determining processing section 55 determines the
start/end of a sliding operation by observing an
increase/decrease in energy level on the temporal axis.
This makes it possible to determine a sliding operation
easlly without causing an increase in resources.

When a sliding operation is performed, the energy level
(amplitude) of a sound signal of a predetermined band
(sliding sound signal component) in a microphone input

signal increases. Accordingly, by monitoring the energy of



The output of the subtractor 57 is converted into an envelope signal by a low-pass filter 58 with the
cut-off frequency fc2, and supplied to the determination processing section 55. In the determination
processing section 55, when a sliding operation is performed on either the microphone 12L or 12R, it
is possible to detect on which of the microphones 121 and 12R the sliding operation has been
performed, by determining whether the envelope signal is positive or negative. = The respective
sliding signal components in the sound signals SmL and SmR extracted with the low-pass filters 521
and 52R are subjected to a subtraction process in the subtractor 59, and their difference value is
extracted.  When a sliding operation is performed on one of the microphones 121 and 12R, the
energy ofithe skding ssignat compoaegheflthecsgundesignal frosi thie. micropkore dnwhickn the sliding
operation has been performed increases. Therefore, as the output of the subtractor 59, an energy
increase ESmpGHEaRRR t)the STaiy operaticiappedida s TARERPELof theSidbtiattor 59 is

absolutized, in the absolu izi%g,circuit 53 co?verted intci an enveloped signal S by the low-pass filter 54

with the clit:6 ?ﬁé%u%ﬁgy fcZ ahd s%p"ﬁﬁg& o'the détermination processing section 55.  The

determination pregessing se¢tion 35 performs &-sliding, operation determination-process with respect
to the signal S, and outputs a sliding start detection signal SdetS, a sliding end detection signal SdetE,

and an L-channel/Rohaanebgetermination sighat =L Rdethe: cantralsection @3dn accordance with the
determination process with respect to the signal S.  The determination process in the determination
processingseetiit 55UA #is chse Hidy b perfofmed i feemannBias sShoWwRTHR Fig. 12 for example.

has small resources such as the noise cancellation unit 14
of the NC headphone 10, 1t is very advantagecus to be able
to perform a necessary detection process through such a
simple action.

It is necessary to execute the operation input
detection process at all times to handle irregular user
operations. For this reason, since the detection process is
gsignal processing on the temporal axis with a small amount
of computation, such a detection process is sultable as a
process to be executed at all timss.

Furthermore, since the detection process i1s simple, the
time necessary for detecting the start or end of a sliding
operation is shortened, thereby enabling the action of the
apparatus with good response.

In the case of this sxample, even when there is a
momentary drop in the energy level of the signal S due to
mementary stoppage of sliding or the like, this is not
immediately regarded as the end of the sliding operation.

For example, even when the energy level drops
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It should be noted that in Fig. 12, processes that are the same as those in Fig. 8 mentioned above are
denoted by the same step numbers, and repetitive description is avoided. In the processing shown
in Fig. 12, in steps F101 to 3106, the start of a sliding operation is determined in the same manner as
in Fig. 8.  Then, if it is determined in step F106 that sliding has been started, the determination
processing section 55 performs L/R determination in step F130. That is, whether the signal from the
low-pass filter 58 shown in Fig. 11 is positive or negative is determined at this point. In the case of the
configuration as shown in Fig. 11 in which the R channel of absolutized signal is subtracted from the L
channel of absolutized signal, if the signal from the low-pass filter 58 is positive, the channel in
question isdetensined $o bethe Lvehapnsehand if thessignal is negative, thie chaanélinggiestion is
determined to be the R channel. This L/R determination is a process that detects on which of the
microphoAés 12PandE2re adhdingcoperaticiv HAS Dedh petfofthad: TRE A8 deterinatich

processing section 55 outpyts an L-channel/R-channel determination signal D-LR indicating the result
of the L/Rggztgﬁﬁfﬁ%tioﬁ) o %%é@cdﬁt%{oﬁ ’se%‘:%oﬁ: %@. “nefﬁélre%o?\ef? whén %e Start of a sliding operation

is detecte jdi tart iopssl ets; determinadi i -ar lied to the
control se%%@f%%@ﬁi ) t#%r%ﬁ%ﬁbcﬁﬁgﬁéctﬁn &5{5‘@% @&ﬁg}@ [%-]LTBE Erbp
sliding operation is being continued.

Thus, as detection of a user operation, 1t 1ls possible
to detect the end of the operation in a favorable manner and
ag intended by the user. That is, 1t is unnecessary for the
user to pay too much attention to making a careful sliding
motion, thereby allowing for easy cperation.

According to Configuration Example I shown in Fig. 5,
the user may perform a sliding operation on either one of
the left and right microphones 12L and 12R.

Thus, when, for example, one hand 1is occupled doing
something like carrying a bag, a sliding operation can be
performed easily using the other, unoccupied hand, thus
providing improved operability.

Then, in response to detection of a sliding coperation
by the sliding operation detecting section 37 in this way,
the control section 38 performs a control according to the
kind of operation assigned to this sliding operation, for
exampie, the control illustrated above.

If the control section 38 is to transmit a command for
controlling the action of the media playver 20, the user is

able to cperate the media player 20 while keeping the media
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determines the end of the sliding operation in steps F107 to F111 in the same manner as in Fig. 8.
Then, if it is determined that the sliding operation has been ended, in step F112, the determination
processing section 55 outputs a sliding end detection signal SdetE to the control section 38.  In the
case of Configuration Example Ill described above, the control section 38 can recognize two kinds of
operation inputs made by using the microphones 12L and 12R separately, on the basis of a sliding
start detection signal SdetS, a sliding end detection signal SdetE, and a determination signal D-LR,
thereby allowing Volume Up/Down control or the like to be performed in accordance with those
operation inputs, for example.  Therefore, according to Configuration Example 11l described above
as well, twa kinds of operationsccanche switehed:gceardingtouseanithitire left arterighthmicrophones
12L and 12R, making this configuration suitable for improving user operability. Moreover, the load on
the configuratioR:6fthe slichiritFopération Hetecting SEeHoR 37U be Fedtited iR e®mpFarison to

Conflguratlr]orrnh(gxample I, In particular, the fact tha%onlg a S|(r>|(l;1le %}?te%nimatlon processing section 55

suffices cORtHBULSS 6TedtRed Protedsing (réscurce) 1884, ©> It shou be hoted that it is also

conceivahle to use an.adder instead of the syhtractor Q. <3 Embodiment imwhich a sliding guide is

provided>  Next, a description will be given of an embodiment which a sliding guide that guides the
sliding operation posittontisprovided:onithe microphone side. This embodiment serves as an
embodiment of the microphone apparatus according to the present disclosure.

Also, since the mode used is such that a sliding motion
is made on the microphone 12L, 12R or its vicinity,
implementation is possible as long as there are an ordinary
(inexpensive) microphone and a signal processing section
such as a CPU/DSP even without using a special sensor such
as a touch sensor, which contributes to reducing cost.

Furthermore, in the case of the NC headphone 10 in this
example, the headphone section 11 is provided with the
microphones 12L and 12R for the nolse cancellation function.
Since a sliding operation can be performed using the
microphones 12L and 12R, 1t is unnecessary to provide an
additional sensor device for operation input. This
configuraticn example is suited for cost reduction also 1in
this respect, and also does not cause an Iincrease in the
number of components that make up the apparatus.

While in the example shown in Fig. 5 the socund signals
SmL and SmR from the respective L and R channels of
microphones 12L and 12R are synthesized to determine a
sliding operation, only one of the channels of scund signals

(for example, the sound signal SmL) may be inputted to the
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The manner in which a sliding operation is performed on the microphone 4 has been illustrated above
in Figs. 2A and 213. It has been described above that in that case, a sliding operation is such as
operation as to simply trace the area where the microphone 4 is formed. In contrast, Figs. 13A and
133 each show a configuration in which a sliding guide 8 is provided in the vicinity of the microphone
4, Like Fig. 2R, Fig. 13A shows a case in which the microphone 4 is provided in a predetermined
area on the housing of the personal computer 100. In the case of Fig, 13A, the sliding guide 8
having a ring-like shapeformed around the microphone 4. Like Fig. 2E, Fig. 133 also shows, for
example, a part of the headphone (earphone) 200 provided with the microphone 4 for the purpose of
noise cancellations in thid case &g welll the:sliing-guiele &having laerimg:likesshape:isifofmed around
the microphone 4. The sliding guide 8 may be simply any structural part that can be tactilely
recognize@by‘the UzeF IEGESHMPIE, theddliting §aide TR fofmed ifaPréjeeRd ctretéssed shape so
as to be abke, %o{,%uide the s[{idding1 motion made with a user's finger, That is, the sliding guide E may be
any structtre that % mounted for the purpose of allowing the user to smoothly move a finger or the like
in a circular fashion while being aware of the sliding guide 8.

[2-3: Sliding operation detecting section {Configuration

Example IT1)]

The sliding operation detecting section 37 as
Configuration Example II will be described with reference to
Fig. 10.

Configuration Example II is an example in which the L
channel and the R channel, that is, the microphones 121 and
12R can be assigned to different operations.

For example, this configuration example is such that a
sliding operation on the microphone 12L can be asslgned to
Volume up, and a sliding operation on the microphone 12R can
be assigned to Volume down.

As shown in Fig. 10, the sliding operation detecting
section 37 adopts twoe independent lines of sliding operation
detection configurations for the L channel and the R channel.

That 1s, a low-pass filter 52L, an absolutizing circuit
53L, a low-pass filter 54L, and a determination processing
section 55L are provided for the sound signal SmL from the
microphone 1ZL. Alsc, a low-pass filter 5ZR, an

absolutizing circuit 53R, a low-pass filter 54R, and a
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While in the case of Figs. 13A and 133 mentioned above a recessed, that is, ring-like groove is formed
around the microphone 4, a projected (rail-like) ring may be formed as well. It has been mentioned
above that a sliding operation is easy if the user is to make the sliding operation in a rotary fashion (in
the manner of drawing a circle). In this regard, for example, if the sliding guide 8 having a ringlike
shape is provided in this way, the user can perform a rotary sliding operation more easily. That is,
when the user rotates a finger while touching the sliding guide 8 with the fingertip, the resulting motion
becomes a sliding operation.  Then, as the user performs a rotary sliding operation while being
guided by the sliding guide 8, it is easier for the user to continue the sliding operation for a relatively
long time dfeF exarhple; L on [Paddition Lthe previsibrrofthE shidingjiidel8 ednelimifiate situations in
which the user performs a sliding operation at a positjon far frgm the microphone 4 and thus the

operation ?’?Hﬁfid@téﬂﬂ%dséfbpprgﬁﬁg’tem%r?Hecpﬁé’éjrh%eés notknow where a sliding motion should be
made. Wh”e%%ﬁli %ﬁ@p%@f’o@l%g'w%e %'f-péi_nq gyide 8 that guides.a eotary.sliding pperation has

been illustrated, the sliding guide 8 may have a linear or bowed shape. Alternatively, the sliding guide
8 may have,a ring-shape:orilingar shape thatis padially tukawayd<4.Hzmbedimentin which a
directional sound source section is provided>  Further, as an embodiment of a microphone
apparatust Flgs: 14 A>@id 248 illubtratesan exampietin WhichlzediredtiopaPssund-s6ureé section 9 that
produces different sound si%nalkcomponents depending on the direction of a slidingoap_eration is

provided A vicinity?ot the micisphonacs <L+ 2+ng clrcult 53, and the

pass filter 54 according to Configuration Example I
mentioned above, repetitive descripticn is avoided.

The determination processing sections 55L and 55R may
each perform the process of determining the start/end of a
sliding operation as shown in Fig. 8, for example.

Upon detecting the start of a sliding operation with
respect to a signal 8 obtained from the sound signal SmL,
the determination processing section 55L outputs a sliding
start detection signal S5detS(L) to the control section, and
upon detecting the end of the sliding operation 38, the
determination processing section 3501 outputs a siiding end
detection signal SdetE(L) to the control section 38.

Upon detecting the start of a sliding operation with
respect to a signal S obtained from the sound signal SmR,
the determination processing section 55R outputs a sliding
start detection signal Sdet3(R) to the control section 38,
and upon detecting the end of the sliding operation, the
determination processing section 55R outputs a sliding end

detection signal SdetE(R) to the control section 38.
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Like Figs. 2A and 23 and Figs. 13A and 133, Figs. 14A and 143 also show examples of the personal
computer 100 and the headphone 200, respectively. In these drawings, the portion around the
microphone 4 serves as the directional sound source section 9.  The directional sound source
section 9 is a portion of a material or structure that produces different sounds depending on the sliding
direction. An example of the directional sound source section 9 is shown in Figs. 15A to 150. For
example, Fig. 15A shows one that has such a material property that produces sound by mutual
contact, is fibrous, and has springiness at the root. This may be a material having such properties, or
may be a structure made from a mold or the like. In this case, it is supposed that the directional
sound source settiBn s sucH & prapertySthat WhehCslithing 8pération-is pérféfmed to the right as
shown in Fig. 15B, for example, mutual contact readily occurs anddf,sound 1S reagiéyB%roduced, but

. o

when a sIfiiig Spdration i€ pefforthed to tHe 18t asshowh inFig 156, ro-mbtual contact dccurs and
thus sound.is hardly. praduced. ., jThatds the frequency characteristic of the, produced sound varies

depending on the direction of the sliding operation. By detecting this difference in sound between the
two directionst a differenticontrol psocessreanshe perfarmed foreachidirection dexamples of the
direction sound source section 9 include one made of hair such as pig hair, one woven in a

and the sliding end detecticn signal 3detE(R). Therefore,

for example, the above-mentioned Volume Up/Down control or

the like can be performed in accordance with those operation

inputs.

According to Configuration Example IT as described
above, two kinds of operations can be switched according to

use with the left and right microphones 12L and 1ZR, making

this configuration suitable for improving user cperability.

[Z2-4: $Sliding coperation detecting section (Configuraticn
Example TII)]

Next, Configuration Example III is shown 1n Fig. 11l.
In this example, as in Configuration Example II mentioned
above, the L channel and the R channel, that ig, The
microphones 12L and 12R can be assigned to different
operations. In the case of Configuration Example II
mentioned above, the sliding operation detecting sectlon 37
is simply installed with two lines of sliding operation
detection processing systems, and thus the lcad on the

configuration is large. Configuration Example III can



thread or fabric form with nylon, polypropylene, polyolefine, ABS, glass fiber, FRP, or the like, and one
made of a material such as a substance subjected to a fabric finish that fluffs up the both sides of a
textile, such as a velvet or velour fabric made from not only hair or silk but also cotton, rayon, acetate,
or the like. Also, a structure made of a material such as metal, rubber, or resin, or a combination of
such materials can be also made to produce different sounds when touched from different directions
depending on its structural shape, and thus can be used as the direction sound source section 9.
While Figs. 15A to 150 mentioned above are directed to the case of sliding in one direction and in a
direction opposite to the direction, as described above, there are a variety of conceivable materials
and structtwes: that preducezdifferent seunds: depending @n the sliding direction. Of course, with
regard to the sliding direction according to which the produced sound differs, the sound can be made
to differ not onlylBetiveen Hse! forward: ahd ¥8er8e directiohsofslidiig ds SREWA if Figs. 15A to 150

but also between an X-direction and.a Y-direction orth%gﬁol{g(l?go t X-directj(ig_n. Furthermore, the
e 1-directi

e
sound cart B& Wadé'th difter befiveen t%%%i‘-%ﬁ%gtign,? %E?gﬁl& A |§é)c1;}nal direction.

Furthermore,,as shown jn £ig; 204, fhe sound can be.alse made o ditierhetween-aforward
X-direction (X)), a reverse X-direction (X2), a forward 1-direction (11), and a reverse 1-direction (12).

Figs. 14Aandn1ABs egeh shawrspeasenin ihich thenditgctional seuid seurceé sgction®laf such a
material or structure that produces different sounds between sliding in the X-direction and sliding in
the Y-direstigiid signals SmL and SmR, and a sliding operation start/end
determination process with respect to a sound signal
cbtained by adding or subtracting sliding sound signal
componants from the plurality of channels to or from each
other. A sliding operation, and the channel on which the
sliding operation has been performed can be thus detected.
In this case, as shown in Fig. 11, the sound signal Smb
from the microphone 12L is inputted to the low-pass filter
521, and a sliding sound signal component is extracted with
the cut-off frequency fcl.
‘The sound signal SmR from the microphone 12ZR is
inputted to the low-pass filter 5ZR, and a sliding sound
signal component is extracted with the cut-off freguency fcl.
The output of the low-pass filter 52L is supplied to an
absolutizing circuit 56L and a subtractor 59.
The output of the low-pass filter 52R 1s supplied to an
absclutizing circult 56R and the subtractor 59.
The absolutizing circuit 56L absclutizes the output of
the low=-pass filter 52L, and supplles the resulting output

to a subtractor 57. The absclutizing circuit 56R



In this case, the produced sound differs between when making a to-and-fro sliding motionthe
X-direction and when making a to-and-fro sliding motion in the Y-direction. Thus, for example, the
sliding operation detecting section 2 illustrated in Fig. 1 can determine not only the start/end of a
sliding operation but also whether the sliding operation is performed in the X-direction or in the
Y-direction. The control section 3 can perform a control process according to the determination.
Consequently, as the user performs a sliding operation in the X-direction and a sliding operation in the
1- direction while consciously differentiating between the two, different kinds of operation inputs can be
made.  Fig. 16 shows an example of the configuration of the sound signal processing section 1
designed o detect the=sliding: disection; in particalar ptheccondigtirationof A& sliding operation detecting
section 2 in the case where the directional sound source section 9 is provided in the vicinity of the
microphoBedr L i g5y, iBESHGWS el interha FédtifigtatidiFofthe Shamg opetdtion detecting section 2 in
detail, out of the_basic configuration shown in Fig 1. n this case, through.a determination process
using a sliding sﬁ]ﬁ& B %5?60%%0%%% ﬁr!‘(l)‘d%{ée!gd %3f/ ats %iﬁc’g“%c;%p%%gt?oonr, tk?j sn?ﬁtﬁé operation

detecting sectiqn 2 determines; the stait and end ofthe sliding operation, and further;defects the
direction of the sliding operation from an inputted sound signal.

sound signal components of the left and right channels of

sound signals SmlL and SmR appears.

The output of the subtractor 57 1s converted into an
envelope signal by a low-pass filter 58 with the cut-off
freguency fc2, and supplied to the determination processing
section Bb.

In the determination processing section 55, when a
sliding operaticon is performed on either the microphone 12L
or 17R, it is possible to detect on which of the microphones
12L and 12R the sliding operation has been performed, by
determining whether the envelope signal 1s poslitive or
negative.

The respective sliding signal components in the sound
signals SmL and SmR extracted with the low-pass Ifilters bZIL
and 52R are subjected to a subtraction process in the
subtractor 59, and their difference value 1s extracted.

When a sliding operation 1s performed on one of the
microphones 125 and 12R, the energy of the sliding signal
component of the scund signal from the microphone on which
the sliding operation has been performed lncreases.

Therefore, as the ocutput of the subtractor 5%, an energy



Then, the control section 3 performs a predetermined control process that is set with respect to the
sliding operation direction detected by the sliding operation detecting section, during the period from
the start to end of the sliding operation determined by the sliding operation detecting section 2. The
sliding operation detecting section 2 includes the low-pass filter 52, the absolutizind circuit 53, the
low-pass filter 54, and the determination processing section 55. These components may be
considered to be the same as those described in Configuration Examples I, Il, and Il in the case of the
NC headphone 10 described above. That is, the low-pass filter 52 extracts a sliding sound signal
component from the sound signal obtained with the microphone 4. Although a low-pass filter is
assumed here; slependingeom thetmaterial or stracteite. of- thie dirsctishalbsouressurée section 9, there
may be cases where it is suitable to use a band-pass filter.. = This sliding sound signal component is

absolutized in the' d5solitiZtf cifduit % cORvERad b ahrenvelGhaPsighar§ it the16w-pass filter
54, and supplied fo the « etg%méggggn ggocegggl\gesﬁec%i&mi@gt o alhe g@{gﬁ{@giogi% cessing section
ith a end ion P sing b irectic dq

55 is provided with a sta etection processing block 55a and a sliding ction detection block
55b.  Thestariendidetegtionprocessing lock 8%a daterminesdthe stawt qndrend afcasliding

operation from the signal S, and outputs a sliding start detection signal SdetS and a sliding end
detection signakSdetE toltheccontrel section3 ireadcordancewith ithis determination. - The sliding
operation detecting section 2 is also E ,

The determination processing section 55 performs a
sliding opsration determination process with respect to the
signal S, and outputs a sliding start detection signal 3dets,
a sliding end detection signal SdetE, and an L-channel/R-
channel determination signal D-1LR to the control section 38
in accordance with the determinaticn process with respect to
the signal 5.

The determinaticn process in the determination
processing section 55 in this case may be performed in the
manner as shown in Fig. 12, for example.

It gshould ke noted that in Fig. 12, processes that are
the same as those in Fig. 8 mentioned above are denoted by
the same step numbers, and repetitive description is avoided.

In the processing shown in Fig. 12, in steps F101l to
S10€6, the start of a sliding operation 1s determined in the
same manner as in Fig. 8.

Then, 1f it is determined in step FL06 that sliding has
been started, the determination processing section 55

performs L/R determination in step F130.

That is, whether the signal from the low-pass filter 58

. YA



provided with band-pass filters 61-1,61-2,61-3,and and absolutizing circuits 62-1,62-2,62-3,and 62-4.
The pass-band center frequency of the band-pass 61-4, filter 61-1 isset tofc3.

shown in Fig. 11 is positive or negative is determined at
this point. In the case of the configuration as shown in
Fig. 11 in which the R channel of absolutized signal is
subtracted from the L channel of absolutized signal, 1f the
signal from the low-pass filter 58 1s positive, the channel
in question is determined tc be the L channel, and 1f the
signal is negative, the channel in question is determined to
pe the R channel.

This L/R determination is a process that detects on
which of the microphones 12L and 12R a sliding operation has
been performed. Then, the determinaticn processing section
55 cutputs an L-channel/R-channel determination signal D-LR
indicating the result of the L/R determination to the
contreol section 38.

Therefore, when the start of a sliding operaticn is
detected, a sliding start detection signal Sdetl and =a
determination signal D-~LR are supplied tc the control
section 38.

Next, the determination processing section 55
determines the end of the sliding operation in steps I'L07 to
F111 i the same manner as in Filg. B.

Then, if it 1s determined that the sliding operation
has been ended, in step Fl12, the determination processing
section 55 outputs a sliding end detection signal SdetE to

the control section 38.



The pass-band center frequency of the band-pass filter 61-2 isset tofc4. The pass-band center

In the case of Configuration Example III described
above, the ceontrol section 38 can recognize two kinds of
operation inputs made by using the microphones 12L and 12R
separately, on the basis of a sliding start detection signal
SdetS, a sliding end detection signal SdetE, and a
determination signal D-LR, thereby allowing Volume Up/Down
control or the like to be performed in acccocrdance with those
operation inputs, for example.

Therefore, according to Configuration Example III
described above as well, two kinds of operations can be
switched according to use with the left and right
microphones 12L and 12R, making this configuration suitable
for improving user operability. Moreover, the load on the
configuration of the sliding operation detecting section 37
can be reduced in comparison to Configuration Example IT.

In particular, the fact that only a single determination
processing section 55 suffices contributes to reduced
processing {resocurce) load.

It should be noted that it is alsc conceivable to use

an adder instead of the subtractor 59.
<3, Embodiment in which a sliding guide is provided>

Next, a description will be given of an embediment in

which a sliding guide that guildes the sliding operation



frequency of the band-pass filter 61-3 isset to fc5. The pass-band center frequency of the band-pass

position is provided on the microphone side. This
embodiment serves as an embodiment of the microphone
apparatus according to the present disclosure.

The manner in which a sliding operation 1s performed on
the microphone 4 has been illustrated above in Figs. 2A and
2B. It has been described above that in that case, a
sliding operation is such as operation as to simply trace
the area where tThe microphone 4 is formed.

In contrast, Figs. 13A and 13B each show a
configuration in which a sliding guide 8 is provided in the
vicinity of the microphone 4.

Like Fig. 2A, Fig. 13A shows a case in which the
micropheone 4 is provided in a predetermined area on the
housing of the personal computer 100.

In the case of Fig. 13A, the sliding guide 8 having a
ring-like shape ig formed arcund the microphone 4.

Like Fig. 2B, Fig. 13B also shows, for example, a part
of the headphone {(earphone) 200 provided with the microphone
4 for the purpose of noise cancellation. In this case as
well, the sliding guide 8 having a ring-like shape is formed
around the microphone 4.

The sliding cguide € may be simply any structural part
that can be tactilely recognized by the user. For example,
the sliding guide 8 is formed in a projected or recessed

shape so as to be able to gulde the sliding motion made with



filter 61-4 is set to fc6. The absolutizing circuits 62-1, 62-2, 62-3, and 62-4 supplies signals SlI, S2,
33, and 34 obtained by absolutizing the outputs of the band-pass filters 61-1, 61-2, 61-3, and 61-4,
respectively, to the sliding direction detection block 55b in the determination processing section 55.
The sliding direction detection block 55b observes the characteristic based on the signals Si, S2, S3,
and 34.

a user's finger. That is, the sliding guide 8 may be any
structure that is mounted for the purpose of allowing the
user to smoothly move a finger or the like in a circular
fashion while being aware of the sliding guide 8.

Wnile in the case of Figs. 13A and 13B mentioned above
a recessed, that is, ring~like groove i1s formed around the
microphone 4, a projected (rail-iike) ring may be formed as
well,

It has been mentioned above that a sliding operation is
easy if the user is to make the sliding operation in a
rotary fashion (in the manner of drawing a circle). In this
regard, for example, if the sliding guide 8 having a ring-
like shape is provided in this way, the user can perform a
rotary sliding operation more easily. That is, when the
user rotates a finger while touching the siiding guide 8
with the fingertip, the resulting moticn becomes a sliding
operation.

Then, as the user performs a rotary sliding operation
while being guided by the sliding guide 8, it is easier for
the user to continue the sliding operation for a relatively
long time, for example.

In addition, *the provision cf the sliding guide 8 can
eliminate situations in which the user performs a sliding
operation at a position far from the microphone 4 and thus

*he operation is not determined appropriately, or the user
8 Y



For example, in the sliding direction detection block 55b, the tendencies of frequency characteristics
are preset for individual sliding directions. These are compared with the signals 51, 52, 53, and S4,
and in the same manner as pattern recognition, the direction corresponding to the closest
characteristic is determined as the sliding direction. Then, the sliding direction detection block 55b
outputs a sliding direction determination signal Sd to the control section 3. The processing in the
determination processing section 55 including the start/end detection processing block 55a and the
sliding direction detection block 55b is as shown in 17. It should be noted that in Fig. 17, processes
that are the same as those in Fig. 8 mentioned above are denoted by the same step numbers, and
repetitive deseription isavoidgter= k theiploeessing sbewsin Figi Ids imsteps F101 to F106, as the
processing on the start/end detection processing block 55a side, the start of a sliding operation is
determined in théisiahse iarinet asdr e easebEFigl 8- 1 ifkers lflit i determimedin step F106 that
a sliding operation has been started, and a sliding start detection signal SdetS is outputted, as the

processingoh-th@ stidiy irtCligi deteclion biockEBEE S8 the detdiihation pricessiny section 55
determinefshtge ssﬂqggndére?%i%b%ng %gu@a%gli@nqggggtprbgeg%gpg@tig}q ignal Sd in step F140.
ion

The sliding direction detec ock 55b compares the signals S1 to S4 with the frequency

characterigtie patigimstbat arecpreset for individuakslidingaeiections, and deterarines:thersliding
direction according to which pattern the frequency characteristic based on the current signals Si to S4
is close tolinear shape that is partially cut away.

<4. Embodiment in which a directional sound source section

is provided>

Further, as an embodiment of a microphone apparatus,
Figs. 14A and 148 illustrate an example in which a
directional scund source section 9 that produces different
sound signal components depending on the direction cf a
sliding operation is provided in the vicinity of the
microphone 4,

Like Figs. 22 and 2B and Figs. 13A and 13B, Figs. 14A
and 14B alsc show examples of the personal computer 100 and
the headphone 200, respectively. In these drawlings, the
portion around the microphone 4 serves as the directional
sound source section 9.

The directional sound source section 9 1s a portion of
a material or structure that produces different sounds
depending on the sliding direction.

An example of the dirsctional scund source section 9 is

(&3]
~1
I



Figs. 18A and 18B and Figs. 19A and 19B each show an example of how to determine the sliding
direction. Figs. 18A and 185 show frequency characteristics when sliding is performedthe forward
and reverse directions, respectively, in the case where the directional sound source section 9 is in the
form of a hook-and-loop fastener. During sliding in the forward direction, frequency peaks indicated
as Peakl and Peak?2 in Fig. 18A are observed. During sliding in the reverse direction, frequency peaks
indicated as Peak3 and Peak4 in Fig. 18B are observed. The sliding direction is determined by, for
example, exploiting such a difference in frequency characteristic according to the sliding direction.
Figs. 19A and 195 schematically show a determination process. As shown in Fig. 19A, itis
supposeddhattheirespeciive pass-hand center frequencies fe3, torfc of ttebahd-passfiters 61-1 to
61-4 are set to 50 Hz, 150 Hz, 3 KHz, and 7 KHz corresponding to Peakl to Peak4 shown in Figs. 18A
and 18B rhéatioregtalsovd] respectiveliya L pRsoiftastiated xsta forward-dire€or slidmg model pattern

in Fig. 198,1wi'5h respect to 'g_he signals §J to 54, the frg%ﬁncgvcharacteristic is St%h that ﬁ’:eakl and
Peak? ard'6b86tved QUHAG Stidig inthe fotivard Bitecfion, SErtnginess at thne root.

This may be a2 material having such properties, or may be a
structure made from a mold or the like.

In this case, it 1s supposed that the directional sound
source section ¢ has such a property that when a sliding
operation is performed to the right as shown in Fig. 15B,
for example, mutual contact readily occurs and sound is
readily produced, but when a sliding operation is performed
to the left as shown in Fig. 153C, no mutual centact occurs
and thus sound is hardly produced.

That is, the frequency characteristic of the produced
sound varies depending on the direction of the siiding
operation. By detecting this difference in sound between
the two directions, a different control process can be
performed for esach direction.

Examples of the direction sound source section 9
include one made of hair such as plg hair, one woven in a
thread or fabric form with nylon, polypropylene, polyolefine,
ARS, glass fiber, FRP, or the like, and cone made of a

£

material such as a substance subjected to a fabric fin

}a-

sh
that fluffs up the both sides of a textile, such as a velvet
or velour fabric made from ncot only hair cr silk but alsco

cotton, rayon, acetate, or the like.



Also, as illustrated as a reverse-direction sliding model pattern in Fig. 19B, with respect to the signals
Si to S4, the frequency characteristic is such that Peak3 and Peak4 are observed during sliding in the
reverse direction. In the sliding direction detection block 55b, model patterns corresponding to the
signals Sito S4 are preset in this way. From the respective levels of the signals Si to S4 that are
inputted, to which model pattern the corresponding frequency characteristic is close to is determined
by pattern matching. Then, the sliding direction is deter on the basis of the result. For example, in
the illustrated example, the frequency characteristic based on the inputted signals 51 to S4 is regarded
as being close to the forward-direction sliding model pattern. Therefore, the sliding direction is
determined to be the-forward-direction: mAAbile this example: discriminates between, sliding in forward
and reverse directions, the same applies also in the case of discriminating between the X-direction and
the 1-direetidrioer ,Furtheraore, a9 showr imPigia20A thecarme @pplies alstiihthe gaseof
differentiating between sliding operations in the forward X-direction (X1), the reverse X-direct on (X2),

the forwar?jj’?(a Q&SR (%)pmh%e different sounds when tolched from

different directions depending on its structural shape, and
thus can be used as the direction sound scurce section 9.

While Figs. 15A to 10C mentioned above are directed to
the case of sliding in one direction and in a direction
opposite to the direction, as described above, there are a
variety of conceivable materials and structures that produce
different sounds depending on the sliding directicn.

Cf course, with regard to the sliding direction
according to which the produced sound differs, the scund can
be made to differ not only between the forward and reverse
directions of sliding as shown in Figs. 15A to 15C but also
between an X-direction and a Y-direction orthogonal to the
X-direction. Furthermore, the sound can be made to differ
between the X-direction, the Y-direction, and a diagonzal
direction.

Furthermore, as shown in Fig. 204, the sound can be
also macge to differ between a forward ¥-direction (X1), a
reverse X-direction (X2), a forward Y-direction (Y1)}, and a
reverse Y-direction (YZ).

Figs. 14A and 14B each show a case in which the
directional sound source section 9 of such a material or

structure that preduces different scounds between sliding in



reverse Y-direction (Y2). For example, as shown in Fig. 205, individual frequency characteristic model
patterns corresponding to the sliding directions Xi, X2, Yl, and Y2 are prepared in advance. Then, by
determining which model pattern the frequency characteristic obtained from the respective levels of
the inputted signals 51 to 54 is close to, it is possible to discriminate between the sliding directions X,
X2, Yl, and Y2. While in this example pattern matching is performed on the basis of Lour band
levels using the four band-pass filters 61-1 to 61-4, this should not be construed restrictively. It goes
without saying that in any case, it suffices as long as different frequency characteristics can be
determined depending on the sliding direction. For example, if it is apparent that a band A
becomes apedk-wher the. sliding direcdtichiisthe forieed dirééticr; tand that a band B becomes a
peak when the sliding direction is the reverse direction, two band-{ass filters for the bands A and B

[

may be provided: 'DépErtling 8f thé £5s& Fretitiericy TharttErstic hatdRg 2y b& Fdtformed by
dividing th h istic int ith.f] - lters. In st
viding -ea%%%%?gagtgo—aa@gg@%c' ﬂ%%gﬂ%%g%%%s d{"@ Jve 9{—@9&3@&%@1%88‘3?13 ers. In step

F140 in F?é. , iding direction detectio etermines the sliding direction by, for
example, fhg. abewe-mentigned pattgrr matching methed-anchoutputs-a sliding direetion determination

signal Sd to the control section 3. Therefore, when the start of a sliding operation is detected,
through thEprocesses irstep FA106EM E140}asliding start.detegiiore sighabSdetS-and:asliding
direction determination signal Sd are supplied to the control section 38.

illustrated in Fig. 1 can determine not only the start/end

of a sliding operation but also whether the sliding

operation is performed in the X-direction or in the Y-

direction. The control secticon 3 can perform a ceontrol

process according to the determination.

Consequently, as the user performs a sliding operation
in the X-direction and a sliding operation in the Y-
direction while consciously differentiating between the two,
different kinds of operation inputs can be made.

Fig. 1€ shows an example of the configuration of the
acund signal processing section 1 designed to detect the
sliding direction, in particular, the configuration of the
sliding operation detecting section 2 in the case where the
directional sound source section 2 is provided in the
vicinity of the microphone 4.

Fig. 16 shows the internal configuraticon of the sliding
operation detecting section 2 in detail, out of the basic
configuration shown in Fig. 1.

In this case, through & determination process using a

sliding scund signal component produced by a sliding

- 60 -



Subsequently, the determination processing section 55 determines the end of the sliding operation in
steps F107 to 3111 in the same manner as in the case of Fig. 8. Then, if it is determined that the
sliding operation has been ended, the determination processing section 55 outputs a sliding end
detection signal SdetE to the control section 38 in step 3112. As the sliding operation detecting
section 2 performs the above-mentioned processing, on the basis of a sliding start detection signal
SdetS, a sliding end detection signal SdetE, and a sliding direction determination signal Sd, the control
section 38 can recognize a plurality of kinds of operation inputs in accordance with the sliding direction
with respect to the microphone 4. Therefore, different control processes, for example, controls such as
Volume UpHewncan beperformed:in aceerdance withethese operationtnputs2  Therefore, two or
more operation inputs can be made by a sliding operation on a single microphone 4. Furthermore,
when slidibgoperaticens 6ha pliality efickophonestdre diffdréhtiated o ‘eaeh othécas in
Configuration Examples Il and 11l of the NC headphone 10 described aboveis ossibllﬁeato erform a

greater varigty BFkindE of Dparatiohis L T SAISS F the slidifig Sodid e &éh 6f thetBur dirdctions as
shown in 5}9 Eﬁﬁ\i%%%epse@gﬂﬁt as si)f.cified axis, and a vector decomposition process is possible
o the [

with respect t sound, 1t'is also possible to detect four or more directions (for example, sliding in
the diagonally upward directiondntrocl section 3 performs a predetermined
control process that is set with respect to the sliding
operation direction detected by the sliding cperation
detecting section, during the period from the start to end
of the sliding operaticn determined by the sliding operation
detecting section 2.

The sliding operation detecting section 2 includes the
low~pass filter 52, the absolutizing circuit 53, the low-
pass filter 54, and the determination processing section 55.
These components may be considered to be the same as those
described in Configuration Examples I, II, and III in the
case of the NC headphone 10 described above.

That 1s, the low-pass filter 52 extracts a sliding
sound signal component from the sound signal obtained with
the microphone 4. Although a low-pass filter is assumed
here, depending on the material or structure of the
directicnal sound source section %, there may be cases where
it is suiltable to use a band-pass filter.

This sliding sound signal component is absolutized in
the absclutizing circuit 53, converted into an enveloped

signal S with the low-pass filter 54, and supplied to the

- 1 -



If it is possible to determine the X/Y direction, four directions, and further, multiple directions of sliding,
it is also possible to use a sliding operation for a mouse operation or a pointing device. Also, it is also
possible to use a sliding operation for a scroll operation. <S. Embodiment in which a sliding guide and
a directional sound source section are provided> Figs. 21A and 21B each illustrate a case in which
both the sliding guide 8 and the directional sound source section 9 are provided. While Figs. 21A and
213 also show examples of the personal computer 100

determination processing section 55.

The determination processing secticn 55 is provided
with a start/end detection processing block 55a and a
sliding direction detection block 55b.

The start/end detecticn processing block 5Hba determines
the start and end of a sliding operation from the signal 5,
and outputs a sliding start detection signal 3detS and &
sliding end detection signal SdetE to the control section 3
in accordance with this determination.

The sliding operation detecting section 2 1s also
provided with band-pass filters 6i-1, 61-2, ¢1-3, and 6l-4,
and absolutizing circuits €é2-1, 62-2, 62-3, and 62Z-4.

Llter

=h
EJ

The pass~band center freguency of the band-pass
£1-1 is set to fc3.

The pass-band center freguency of the band-pass filter
6l-2 is set to fc4.

The pass-band center freguency of the band-pass filter
61-3 1s set to fcb.

The pass-band center frequency of the band-pass filter
6l-4 is set to fce.

The absolutizing circuits 62-1, 62-2, 62-3, and 62-4
supplies signals $1, S2, 83, and 54 obtained by absolutizing
the outputs of the band-pass filters 61-1, 61-2, 61-3, and
61-4, respectively, to the sliding direction detection block

55pb in the determination processing section 55.



and headphone 200 as in Figs.2A and 2E,Figs. in Figs. 13A and 21A and 133, 213, and Figs.14A and

The sliding direction detection block 55b observes the
characteristic based on the signals 51, 82, 353, and 54.

For example, in the sliding direction detection block
55b, the tendencies of frequency characteristics are preset
for individual sliding directions. These are compared with
the signals 51, $2, S3, and S4, and in the same manner as
pattern recognition, the direction corresponding tc the
closest characteristic is determined as the sliding
direction. Then, the sliding direction detection block 25b
outputs a sliding direction determination signal 3d to the
control section 3.

The processing in the determination processing section
55 including the start/end detection preocessing block 55a
and the sliding direction detection block 55b 1s as shown in
Fig. 17.

It should be noted that in Fig. 17, processes that are
the same as those in Fig. 8 menticned above are denoted by
the same step numbers, and repetitive description is avoided.

In the processing shown in Fig. 17, in steps F101 to
F106, as the processing on the start/end detection
processing block 55%a side, the start of a sliding cperation
is determined in the same manner as in the case of Fig. 8.

Then, if it i1s determined in step ¥F106 that a sliding
operation has been started, and a sliding start detection

signal SdetS is outputted, as the processing on the sliding



the sliding guide 143, 8is respectively, formed as the directional sound source section 9.  For
example, a projected (rail-like) sliding guide 8 is formed in a ring shape around the microphone 4. The
material or structure of the sliding guide 8 is such that the direction sound source section 9 that
produces different sounds in the forward and reverse directions.  As indicated by arrows R1 and R2,
the user can make an operation input while differentiating between clockwise sliding and
counter-clockwise sliding operations along the sliding guide 8.  In the case of the above
configuration as well, the sliding operation detecting section 2 may be configured to determine the
start/end of a sliding operation, and the

direction detection block 55b side, the determination
processing section 55 determines the sliding direction and
outputs a sliding direction determination signal Sd in step
F140.

The sliding direction detection block 55b compares the
signals 381 to 84 with the freguency characteristic patterns
that are preset for individual sliding directions, and
determines the sliding direction according to which pattern
the freguency characteristic based on the current signals Sl
to 54 is close to.

Figs. 18A and 18B and Figs. 19A and 19B each show an
example of how to determine the sliding direction.

Figs. 18A and 18B show frequency characteristics whan
sliding 1s performed in the forward and reverse directions,
respectively, in the case where the directional sound source
section 9 is in the form of a hook-and-lcop fastener.

During sliding in the forward direction, freguency
peaks indicated as Peakl and Peak2 in Fig. 18A are observed.
During siiding in the reverse direction, frequency peaks
indicated as Peak3 and Peak4 in Fig. 18B are observed. The
sliding direction is determined by, for example, explolting
such a difference in frequency characteristic according to
the sliding direction.

Figs. 19A and 198 schematically show a determination

process.



sliding direction as in Fig. 17. Then, the control section 3 can perform a control process according
to the sliding direction. For example, such intuitive operations as would be used in ordinary AV
equipment, including Volume Up/Down, and Advance/Return of channels or playback content, become
possible for enhanced user convenience. While this example is directed to the case of the ringlike
sliding guide 8 that guides a rotary sliding operation, the sliding guide 8 may have a linear or bowed
shape. Alternatively, the sliding guide 8 may have a ring shape or linear shape that is partially cut
away. When each of such sliding guides 8 is formed as the directional sound source section 9, it is
possible to make a plurality of kinds of operation inputs in accordance with the forward and reverse

sliding directiong.alogghe sliding guide 8x<6.;Embedimentdr whieha sliding sound source section is
provided> Next, a description will be given of a configuration in which a plurality of sliding sound
source sectians:that producesdifferent seund sighakcoraponents at $he: timecsf asliding operation are
provided in the vicinity of the microphone 4. For example, Fig. 22A shows an example in which

two ring-liké 3fiding Sound sbiirce SectibnsBa’drd: 86 SFe Providéd afodndrthe thicfophone 4. Also,
. e AR R e oo ssund s o g rovied
material apg;shape from each othel-and produce different whensliding Is performed.

As illustrated as a forward-direction sliding model
pattern in Fig. 19B, with respect to the signals S1 to 54,
the freguency characteristic is such that Peakl and PeakZ
are observed during sliding in the forward direction.

Also, as illustrated as a reverse-direction sliding
medel pattern in Fig. 19B, with respect to the signals S1 to
S4, the freguency characteristic is such that Peak3 and
Peakd are observed during sliding in the reverse direction.

In the sliding direction detection block 55b, model
patterns corresponding to the signals S1 toe S4 are preset in
this way.

From the respective levels of the signals 81 to S84 that
are inputted, to which model pattern the corresponding
frequency characteristic is close to_is determined by
pattern matching. Then, the sliding direction is determined
on the basis of the result.

For example, in the illustrated example, the frequency
characteristic based on the inputted signals 31 to S4 is
regarded as being close to the forward-direction sliding

model pattern. Therefore, the sliding direction is



In this case, the sliding operation detecting section 2 detects the location of a sliding operation from an
input sound signal. That is, by a determination process using a sliding sound signal component
produced by the sliding operation, the sliding operation detecting section 2 determines the start and
end of the sliding operation, and further, detects the location where the sliding operation has been
performed from the inputted sound signal. Detecting the location where the sliding operation has
been performed means determining on which of the sliding sound source sections 8a and 8b the
sliding operation has been performed. Since the sliding sound source sections 8a and 8b produce
different when sliding is performed, in this case as well, the configuration and processing as shown in
Fig. 16 may beremployed.ol hat i, the focatroncofslidmgcambe determined by pattern matching of the
frequency characteristics of sounds obtained with the respective sliding sound source sections 8a and
8b. Then, in accBrdartet it detErimation oTihe BidHe ARd eha of &7 shding bperation, the sliding
operation detecting section 2 outputs a sliding start detection signal SdetS and a slid| d detection
signal SdéfE t&the c%%#oirgg&ﬁ)%%,d;h%eég%%%?ﬁutggaedestgrr?ﬁ?n%ﬁgﬁ élég%af%f%%eis idgitr%glocation.
Since the coptr 05%6%@@&9%&%5?%@%%@{1 ofthesslidingssound-sauree sgetions 8a and 8b the
sliding operation has been performed from the determination signal of the sliding location, the control
section. 3carsperiorm a control process that differs in accordance with this recognition. For example,
the control section 8 performs a control such as Volume up when the sliding sound source section 8a

is operated, andFYETaRRETGAR whith the Silling solhe -sotirée sédtforr8iifs Gperatétf Itis thus

possible for the user to make a variety of operation inputs electing the location of sliding near the
microphofie 49 "mltEﬁguIﬁanseen6)téd%ﬁgfttg%%%%ﬁgr‘e%%%ti%%ggéag* o%atﬁg sliding location, the

above-de%?ébéﬂtqiﬁﬁ@nﬁ%“%@a%%@% the sliding direction, @nd furthes, differentiatign between a

plurality of the microphones 4 may be combined to enable a variety of operation inputs.
direction (¥2), the forward Y-direction (Y1), and the
reverse Y-direction (YZ2). For example, as shown in Fig. Z20B,
individual freguency characteristic model patterns
corresponding to the sliding directions X1, X2, Y1, and YZ
are prepared in advance. Then, by determining which model
pattern the frequency characteristic cbtained from the
respective levels of the inputted signals S1 to S4 is close
to, it is peossible to discriminate between the sliding
directions X1, X2, Yi, and YZ.

While in this example pattern matching is performed on
the basis of four band levels using the four band-pass
filters 61-1 to &1-4, this should not be construed
restrictively. It goes without saying that in any case, it
suffices as long as different frequency characteristics can
be determined depending on the sliding direction.

For example, 1f it is apparent that a band A becomes a

peak when the sliding direction is the forward direction,



<7. Embodiments applied to various kinds of equipment and modifications>  While various
embodiments have been described above, as described above, the present disclosure can be applied
to a variety of electronic equipment. In the following, the configurations and advantages of the present
disclosure as applied to specific electronic equipment, its modifications, and so on will be illustrated.
First, it is conceivable to install the sound signal processing section 1 (the sliding operation detecting
section 2 and the control section 3) in the media player 20 shown in Fig. 4.  That is, the function of
the noise cancellation unit 14 is built in the media player 20. In this case, the media player 20 is the
specific apparatus installed with the sound signal processing section 1 according to an embodiment of
the preseatdistlosures androantproeidenthe sanreceffectiasthatef the NG headphené 10rdescribed

above.  The microphone 4 in that case may be installed in a headﬁgagone apparatus being connected,

or may be'SepdtateRictopRore-8§Gipridht frof? atisadpRane appardtts corredted to a microphone
input terminal. Of course, if a microphane is.built in the main haody of the.media player 20, that
microphcr)?])é?1 Irlndasy bﬁe ﬁgégd.g g T tr%eg3 chse of éyoeljjn'd rg?:%?(%ﬁggéa ipﬁeﬁhs%cﬁaaﬁeén IC recorder, the

micrOphO&%écg%@@d%épat@@@ppﬁw@tmt@ﬁw%wige1@9@%@almmplemented- In that
case, it is conceivable to apply a sliding operation on the microphone 4 to an adjustment of the
recordingdrictophonetievel fartiredikey chdseanamy types of imagihgvequipmentsuch as digital still
cameras and video cameras also come installed with a microphone. Providing such imaging
equipmen? WrAhE cohfigdratioR SHBAATIN TG T BAEBIeS opefation inputs to be made using a

microphone. In step F140 in Fig. 17, the sliding direction

detection block 5bb determines the sliding direction by, for
example, the above-menticned pattern matching method, and
outputs a sliding direction determination signal Sd to the
control secticon 3.

Therefore, when the start of a sliding operation is
detected, through the processes in step F106 and F140, a
sliding start detection signal SdetS and a sliding direction
determination signal Sd are supplied to the control section
38.

Subseguently, the determination processing section 55
determines the end of the sliding operation in steps F107 to
F111 in the same manner as in the case of Fig. 8.

Then, if 1t is determined that the sliding operation
has been ended, the determination processing section 55
outputs a sliding end detection signal SdetE to the control
section 38 in step F112.

s the sliding operation detecting section 2 performs

the above-mentioned processing, on the basis of a sliding
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For example, in the case of digital still cameras, it is conceivable to use a sliding operation to perform
a scroll operation when playing back or searching for captured images. In the case of video cameras,
for example, it is conceivable to use a sliding operation for, for example, doing a zoom on an object to
be captured, or a camera zoom operation. In the case of game machines, a sliding operation on
the microphone 4 can be used to do an operation related to the game. In the case of television
receivers, a sliding operation on the microphone 4 can be used to do a scroll operation for channel
selection, a volume control operation, or the like.  Likewise, the present disclosure is also
applicable to a personal computer, a portable information processing apparatus (for example, a

personal digital-assistant(PHA)) :apartablgdelephanglerthadikend 4 the-easenwberga microphone
for sound input is provided to these types of equipment, an operation input can be made by doing a
sliding opératioR onethe micedphbiney FoL exarmnple; byedsingarsiéreormicigplioneSfdr coirmunication
installed in personal computers or mobile PCs, it is possible to recognize an operation by detecting a
sliding control section 38 can recognize a plurality of kinds of
operation inputs in accordance with the sliding direction
with respect to the microphone 4. Therefore, different
control processes, for example, ceontrols such as Volume
Up/bown, can be performed in accordance with those cperation
inputs.
Therefore, two or more operation inputs can be made by
a sliding operation on a sgingle microphone 4.
Furthermore, when sliding operations on a plurality of
micropheones are differentiated from each other as in
Configuration Examples Il and III of the NC headphone 10
described above, it is possible to perform a greater variety
of kinds of operations.
Also, if the sliding sound in each of the four
directions as shown in Fig. 202 is independent as a
specified axis, and a vector decomposition process is
possible with respect to the sound, it is alsc possible to
detect four or more directions (for example, sliding in the
diagonally upward direction).
If it is possible to determine the X/Y direction, four
directions, and further, multiple directions of sliding, 1t
is also possible to use a sliding operation for a mouse

cperation or a pointing device. Also, 1t is also possible



operation, and perform a predetermined process. For example, it is conceivable to assign a sliding
operation to a mouse operation, a pointing operation, a scroll operation, or the like. In the case of
portable telephones, a microphone is provided of course. Thus, by using this microphone present
disclosure can be applied without the burden of installing a microphone device anew. For example, the
present disclosure can be suitably applied to a scroll operation when searching through telephone
numbers, addresses, the names of transmit destinations, and so on. Furthermore, the present
disclosure is also applicable to various kinds of communication apparatus, audio-visual (AV)
equipment, consumer electronic equipment, and so on. Also, as the kinds of operations that can be
made by & sliding operation] acvariety et éxamples are conceivables sach-as an operation related to
recording/playback, an operation related to transmission/reception, a menu control operation, an Enter
operation, and a Power on/off operation. ~ Moreover, in many cases, a microphone is mounted in

mobile equipment with. high portability, such as NC.headphones dia ayers, 8ggble telephones,
mobile PCgsgf)anamp})oo?'éjbrFég agjmlenm‘glic1 icrj?(ﬁ-:‘-s.a Fg?tiﬁ%%%sé)ﬁ,l ictj?s gﬁlgan%agﬁeo*us to%e able to obviate

mounting of switches that ogeuRy alargespase-si qitshould be noted that since such equipment is
compact, the resources of the CPU or DSP internally installed in the equipment are inevitably limited.

From this background, it is desired that the detection algorithm be as computationally light as possible.
For this reason, the above-described algorithm according to an embodiment, which performs an

energy determinBfigif pracdssiithe nfitral dxis 4Rl detscts ahitimgcpefaticn withbtit performing
.a frequengxeangiyfég or the Ii.kc?é

ng gul i%ngm%eggghgﬁrectional sound source section
9 are provided.

While Figs. 21A and 21B also show examples of the
personal computer 100 and headphone 200 as in Figs. ZA and
2B, Figs. 13A and 13B, and Figs. 14A and 14B, respectively,
in Figs. 212 and 21E, the siiding guide & 1s formed as the
directional scound scurce section 9.

Tor example, a projected (rail-iike) sliding guide 8 is
formed in a ring shape around the microphone 4. The
material or structure of the sliding guide 8 1s such that
the direction sound source section 9 that produces different
sounds in the forward and reverse directions.

As indicated by arrows R1 and RZ, the user can make an
operation input while differentiating between clockwise
sliding and counter-clockwige sliding operations alcng the
sliding guide 8.

In the case of the above configuration as well, the
sliding operation detecting section 2 may be configured to

determine the start/end of a sliding operation, and the



As for the kinds of operation given by a sliding operation, a variety of operations can be assigned by
combining an intermittent sliding operation, the sliding operation interval, and the like, in addition to the
differentiation regarding on which microphone a sliding operation is performed, the direction of sliding,
the location of sliding, and the like described above. Furthermore, in the case where the user
performs a sliding operation with a finger, the sliding sound produced differs between when performing
the sliding operation with the thick of the finger and when performing the sliding operation with the tip
of the nail. That is, the frequency characteristic of the resulting sliding sound signal component differs.
Thus, these two cases can be differentiated from each other by the sliding operation detecting section
2 when determining a shiding:eperation.Therefore, it is also conceivable to assign different operations
depending on whether the sliding operation in question has been performed with the thick of the finger
or the nail, therebydncreasingthe kinds cfaperations that care bégnade by @rsliding operation.  As
for the microphone, it is possible to not only employ a microphone used for another sound input

function bBE 8156 Prodite AL MidrBphéne BEdicated B %lidingcperation inptt. IF434ke umber of
microphon%scfrtl)r:E)?Q%rla_?t%ofvigpgt %%Q‘?tc?ﬁ%v@%d'dg @%kwgsﬁ’é&@eﬁaﬁm&@%@r? be made using
mEtE : s

the micropshbries. e microphone used for the sliding operation may be either of a stereo
microphonre;.a menephonicmicrophenes and <a multi-shannelmicrephanes / rReincidenially, in the

embodiments described above, the sliding operation detecting section 2, 37 outputs a sliding start
detection sigmahSdetSang asslidingent détection sighah SdetE sTHose sigials miaytaké any such
signal form that allows the control section 3, 38 to recognize the start and end of a sliding operation.
user convenlience.
While this example is directed to the case of the ring-
like siiding guide 8 that guildes a rotary sliding operation,
the sliding guide 8 may have a linear or bowed shape.
Alternatively, the sliding guide & may have a ring shape or
linear shape that is partially cut away. When each of such
sliding guides 8 is formed as the directional sound source
section 9, 1t is possible to make a plurality of kinds of

operation inputs in accordance with the forward and reverse

sliding directions along the sliding guide 8.

<6. Embodiment in which a sliding sound scurce sectlon 1s

proviced>

Next, a description will be ¢given of a configuration in
which a plurality of sliding sound source secticns that
produce different sound signal components at the time of a
sliding operation are provided in the vicinity of the

microphone 4.
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For example, the sliding start detection signal SdetS and the sliding end detection signal SdetE may
each be a signal of H level pulse, or a pulse that rises to H level at the start of sliding and drops to L
level at the end of sliding. That is, the pulse is such a pulse that continuously becomes H level during
the sliding operation period. Of course, the pulse logic may be reversed. Furthermore, the signal
form may be such that high frequency pulses are repeatedly outputted during the sliding operation
period. <8. Program> A program according to an embodiment of the present disclosure is a
program for causing an arithmetic processing apparatus to execute a sliding operation detecting step
and a controlling step. The sliding operation detecting step determines the start and end of a sliding

operation by a determinationprpcess usingza slicing saund sigaal eomporentdn arseund signal
collected by an integral or separately connected microphone. The sliding sound signal component is
produced byrthe sliding opevatioh e thelmicrophene itsélt onits Vieirityd 8T hetgontrolling step
performs a predetermined control process that is set with respect to the sliding operation, during the

period frofF A& 57 16 HEERd bfthe S 6p&ration determined in the sliding operation detecting
step.  The soynd signal,| ocgﬁ%ngﬁgﬁgraﬁs agcording tpnaqﬂ]grjp&qdm%ntiqfﬁ%%ipresent disclosure
' arithmetic sing appar f 1

is implemented as the' control section processing apparatus) in each of the various kinds of
equipment describedsakove eperates ek the basis of suehiaprogram ckhatisidhe pregesses in Figs. 3

and 8 (or Fig. 12, Fig. 17, or the like) are executed.
the microphone 4.

In bkoth cases, the sliding sound source sections Ba and
8o differ in material and shape from each other, and produce
different when sliding 1s performed.

In this case, the sliding operation detecting section Z
detects the location of a2 sliding operation from an input
sound signal. That is, by a determination process using a
sliding sound signal component produced by the sliding
operation, the sliding operation detecting section 2
determines the start and end of the sliding cperation, and
further, detects the location where the sliding operation
has been performed from the inputted sound signal.

Detecting the location where the sliding cperation has
been performed means determining cn which of the sliding
sound source sections Ba and 8b the sliding operaticn has
been performed. Since the sliding sound source sections B8a
and 8b produce different when sliding is performed, in this
case as well, the configuration and processing as shown in
Fig. 16 may be employed.

That is, the locatiocn cof sliding can be determined by
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Such a program can be previously recorded on a HDD that serves as a recording medium built in
equipment such as a personal computer, a ROM in a microcomputer having a CPU, a flash memory,
or the like. Alternatively, the program can be temporarily or permanently stored (recorded) on a
removable recording medium such as a flexible disk, a compact disc read only memory (CD-ROM), a
magnet optical (MO) disc, a DVD, a Blur-ray disc, a semiconductor memory, or a memory card. Such a
removable medium can be provided as so-called packaged software.  Other than being installed into
a personal computer or the like from a removable medium, the program can be also downloaded from
a download site via a network such as a local area network (LAN) or the Internet. ~ According to an

embodiment:ofthe pregsent disclostire Htismassihle g recognize-a continuausJapesation or such an
operation for which an operation quantity can be specified, and perform the corresponding control,
while usingta: micreghene as @mncoperatien input devicd i Thus@sd continususseparation or an
operation for which an operation quantity is specified, the user is able to perform an operation that is
easy and frituitive, &% operaliBh with'g66d FeHomsE, Hrd the ke B uBmbtRE nficrophone, thereby

|c§1ntly improyi usnac?"!at}/id %MO{%%V%H‘QB%@'['OSS éc%r V%/kl}ggpﬁ)t is.usu H&&g@\{ﬁgnlent to use a dial or a
slide lever can be péerforméd by using a microphone, which also suitably contributes to reduced

equipment cast, simplified:apparatys copfigurationcangtheslike.c1iding start
detection signal SdetS and a sliding end detection signal
SdetE to the control section 3, and aisc outputs a
determination signal of the sliding location.

Since the control section 3 can recognize on which of
the sliding sound source sections 8a and 8b the sliding
operation has been performed from the determination signal
of the sliding location, the control section 3 can perform a
control process that differs in accordance with this
recognition. For example, the control section 8 performs a
control such as Volume up when the sliding sound scurce
section 8a is operated, and Volume down when the sliding
sound source section 8b 1s operated.

It is thus possible for the user to make a varlety of
cperation inputs by selecting the location of sliding near
the microphone 4.

It should be noted that such differentiation based on
the sliding location, the above-described differentiation
based on the sliding direction, and further, differentiation
between a plurality of the microphones 4 may be combined to

4

enable a variety of operation inputs.
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The present disclosure contains subject matter related to that disclosed in Japanese Priority Patent
Application JP 2010-125501 filed in the Japan Patent Office on June 1, 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 and alterations may occur depending on
design requirements and other factors insofar as they are within the scope of the appended claims or
the equivalents thereof. WHAT IS CLAIMED IS: 1. A sound signal processing apparatus
comprising:  a sliding operation detecting section to which a sound signal collected by a microphone
is inputted, and which determines start and end of a sliding operation by a determination process using
a sliding sound signal component in the inputted sound signal, the sliding sound signal component
being produced by the sliding operation on the microphone itself or its vicinity; and  a control section
that perforims aEpreddtermirietl eo1rol Prodessthal et Withdespéctie thesfidihg Dperation, during a

period from the start tg the end of the sliding operation determined by the sliding operation detecting
section. Medifications>

While various embodiments have been described above, as
described above, the present disclosure can be applied to a
variety of electronic eguipment. In the following, the
configurations and advantages of the present disclosure as
applied to specific electronic equipment, its medifications,
and so on will be illustrated.

First, it is conceivable to install the sound signal
processing section 1 (the sliding operation detecting
section 2 and the control section 3} in the media player 20
shown in Fig. 4.

That is, the function of the noise cancellation unit 14
is built in the media player 20. In this case, the media
vlayver 20 is the specific apparatus installed with the sound
signal processing section 1 according to an embodiment of
the present disclosure, and can provide the same effect as
that of the NC headphone 10 described above.

The microphone 4 in that case may be installed in a
headphone apparatus being connected, or may be separate
microphone eguipment from a headphene apparatus connected to
a microphone input terminal. Of course, 1f a microphone is

built in the main body of the media player 20, that
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2. The sound signal processing apparatus according to Claim 1, wherein as the determination process,
the sliding operation detecting section determines that the sliding operation has been started, when a
time during which an energy level of the sliding sound signal component is equal to or higher than a
first level has continued for a first time or more. The sound signal processing apparatus according to
Claim 2, wherein as the determination process, the sliding operation detecting section determines that
the sliding operation has been ended, when a time during which the energy level of the sliding sound
signal component is lower than a second level has continued for a second time or more. 4. The
sound signal processing apparatus according to Claim 3, wherein the sliding operation detecting

section pepformsdhe determination;geacess by using a sliding sound signal component produced by a
rotary sliding motion on the ‘microphone itself or its vicinity with a finger or a sliding tool. 5. The

sound signal proctessing appasatus ascording tocClaiin3; wherémmenta phuralitysofachanfels of sound
signals are inputted to the sliding operation detecting section; and the sliding operation detecting

section pefRFMEIRE deféitnifatior proteds withreRpBEtid% souiitl Siffarshtained i -adding the
plurality of channels of, so%n,d sigrﬂalgétg %slch other, . 6.The SOUI’]&I sigri%l p{%%ecss(i:régsgpparatus

accordingefg ciaim'3, Whereif: ¢ easily implemente

it 18 conceivable to apply a sliding operation cn the
microphone 4 to an adjustment of the recording microphone
level, or the like.

Also, many types of imaging eguipment such as digltal
still cameras and videc cameras also come installed with a
microphone. Froviding such imaging equipment with the
configuration shown in Fig. 1 enables operation inputs to be
made using a microphone.

For example, in the case of digital still cameras, it
is conceivable to use a2 sliding operation to perform a
screll operation when playing back or searching for captured
images. In the case of video cameras, for example, it 1s
conceivable to use a sliding coperation for, for example,
doing a zoom on an objech to ke captured, or a camera zoom
operation,

In the case of game machines, a sliding operation on
the microphcone 4 can be used fTo do an operation related to
the game.

In the case of television recelvers, a siiding

operation on the microphone 4 can be used to do a scroll

cperation for channel selection, & volume control operation,
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a plurality of channels of sound signals are inputted to the sliding operation detecting section; and
the sliding operation detecting section performs the determination process with respect to each of the
plurality of channels of sound signals, and determines the start and end of the sliding operation with
respect to each of the channels. 7. The sound signal processing apparatus according to Claim 3,
wherein:  a plurality of channels of sound signals are inputted to the sliding operation detecting
section; and  the sliding operation detecting section determines the start and the end of the sliding
operation, and determines a channel on which the sliding operation has been performed, by
performing a channel determination process which determines a channel that contains a sliding signal
componeptframamang the plurality of channels of sound signals, and the determination process with
respect to a signal obtained by adding or subtracting sliding sound signal components from the
plurality of chanhelsse D front kack othernt B, sfhecsours signalprocessing apparattis according to

any one of Claims 1 to 7, wherein: the sliding operation detecting section further detects
a personal computer, a portable information processing

apparatus (for example, a personal digital assistant (PDA)),
a portable telephone, or the like.

In the case where a microphone for sound input is
provided to these types of equipment, an operation input can
be made by doing a sliding cperation on the microphone. For
example, by using a stereo microphone for communlcation
installed in personal computers or mocbile PCs, it is
possible to recognize an coperation by detecting a sliding
operation, and perform z predetermined process. For example,
it 1s conceivable to assign a sliding cperaticn to a mouse
operation, a pointing operation, a scroll operation, or the
like.

In the case of portable telephones, a microphone is
provided of course. Thus, by using this microphone, the
present disclosure can be applied without the burden of
installing a microphone device anew. For example, the
present disclosure can be suitably applied to a scroll
operation when searching through telephone numbers,
addresses, the names of transmit destinations, and so on.

Furthermore, the present disclosure is alsc applicable
to variocus kinds of communication apparatus, audio-visual

(AV) eguipment, consumer electronlc equipmenit, and s0 on.



a sliding operation direction from the inputted sound signal; and  the control section performs a
predetermined control process that is set with respect to the sliding operation direction detected by the
sliding operation detecting section, during the period from the start to the end of the sliding operation
determined by the sliding operation detecting section. 9. The sound signal processing apparatus
according to any one of Claims 1 to 8, wherein: the sliding operation detecting section further
detects a sliding operation location from the inputted sound signal; and the control section
performs a predetermined control process that is set with respect to the sliding operation location
detected by the sliding operation detecting section, during the period from the start to the end of the

sliding operatiorndetermined:by-the:sliding-epeyation detectingrsection, nHe10:Hre souad signal
processing apparatus according to any one of Claims 1 to 9, further comprising: a microphone,
wherein assaunirsignal<otiected byatheamicedphone isxamplies are concelvable,

such as an operation related to recording/plavback, an

operation related to transmission/reception, a menu control

operation, an Enter operation, and a Power on/off operation.

Moreover, 1in many cases, a microphone is mounted in
mobile eguipment with nhigh portability, such as NC
headphones, media plavers, portable telephones, mobile PCs,
and portable game machines. For this reason, 1t is
advantagecus to be able to obviate mounting of switches that
occupy & large space.

It should be noted that since such eguipment is compact,
the resources of the CPU or DSP internally installed in the
equipment are inevitably limited. From this background, it
is desired that the detection algorithm be as
computationally light as possible.

For this reason, the above-described algorithm
according to an embediment, which performs an ensrgy
determination process on the temporal axis and detects a
sliding operation without performing a frequency analysis or
the like, is more effective.

s for the kinds of operation given by a sliding
operation, a variety of operations can be assigned by
combining an intermittent sliding operation, the siiding

operation interval, and the like, 1n addition to the



inputted to the sliding operation detecting section. 11. A microphone apparatus comprising: a

microphone; and

a sliding guide section that is formed in a vicinity of the microphone and guides a

sliding operation position. 12. A microphone apparatus comprising: a microphone; and  a directional
sound source section that is provided in a vicinity of the microphone, and produces different sound
signal components depending on a sliding operation direction. 13. A microphone apparatus

comprising:

differentiation regarding on which microphone a sliding

operation i1s performed, the direction of sliding, the

location of sliding, and the like described above.

Furthermore, in the case where the user performs a

sliding operation with a finger, the sliding sound produced

differs between when performing the sliding operation with

the thick of the finger and when performing the sliding

operation with the tip of the nail. That is, the freguency

characteristic of the resulting sliding sound signal

compenent differs. Thus, these two cases can be

differentiated from sach other by the sliding operation

detecting section 2 when determining a sliding operation.

Therefore, 1t 1s alsc conceivable To assign different

operations depending on whether the sliding operation in

guestion has been performed with the thick of the finger or

the nail, thereby increasing the kinds of operations that

can be made by a sliding operabtiocn.

A

g for the microphone, 1t is possible tc not only

employ a microphone used for another scund input function

but also provide a microphone dedicated to sliding operation

input.

Tf a large number of microphones for operation input

can be provided, many kinds cof coperation inputs can be made

using the microphones.

The microphone used for the sliding operation may be

either of a sterec microphone, a monophonic microphone, and



a microphone; and  a plurality of sliding sound source sections that are provided in a vicinity of the
microphone, and produce different sound signal components when a sliding operation is performed.
14. A sound signal processing method comprising:  determining start and end of a sliding operation
by a determining process using a sliding sound signal component in a sound signal collected by a
microphone, the sliding sound signal component being produced by the sliding operation on the
microphone itself or itsvicinity; and  performing a predetermined control process that is set with
respect to the sliding operation, during a period from the determined start to end of the sliding
operation. 15. A program for causing an arithmetic processing apparatus to execute:

determining gtartrand-end:ota shiding.gpesation by a determining process using a sliding sound signal
component in a sound signal collected by a microphone, the sliding sound signal component being

produced by the Blidingsoperation onthé hiicrophonéitself or its viciniyeandoove, the

sliding operation detecting section 2, 37 outputs a& sliding
start detection signal SdetS and a sliding end detection
signal SdetE. Those signals may take any such signal Zorm
that allows the controel ssction 3, 38 to recognize the start
and end of a sliding operation.

For example, the sliding start detection signal SdetS
and the =gliding end detection signal SdetE may each be a
signal of H level pulse, or a pulse that rises to H level at
the start of sliding and drops to L level at the end of
sliding. That is, the pulse is such a pulse that
continuously becomes H level during the sliding operation
period. £ course, the pulse loglc may be reversad.

Furthermore, the signal form may be such that high
frequency pulses are repeatedly outputted during the sliding

operation period.

<8. FProgram>

A program according to an embodiment of the present
disclosure 1s a program for causing an arithmetic processing
apparatus to sxecute a sliding operation detecting step and
a controlling step.

The sliding operation detecting step determines the



performing a predetermined control process that is set with respect to the sliding operation, during a
period from the determined start to end of the sliding operation.

start and end of a sliding operation by a determination
process using a sliding sound signal component in a sound
signal collected by an integral or separately connected
microphone. The sliding sound signal component is produced
by the sliding operation on the microphone itself or its
vicinity.

The contreolling step performs a predetermined control
process that is set with respect to the sliding operation,
during the period from the start to the end of the sliding
operation determined in the sliding operation detecting step.

The sound signal processing apparatus according to an
embodiment of the present disclosure is implemented as the
control section (arithmetic processing apparatus) in each of
the various kinds of eguipment described above operates on
the basis of such a program. That i1s, the processes in Figs.
3 and 8 (or Fig. 12, Fig. 17, or the like) are executed.

Such a program can be previously recorded on & HDD that
serves as a recording medium built in equipment such as a
personal computer, a ROM in a microcomputer having a CPU, a
flash memory, or the like.

Alternatively, the program can be temporarily or
permanently stored {(recorded) on a removable recording
medium such as a flexible disk, a compact disc read only
memory (CD-ROM), a magnet optical (MC) disc, & DVD, a Blur-

ray disc, a semiconductor memory, ©r a memory card. Such a



removable medium can be provided as so-called packaged
software.

Other than being installed into a personal computer or
the like from a removable medium, the program can be also
downloaded from a downlcad site via a network such as a
local area network (LAN) or the Internet.

According to an embodiment of the present disclosure,
it is possible to recognize a continuous operation or such
an operation for which an operation quantity can be
specified, and perform the corresponding control, while
using a microphone as an operation input device. Thus, as a
continuous operation or an operation for which an operation
gquantity is specified, the user is able to perform an
operation that is easy and intuitive, an operation with good
response, and the like by using the microphone, thereby
significantly improving usability.

Moreover, operations for which it is usually convenient
to use a dial or a slide lever can be performed by using a
microphone, which also suitably contributes to reduced
equipment cost, simplified apparatus configuration, and the
like.

The present disclosure contains subject matter related
to that disclosed in Japanese Priority Patent Application JP
2010-125501 filed in the Japan Patent Office on June 1, 2010,

the entire contents of which are hereby incorporated by



reference.

Tt should be understcod by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design regquirements
and other factors inscofar as they are within the scope of

the appended claims or the eguivalents thereof.



WHAT IS5 CLAIMED IG:

1. A sound signal processing apparatus comprising:

a sliding operation detecting section to which a sound
signal collected by & microphone is inputted, and which
determines start and end of a sliding operaticn by a
determination process using a sliding sound signal component
in the inputted sound signal, the sliding sound signal
component being produced by the sliding operation on the
microphone itself or its vicinity; and

a control section that performs a predetermined control
process that is set with respect to the sliding operation,
during a period from the start to the end of the sliding
operation determined by the sliding operation detecting

section.

2. The sound signal processing apparatus according to
Claim 1, wherein as the determination process, the sliding
operation detecting section determines that the sliding
operation has been started, when a time during which an
energy level of the sliding sound signal component is equal
to or higher than a first level has continued for a first

time or more.

3. The sound signal processing apparatus according tc



Claim 2, wherein as the determination process, the sliding
operation detecting section determines that the sliding
operation has been ended, when a time during which the
energy level of the sliding sound signal component 1s lower

than a second level has continued for a sescond time or more.

4. The sound signal processing apparatus accerding to
Claim 3, wherein the sliding operation detecting section
performs the determination process by using a sliding sound
signal component produced by a rotary sliding motion on the
microphone itself or its vicinity with a finger or a siiding

tool.

5. The sound signal processing apparatus according to
Claim 3, wherein:

a plurality of channels of sound signals are inputted
to the sliding operation detecting section; and

the sliding operation detecting sescticn performs the
determination process with respect to a sound signal
obtained by adding the plurality of channels of sound

signals to each other.

6. The sound signal processing apparatus according to
Claim 3, wherein:

a plurality of chamnnels of sound signals are inputted



to the sliding operation detecting section; and

the sliding operation detecting section performs the
determination process with respect to each of the plurality
of channels of sound signals, and determines the start and
end of the sliding operation with respect to each of the

channels.

7. The sound signal processing apparatus according to
Claim 3, wherein:

a plurality of channels of sound signals are Inputted
to the sliding operation detecting section; and

the sliding cperation detecting section determines the
start and the end of the sliding operation, and determines a
channel on which the sliding cperation has been performed,
by performing a channel determination process which
determines a channel that contains a sliding signal
component from among the plurality of channels of sound
signals, and the determination process with respect to a
signal obtained by adding or subtracting sliding sound
signal components from the plurality cf channels to or from

cach other.

8. The sound signal processing apparatus accerding to
any one of Claims 1 to 7, wherein:

the sliding operation detecting section further detects



a sliding operation direction from the inputted sound
signal; and

the control section performs a predetermined control
process that i1s set with respect to the sliding operation
direction detected by the sliding cperation detecting
section, during the period from the start to the end of the
sliding operation determined by the sliding operation

detecting section.

9. The sbund signal processing apparatus according to
any one of Claims 1 to 8, wherein:

the sliding operation detecting section further detects
a sliding operation location from the inputted sound signal;
and

she control section performs a predetermined control
process that is set with respect to the siiding operation
location detected by the sliding operation detecting section,
during the period from the start to the end of the sliding

operation determined by the sliding operation detecting

section.

10. The sound signal processing apparatus according to
any one of Claims 1 to 9, further comprising:
a microphone,

wherein a sound signal collected by the microphone is



inputted to the sliding operation detecting section.

11. A microphone apparatus comprising:
a microphone; and
a siiding guide section that is formed in a vicinity of

the microphone and guides a sliding operation position.

12. A microphone apparatus comprising:

a microphone; and

Q3

directional scund source section that is provided in
a vicinity of the microphone, and produces different sound

signal components depending on a sliding operation direction.

132. A microphone apparatus comprising:

a microphone; and

a plurality of sliding sound source sections that are
provided in a vicinity of the microphone, and produce
different sound signal components when a sliding operation

is performed.

14. A sound signal processing method comprising:

determining start and end of a sliding operation by a
determining process using a sliding sound signal component
in a sound signal collected by a micrephone, the sliding

sound signal component being produced by the sliding



operation on the microphone itself or its vicinity; and
performing & predetermined control process that is set
with respect to the sliding operation, during a period from

the determined start to end of the sliding operation.

15. A program for causing an arithmetic processing
apparatus to execute:

determining start and end of a sliding cperatiocn by &
determining process using a sliding socund signal component
in a sound signal collected by a microphone, the sliding
sound signal component being produced by the sliding
operation on the microphone itself or its vicinity; and

performing a predetermined control process that 1s set

with respect to the sliding operation, during a period from

1

he determined start to end of the sliding operation.



