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. Soléﬁiﬁa@g ég%ie Qﬁsﬁ%%%g,gig%dﬁgmml &%%QQ”&% gﬂ%ﬁp&function of

electronic equipment. On the othe pending on the function or usage of electfonic equipment,
it is desired to make thgnumberofoperating keysiasismalbas pessibierenable easy-to-use,
efficient operations. Japanese Unexamined Patent App cation Publication No. 2008-166897
mentioned above discloses a technique that uses a microphone as a device for operation input. The

technique ., crounp

The present disclosure relates to a sound signal
proéessinq apparatus and a scund signal processing mathod
that detect a user operation input by a sound signal
collected by a microphene. 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 & microphone
apparatus that supplies a sound signal To a sound signal
processing apparatus.

In various kinds of elecironic eguipment, operating
keys, a keyvboard, a mouse, operating dials, a touch panel,
and so on are used as devices for inputting user coperations.

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

Japanese Unexamined PFatent Application Publication No.
2008-166897 mentioned above discloses a technigue that uses

a microphone as a device for operation input. The technigue



described in 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. 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 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. |na cket of | e able to perform a
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predetermlnedcopera ion by tapplng e V|C|n|ty e mlcrophoﬁ in the headphone portion, this saves
the user thetraublercfdaking. thequortabie musie playerioit sOndbe 'athet hand;sinceritapping” is

detected, although it is possible to do such an action equivalent to a gesture of "pressing a button
once",orexanqﬁ@,m;crophon and its vicinity with a finger or the like

as an operation input. To this end, the waveform of a sound

signal collected by the microphene when the user taps the

micropheone is recognized through a waveform correlation

process.

SUMMARY

As in Japanese Unexamined Fatent Application
Publication No. 2008-1668%7 mentioned above, the ability to
use a microphone alsc as an input device can contribute To
reduced number of operating keys on the housing of equipment
and improved cperability.

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. 1If the user is able to perform a predetermined
operation by tapping the vicinity of the microphons in th
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 posgsible to do such an action eguivalent to a

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



Play/Pause/necord/Power on/off, the above-mentioned technique is not suited for "operational
gestures for which the time a button is being pressed is important”.  For example, the
above-mentioned technique is not suited for "an operation for performing fast forward during playback
while pressing a button" as fast-forward playback, or an action such as "changing the playback pitch or
playback speed while pressing a button". 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 sllgfa!ey%rals s:)%qé rdflf%v%am&@blgfthetcase of %P&MW&%%P@”Q operation to Volume

Up/Down, a cohceivable mode o operation would’'be {o tirn e volume up &)r down) by one step with

each single tap,khen: to greatly rise Llowervolume quicklysin the-case-ef a tappingaperationis
necessary to perform tapping many times, making quick operation difficult. Moreover, the resulting
operation isreithénintaitivetioreasy foauses Althotdit issadvartageots to use a microphone as an
For example, the above-mentioned technique is not
suited for "an operation for performing fast forward during
playback while pressing a butten” as fast-forward playback,
or an action such as "changing the playback pitch or
playback speed while pressing a button”.
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,
altheough tapping can be used to perform such cperations,
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 ralse (lower) the voliume
gulckly, in the case of tapping operation, 1t i1s necessary
to perform tapping many times, making guick cperation
difficult. Moreover, the resulting operaticn i1s neither
intuitive nor sasy to use.

Altheough it is advantageous to use a microphcone as an



input device and allow operations to be given by tapping in the manner as described above, such an
operation input mode is not appropriate for some kinds of operations, such as a continuous operation,
and an operation for which an operation quantity is relevant. It is desirable to enable even a
continuous operation or an operation for which an operation quantity is specified, by using a

microphons 33 njuputdeviee, Wssehy enablipg effective use of a0 persyianpgutimods using the
e pr

microphone.p A’sound signal processing apparatus accordingto an aspect o esent invention
includes & gliding QRetation detecting.sectiondoavhich arsoundsignal colectedhyta micrephone is
inputted, and which determines start and end of a sliding operation by a determination process using a
sliding sotrd signatpemppreéattia thieinpuites soundissigialptherslidingisourdisignaksca@mponent being
produced by the sliding operation on the microphone itself or its vicinity, and a control section that
performs §$édEtaAHm R0t Procedddhatis St With Fe8pd o the SitiRG operation, during a
period from the stttart to the end of the slidili%og%ration determined by the sliding operation detecting

section. AI%0, a8 ﬁg%e?eur?nrfﬁét?% 6rsocre%s, the's iding operation detecting section determines that the

sliding operatiorhas bego.stared vhen ating dudng which-anengigyieveleithe sliding sound
signal component is equal to or higher than a first level has continued for a first time or more.
or an operation for which an operation quantity 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
aspect of the present invention includes a sliding operation
detecting section to which a sound signal collected by a
microphone ig 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 contrcl 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.

Also, as the determination process, the sliding

operation detecting section determines that the sliding



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

Alternatively arplygality,_og‘l ghgggglssotfasr%uencg si‘ggg!qs are inputted to %heﬂlqlw Qperation detecting
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section, an ﬁweas“liﬁr?g %peratlon détecting section performs the etermination process with respect to

each of the:plurality of ehanpels-atseundi signals,and determineshe-startand enghefithe sliding
operation with respect to each of the channels. Alternatively, a plurality of channels of sound
signals aretinpottedtgithe slidiig epération detsetind saction: Whd e dliting opekation detecting
section determines the start and the end of the sliding operation, and determines a channel on which
the sliding %ﬁ%?at?orn figs been performed, by performing a channel determination process which

determines a channel that contains-a glidingrsignal:compenegrtfrom-among the plurality of channels of
sound signals, and the determination process with respect to a signal obtained by adding or

subtractingpstiding soundsigealicompenéntsfrointherplmatity-6Bcharirrels t6 9k from each other.

Also, the indi%g operation det%cting section further detects a_slidjnr% qperaggn direction from the
inputted soURH Signar* andtheEahtrol Settiol Berfofms & prédetefmind ontroibrocess that is set

with respeg&ltgztgg sliding operation difection.detected, by thesliding oneration.detegting section,
during the period from the start to the end of the sliding operation determined by the sliding operation
detecting sectiona second level has continued for a second time or more.
Also, the sliding operation detecting section performs
the determinaticn process by using a sliding sound signal
component produced by a rotary sliding motion on the
microphone itself cr its vicinity with a finger or a sliding
tool.
Alsc, a plurality of channels of sound signals are
inputted to the sliding operation detecting secticn, and the
sliding operation detecting section periforms the
determination process with respect to a sound signal
obtained by adding the plurality of channels of socund
signais to each other.
Alternatively, & plurality of channels of sound signals
are inputted to the eiiding operation detecting section, and
the sliding operation detecting secticn psrforms the
determination process with respect to sach of the plurality

of channels of sound signals, and determines the start and



Also, the sliding operation detecting section further detects a sliding operation location ...scm the
inputted sound signal, and the control sectic 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 operation determined by the sliding operation detecting
section.  Also, 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 aspect of the present invention includes a microphone, and a
sliding guide section that is formed in a vicinity of the microphone and guides a sliding operation
position. micro honEelap aratus %%%ordir}g &oi%ploghgg ggg%cpgf _tgg c%reg;entt'%/ention includes a

. =281 T 12 1¢1nN o] T1O e { .
microphong, and a ditectional sotnd source section that is provided in a vicinity of the microphone,

and produges, gifferent sound signal components depending on a sliding operation direction. A
microphone apparatus according to another aspect of the present invention includes a microphone,
and a plurality of'Sliciny:s6uie Spurce séctivns-that afe pravided in alvisinity df Hhé Afidfophone, and

roduce differen ' idi iQn i .
P are j_tn%oé*{‘éjes'g{:‘%' components when a sliding operation is performed. g

the sliding operation detecting section determines the start
and the end of the sliding operation, and determines a
channel on which the sliding operaticn has been performed,
by performing & 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 compenents from the plurality of channels to or from
gach other.

Alsc, the sliding operation detecting sectlon further
detects 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 opsration detecting section.

2lso, the sliding operation detecting section further
detects a sliding operation location from the inputted sound

signal, and the control section performs a predetermined



A sound signal processing method according to an aspect of the present invention 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

predetermy 8%89%95:8@&18125 #@Péés st with respact fq e.sliding,opefatign ; during a period from the

determined start to €nd of the sliding operation. A program according to an aspéct of the present

invention épa prediam i causing anadibmeticRroenssiag appattepta-axacie the determination of
the start and end of the sliding operation, and the predetermined control process. The

embodimértssafthe presarit tistlosine aBsdiesetbae nbode Make it possibled detedtlzh input

operation that is continuous or has an operation quantity, while using a microphone for the input

operationHdl tfoligiesifloie SBEnAR-GFAF pRIEeSEMGF M P PRUS ¥hé BEePperfomis a predetermined

operation as arglécjl_igg ma ion %rizt%]e g}{é’g%%qe or its vicinity with a finger or the like, that is, as an
e like

operationo&ﬁeeplng theefln%%r or moving while touching the microphone or its vicinity in a

tracing fashion. o1 s} thet 6asenihe seugd RTodesskhy the:slidiemotion i collacted by the
microphone. Thus, the sound signal
includes a microphone, and a sound signal collected by the
microphone isg inputted to the sliding operation detecting
section.

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

A microphone apparatus according to another aspect of
the pregent invention includes a microphone, and a
directional sound source gection that is provided in a
vicinity of the microphone, and produceg different sound
signal components depending on a sliding operation direction.

A microphone apparatus according to another aspect of
the present invention includes a microphone, and a plurality
of sliding sound source sgections 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 aspect

of the present invention includes determining



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

quantity cap-ie:regqgnized from she duration ofshe sliding appration: Tbakis, itig possible to recognize

the sliding operation on the microphone or its vicinity as a continuous operation or an operation having

an operatipoguaidity, saincyperferhi thieneprsespoh dingyesitrat prpeessn BRIBFDESCRIPTION OF THE
DRAWINGS Fig. 1 is a block diagram of the basic configuration according to an embodiment of the

present disefisaie; o1 Frgd- oo Bid 23716 vaehdrfexpiarato i/ didgfant orasdligii 'ederation
according to an embodjment of the present disclqsure; Fig. 3is aflgv,vchart of Qgsic processing

accordingct%%oélﬁ]%'éd ShtofthE prese tk@ﬁ%c?os%reszlidlf:—1 . FHS TR eJS(%]I—lan%l%ory (ﬁagram of an NO
headphone; accordingdo anembodiments + :Rign9ds a kioek diagrampf ag NC headphone according

to an embodiment;
predetermined control process that is set with respect to
the sliding operation, during a period from the determined
gstart to end of the sliding operation.

L program according tc an aspect of the present
invention is a program for causing an arithmetic processing
apparatus to execute the determination of the start and end
of the gliding operation, and the predetermined control
process.

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

Thug, 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 vicinity in a tracing £fashion.

In that case, the sound produced by the sliding motion

is collected by the microphone. Thus, the sound signal



6 is a block diagram of Configuration Example | of ding 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 11 of a sliding operation
detecting section according to an embodiment; Fig. 11 is a block diagram of Configuration
Example Il of a sliding operation detecting section according to an embodiment; Fig. 12 is a

flowchart of glo idin ' etecti egtian i igurati mple 11l accordin
to an emb%fil 85’%%% QI%@%%& gnngdgf%?, k%%%e;%% gg%x%ﬁﬁaﬁ%%g?a%q‘%agggr%%uraﬂon °
including a:gligting guide-ageerding than embedimentz 1 component of the sound

produced py 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 quantity can be recognized from

the duration of the sliding operation. That is, 1t is

pogsible to recognize the sliding operation on the

microphone or its vicinity as a continuous operation or an

operation having an operation guantity, and perform the

corresponding control process.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of the basic configuraticn
according to an embodiment of the present disclosurs;

Figs., 2A and 2B are each an explanatory diagram of &
sliding coperation according to an embodiment of the present
discliosure;

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

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

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

to an embodiment;



Figs. 14A and 148 are each an explanatory diagram of a configuration including a directional sound
source section 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 of a sliding direction detection configuration according to an embodiment; Fig. 17 isa
flowchart of processing in the case of a sliding direction detection configuration according to an
embodiment; Figs. 18A and 183 are each an explanatory diagram of a frequency characteristic
with respect to the sliding direction according to an embodiment; Figs. 19A and 196 are each an
explanatory diagram of sliding direction determination according to an embodiment;

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

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

Fig. 8 is a fiowchart of processing in a sliding
operation detecting section according to an embodiment;

Fig. 9 is an explanatory diagram of determinztion of
siiding ocperation start/end by a sliding operation detecting
section according to an smbodiment:

Fig. 10 is a block diagram of Configuration Example II
of a sliding operation detecting section according to an
embodiment;

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

Fig. 12 is a flowchart of processing in a sliding
operation detecting secticon in Configuration Example III
according te an embodiment;

Figs. 132 and 13B are each an explanatory diagram of a
configuration including a sliding guide according to an
ambodiment;

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

configuration including a directional scund source section



Figs. 20A and 206 are each an explanatory diagram of another example of sliding direction
determination according to an embodiment; Figs. 21A and 216 are each an explanatory diagram of
a configuration including a sliding guide and a directional sound. source section according to an
embodiment; and Figs. 22A and 2218 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 WJi 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]

according to an embodiment:

Figs. 1BA to 15C are each an explanatory diagram of an
example of a directional sound source section according to
an embodiment;

Fig. 16 is a blcck diagram of a sliding direction
detection configuration according tc 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
freguency characteristic with respect to the sliding
direction according to an embodiment;

Figs. 192 and 19B are each an explanatory diagram of
sliding direction determination according to an embodiment;

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

Figs. 21A and 21B are each an explanatory diagram of a
configuration including a sliding guide and & directicnal
sound source section according to an embodiment: and

Figs. 2237 and 22ZB are each an explanatory diagram of a
configuration including a plurality of sliding sound source

sections according to an embodiment.

DETATLED DESCRIPTION OF EMBODIMENTS



[2-2: Sliding operation detecting section (Configuration Example 1)] [2-3: Sliding operation detecting
section (Configuration Example I1)] [2-4: Sliding operation detecting section (Configuration
Example ll1)j <3. Embodiment in which a sliding guide is provided> <4. Embodiment in which a
directional sound source section is provided> <S. 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 modifications>

Hereinbelow, embodiments of the present disclosure will
be described in the follcowing order.
<1, Basic ceonfiguration and processing>
<2. Embodiments applied tc an NC headphone>

[2-1: Configuration of an NC headphone]

[2-2: 5liding operation detecting saction
(Configuration Example I)]

[2-3: 8liding operation detecting section
(Configuration Example II)]

[2-4: S5iiding cperation detecting section
{Configuration Example III)]
<3. Embodiment in which a sliding guide is provided>
<4, Embodiment in which a directional sound source section
is provided>
<%, Embodiment in which a sliding guide and a directional
sound source secticn are provided>
<%, Embodiment in which & sliding sound source section is
provided>
<7. Embodiments applied to various kinds of eguipment and
modificationss

<8, Program>

<1. Basic configuration and processing>

Fh
ot
o
[t

First, the basic configuration as an embodiment of



<8. Program> <1. Basic configuration and processing> First, the basic configuration as an
embodiment of the - 12 - present disclosure will he 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

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
egquipment.

&s in Japanese Unexamined Patent Application
Publicatrion No. 2008-168887 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, thers 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 specify an cperation guantity.

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 microphone 1z not sulted for
cperating such functions.

hccordingly, an embodiment of the present disclosure
provides a user interface suited for a continucus operation
or an operation for which an c¢peraticn 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.



Publication No. 2008-166897 described above, there have been proposed systems that allow
functions to be switched or turned on/off by tappingtad) on a microphone or its vicinity. However,
among the functions of various kinds of equipment, there are a function for which it is 'ecessary to
specify a specific time span in real time, and a function for which it is suitable to specify an op-ration
guantity. 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 microphone is not suited for operating such functions. Accordingly, an embodiment of
the present disclosure provides a user interface suited for a continuous operation or an operation for

which an operaligh Juantiy, 15 speciied . enauing ao aneratign iyt 8,be,made:yg sliding
operation" whereby a%nger or the fike 7S moved while touc?nng a microphone or its vicinity. The

present disclosurertelates 4o adetectign algorithm: fordetecting anioperatign iput made by this sliding
operation, and a mechanism associated with the detection algorithm. The detection algorithm
according teoanzmbodinent of the Preseéntdisclosaie fdkeslit possibledptistaibtetection results

with reduced processing resources by performing %ﬁ,mﬁessing only on tgg tgq]poral axis, without
performing processiHg that NEcE&dTAES Flargé ton

Guft ot con%ﬁuﬁ%ﬁon such as a frequency axis
analysis. .., The;embediments desciibed:below representvariousskinds, of electronic equipment
installed with a sound signal processing apparatus that adopts the above-mentioned configuration to
recognize anhioperatien inputanade byla slidingoperdtions prRigs 2 shows thedyasie Tonfiguration
according to an embodiment. Fig. 1 shows a sound signal %rocessgigsection 1, a microphone 4, a

microphon ‘arfBHfer 514 AFS LETvertar 67and & Hofmal processig system 7o o=

performing processing that necessitates a large amount of
computation such as a frequency axig analysis.

The embodiments described helow represent varicus kinds
0f electronic eguipment installed with a sound signal
processing apparatus that adopts the above-mentioned
configuration to recognize an operation input made by a
gliding 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 secticn
3. The sound signal processing section 1 corresponds to a
sound signal processing apparatus according to an embodiment
of the present disclosure. The sound signel processing

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



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 a sound signal processing apparatus
according to an embodiment of the present disclosure. The sound signal processing section 1 is
formed by, for example, a central processing unit (CPU) or a digital signal processor (DEP). A
sound signal collected by the microphone 4 is amplified by the microphone amplifier 5, before
undergoing analog-digital conversion in the A/D converter 6. Then, the sound signal converted into a
digital signal is inputted to 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 assogat \ﬁ/[th a squry sg ai in elect&)r%%ggglg%%nt tgsvghlch a sound signal is inputted
from the mlcroph Red. “Cin con imer electronic equipment, the mlcrophone 4 is already provided for

various purposes. Alterpativelynaseparatespiciophone# ean:beonnected to consumer electronic
equipment. Examples of such consumer electronic equipment include a digital camera equipped
with a soundiréédrdity functioh as wellrdsea pictirel iedarding fuRelion Can TGREE6rERE, an information
processing apparatus such as a. personal computer haying a voice communic tlon ferctlon mobile
equipment:&r annglls% aanceﬂ?rlfgf Réadphone (h (hehrelrr%xaf%l)ergc REHeadt hé(r)nne"jf:j11

sound signal converted into a digital signal is inputted to
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
associated with a sound signal in selectronic eguipment to
which a sound signal isg inputted from the microphone 4.

Irn consumer electronic eguipment, tThe micrephone 4 1s
already provided for various purpcoses. Alternatively, a
separate microphons 4 can be connected to consumer
electronic equipment.

Examples of such consumer slectronic eguipment includs
a digital camera eguipped 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 communicaticn function, mobile eguipment, and

a noise—cancelling headphone (hereinafte "NC headphone”"j .

£

In each of these kinds of electronic eguipment, a
processing system ls provided with respect to a microphone
input sound signal in accordance with ilts function.

For example, in the case of egulpment having the



In each of these kinds of electronic equipment, a processing system is provided with respect to a
microphone input sound signal in accordance with its function. For example, in the case of equipment
having the function of recording sound to a recording medium, sections that perform processing such
as compression for sound recording, encoding for recording, and recording to the recording medium
make up the normal processing system 7 shown in Fig. 1. In the case of equipment that is capable
of communication 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 NO

headphone desgr.iged CI%teg (\e/\g@rrﬁ%rensceuto QFitg;b:%aon %rg§d%§ f%gggﬂﬁl portion that performs a
noise cancelfatic pr?ocessf correspoﬁds {6 the rorma processing system 7. The normal processing

system 7 performs-processing-aecording touthesedunetipns y¥thorespeet te-andnputted sound signal.
The sound signal processing section 1 performs detection of a slidingtoperationywith respect to an
inputted seurbsighat) theretddeecting arcsperation inpatmagdeBiriheuser. the

recording medium make up the normal processing system 7
shown in Fig. 1.

In the case of squipment that is capable of
communication such as a portable telephone, and has the
function of transmitting a sound signal, sections that
perform processing such as ccomprassion, 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 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 scund sighal processing section 1 performs
detection of a sliding operation with respect to an inputted
sound signal, thereby detecting an operation input made by
ths user.

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

solely through processing on the temporal axis.



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 or higher
than a first level has continued for a first time or more, the sliding operation 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 SdetS 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 continued for a second time, the sliding operation detecting section 2 determines that
the sliding operation h?fi_s_:en%%td. At LQis time thce. sliedigg oﬂpgratvi‘f Qd teLctingesnec%ion 2 outputs a sliding
end detection sigial SdetEto the CORtol Section 3. Thatis. the timé from the determination of the
start to the;determination.ofthe andiisdetesmined.as the pered guring which-tpestiding operation is
continued. As will be described later, the sliding start detection signal SdetS and the sliding end
detection signal-SdetEmayitake yamibuscorcelvabie sighak forens: e sii dirgylstaitsdetection signal
SdetS and the sliding end detection signal SdetE may not necessarily be Mng%gg%ndent lines of

signals buf PRy e ary stEhsigridithat afftws fhé“Bg/ﬁfroItgfé“:’t:ti%f“llt?‘ﬁz)1 Pecdgnize the start and end of
sliding.

detecting section 2 determines that a sliding operation has
started. At this time, the sliding operatiocon detecting
section 2 outputs a sliding start detection signal SdetS 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 continued 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 ocutputs a sliding end

ke

detection signal SdetE to the control section 3.

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

Az will bs described later, the gliding start detection
signal S8detS and the sliding end detection signal SdetE may

take varicus conceivable signal forms. The sliding start

§""‘“

detection signal Sdetd and the sliiding end detection signa
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 with respect to the sliding operation. When, on the basis of a sliding end detection signal
SdetE, the control 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
SdetE, that is, the 18ngfi of th ﬁ(a??‘i?cj“(zfL 8ﬁri§g :\L/v%i%ﬁlf%@ %%8? %lgght#\%?né %ﬁ%ﬁ&%g%%geration, as an

operation guantity. 1 nSincehe control pracessiexecuted-varies fon each kintkakelegtronic
equipment, examples of control process will be described later in the description of specific

embodiments:of electronicequipmdrtcEorexample intthe case diequipment:havingthe function of

playing back musig data or the like, Volume Up/Down control, control of fgst*fgr\yard playback or
rewind pla§back, S tadike"dre-cOcaiva - Bor Exaninle, tufing up/own bf the volume of playback
sound, or the like s implemented by the, user. performing @ sliding;operation an.the:microphone 4.

Figs. 2A and 2B illustrate how a sliding operation is performed.
has been detected by the sliding operation detecting section
7, the contrcl section 3 starts a predetermined control
process that is set with respect to the sliding operation.

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

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

Since the control process executed varies for each kind
of electronic equipment, examplss 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

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



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 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. 23 shows a part of a hear%%rg(ne, earph%ne) 200 that is provided vyj%h Lheeir‘pé%rfghone 4 for the

purpose ofiGi¥E TancalingSTor Exampie” The hédtdphone 200 has & héadphone driver 201, and an

earpiece Zpglth@giiéggg&orggqm%tqu by the userinto his/her.ear The migraphope s, provided on
the side opposite from the earpiece 202, that is, at a position where the microphone 4 can collect
external saund:he Thé&wser perfoimsssuchda slidingoperationras o tracesthe ©pistirfate of the
microphone 4 or its vicinity with a finger or the like.
operaticn o the microphone 4.
Figs. 2B& and 2B illustrate how a sliding operation is
perforred.
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 sc 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 opsratlion is
collected by the microphone 4, and is supplied to the
s1iding 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 scund signal
component of the inputted sound signal.
Fig. 2B shows a part of a headphone (earphone) 200 that
is provided with the microphone 4 for the purpose of noiss
cancelling, for example. The headphone 200 has a headphone

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

- 15 -



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 equipment with a finger or the
like. It should be noted that while Figs. 2A and 2E3 depict a linear sliding operation, the user may

perform a circular (rotary) sliding Qp%ation. A I%ar sLiding ?{)erati n can be ma&ntg\ined only for a
short time BHd" 58 #R&UIC TP uEePHdy nGtie ablef Perform iRtéhded Coftrs! in €ome cases. In

such cases, jf the. user,is magde 49 pertarm.a circular slidingmogion arguind tbe riergphone 4, for
example, the user can easily continue the sliding operation. The basic configuration according to
an embodiment:ofdhe ptesentdisclosureishas:described above witrerefersrice tocBigd 1. That is, an

input sound signal from the microphone 4 is inputted to the sound signal processing section 1, and the

sound signal protB&singsedish L aBfcts aluser bpetation By Hetermimirg a'shidity 6Beration. When it
's detected fhat an.onerptiondnyt has baen.pade.a predeterpined capiral prpeess is performed in

accordance with the operation. Fig. 3 shows the procedure of basic processing according to an
embodiment.nger or the like.

In the same manner as menticned 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 Z
determines the start/end cof the sliding cperation by
observing the amplitude or energy level {the abscliute 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,

It should be noted that while Figs. 2A and ZB depict a
linear sliding operation, the user may perform a clrcular
(rotary) =zliding operation.

A linear sliding operation can be maintained only for a

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

- 20 -



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 proceeds from step F4 to F5, and the action according to the operation
input which has been executed by the cantrol section 3 is ended#.] n.the_ followin ,fembodiments
will be des%%ga‘WltﬁLgtneoffgg-%aggglhﬁaqhela{]dp?w%ﬁﬁ% (NC hieadp 3n§)&5§ a% §p)4eé():%[%c %xample of
electronic eguipment. ; s fxamples of othaneleckenie equipmentwilkbe alsa-deserhedilater. <2.
Embodiments applied to an NC headphone> [2-1: Configuration of an NC headphone] Fig. 4
schematicalhe shows @hoise-cancetlingheadphiond (N Cliead phohe) A0l use d B bei§ connected to
music pIayTE)ack equipment such as a portable media player 20.

he sliding opsration.

The basic configuration according to an embodiment of
the present discleosure 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

[

t is detected that an operation input has been made, a
predetermined control process is performed in accordance
with the operation.

Fig. 3 shows the procedure of basic processing
according to an embodiment.

Tn the sound signal processing section 1 to which a
microphone-input sound signal is inputted at ail times as
shown in Fig. 1, as step F2, it is determined whether or not
a siiding operation has been started. This is a process in
the sliding coperation detecting section 2. Then, if it is
Setermined that a sliding operation as a user operation
input has been started, the processing proceeds from step FZ
+o F3, and & 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



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 noise cancellation section 14. The headphone
section 11 has L and R channels of speakers 131, 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 121, and 12R are provided so as to
collect external sounds from the outside of the left and right speaker housings, respectively. It
should be noted that the eadphone section 11 may not be of a type having the speaker housing as
shown in the drawing, but may be of an earphone type shown in Fig. 28, or an ear-pad type. In this
example, &1 6ftheseé t§FE5 Ty be used'as %"ﬁ“gegs{% the F%i@%%%%és Y21°5nd %£ are provided.

Also, the Ngggagpggggi%iso%@gg@;%tqlgg NG headphene that,performs a:feedforward noise
cancellation process but may be an NC headphone that performs a feedback noise cancellation
process. determined that the sliding operation has besn ended, the
processing proceeds from step F4 to Fd, and the action
according to the cperation input which has been executed by
the control section 3 1s ended.
In the following, embodiments will be described with a
noise-cancelling headphone (NC headphone} as a specific
example of elsctronic eqguipment.
Examples of other electronic eguipment will be also

described later.

<2 . Embodiments applied to an NC headphone>
[2-1: Configuration of an NC headphone]

Fig. 4 schematically shows a noise-canceliling headphone
(NC headphone) 10 used by being connected to music playback
equipment such as a portable media player Z0.

The media plaver 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 noise cancellation section 14.

The headphone section 11 has L and R channels of



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
121 and 12R, the noise cancellation unit 14 generates a noise reduction sound signal of acoustically
opposite phase to the external noise. Then, the noise cancellation %nit 4 %)m,thesizes the generated
noise redutiih Sotmd signafifith the sBAAG SigrialdF praybackitsic or the Tike? and supplies the
resulting saund signal fo each of the spegkers, 13l apd-13R..;  Acqardingdy the sound outputted from
each of the speakers 13L and 13k contains a component of opposite phase to external noise. Hence,
this opposite phase evmponent arid the externabneiseshatactaally fealessinida the Speaker housing
spatially cancel each other out, with the result that as auditorily perceived by the user, the external

noise compeRéRt iSreafced ahdthe SHgEA outpbESSaRdEfthe piayhBRR Mdsic Téaches the user.
An example of the,internal configuration, of the noisg cancellation uaif 1 4;is.shawn inFig. 5.

the cutside of the left and right speaker housings,
respectively.

It should be noted that the headphone section il may
not be of a type having the speaker housing as shown in the
drawing, but may be c¢f an earphone type shown in Fig. 2B, or
an ear-pad type. In this sxample, any of these types may be
used as long as the microphones 1251 and 12R are provided.

2lso, the NC headphons 10 is not limited to an NC

headphone that performs a feedforward noise cancelliation

6
@
o
o
>
O
~

process but may be an NC headphone that performs a I
noise cancellation process.

The noise cancellation unit 14 is connected to the
headphone section 11 provided with the microphones 12ZL and
12R as mentioned above,

The noise cancellation unit 14 mixes & nolse reduction
sound signal into the sound signal cof playback muslc or the
like supplied from the media player 20, thereby outputting &
sound signal with reduced external noise from each ¢f the
speakers 13L and 13R.

Briefly spesaking, nolse reduction is performed as

- 23 -



The noise cancellation unit 14 has microphone amplifiers 31L and 31R, A/D converters 32L and 32R,
a main processing section 33 formed by a DSP or CPU, a memory section 40, power amplifiers 421,
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/C
converters 411 and 41R. Then, in the equalizer 39, these sound signals are subjected to sound quality
correction §G¢h A8 amplitude-frequency characteristic correction or phase-frequency characteristic

CONECﬁon’orbo¢Ee micropheones 12L and 12R esach attached to the
speaker housing collects external ncise reaching the user's
ear via the speaker housing. From the sound signal of the
external nolse collectad by each of the microphones 1ZL and
12k, the noise cancellation unit 14 generates a noise
reduction sound signal of acoustically opposite phase to the
external noise. Then, the noise cancellation unit 14
synthesizes the generated noise reduction sound signal with
the scund signal of playback music or the like, and supplies
the resulting sound signal to each of the speakers 13L and
13R.

Accerdingly, the sound outputted from each of the
speakers 13L and 13R contains a compenent of opposite phase
to external nolse. Hence, this opposite phase component and
the external noise that actually leaks in via the speaker
housing spatizlly cancel each other out, with the result
that as auditorily perceived by the user, the external nolise
compenent is reduced and the original output sound of the
playback music reaches the user.

An example of the internal configuration of the noise

n

cancellation unit 14 is shown in Fig.
The noise cancelliation unit 14 has microphone
amplifiers 311 and 31R, A/D converters 32L and 3ZR, a main

processing section 33 formed by a DSP or CPU, a memory



The correction process in the equalizer 39 is executed on the basis of a control signal SG3 from 1..he
control section 38. For example, designation of frequency characteristics or the like is done by the
control signal SG3. The playback sound signals SA-L and SA-R that have 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.
section 40, power amplifiers 42L and 42R, and A/ converters
41T, and 41R.

The main processing section 33 is provided with a nolse
cancellation section 34, a gain section 35, adders 36L and
36R, a sliding operation detecting section 37, a control
section 38, and an egualizer 38.

Firat, 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 plavback sound signals 3A-1 and SA-R are
respectively converted into digital signals by the A/D
converters 41L and 41R. Then, in the egualizer 38, these
sound signals are subjected to sound quality correction such
‘as amplitude-freguency characteristic correction or phase-
fregquency characteristic correction, or both.

The correction process in the egualizer 39 is exescuted
on the pasis of & control signal SG3 from the control
section 38. For example, designation of freguency
characteristics or the like is done by the control signal
SG2.

The plavback sound signals SA-L and SA-R that have
undergone sound quality correction in the equalizer 39 are

respectively added with noise reduction sound signals by the



Outputs from the power amplifiers 421, 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 in the noise
cancellation unit 14, and then converted into digital signals in the A/D converters 32L and 32R,
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 noise reduction sqund signal in the feedforward moge-mentioned
Cé‘i ;gé% C‘L %(:aR % TC. tgle gm!é%f?hé! @% L@ g

above. ThETOTEE carcelfition saction 34 performs filtéring on 8ach of the sound signals SmL and

SmR, with g filter;factar.designatediky. a control signal 551 from the control section 38, thereby

generating L and R channels of noise reduction sound signals. The generated L and R channels
of noise reductiofrsoundrsignalsrarefsupplietlto thecydinsettion 35 ThecgdinEectibn35 gives a gain
to the L and R channels of ngise reduction sound si%n%lg, vgitg&g%iggggtor desi%%atgg by the control

signal SGf fréntfre ERtrdisethion 38 mey °& mac rter &

analog amplifier.

Cutputs from the power amplifiers 4ZL and 4ZR serve as
driving signals for the speakers 13L and 13R, and sounds
pased 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 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 noilse cancellation unit 14, and then
converted into digital signals in the A/D converters 3ZL and
32R, respectively.

The digitized sound signals 5SmL and SmR outputted from
the A/D converters 3201 and 32R are supplied to the noise
cancellation section 34. The noise cancellation section 34
is configured as a digital filter that generates a nolse

reduction sound signal in the feedforward mode mentioned

4

above. The noiss cancellation section 24 performs filfering
on each of the sound signals Sml and SmR, with a filter
factor designated by a contrel signal SG1 from the control

section 38, thereby generating T and R channels of nolse
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Then, the L and R channels of noise reduction 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 13? on the
basis of the playback sound signals SA-L and SA-R to which the noise reduction sound signals have
been added in this way, respectively, the noise reduction function as described above is exerted.

The noise cancellation unit 14 in this example further is equipped with the function of detecting a user
operation made by a sliding operation on the microphone 12L, 12? or its vicinity. The sound
signals SmL and SmR respectively collected by the microphones 12L and 12R are also supplied to the
sliding operation detecting section 37. ~ While the configuration and action of the sliding operation
detecting sre@é%i%%%f”\}vilf Bqérbdesscﬁ%‘éﬁﬁt’er in more detail, the sliding operation detecting section 37

detects a user's slidingQperatien; on themicrophone 1215E2RAndkits visinity: seleletraugh
processing on the temporal axis. Specifically, when the energy level of the sliding sound signal

component insthel mpattedssmmdisignab Stile SmR-has eoatinued to eXéged'aipredetermined value for

a first time or more, the sliding operation detecting section 37 determines that a sliding operation has
been startéG “Fél. tohGtiry tie St of opération ifptt By thé ﬁ%élﬁ% sfiding opération detecting
section 37 quiputs.a sliding,start deteetion signal Sdgts 1o the-cantraksection:38: oy

the control signal SGl from the control section 38.

Then, the L and R channels of noise reduction 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
8A-R to which the noise 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 Ifurther
is equipped with the function of detecting & user operation
made by 2 sliding operation on the microphone 12L, 1ZR or
its wicinity.

The sound signals SmL and SmR respectively collected by
the micropheones 12L and 12R are also supplied to the sliding
operation detecting section 37.

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

5

more detail, the sliding operation detecting section 37



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
detec ng section 37 determines that theding operation has been ended. Then, to notify the end of
operation i by the user, the sliding operation detecting section 37 outputs a. sliding end detection
signal SdetE to the control section 38. The control section 38 controls the individual sections of the
noise cancellation unit 14 by the above-mentioned control signals SG1, SG2, and SG3. Also, the
control section 38 can also transmit a control signal SG4 to the media player 20. In this example, in
particular, the control section 36. is equipped with the function of performing a control process in

accordance with a user's sliding operation. That is,.the cqnt ecti orms a predetermined
control pro¢essthat i Satwith ress%le%jf?g the %ﬁéﬁ%ﬁ%ﬁoeﬁq;tigﬁédt%r%g@ %%%qe%oﬁﬁ which the sliding
operation asgrasped by the sliding.star:datection signal SeetS anthihesliding:end detection signal
SdetE is being executed. For example, in response to detection of an operation inputted by a sliding
operation, themontrbl saétion 381eHsMits bperativrenpbbfeitatoh (e nfetia pfayer 20 as the

control signal 304. = The memory section 40 stores information, to be referenced by the control
section 385WhER Pérforifity & <Bhtrol %?géaé}s%&?%rxé&ah%ﬁef Fk%uﬁwé?ﬁ}orf/%%%%[l]ohlfﬁ stores information
on the filteg factoes in theise.cancsllation:section34:andhe egualizen3d, and §e ofvr =

first time or more, the sliding operaticn 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 ocutputs 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 “ime 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 operztion detecting section 37 outputs a sliding end
detection signal SdetE toc the control section 38.

The control section 38 controls the individual sectilons
of the ncise cancellation unit 14 by the abcve-mentioned
control signals SG1, 8G2, and 3G3. Alsc, the control
section 38 can alszo transmit & control signal 3G4 to the
media player Z20.

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

is equipped with the function of performing a control



In this embodiment, the control section 38 performs 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
player 20 as the control signal 304 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

process in accordance with a user’s sliding operation. That
iz, the control section 38 performs a predetermined contrel
process that i1s set with respect to the sliding operation,
during the period in which the sliding operation as grasped
by the sliding start detection signal SdetS and the sliding
end deatection signal SdetE i1s being executed. For exXample,
in response to detection of an operation inputied by a
sliding operation, the control sectlion 38 transmits
operation input information to the media player 20 as the
contrel signal SG4.

The memory section 40 stores informaticn to be
referenced by the control sscticon 38 when performing a
control process. For example, the memory section 40 stores
information on the filter factors in the noilse cancellation
section 34 and the equalizer 38, and s0 on.

In this embodiment, the control section 28 performs a
predetermined control in accordance with a user's sliiding
operation. A real~time, continuous contrel is suited for
the control preocess. The following are assumed as examplss
of such centzol.

First, it is conceivable to transmit a command to the
media player 20 as the control signal 5G4 to thersby causs
the media plaver 20 to sxecute, Ior example, the following
actions.

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



end soon). Control of an operation to turn the noise cancellation function off only during the sliding
operation period to 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 sliding operation period as an operation
quantity. Control to adjust playback speed up or down to a playback speed desired by the user, with
the length of the sliding operation period as an operation quantity. 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 partjally viewing or.listening to the contents, and pla ck the content
at the instatt W& éjgﬁdiiﬁéodﬂpe%ﬁéﬁ%gltg% ey o o %ﬁﬁg operation is

pb%? For example, supposmg that a sli
an sound, during the sliding operation period.
- Control to turn playback off and noise cancellation off
only during the sliding operation pericd (control to switch
to a state sulted for when making a conversation that will
aend soon) .
- Control of an operation to turn the noise cancellation
function off only during the sliding operation period to
facilitate hearing of ambient sounds.
- Contrel to adiust thervolume up or down to a volume
position desired by the user, with the length of the sliding
cperation period as an operation guantity.
- Control to adiust playback speed up or down to a playback
speed desired by the user, with the length of the sliding
ocperation period as an operation guantity.
- 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 guantity.
-~ Control to partially play back multiple contents such as
music or video seguentially during the sliding cperation
periocd, i.e., contrel of such an action as to allow the user
to seguentially search throucgh contents while partislly
viewing or listening to the contents, and play back ths
content at the instant when the sliding operation is stopped.

For exzample, 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 described later, in the case where a sliding
operation on the microphone 12L 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 operation on the microphone 12L means Volume up and a sliding operation on the
microphone 121 means Volume down, the control section 39 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 ocp_eratignLdet%%tiengasgction 37. Furthgg, a ngkgidfoscripg later, it is also
3 ’vt -

. = &t T Il oh . A ‘. .
possible t&HiffeféntiAte Opetations n accordance with the sliding direction, the sliding location, and so

on. Also, an.the.basis of combinationthese differentigtions apddhe def andiright-igickophones 121 and
12R, a variety of operations can be set in a differentiated manner. In that case as well, the control

section 38rtransmits g predeterminhed tommaddaorhe yreadia playeri2® i FespdhséitoTetection of
each of those sliding operatjons. To realize the noiie cancellation f,unc;;liog,ei% iscpgcl;lessary to mount
the micropHBhEE W5t aRd 15K a8 VIGsE o theears as passibié. FoF this reason, the mictophones 12L
and 12R age ysually 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 z:2R; without tikéng themaia body ofrthe mediagsiayée2@ out 8uiifgaccommute or
the like, for example. It is also concejvable for the control sectjon 38 to#erf,orm internal control of

the noise CatfeRiation utit 14 M FESPONEETE Uetecticiior & sfidimydiferdtioh™ =+ °"

the microphone 12R are to be detected in a differentiated
manner, two kinds of operations can be assigned. In that
case, for example, assuming thav a sliding operation on the
microphone 121 means Volume up and a sliding operation on
the microphone 121 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 operation
detecting section 37.

Further, as will be described later, it is also
possible to differentiate operstions in accordance with the
siiding 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 variety of
operations can be set in a differentiated manner. In that
case as well, rthe control section 38 transmits a
predetermined command to the media player 20 in response to

detection of each of those sliding opsrations.

£
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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 SGI, in response to a sliding operation. For
example, it is also possible to control such an action as to sequentially 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 location 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 characteristic.
Therefore, as the filter characteristic for noise reduction, it is desired to use the optimal filter
characteristic suj}ed to each individual noise eqwr(%nrggng%ha%gcgqriséig. For tnig reason, it is
advantageous to allow the G8er to séquéntially Switch to and select the most suitable filter
characteristic-y. petforming.a.shiding.aperation-onsthesmicrophane 124, 12R; 1 ¢ sAlseq the control
section 38 may be configured to switch the gain factor of the gain section 35 by control using the
control sighak362ym responseitolasliding operatior SENS alloksahs Userio Athist tRé noise

cancellation level in an arbitrary fashion throygh.an easy o[ggration. Alﬁ% Sthe control section 38

may be cofftgured tocirarye the HltdH ARt in Thé Bquatizer' 39 By Controt Usitg the control signal

50-3, in regponse.to detectionof a-sliding operation. For example.it is alsp,passible to control such an
action as to sequentially switch the equalizing characteristic in short time units during the sliding

operation peniod sé thatthecusencantseleet agpteterredpigaracteristics Thislallows the user to select a
sound quality correction state through an easy operation. For example, it is advantggeous to store

various préé@e??Féﬁ‘ujéﬁ%yach%tlré&b?%ti(%’ﬁ?ﬁ%@ﬁ%nﬁ’&y@éﬁ%ﬁ%ﬁ’ iAdVance; antrallow the user to
Sequen“mQ@%HgX@qygkéiﬁ the main body of the media playver 20 ocut

during a commute or the like, for example.

T+ is alsc conceivable for the contrel 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 configursed
to switch the filtsr factor of the nolse cancellation
section 34 by control using the control signal 3G1, in
response to a sgliding operation. For example, it is also
possible to control such an action as to seguentially switch

the filter facter in short time units during the sliding

1y

operation period so that the user can selsct the [ilter
characteristic suited for the current condition.

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

factory, or the like, even when observed as a freguency
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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 manner
common to the sound signals SmL and SmR from the microphones 12L 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 the 'microphones, 121 and 12R are %gge%ﬁ%%etheppatlhg ?dde 51 gng?igputted to the

low-pass fiftet 52° Thie dUt ot fredUisREY of fHe fow-pass filter 52 iS'sét fo fel. This cut-off frequency fcl

is set to a freguency fer-extractingqa sliding-sound signakeompenept: imihe ease where the
microphones 121 and 12R are each attached to a headphone housing molded from resin, for example,

the cut-off ffequency:is set to such adréquerrcy thanfiakedlie possiblestosextiatiésound signal
component produced when a fin%er is traced over the resin material. Therefore, a. cut-off frequency fcl

suited for e iAd oF fesih Being Ustd S tetdriingd; Of cotrse” tHare are a1s0 cases where a
component made of.a metallic.material or-anpther matetia| is ysgddn the sueroupdingssef the

microphones 121 and 12R. Thus, the filter characteristic is determined in accordance with the material
of the micrephonesd 21 andr12R themselviestordtheymateriab used in theid sdrroundings.
cperation on the micrephone 121, 12R.

&lso, the control section 38 may be configured to
switch the gain factor of the gain section 3% by control
using the contrcl signal 8GZ, in responss to a sliding
operation. This allows the user to adjust the noise
cancellation level in an arbitrary fashion through an easy
ocperation.

Blso, the control section 38 may be configured to
change the filter factor in the egualizer 39 by control
using the control signal 8G3, in respense to detection of a
sliding operaticn. For example, it is also possib.e to
control such an action as to sequentially switch the
egualizing characteristic in short time units during the
sliding operation period so that the user can select a
preferred characteristic., This allows the user to select a
sound quality correction state through an easy operation.
For example, it is advantageous to store varicus preset
frequency characteristics in the memory section 40 in

advance, and allow the user to seguentially apply egualizer



During a sliding operation, a sliding sound produced near the microphone is the predominant
component in the sound signal Sm1 or SmR. it should be noted, however, that the sound signals Smi,
and SmR also contain broad-bandwidth noise such as background noise and ambient noise.
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 conceivable 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 §igpa[com§9ner]t be extﬂra(“;tedvfirst.t Thg sliding sound
signal confpanentt ir? e Smined Siyriat Of 11 sBuRd SIgHaiS SMAHE SHR 6Uthu&d from the
lOMFpaSSf@@[§g€$§b§85ggﬁgénéggEE@ngggﬁlE"%Wt@ge end of the sliding

cperation.

[2-2: 8liding operation detecting section {Configuration

Example I)]

Hereinbelow, the configuration and action of the
sliding operation detecting section 37 will be described.
Hera, Configuration Example I shown in Fig. 6 will be
described first.

This Cenfiguration Example I represents a configuration
example in which a sliding operation is detected in a manner
common to the sound signals 3mL and SmR from the microphones
12L and 1ZR.

The sliding operation detecting section 37 includes an
adder 51, a low-paszs filter 52, an absolutizing circuilt 353,
a low-pasgs filter 54, and a determination processing section
55.

The respective sound signals SmL and SmR f£rom the
‘microphones 121 and 12R are added together in the addexr 51
and inputted 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 fregquency for extracting a

sliding sound signal component. In the case where the



The signal SO absolutized in the absolutizing circuit 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 54 is set to a frequency for
converting the signal SO 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 S. Then,
as a result of the detection, the determination processing section outputs 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 SO and s_i%naal %When a sliding operation is

performed™AS tARADEG above? fite fow-pass fitePB2krctsa eadphons

housing molded from resin, for example, the cut-off
freguency is set to such a frequency that makes 1t pessible
to extract the sound signal component produced when a finger
is traced over the resin material. Therefore, a cut-off
freguency fcl suited for the kind of resin being used I1s
determined. Of course, there are also cases where a
component made of a metalllc material or another material is
used in the surroundings cof the microphones 12L and 1ZE.
Thus, the filter characteristic iz determined in acccrdance
with the material of the microphones 121 and 12R themselves
or the material used in their surroundings.

During a sliding operation, a sliding sound produced
near the microphone is the predominant component in the
gound signal SmL or SmR. It should be noted, however, that
the sound signals SmL and SmR alsc contain broad-bandwidth
noize such as background nolsge and amblent nolse.
Ahoeordingly, f£irst, the sliding sound signal component is
extracted with the low-pass filter 5Z.

Generally speaking, the sound signal component of z
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 conceivable to

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

by



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 sound signal component) becomes 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 S 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 procEsifigrs&didn 55 tefdthtings the sfiding

g Operafior perodShown in‘the drawing that

is, the periad duringwhich,functiong! contral acgerdingdo the slidingioneration is.perfermed with
respect to a controlled object. Fig. 8 is a flowchart of a process in which the determining
processingssection:-85 détermines the start and end of a sliding operation from the signal S.
The sliding sound signal component in the summed signal
of the scund signals SmI and SmR ocutputted from the low-pass
filter 32 is absolutized in the absoclutizing circuit 53.
The signal S0 absolutized in the absolutizing circuit
53 is convertad into a signal § representing the energy
level of the sound signal 5ml, SmE via the low-pass filter
54, and inputted to the determination processing ssction 55.
The cut-cff freguency fc2 of the low-pass filter 54 1is set
to a frequency for converting the signal 30 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 8. Then, as a
result of the detection, the determination processing
section outputs a sliding start detection signal SdetS and a
sliding end detection signal SdetE to the control section 38.
The action of the sliiding operation detecting section
37 described zbove will be described with reference to Figs.
7 to 9.
Fig. 7 shows an example of the waveforms of the signal
30 and signal 5 when a sliding operation is performed.

As described above, the low-pass filter B2 extracts a



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 THI is a threshold
for determining whether or not the energy level of the signal S has increased. On the other hand, the
threshold TH2 is a threshold for determining whether or not the energy level of the signal S has
decreased. In step F101, the value of the signal S that is inputted is sequentially compared with
the threshold THL1. If it is determined that the value of the signal S is equal to or smaller than the

threshold TH1, the determining processing section 55 returns step F101 as.indicated by "R", and
the next inpUtJATE Sﬁﬁg%@g S s COMPBARSE With the thresh ?d cﬁl-Ff ?%h%qﬁ the value of the

signal S exceeds.the threshold TH1,the determiping Pracessingseetions55puaceeds to step F102.
In step F102, the determining processing section 55 first resets a counter Cril to 0, and causes
counting tecbepstasted, has an amplitude with a positive/negative value,

in order to determinge the nsgative amplitude asz an energy

level as well, the signal S0 absolutized in the absolutizing

circuit 53 is used.

As shown in the drawing, during the sliding operation
pericd, the energy level of the signal S0 (the amplitude
level of the absolutized sliding sound signal component)
becomes high.

It should be ncted, however, that a user's sliliding
operation iz 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 easgily determined as the sliding
operation period.

From this signal 8, the determining processing section
25 determines the sliding operation period shown in the
drawing, that is, the period during which functional control
according to the gliding operation is performed with respect
te a controlled object.

Fig. § is a flowchart of a process in which the

determining processing section 53 determines the start and
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Thenle incrementing the counter en' in step F103, the determining processing section 55 performs the
determinations in steps F104 and F105. In step F10.4, 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 TUtml 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 occurred in the energy of the signal S is
not momentary but is a continuous increase in energy level due to a sliding operation. Ifitis
detected in step F104 that the signal S is lowerthe 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 operation, and the

determinatiotpfofedsifg Sctibn BE PRI 10 S8 F161 & ftficatéd by "R". That is, it is determined
that a sliding opefgtion, has not been staged.  : ,Qndthe.other Band. the case where it is determined in

step 5105 that the value of the counter n1 has reached the first time THtml is a case where it is
determinedthatthe cperation determination process shown in Fig. 8 with
raspect to the signal § that is inputted.

First, in step F101, the determining processing section
55 determines whether or not the level of the signal § is
higher than a threshold THIL.

Fig. % shows the waveform of the signal S and
thresheolds THL and THZ. The threshold THYI 1s 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 threshold for determining whether or not the energy
level of the signal S has decreaszed.

In step F101, the value of the signal 5 that is
inputted is seguentially compared with the thresholid THIL.

If it is determined that the value of the signal 3 is egual
to or smaller than the threshold THL, the determining
processing section 55 returns to step FLGL as indicated by
"R", and the next input value of the signal 5 1s compared
with the thresholid THL.

When the value of the signal £ exceeds the threshoeld
TH1, the determining processing section 55 procsesds to step
Floz,

In step FL02, the determining processing section 550

first resets a counter Cnl to 0, and causes counting to be
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state in which the energy level of the signal S is larger than the threshold THI has continued. At
this time, the determination processing section 55 proceeds to step 3106, and determines that a
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 3107, and starts determination of the
end of the sliding operation. First, in step 3107, the determination processing section 55 compares
the signal S with the threshold TH2, and determines whether or not the signal S has become lower

than e threshold TH2.

As shown in Fig. 9, for example, the threshold TH2 is set to a slightly lower

level than the threshold TH1. This threshold TH2 is a value for determining a decrease in the energy

level of the*Sighaf8:

Then, while incrementing the counter Cnl in step F103,

the determining processing section 55 performs the

determinations in steps F1l04 and F1O0DL.

In step F104, the determining processing section 55

determines whether or not the value of the signal 3 is

larger than the threshold THI.

In step F103, the determining processing section 35

determines whether or not the wvalue of the counter Cnl has

reached a

first time THtmI.

The first time THiml is a predetermined time interval

as shown in Fig. 9. This is set as a time for determining

that an increase that has cccurred in the energy of the

U

gignal

is not momentary but is a continucus increase in

energy level dus to a sliding operation.

If it is detected in step Fl04 that the signal 3 is

lower than the threshold THL, it is determined that the

increase in energy level detected in step F101 1s a

momentary one and not caused by a sliding operation, and the

determination processing section 55 returns to step FLOL 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 is determined in

ey
il

fund

step

first time

a5

that the value of the c¢ounter Cnl has reached the

THtml is a case where it is determined thait the



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 3108. In step 3108, the determination processing section 55 resets a counter On2 to 0, and
causes counting to be started. Then, while incrementing the counter Cn2 in step F109, the
determining processing section 55 performs the determinations in steps P110 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 On2 has reached the second time Thmt2.  The
second time THtmM2 is a predetermined time interval as shown in Fig. 9. This is set as a time for

determining tA5Ea tR creasE tHat ha¥ selifreFiftthe endry§ of tHE Sigrmal Sis1idtbmentary but is a
continuous.decrease in-epergy level following the end.ofithe sliding operation.

At this time, the determinatlion processing secticon 55
proceeds to step F106, and determines that a sliding
operation has been started. Then, the determination
processing saction 5% outputs a sliding start detection
signal Sdets to the control section 38,

RARfter determining that a sliding cperatfion has been
started, the determining processing section 55 proceeds to
step F107, and starts determination of the end of the
sliding operation.

First, in step F107, the determination processing
section 5% compares the signal S with the threshold TH2Z, and
determines whether or not the signal § has become lower than
the threshold TH2.

As shown in Fig. 8, for example, the threshold THZ is
set to a slightly lower level than the threshold THL. This
threshold THZ is a value for determining a decrease in the
enargy level of the signal S.

When the signal § has become smaller than the threshold
THZ2, the determination processing secticn 55 regards this as
indicating a possibility that the sliding operstion has been
anded, and proceeds to step FLOG.

In step F108, the determination

5o

rocessing section 55

resets a counter CnZ to 0, and causes counting to be started.



If it is detected in step F11.0 that the signal S has not become lower than the threshold TH2, 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
F107 as indicated by "Q". That is, it is determined that the sliding operations 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 S has temporarily decreased below the threshold TH2. In this case, the period tmA is a
period shorter than the 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 necessaril% regul;H .siidinqﬁénotion. As megggned above, @ezsll,din%ggtiqqggnot performed

a
with a fixed force &5 CoRnatant speesMatesver, omentary stoppage of the sliding motion due to a

finger getting.stuck or-the, like duringsliding;isa @ANOR 9CEUrrence.s + o this reason, it is not
appropriate to determine that the sliding operation has been ended as soon as a decrease in the
energy levekaftireisighalb8 $s bhservad: Accofdiagly, Thé second time THtm2 is set, and if the period

during which therecrgase L}a§ occu_rredﬁis less than+t,he secong tlrpe THt@m%,th is determined that the
slidin?, operationFa$ hotbEen ‘ended ““ORtHE tther Fafd the Casewhsre it 98 détermined in step
F111 that the,valile of the-counter Qn2 has reached the seeond, ime.THIm?2 is g.casewhere it is

determined that the state in which the energy level of the signal S is smaller than the threshold TH2
has continaée. thrAtthis tinighthe determination processing section 55 proceeds to step F112, and

determines that the sliding operation has been ended. Then, the determination processing section 55
outputs a sliding ertfdetettiGh SRyriat - -+ the determination processing

section 55 determines whether or not the wvalue of the
counter CnZ has reached the second time Thmt,

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

If it is detected in step F110 that the signal § has
not become lower than the thresheld TEZ, it is determined
that the decresase in energy level detected in step Fi07 is &
momentary one and not caused by ending of the sliding
operation, and the determination processing section 55
returng to step F107 as indicated by "Q". That is, it is
determined that the sliding operation has not been ended.

For exampls, rig. 2 shows, as a period tmh, 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 pericd tmd 1s a period sherter than the
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SdetE to the control section 38. For example, in Fig. 9, after the energy level of the signal S drops
below the threshold TH2 for the second time, the state in which the energy level has dropped
continues for the second time Thtm2 or more. In that case, it 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 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, theqq‘%terminin prgg}esslngsegtion 55 determines the start/end
of a sliding*6F&FHion’ By obs&vitig an‘ing? “ase?deccarggée m'&nérgy leVFon the temporal axis. This

makes it possible tq,determine asliding pperation.easily; withaut-causing ap inerease in resources.
When a sliding operation is performed, the energy level (amplitude) of a sound signal of a
predeterminetthand (slighirg sound signal component) in a microphone input signal increases.

Accordingly, by monitoring the energéy of the sliding sound signal component, a sliding operation can

be detected by detérhiiftingaf ficratefideféasd i entrgy - Withotit perfdriitiy a waveform analysis.

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 & commen OCCUrrence.

For this reason, it 1s not appropriate to determine
that the sliding operstion 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 pericd

uring which the decrease has occurred is less than the
second time THtmZ2, it i1s determined that the sliding
operation has not been ended.

On the other hand, the case where it is determined in
step F111 that the value of the counter Cn2 has reached the
second time THtmZ is a case where it is determined that the
state in which the energy level of the signal 5 is smaller
than the threshold THZ has continusd.

At this time, the determination processing section 55
proceeds to step F1lZ, and determines that the sliding
cperation has been ended. Then, the determination

processing section 55 outputs a sliding end detection signal

...._;;’;2._



This enables a reduction in processing load for detecting an operation, and the resulting cost reduction
In particular, in the case of equipment that is compact and has small resources such as the noise
cancellation unit 14 of the NC headphone 10, it is very advantageous to be able to perform a
necessary detection process through such a simple acL.ion. 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 signal processing on the temporal axis with a small amount of computation,
such a detection process is suitable as a process to be executed at all times. Furthermore, since
the detection process is simple, the time necessary for detecting the start or end of a sliding operation
is shorten ], Ev_}_htgretbél %%%blicngﬂ@reﬁct%oenc% the apparatus with good response. In the case of this

example, even'when there IS'a momentary d%’p in the energy level of the signal S due to momentary

stoppage of slidirg or ¢he dikecthis is natymmediately regardeshas e endof the stiding operation. For
example, even when the energy level drops

o~

signal 3 drops below the threshold THZ for the second time,
the state in which the energy level has dropped continues
for the second time Thtm2 cr more. In that case, it 1is
determined that the sliding operation has been ended.

In ths sliding coperation detecting section 37 in this
example, the determination processing section 35 determines
the start/end of a sliding operation in the manner as

described above with reference to Fig. 8. This allows the

b

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.

BRisc, in the sliding cperaticn detecting section 27,
the determining processing secticn 55 determines the
start/end of a sliding operaticn by cbserving an
increase/decrease in energy level on the Temporal axis.

This makes it possible to determine a sliding operation
easily without causing an Llnorezse in resources.

When a sliding opsration 1s performed, the enesrgy 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



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 left andmicrophones 12L and 12R. Thus, when, for
example, one hand is occupied doing something like carrying a bag, a sliding operation can be
performed easily using the other, unoccupied hand, thus providing improved o?erabjlit . Then, in
response (o' Getdtiionof adithity Sp8Fition by H& Efiding Dperafion detétiing settion 37 in this way,
the contro| section 38 perfprms.a control;ageording to.the kind;of opgtationsassigned to this sliding
operation, for example, the control illustrated above. If the control section 38 is to transmit a.

command farceanttolling the-action of thermedia ptayer:20; the user is able to operate the media player

20 while keeping the media _ _ } 1
This enables a reduction in processing load for

detecting an operation, and the resulting cost reduction.
In particular, in the case of eguipment that is compact and

-
L

resources such as the nolse cancellation unit 14

o

has smal
of the NC headphone 10, it is very advantageous to be able
to perform a necessary detection process through such a
simple actioen.

It is necessary to execute the operation input
detecticn preocess at a2ll times to handle irregular user
operations. For this reason, since the detection process 1is
signal 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 times.

Furthermore, since the detection process 1s simple, the
time necessary for detecting the start or end of & sliding
operation is shortened, thereby enabling the action of the
apparatus with good response.

Tn the case of this examples, even when there is =z
momentary drop in the energy level of the signal $§ due to
momentary stoppage of sliding or the like, this is not
immediately regarded as the end of the sliding coperation.

For example, even when the energy level drops



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 touitively 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 11 is provided with the
microphones 12L and 12R for the noise cancellation function. Since a sliding operation can be
performed using the microphones 122 and 12R,.it is unhecessary to proyide-an additional sensor
device for%%r&?gtlroanrig\lﬁﬁt.%ﬁisaco%ﬁéﬁrgt?bon‘ example @lfuit%% %ﬁ:(ﬁt e%ﬁctf%nheﬂqé Q‘fﬁ this respect,
and also dggs nat,cause.an inerease iniheaumber of camponeris that spake uprihe apparatus.

While in the example shown in Fig. 5 the sound signals SmL and SmR from the respective L and R
channels affmicrophones 12k antik2R aré sypthesized 1o defeemind @rslishsd operation, only one of
the channels of sound_signals 02 example, the sound,sigqasl %@{-& ma bg ig_%%t%ecl_itl%the

immediately after the drop, then 1t rmine
sliding operation is being continued.

Thus, as detection of a user operation, 1t is possible
to detect the end of the operation in a favorable manner and
as intended by the user. That is, it is unnecessary for the

user to pay too much attention to making a careful sliding

motion, thereby allowing for easy operation.

s+

According to Configuration Example I shown in

the user may perform a siiding operation on either one of

+
1]

torophones 1240 and 12R.

h

H

ight

5

left and

a2}

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

Then, in response to detection of a sliding operation
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 operaticn, for
example, the control illustrated above.

1f the contrel section 38 is to transmit a command for
controlliing the acticn of the media player 20, the user 1s

able to operate the media player 20 while keeping the media



low-pass filter 52. In that case, only the microphone 12L on the corresponding channel is used for the
purpose of the slidino operation. [2-3: Sliding operation detecting section (Configuration Example 11)]
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 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 thechannel anwd?ﬁthe R gh%g%%[j.me JP%% aj_lgi/;\/épass filter 52L,
an absolutiARg &ircdit 53, & IBRESs fiter'sA1° it a ‘deferfination processing section 55L are

provided for the gound signal Sml, from the microphone-12L: Algo; a lewass-filter:52R, an
absolutizing circuit 53R, a low-pass fil54R, and a

sliding motion is made with a finger or the like, 1t is
possible to intuitively control the media player 20 cr the
noise cancellation unit 14.

Blso, 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 12%L and 12R, it is unnecessary to provide an
additional sensor device for coperation input. This

nited for cost reduction alsc in

93]

configuration example is
this respect, and also dees not cause an increase in the
number of components that make up the apparatus.

While in the example shown in Fig. 5 the sound signals
Sml and SmR from the respective 1 and R channels of
microphones 12L and 12R are synthesized to determine &
sliding operation, only one of the channels of sound signals

(for example, the sound signal SmlL) may be inputted teo the



determination processing sec...-0, 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 53L 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 --ter 54 according to Configuration Example | mentioned
above repetitive description 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 S obtained from
the sound signal SmL, the determination processing section 55L outputs a sliding start detection signal

SdetS(L) tq the control section, and upon detecting the end of the sliding operation ﬁt the
determinagfnwppoacéésfn:§§éggtio%?55L%o‘ljtﬁﬁjt%ta Sﬁ%ﬁﬁg e%rglcfetg%teloﬁﬂ jé:?:gcllnoag%dqe‘fE(LL o the control

section 38, WUpon detecting the starteha sliding operatien withtespeshiaa signalisobtained from
the sound signal SmR, the determination processing section 55R outputs a sliding start detection

signal SdetS(R)itodhemontrol 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. The control section. 38 can recognize two kinds of operation inputs on the basis of the

sliding start detection; signal sdetS(L) andibe sliding.ead detegtion-sigpal SdetE(L), and the sliding

start detection signal SdetS(R) and the sliding end detection signal SdetE(R). Therefore, for example,
the above-themtiohedolume Up/Down control or the like can be performed in accordance with those
operation inputs.

The sliding operation detecting section 37 as
Configuration Example IT wili be described with reference to
Fig. 190.

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

For example, this configuration example is such that a
sliding operation on the microphone 1ZL can be assigned to
Volume up, and 2 sliding copsration on the microphone 1ZR can
be assigned to Volume down.

Az 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 fillter 54L, and a determination processing
section 55L are provided for the sound signal SmlL from the
microphone 1Z2L. Alsc, a low-pass filter bHZR, an

absolutizing circuit L3R, a low-pass filter B4R, and a
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According to Configuration Example Il as described above, two kinds of operations can be switched
according to use with the left and right microphones 121 and 12R, making this configuration suitable
for improving user operability. [2-4: Sliding operation detecting section (Configuration Example [I1)]
Next, Configuration Example IIl is shown in Fig. 11. In this example, as in Configuration Example Il
mentioned above, the | channel and the R channel, that is, the microphones 12L 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

determination processing section 55R are provided for the
sound signal SmR from the micrephone 1ZR.

Since the actions of the low-pass filters 52L and 52Z2R,
the absclutizing circuits 53L 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 I
mentioned abeve, repetitive description is avoided.

The determination processing sections 53L and 55K may
each perform the process of determining the start/end of a
sliding cperation as shown in Fig. 8, for axample.

Upon detecting the start of a sliding operation with
respect to a signal S cobtained from the sound signal Smi,
the determination processing sectlon 55L outputs a sliding
start detection signal S8detS(L) to the control section, and
upon detecting the end of the sliding cperation 38, the
determination processing section 35L outputs a sliding end
detection signal SdetE (L) to the control section 38.

Upon detecting the start of a sliding operation with

2.

regpact to a signal S obtained from the sound gignal SmR,
the determination processing section 55R cutputs a sliding
start detection signal SdetS{R) tc the control ssction 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 contrel section 38.



reduce the load on the configuration. In Configuration Example I, the sliding operation detecting
section 37 performs a channel determination process which determines a channel that contains a
sliding sound signal component from among a plurality of channels of sound signals SmI9 and SmR,
and a sliding operation start/end determination process with respect to a sound signal obtained by
adding or subtracting sliding sound signal components 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 Sri 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 SR fromthe microphone 42R is,igputied (0 the low-pass filter 52R

and a sliding sound signalcomponent is extracted with the cut-off frequency fol: The output of the
low-pass filige b2t sissupptied £0 an absolutizing cireut S6Lsandia:sybragtar 2%t ecttheoutput of the
low-pass filter 52R is supplied to an absolutizing circuit 56R and the subtractor 59.

signal SdetS (L} and the sliding end detection signal

SdetE /L), and the sliding start detection signal Sdet3({R)

and the sliding end detection 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 II as described
abeove, 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.

[2-4: Sliding operation detecting section (Configuration

Example IIT)]

Next, Configuration Example III is shown in Fig., 11.
In this example, as in Configuratiocn Example II mentioned
zbove, the L channel and the R channel, that is, the
microghones 121 and 12R can be assigned to different
operations. In the case of Coniiguration Example II
menticned above, the siiding operation detscting section 37
is simply installed with two lines of sliding operation
detection processing systems, and thus the load on the

configuraticon is large. Configuration Exampie III can



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 absolutifes 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 signals Sm.L and SmR appears.  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 121 or 12R, it is possible to detect on which of

the microphones 12L and 12R the sliding opgration has been performed, by determining whether the

envelope SiGAAIGE poditive®6in&gative “°The¥espectile sliding signal components in the sound

signals Sml, andﬁm&%t{g teghwith the. low-pass fifters B2l and52R argsubjected to a subtraction

process in the subtractor 59, and their difference value is extracted. When a sliding operation is
performeddstene of thesauicrophohes k2 famd 4 2R, theremelgyi of thersliding signal component of the

sound signal from the microphone on which the sliding operation has %been per{orcrlr]ed. increases.
Therefore, FISCHRSSUBUE 6RUIRESEFTraktor 50, Aif8REgy- Dt contains & sliding

sound signal component from among a plurality of channels of
sound signals SmL and SmR, and a sliding operation start/end
determination process with respect te a sound signal
obtained by adding or subtracting sliding sound signal
components 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 ke thus detected.

in this case, as shown in Fig. 11, the scund signal S5miL
from the microphone 121 is inputted to the low-pass filter
521, and a sliding sound signal component is ewtracted with
the cut-off freguency fcl.

‘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 5%6L and a subtractor 59.

The output of the low-pass filter 5ZR i1s suppiied to an
absolutizing circuit 56R and the subtractor 59%.

The absolutizing circuit 56¢L absclutizes the output of
the low-pass filter 52L, and supplies the resulting ocutput

to a subtractor 57. The absclutizing circuit S56R

|
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increase component due to the sliding operation appears. This output of the subtractor 59 is
absolutized in the absolutizing circuit 53, converted into an enveloped signal S by the low-pass filter 54
with the cut-off frequency fc2, and supplied to the determination processing section 55. The
determination processing section 55 performs a 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/Rchannel determination signal D-LR to the control section 38 in accordance with the
determination process with respect to the signal S. The determination process in the determination
processing section 55 in this case may be performed in the manner as shown in Fig. 12, for example.

It should be noted that in Ii:? 12, processes that are the same as, thos_eé:r} Fig. 8, mentioned above are
denoted by? i $Hme?&8p MiimBErsY andrepetifive Y&sEASTor is-a%6idda™ “fMthe processing shown

in Fig. 12, fn,gleps 101 Ip 5106 he-sfal atpsiing aperatio is delosmined in the Same manner as
in Fig. 8. en, if it is determined in step F106 that sliding has been started, the determination
processing sectimm5bgarfarms:k/R detertipation in step BE18G.ractor 37, the

difference in energy level between the respective sliding

sound signal components of the left and right channels of

sound signals Sml and SmR appears.

The ocutput of the subtracter 57 is converted into an
envelope signal by a low-pass filter E£8 with the cut-off
freguency fc2, and supplied to the determination processing
section 55.

In the determinaticon processing section 55, when a
sliding operation is performed on either the microphone 12L
or 12R, 1t is possible to detect on which of the microphones
12L and 12R the sliding operaticn has been performed, by
determining whether the envelope signal is positive or
negetive.

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

When & sliding operation is performed on cne of the
microphones 12L and 12ZR, the energy of the sliding signal
component cf the scound signal from the microphone on which
the sliding cperaticn has been performed lncrzases.

Therefore, as the output of the subtractor 59, an energy



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 is determined to be the L channel, and if the
signal is negative, the channel in question is determined to be the R channel. This L/R
determination is a process that detects on which of the microphones 121 and 12R a sliding operation
has been performed. Then, the determination processing section 55 outputs an L-channel/R-channel
determination signal D-LR indicating the result of the L/R determination to the control section 38.

Therefore, uhen e star ofa slding. perationJs deteated, & sliding. start defegtan signal Sdets and a

determination signal D-LR are supplied to the control section 38. Next, the determination processing
section 55 determines the-end of the: slidingopesation irs steps 1A ta:F1124dn the same manner as in
Fig. 8. Then, if it is determined that the sliding operation has been ended, in step F112, the
determinatio s protesaiig sEeticirE5 otfputdd ¥Rdihg erid détetlioR STGHa SibtE 48 the control section

38. § by the low-pass filter 54 with the cut-cff frequency IcZ,

and supplied to the determination processing section 55.

The determination processing section 55 performs a
sliding operation determination process with respect to the
signal S8, and outputs a slidiﬁg start detesction signal SdetsS,
a sliding end detection signal SdetE, and an L-channel/R-
channel determination signal D-LR to the control section 38
in accordance with the determination process with respect to
the signal S.

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

It should be noted that in Fig. 12, processes that are
the same as those in Fig. B8 mentioned above are denoted by
the same step numbers, and repetitive description is avoided.

In the processing shown in Fig. 12, in steps F10l to
5106, the start of a sliding operation is determined in the
same manner as in Fig. 8.

Then, if it is determined in step Fi06 that sliding has
been startzsd, the determination processing section 55
performs L/R determination in step F130.

That 1s, whether the signal from the low-pass filter 58



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 Configurationample Ill 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_Il. In ﬁrtipular, the fact that onlg a sin%Ie,determination processing section SS

suffices cohtrbiitesto feuced procedsiing (ré8obree} 164d: -V 1t ShstnaBE nEEd that it is also
conceivable;to usean adder instead of the subtractor 59 <3, Embediment dn which 3 sliding guide is

provided> Next, a description will be given of an embodiment which a sliding guide that guides the
sliding operation 11 in which the R channsl of absclutized signal is

subtracted from the L channel of absolutized signal, 1f the
signal from the low-pass filter 58 is positive, the channel
in guestion is determined to be the L channel, and if the
signal 1s negative, the channel in question is determined to
bhe the R channel.

This L/R determination is a process that detects on
which of the microphones 12L and 1ZR a sliding operation has
been performed. Then, the determination processing section
5% outputs an L-channel/R-channel determination signal D-LR
indicating the result of the L/R determination to the
control section 28,

Therefore, when the start of a sliding operation is
detected, a sliding start detection signal Sdetd and a
determination signal D-LR are supplied to the control
sectlion 38.

Next, the determination processing section 55
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 cperation
has heen ended, in step Fli2, the determination processing
section 55 outputs a sliding end detection signal Sdet®E to

the control section 38.



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 is performed on the microphone 4 has been illustrated above in Figs. 2A and 23. 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. 2A, Fig. 13A shows a
case in which tie 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 ring-like shape is formed around

the microphone 4. Like Fig. 23, Fig. 133 also shows, for example, a part of the headphone
(earphone) 200 provided ﬁﬁtﬁefh8$nﬁgoﬁﬁc%@ 4'torthe” ﬁfﬁ%is(% r;lflthoige %‘éﬁc‘éﬁéjtion. In this case as

well, the sliding guide. 8 having aring:like shape is formed.arpund.the migrophang4.  The sliding

guide 8 may be simply any structural part that can be tactilely recognized by the user. For example,
the slidingguide 8iisformed irs arprdjected of tecessed shiapecst asdo belablertd guide the sliding
motion made with , , , .
separately, on the basis of a sliding start detection signal
SdetS, a sliding end detection signal Sdet®, and a
determination signal D-LR, thereby allowing Volume U§kDown
control or the like to be performed in accerdance 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 ths
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 {(rescurce} load.
Tt should be noted that it is also conceivable to use

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

Next, a description will be given cf an embodiment in

which a sliding guide that guides the sliding operation

- R4 -



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. While in the case of Figs. 13A and 13B 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 inc!iQ% o&eorateiior}ﬁ de Thel as the user performs a rotary
sliding opétafion Wiile 5emgGUIGES bS the Sidihg gaide 8. it is casier for the user to continue the

sliding operafion for.a relativelyJong time Jorexample. ¢ Inradditionsdpagprevision of the sliding
guide 8 can eliminate situations in which the user performs a sliding operation at a position far from the
microphones4 angithas dhe opeétation: is ridtedeteminegd dppropeiately,-or the user

The manner in which a sliding operation is performed on
the microphone 4 has been illustrated above in Flgs. 2A and
23. It has been described above that in that case, &
sliding operation is such as coperation as to simply trace
the area where the microphone 4 is formed.

In ccontrast, Figs. 132 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. 134 shows a case in which the
microphene 4 iz provided in a predetermined area on the
housing of the personal computer 100.

In the case of Fig. 133, the sliding guide € having a
ring-like shape is formed around the microphone 4.

Like Fig. 2B, Fig. 13B also shows, for example, & part
of the headphone (earphone} 200 provided with the microphone
4 for the purpose of noise cancellation. 1In this case as
well, the sliding guide 8 having a ring-like shape is formed
around the microphone 4.

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

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



does not know where a sliding motion should be made.  While in this example the ring-like sliding
guide 8 that guides a rotary sliding operation has been illustrated, 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. <4. Embodiment in which a directional sound source section is provided>

Further, as an embodiment of a microphone apparatus, Figs. 14A and 143 illustrate an example in
which a directional sound source section 9 that produces different sound signal components
depending on the direction of a sliding operation is provided in the vicinity of the microphone 4.  Like
Figs. 2A and 2B and Figs. 13A and 13B, Figs. IAA and 143 also show examples of the personal

computer 100 and the headphone 200, respectively. In.these drawings, the %Oétigg round the
microphorfe 4 §8fves A4 BRE HirecliBAdl sound” lcS’uré%lsdelcrtllgng&J"%T%e%‘ﬁzctional ound source

section 9 is.a portion of.a matepial or structuke, thatproguees different sounds.gepaading on the sliding
direction. An example of the directional sound source section 9 is
user to smeothly move a finger or the like in a circular
fashion while being aware of the sliding guicde 8.
While in the case of Figs. 13A and 13B mentioned above
a recessed, that iz, ring-like groove is formed around the
microphone 4, a projected (rail-like) ring may be formed as
well.
I+ has been mentioned above that a sliding operation is
easy if the user 1s o 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-

w

like shape is provided in this way, the user can perform
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

cperation.

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

In addition, the provision of the sliding gulde § can
eliminate situaticns in which the user performs a sliding
operation at a position Zar from the microphone 4 and thus

the operation is not determinec appropriately, or the user



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 section 9 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. 150, no mutual
contact occurs and thus sound is hardly produced. That is, 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 directions, a different control process can be performed for each direction.

Examples BPfe diréctioh Eolifg Sdufce® SectidtFoTRAuER e Made st hiF&uch as pig hair, one
woven in a threaghof fabii feih /it aylon. pelyprapvigne . RAQleflae. ABS, glasg fiber, FRP, o 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 texdite, stcheas a vetwetof veldurifabrioprade from ot onbehait bi sik bat afso cotton,
rayon, acetate, or the like.

the sliding guide & may have a linear or bowed shape.

Alternatively, the sliding guide 8 may have a ring shape or

linear shape that i1s partially cut away.

<4, Embodiment in which a2 directional sound source gsectlion

is provideds

Further, as an embodiment of a microphone apparatus,
Figs. 14A and 14B illustrate an example in which a
directional scund source ssction ¢ that produces differsnt
sound signal components depending on the direction cof a
sliding operation is preovided in the vicinity of the
microphone 4.

Like Figs. 24 and 2B and Figs. 13A and 13B, Figs. l4A
and 14B also show examples of the personal computer 100 and
the headphone 200, respectively. In these drawings, the
portion arcund the microphone 4 serves as the directicnal
sound source section 9.

The directional scund source section $ 1s 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



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 structures that
produce different sounds depending on 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 only
between the forward and reverse directions of sliding as shown in Figs. 15A to 150 but also between
an K-direction and a Y-direction orthogonal to the X-direction.Furthermore, the sound can be made to

differ betw8BA'the R:diredtion, the V4ireetion, and a*didgbnal diredtion>” “Ftiferiidre, as shown in
Fig. 20A, the sound can he alsq made, tofar hetween a fanyard. X-direction (X1} g reverse X-direction

(X2), a forward Y-direction (Y1), and a reverse Y-diréction (Y2). Figs. 14A and 143 each show a
case in whigh-the ditestionat sound souree section; Srafssushrd matedakorstrudtare that produces
different sounds between sliding in the K-direction and sliding in the Y-direction.
This may be a material having such properties, O0r may De &
structure made from a mold or the like.
In this case, it is supposed that the directional sound

solLrce section ¢ has such a property that when a sliding

5B,

=

cperation is performed to the right as shown in Fig.
for example, mutual contact readily occurs and sound is
readily produced, but when a sliding operation is periormed
to the left as shown in Fig. 15C, no mutual contact occurs
and thus sound is hardly produced.

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

Examples of the direction sound source section 9
include one made of hailr such as pig hair, cne woven in &
thread or fabric form with nylon, polypropylene, polyclefing,
ARS, glass fiber, FRP, or the like, and cne made of a
material such as a substance subjected tc 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 liks.



Inis case, the produced sound differs between when making a to-and-fro sliding motion in the
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 liding 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
Y-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 to detect the sliding direction, in particular, the configuration of the sliding operation detecting
section 2 in the casewheérestheldirectiat dBufd sbuFee §&ctfon 94§ Prévida8 it the vicinity of the

microphong.4.. . .16 shows the internal contigurgtion ot hs siding opsration detegting section 2
in detail, out of the'basic conﬁguratlon shown in Fig. 1. In this case, through a determination

process usinga shiging seupd signad compane predueerk by a:sliding coperatienrthe sliding operation
detecting section 2 determines the start and end of the sliding operation, and further detects therection
(ﬁthedkmléééﬁﬁﬁﬁpﬁo@ﬁreCtiOﬂS depending on its structurzl shape, and
thus can be used as the direction scund scurce ssaction 9.
While Figs. 15A to 15C mentioned above are directed fto
the case of sliding in cone direction and in a direction
opposite to the diregtion, as described above, there are a
variety of comcei%able materials and structures that produce
different sounds depending on the sliding directien.
0f course, with regard to the sliding direction
according to which the produced sound differs, the sound can
be made to differ not only between the forward and reverse

directions of sliding as shown in Figs. 15A to 15C but also

[te

between an X-direction and a Y-direction orthogonal to the
¥~direction. Furthermore, the scund can be made to differ
between the X-direction, the Y-direction, and a diagonal
direction.

Furthermore, as shown in Flg. 203, the sound can be
also made to differ between a2 forward ¥-direction (X1}, a
reverse ¥-directicn (¥2), & forward Y-direction (Y1), and =a
reverse Y-dlrection {¥Y2).

FPigs. 142 and 14B each show a case in which the
directional sound scurce section 9 of guch a material or

structure that produces different sounds between sliding in



an inputted sound signal. 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 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, 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 ;iltgn%%ssaqn[geg hete, depending op the,materjal or structure of the directional

sound SOUFCE séection Sffh e may be cases'where’it is suifable to use a band-pass filter. This

sliding sound signal eampoxnest is absolytize i thesabselutizing<circuiti3converted into an
enveloped signal S with the low-pass filter 54, and supplied to the determination processing section
55.  Theaeteminationprocéssing skelipa 5598 provided wWith A starasid @stettion processing
MOCkssaSﬂgéiggig;ghgcggnéﬁg¥¥¥g]g@ggfgglmotion in the Y-direction.
Thus, for example, the sliiding 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-
directicn. The control section 3 can periorm a caontrol
process accerding to the determination.

Conseguently, as the user performs a sliding operation
in the ¥-direction and a sliding operation in the Y-
direction while consclously differentiating between ths 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 to detect the
sliding direction, in particular, the coniiguration of the
sliding operation detecting section 2 in the case where the
directicnal scund scurce section 9 is provided in the
vicinity of the microphone 4.

Fig. 16 shows the internal configuration of the sliding
coperation detecting section 2 in detail, ocut of the basic
configuration shown in Fig. 1.

In this case, through a determination process using a

sliding sound signal component produced by a sliding



The start/end detection processing block 55a determines and end of ang operation from the
signal S, and outputs a sliding start detection signal SdetS and a sliding end detection signal SdetE to
the control section 3 in accordance with this determination. The sliding operation detecting section
2 is also provided with band-pass filters 61-1, 61-2, 61-3, and 61-4, and absolutizing circuits 62-1,
62-2, 62-3, and 62-4. The pass-band center frequency of the band-pass filter 61-1 is set to fo3.
The pass-band center frequency of the band-pass filter 61-2 is set to fc4. The pass-band center
frequency of the band-pass filter 61-3 is set to fc5. The pass-band center frequency of the
band-pass filter 61-4 is set to fc6.

cperation, the sliding operaticn detecting section 2
determines the start and end of the sliding operation, and
further detects the direction of the sliding operation from
an inputted sound signal.

Then, the control section 3 performs a predetermined
control process that is set with respect to the sliding
operation direction detected by the sliding operatiocn
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 abscolutizing circuit 53, the low-
pass filter 54, and the determination processing section 35.
These compenents 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 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, depending on the material or structure of the
directional sound source section %, there may be cases where
£

it is suitable to use a band-pass filte

H

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

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



The absolutizing circuits 62-1, 62-2, 62-3, and 62-4 supplies signals Sl, 62, 63, 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 55b in the determination processing section SS. The sliding direction
detection block 55b observes the characteristic based on the signals 51, 52, 53, and 34. 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, 32, 53, and 34, 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' §6668H 55 FReRidRg e’ Staitfe it iefettion processing block 55a and the sliding direction
detection block 550 25 shwn 0 Fig: 17..... Jt shaulckbe nofeckthat in Fig (47 processes that are

the same as those In Fig. 8 mentioned above are denoted by the same step numbers, and repetitive
description;iscavaided a »+ /rthe-proeessing showre s kigy 171 incstepss- 0B t@F106, as the
processing on the start/end detection processing block 55a side, the start of a sliding operation is
determined iri- tHe Sametitahher ad9h T76 £48e F TG, 852 Then, if it is determined in step F106 that

a sliding operation has been started, and a.sfiding start detection signal-SdetS:is.outputted, as the
processing on the sﬁldlng

the start and end of a sliding operation from the signal 5,

and outputs a sliding start detection signal Sdet® and a

sliding end detection signal SdetE to the control section 2

in accordance with this determination.

The sliding operation detecting section Z is also
provided with band-pass filters 61-1, 61-2, €1-3, and &61-4,

and absolutizing circuits 62~1, 62-2, 62-3, and 6i-4.

=h
}_Jv.

The pass-band center freguency of the band-pass lter

£1-%1 i3 set to f¢3.

o

The pass-band center frequency of the band-pass filter
£l-2 is set to fod.

The pass-band center frequency of the band-pass filter
£1l-2 1s set to fob,

The pass-band center freguency of the band-pass filter
£1-4 is set to £c6.

The absolutizing circuits 62-1, 62-2, 62-3, and 62-4
supplies signals 81, 82, 83, and 84 obtained by absolutizing
the outputs of the band-pass filters 61-1, 61-2, €1-3, and
£1-4, respectively, tc¢ the sliding direction detecticn block

35ph in the determination processing section 55,



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 Si to S4 with the frequency characteristic patterns that are
preset for individual sliding directions, and determines the sliding direction according to which pattern
the frequency characteristic based on the current signals Si to 54 is close to. Figs. 18A and 182
and Figs. 19A and 192 each show an example of how to determine the sliding direction. Figs. 18A
and 182 show frequency characteristics when sliding is 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-loop fastener.  During sliding in the forward direction, frequency peaks indicated as Peakl
and Peak?2 in FigtAB A ai€ bbgeRete Burity SidiAg i e Fvdtée %%cﬁgﬁ,eﬁgﬁﬁeﬁ&f peaks indicated
as Peak3 and Peakd in Fig..182 are, observed. The sliding diregtion is,detereninad by, for example,
exploiting such & différence in frequency characteristic according to the sliding direction.  Figs. 19A
and 192 schematigally:shewia detarmination processdirection detection block

F1

-5b, the tendencies of freguency characteristics are preset

Id

for individual sliding directions. These are compared with
the signals 51, 82, 83, and 54, 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 255k
outputs a sliding direction determination signal Sd te the
control section 3.

The procassing in the detsrmination processing section
55 including the start/end detection processing block Soa
and the sliding direction detection block 55b is as shown in
Pig. 17.

T+ should be noted that in Fig. 17, processes that are
the same as those in Fig. 8 mentioned above are denoted by
rhe same step numbers, and repetitive description 1s avoilded.

In the proceszing shown in Fig. 17, in steps F1O0L to
T106, as the processing on the start/end detectlon
processing bicck 552 side, the start of a sliding operation
is determined in the same manner as in the case of Fig. 8.

Then, if it is determined in step F106 that a sliding
oparation has been started, and a sliding start detection

signal SdetS is outputted, as the processing on the sliding



As shown in Fig. 19A, it is supposed that the respective pass-band center frequencies fc3 to fc6 of the
band-pass filters 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 186 mentioned above, respectively. As illustrated as a
forward-direction sliding model pattern in Fig. 195, with respect to the signals Si to 54, the frequency
characteristic is such that Peakl and Peak?2 are observed during sliding in the forward direction.

Also, as illustrated as a reverse-direction sliding model pattern in Fig. 195, 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. ifl the sliding direction detection block 55b, model patterns corresponding to

the signals Si to 54 are preset in this way. From the res ecéiv,e levels og the signals Si to 54 that
are inputtedt: 16 WHicH ni6dé Patféin the Torredfondiny frezPe 5 i

UL . .
Jericy Characieristic is close to is

determined by pattern matching, Then, the sliding.directionsis;detegminedon the basis of the resut.

For example, in the illustrated example, the frequency characteristic based on the inputted signals Si
to S4 is regarded-as beiig close tdthe farivardsditectioimsliding: nvode! pattesn. Therefore, the sliding

direction is
F140,

The sliding direction detection block 58b compares the
signals S1 to 54 with the freguency characteristic patterns
that are preset for individual sliding directions, and
determines the sliding direction according to which pattern
the frequency characteristic based on the current signals 51
to 54 is close Lo.

Figs. 1BA and 18B and Figs. 19A and 198 each show an
sxample of how to determine the sliding direction.

Figs., 18A and 16B show freguency characteristics when
sliding 1s performed in the forward and reverse directions,
respectively, in the case where the directional scund scurce
section 9 is in the form of a hock-and-locp 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, fresguency peaxs
indicated as Peak3 and Peakd in Fig. 18B are cobserved. The
sliding diresction is determined by, for example, explolting
such a difference in frequency characteristic according to
the sliding direction.

Figs. 194 and 19B schematically show a determination

process.



determined to be the forward direction. While 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 Y-direction. Furthermore, as shown in Fig_ 20A, the same applies also in the case of
differentiating between sliding operations in the forward X-direction (X1), the reverse X-direction (X2),
the forward Y-direction (Y1), and the reverse Y-direction (Y2). For example, as shown in Fig. 2DB,
individual frequency characteristic model patterns corresponding to the sliding directions Xl, X2, YI,
and Y2 are prepared in advance. Then, by determining which model pattern the frequency
characteristic obtained from the respective levels of the inputted signals S1 to 64 is close to, it is
possible to discriminate between the sliding directions XI, X2, YI, and Y2. While in this example
pattern matchingfig perforthed o He bhsfs ofifbui baRdHErs1§ Uskig the-fotir band-pass filters 61-1 to
61-4, this should not be construed restrictively. It goes without ing that in a e, it suffices as
long as differsht. ﬁgégeengyagﬁgli%%rfé%isﬁﬁghc%% Sez%?j%%éer%ﬁ‘ég d%eacséen%?ng% Sr? tﬁé@sﬁ%%qg direction.

For examplg, kit s apparent dhat a band:A becomes-a peak whers theisljding diregtion is the forward
direction, and that a band B becomes a peak when the sliding direction is the reverse direction, two
band-passifiiters forcthe BamtsoR anesB may be previded <Dependirydn tHeorase, frégiEncy
characteristic matching may be performed by dividing the frequency characteristic into five or more
bands with' five SF%o]r%%a%%r}ﬁéP S fifters VS reSfedy Ity

As illustrated as a forward-direction sliding model
pattern in Fig. 195, with respect to the signais S1 to 54,
the frequency characteristic is such that Peakl and PeakZ
are observed during sliding in the forward direction.

Alsc, as illustrated as a reverse-direction sliding
model pattern in Fig. 19B, with respect to the signals 31 to
S4, the frequency characteristic is such that Feakd and
Peakd are observed during sliding in the reverse direction.

In the sliding direction detection block 53b, model
patterns corresponding to the signals 31 to 84 are preset in
this way.

From the respective levels of the signals 81 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 determined
on the basis of the resulb.

For example, in the illustrated example, the freguency
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



In step F140 in Fig. 17, the sliding direction detection block 55b determines the sliding direction by, for
example, the above-mentioned pattern matching method, and outputs a sliding direction determination
signal Sd to the control section 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. Subsequently, 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 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 Fllﬁ; As th%1 sI'cjing Qcperation detecting section 2 performs the
above-mefifioi&d hrscessing Sor the B3&EHtA éﬁ‘dﬁnéj Start detection signal SdetS, a sliding end
detection signal gde{E, and a sliding diregtion. determination signal Sds the captrohsection 38 can
recognize a plurality of kinds of operation inputs in accordance with the sliding direction with respect to
the microphene=4 T heréfarey different centrolprocesses, fornexaniple,scortfots stith &3%/olume

Up/Down, can be performed in accordance with those errdation inEuts. B
case of discriminating petwsen the X-directlon and the Y-

direction,.

Furthermore, as shown in Fig. 20, the same applies
also in the case of differentiating between sliding
operations in the forward X-direction (X1}, the reverse X-
direction (¥2), the forward Y-direction (Y1), and the
revaerse Y-direction (YZ2). For example, as shown in Fig. Z20E,
individual freguency characteristic model patterns
corresponding to the sliding directions X1, XZ, Y1, and Y2
are prepared in advance. Then, by determining which model

pattern the freguency characteristic obtained from the

s
.

respective levels of the inputted signals S1 to 84 i1s close

i

to, it is possible to discriminate between the sliding
directions X1, X2, Y1, 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 61-4, this should not be construed
restrictively. It goes without saying that in any case, it
suffices as long as different freguency characteristics can
be determined depending on the sliding direction.

For example, if it is apparent that a band A becomes a

peak when the sliding direction is the forward direction,



Therefore, two or more operation inputs can be made by a sliding operation on a single microphone 4.
Furthermore, when sliding operations on a plurality of microphones are differentiated from each other
as in Configuration Examples Il and Il 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. 20A is independent as a specified axis, and a vector decompaosition
process is possible with respect to the sound, it is also 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, 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. 8% EniBodifnetft i whidls a°8iiing gbiftfe“afd S direttionat SoUfd Soufée s&tion are
provided>, . Figs. 21Aand218 eachillystrate a case;inwhichAoththe sfiding guide 8 and the
directional sound source section 9 are provided.

bands A and B nmay be provided. Depending on the case,

freguency characteristic matching may be performed by

into five or more

0
-

dividing the frequency characteristi
bands with five or more band-pasgss filters,

In step F140 in Fig. 17, the sliding direction
detection block £3b determines the sliding direction by, for
example, the above-mentioned pattern matching method, and
outputs a sliding direction determination signal Sd to the
control section 3.

Therefore, when the start of a sliding coperaticn is
detected, through the processes in step FL06 and Fl40, =a
sliding start detection signal 5detS and a sliding direction
determination signal Sd are supplied to the control sesction
32.

Subseguently, the determination processing section 5%

determines the end of the sliding operation in steps F107 to

Iy

7111 in the same manner as in the casse ©

0

Fig. 8.

+

Then, if 1t i

0
1

determined that the sliding coperation

¢

has been ended, the determination processing section 55
outputs a sliding end detection signal SdetE to the contrel
sectbilon 38 in step FL1Z.

As the sliding operation detecting section Z performs

the above-mentlioned processing, on the basis of a sliding



While Figs. 21A and 218 also show examples of the personal computer 100 and headphone 200 as in
Figs. 2A and 28, Figs. 13A and 138, and Figs. 14A and 148, respectively, in Figs. 21A and 213, the
sliding guide 8 is 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 sliding
direction a8 ¥ Fig.JE e S tTREN St eontisialettion T ean peFfofifica E8AGEFprItessHetdrding to the

sliding diregtion, .For example, such intuitive. operations. as would %sec%ii ordipary,AV equipment,
including V%#L%%%’US/' ov%}n,sgﬁ A%a%%lé?@’t%% ofc é%%’é@%rlp?gybé g%nt%%i, t}){e}%)me possible
for enhancedrises conveniencess JMhiledhisgexample isxditectad to te easelof Hte ringlike sliding
guide 8 that guides a rotary sliding operation, the sliding guide 8 may have a linear or bowed shape.
Alternativeby ¢tie sliding quitde B iayaisave 8aiHpshape of lifearShBpe bt iR é@away. When each

of such ‘ : . e
with respect to the microphone 4. Therefore, different

control processes, for example, controls such as Volume
Up/Down, can be performed in accordance with those operation
inputs.

Therefore, twe or more operation inputs can be made by
a sliding operation on & single microphone 4.

Furthermore, when sliding operations on & plurality of
microphones are differentiated from each other as in
Configuration Examples II and III of the NC headphone 10
described above, it is possible to perform a greater variety
of. kinds of cperations.

Also, if the sliding sound in =ach of the four
directions as shown in Fig. 202 is independent as a
specified axis, and a vector decomposition process 1s
possible with respect to the scund, it is also possible to
detect four or more directions {(for example, sliding in the
diagonally upward direction}.

If it 1s 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 2 mouse

operation or a pointing device. Also, it is also possible
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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 directions along the sliding
guide 8. <6. Embodiment in which a sliding sound source section is provided> Next, a description
will be given of a configuration in which a plurality of sliding sound source sections that produce
different sound signal components at the time of a sliding operation are provided in the vicinity of the
microphone 4. For example, Fig. 22A shows an example in which two ring-like sliding sound
source sections 8a and eb are provided around the microphone 4.  Also, Fig. 22B shows an
example in which two linear sliding sound source sections ea and 8b are provided near the
microphone 4. In both cases, the sliding sound source sgftions 8a and 8b differ in material and
shape from-&atfi dtier; ah%ﬁﬁlr%dﬁ%@ “tﬁﬁér%%t WhertsIfding s p8HGrmed "™ 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 slitingdperation detecting sectibhd detenmines el start amd @ndootithe sliding
operation, and further, detects the location where the sliding operation has been performed from the
inpuﬂedsoﬂ%ﬂ%ﬁgﬁaﬁxce sectlon are provided>

Figs. 21A and 21B each illustrate a case in which both
the sliding guide 8 and the directlonal sound source section
8 are provided.

While Figs. 21A and 21B alsc show examples of the
personal computer 100 and hsadphone 200 as in Figs. 2R and
2B, Figs. 13A and 13B, and Figs. 14A and 14B, respectively,
in Figs. 21A and 21B, the sliding guide 8 1s formed as the
directional sound source sesction Y.

For example, a projected (rail-Iike) sliding guide 8 is
formed in a ring shape arcund the micrecphone 4. Thse
material or structure of the sliding guide 2 is such that
the direction sound scurce section 2 that preduces different
sounds in the forward and reverse directions.

As indicated by arrows RI and R2, the user can make an
oparatlion input while differentiating betwesan clockwlse
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 & sliding coperation, and the



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 be employed. That is, the location of
sliding can be determined by pattern matching of the frequency characteristics of sounds obtained
with the respective sliding sound source sections 8a and 8b. Then, in accordance with determination
of the start and end of the sliding operation, the sliding operation detecting section 2 outputs a sliding
start detection signal SdetS and a sliding end detection signal SdetE to the control section 3, and also
outputs a determination signal of the sliding location.  Since the control section 3 can recognize on
which of tife-$iitfiig sbuRtcSotitEe 3ectitind 84 -and 8b the sliding operation has been performed fron
the determination signal of the, slidinglogation, the control section. 3 can. perform a control process
that differs in accordahce with this recognition. For example, the control section 8 performs a control
such as Velume-up when the sliding seupdsouiee segtior Eaiisroperated, angayokime down when the
sliding sound source section 8b is operated. It is thus possible for the user to make a variety of
operation ifpats by seldcting thedoeatiorsf sliiding wearife wfiefophoner4inany shuld be noted that
such differentiation based I?nlthe‘slidiiqé%Loucago,gbt e gbove-dgs ribed ggf%{regggtion based on the

sliding dire%%%‘hﬁ?geﬁa%rtﬁeﬁ differentiation between a El’urglﬁy o] Vémrnlcr"op%one% fjr—'nay be combined

to enable a yaHsly:Qr eperatiopHAPUS ontent, bacome possible for enhanced
user convenience.

While this ewxample is directed to the case of the ring-
like siiding guide 8 that guildes a rotary sliding operation,
the sgliding guide 8 may have a linear or bowed shape.
Alternatively, the sliiding guide 8 may have a ring shape or
linear shape that is partially cut away. Wwhen each of such
sliding guides 8 is formed as the directicnal sound source
section 9, it is possible to make a plurality of kinds of
operation inputs in accordance with the forward and reverse

siiding directions along the sliding guide 8.

<&. Embodiment in which a sliding sound souxce sectlon 1s

provided:>

Next, a description will be ¢given of a configuration in
which a plurality of sliding sound source sections that

produce different scund signal components at the time of a

]

)

iding operation are provided in the vicinity of the

microphonse 4.
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<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 present disclosure, and can provide the same effect as that of the NC headphone 10 described
above.  The niiefoptiorieodan thattaselMaybemstallctritie héadphohé @pparatus being
connected, or may.be separate microphone equipment from a headphone ?paratus cOnnec,eato a

microphon"@”’iﬁﬁﬁt terminal; T%%u?se, {4 Microphone is built in the main Bo )78f the media player 20,

that microphgne daay bedised. «he Imihe-6ase9f sound recording equipment such as an IC recorder,
the microphone 4 is provided, so the configuration as shown in Fig. 1 can be easily implemented. In

that case, it is cohtevab¥e. to apphy &b5hdingperaton oh the Mickophdne 41éraradjustment of the

recording micrgghone level, or the like. ‘ o L
eliding sound source sactions 8a and 8b are provided near

the microphone 4.

In both cases, the sliding sound scurce sections 8Ba and
b differ in material and shape from sach other, and produce
different when sliding is psrformed.

In this case, the sliding operation detecting section 2
detacts the location of a sliding operation from an input
sound signal. That 1s, by a determination process using a
sliding sound signal compconent produced by the sliding
operation, the sliding cperation detecting section 2
determines the start and end of the sliding operation, and
further, detescts the location where the sliding coperation
has been performed from the inputted sound signal.

Detecting the location where the sliiding operation has
been performed means determining on which of the siiding
sound source sections 8a and 8b the sliding operation has
been performed. Since the sliiding sound source secticns B8a
and 8b produce diffarent when sliding is performed, in this
case as well, the configuration and processing as shown in
Fig. 16 may be employed.

s}

That is, the locaticn of sliding can be determined by



Also, many types of imaging equipment such as digital still cameras and video cameras also come
installed with a microphone. Providing 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 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 c%ptrol operation,
or the likepattern matching of the frequency characteristics of soun
obtained with the respective sliding socund source sections
8a and 8b. Then, in accordance with determination of the
start and end of the sliding operation, the sliding
operation detecting section 2 cutputs a sliding start
detection signal SdetS and a sliding end detection signal
Sdetl to the contrcl section 3, and also 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 & performs a
control such as Volume up when the sliding sound source
section 8a is operated, and Volume down when the sliding
sound source section 8b ls operated.
It is thus possible for the user to make a variety of
operation inputs by selecting the location of sliding near
the microphone 4.
7+ should be noted that such differentiation based on
the sliding location, the above-described differentiation
based on the sliding directicn, and furthsr, gdifferentilation

hetween a plurality of the microphones 4 may be combined to

enable & variety of operation inputs.



Likewise, the present disclosure is also applicable to a personal computer, a portable information
processing apparatus (for example, a personal digital assistant (FDA)), 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 operation on the microphone. For example, by
usstereo microphone for communication installed in personal computers or mobile PCsis possible to
recognize an operation by detecting a sliding 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, 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 seaiening lroughelenhane gumbets, addigsses. bgnames of Lragsmit destinations,

and so on. thermore, t e present disclosure is also applicable to various kinds of
communication apparatyssaudio-visual (AV) equipment, consumer electronic equipment, and so on.

While various ambodiments have been described above, &s
described above, the present disclosure can be applied to &
variety of electronic equipment. In the following, the
configurations and advantages of the present disclosure as
applied to specific electronic eguipment, its modifications,
and s0 on will be illustrated.

First, it is conceivable to install the sound signal
processing section 1 {the sliding operation detecting
gection 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
ig 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 present disclosure, and can provide the same effect as
that of the NC headphone 10 described above.

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

built in the main body of the media player 20, that



Also, as the kinds of operations that can be made by a sliding operation, a variety of examples are
conceivable, such 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, media players, portable telephones, mobile PCs, and portable game machines. For
this reason, it is advantageous to be able to obviate mounting of switches that occupy a large space.
It should 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 tolan epilsodimernt, whichsgerforms an energy determination process on the temporal axis
and detects a sliding gperation without performin%ﬁa frequency an%%/sis or the like, is more effective.

As for the kinds Fbparitich giveh by ASIiRG Speratioh, BVaraty 'of oparatiGivs can be assigned by
combining an.iptermittent sliding operation, the sliding, operation dnterval- and the like, i-addition to the

ag shown in Fig. 1 can be easily implemented. In that case,
it is conceivable to apply a sliding coperation on the
microphone 4 to an adjustment of the recording microphone
level, or the like.

Also, many types of imaging eguipment such as digital
still cameras and video cameras also come installed with a
microphone. Providing 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 camsras, it
iz conceivable to use a sliding cperation to paricrm a
scroell operation when playing back or searching for captured
images., In the case of videco cameras, for example, 1t is
conceivable to use & sliiding operation for, for example,
deing a zoom con an oblect to be captured, or a camzra zoon
operation,

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

In the case of televizion receivers, a sliding
operation on the microphone 4 can be used to do a scroll

operation for channel selection, a wvolume control operation,



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 sliding operation. 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, thereby increasing the kinds of operations that can be made by a sliding operation.  As
for the microphdse lit iszpossible to not only employ a microphone used for another sound input

function but also_provide a microphone dedicated to sliding operation input..If a large. npumber of
microphones for‘blp%%ﬁ(ﬁﬁ 1np% can b6 %?gvigéaF En%%@ﬁn&ég of ésgra%g% inputs can be made using

the microphopes - - Thednistephone used farthe sliding-aperationomayshes either of a stereo
microphone, a monophonic microphone, and a multi-channel microphone. Incidentally, in the
embodiments destrised abovetersliting operatirrdetbbting secliss 2 By dutpbits:a sliding start
detection signal SdetS and a sliding end detectiqn ;siegnal SdetE. Those signals may take any such
signal fornt tﬁ’é’[%ﬁﬁj%sethfee&(ﬁﬁpcﬁr%’ctiiiﬁ 3.8 to'rEcognize the start and end of a sliding operation.

For example, the;gliding start defgction signal-Sdets and the sliding-end getection signal SdetE may
each he 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 therene ofsliding. That ispujse is sucregpulsetiat an operation input can

be made by doing a sliding operation on the micropnone. For

example, by using a stereo microphone for communication

installed in personal computers or mobile PCs, it is

possible to recognize an operation by detecting a sliding

operation, and perform a predetermined process. [or example,

it is concelivable to assign a sgliding operation to a mouse

operation, a pointing operation, a scroll operation, or the

like.

Irn 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 sultably appiled to a scroll

operation when searching through telephone numbers,

addresses, the names of transmit destinatiocns, and so on.

urthermore, the present disclosure is also applicable

x5

to various kinds of communication apparatus, audio-visual

(AV) egulpment, consumer electronic equipment, and so on.



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 ;tart 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 controlling step performs a predetermined control process that is set with respect to
the sliding operatibh¢ dufifig tH€ petiodSrorh tABStart 161Re endofthe JhaintPoferation determined in

theSHdMgg%%g%%%nggg%ggggg?pé variety of examples are concelvable,
such as an operation related to recording/plavback, an
cperation related to transmission/reception, a menu control
operation, an Enter operation, and a Power on/off operation.

Moreover, in many cases, & microphone ls mounted in
mobile equipment with high portability, such as NC
headphones, media players, portable telephones, mobile PCs,
and portable game machines. For this reason, 1t i1s
advantageous to be able to cbviate mounting of switches that
ocoupy a large space.

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

For this reason, the above-described algorithm
accerding to an embodiment, which performs an energy
determination process on the temporal axis and detects a
sliding operation without perferming a freguency analysis or
the like, is more effactive.

As for the kinds of operation given by a sliding
operation, a variety of operations can be assigned by
combining an Intermittent sliding coperation, the sliding

operation interval, and the like, in addition to the



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
equipment described above oper the basis of such a program. That is, 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 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 patkagegsofivare * THhedtisn BBing insStallet Rt E PePséndl competer or the like from a
removable medium, the program can be also downloaded from a download site via a network such as
a local areg%%%v?/g: C Lﬁlﬁ) F ﬁr?eo r?tlgr%’et.{%” Eé“cxoer%lalﬂﬁl”gotr%) gn@e”?n lgi:,jllrrh%’nt %%%he present disclosure,
it is possiblestezrecegnize a contingous:gperatiom arsueh an.opesatien farawhich an operation quantity

can be specified, and perform the corresponding control, while

Furthermore, in the case whers the user performs a
sliding operation with a finger, the sliding scund 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

dif

Ity

erentiated from each other by the sliding operation
detecting section 2 when determining a sliding operation.
Therefore, it 1s alsc concelvable to assign different
operations depsnding on whether the sliding cperation in
guestion has been periormed with the thick of the finger cor
the nall, thereby increasing the kinds ¢f operations that
can be made by a siiding cperation.

As for the microphone, it is possible to not only
amploy a microphone used for another sound input function
but alsc provide a microphone dedicated to sliding operation
input. £ a large number of microphones for operation input
can be provided, many kinds of operaticon inputs can be made
using the microphones.

The microphone used for the sliding operation may be

either of a sterec microphons, a monophonic micrephone, and



using a microphone as an operation input device. Thus, as a continuous operation or an operation for
which an operation quantity 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. It should be understood by those skilled in the art that various modifications,
combinatiohs™8ub-corBinafions-anicatEtafions may occur depending on design requirements and

other factors ms%ar as éh@é ag%/wn_@ln %@e SCOpe. gf %e]agp%g%% cl | S.Qf Ot,gg eng\éalents thereof.
WHAT IS CLAIMED IS:

sliding operation detecting section 2, 37 ocutputs a sliding
start detection signal SdetS and a sliding end detection
signal SdetE. Those signals may take any such signal form
that allows the contrel secticon 3, 38 to recognize the start
and end of a sgliding operation.

For example, the sliding start detection signel 5dets
and the sliding end detection signal 3detE may sach be a
signal of H level pulse, or a pulse that rises to H level at
the start of sliding and drops te L level at the end of
sliding. That is, the pulse is such a pulse that
continuously becomes H level during the sliding operation
pericd, GCf course, the pulse logic may ke reversad.

Furthermore, the signeal form wmay e 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 & program for causing an arithmetic processing
apparatus to execute a sliding coperation detecting step and

a controlling step.

The sliding cperation detecting step determines the
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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 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 tirge duringqve\jl ich an energy level of

the slidingsotind §i§fiaFiBmpBonntis &qui (570 highet tha & first fevel has continued for a first time
or more. The sound signalprocessing-apRayatus ageerding.tg, Claim 2, wheteinas, the determination

process, the sliding operation detecting section determines that the sliding operation has been ended,
when a timei duking avick: the:énerpgy:levieh ok thesliding senndsigial compergmds lower than a
second level has continued for a second time or more. 4. The sound si%:al pg)%g%earing apparatus

according T6- B4R S Wherdiithé Shding o eration dettting SBEROR PerformE 1A mination
process %g}si@gea shding sound.signal component B@@é’&[sﬁé%a rotary sliding:motion on the
e

microphoneTitself or its vicinity with a finger or a sliding tool.
vicinity.

The contrelling 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
cperation 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 secticon {arithmetic processing apparatus) in each of
the varicus kinds of eguipment described above opsrates on
the basis of such a program. That is, the processes in Figs.
3 and 8 (or Fig. 12, Fig. 17, or the like) are executed.

Such a program can be previocusly recorded on a HDD that
serves as a recording medium built in egulpment such as a
personal computer, a ROM in a microcomputer having a CPU, a
flash memory, or thes 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, & Blur-

ray disc, a semiconductor memory, or a memory card. Such a



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 section 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 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.

removable medium can be providsd as so-called packaged
scftware.

Other than being installed into =z personal computer o
the like from a removable medium, the program can be also
downloaded from a download site via a network such as &
local area network {LAN; or the Internet.

According to an embodiment of the present disclosure,
it is possible to recognize a continuocus cperation 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 1s specified, the user is able to perform an
cperation 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 alsc suitably contributes to reduced
equipment cost, simplified apparatus configuration, and the
like,

The present disclosure contains subject matter related

ct

o that disclosed in Japanese Priority Patent Application JP

011

[

25501 filed in the Japan Patent Cffice on June 1, 2010,

3]
<o

the entire contents of which are hereby incorporated by



7. The sound signal processing apparatus according to Claimwherein: 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 deteimines 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.
8. The sound signal processing apparatus according to any one of Claims 1 to 7, wherein: the sliding
operation detectlng section further detects a sliding operation direction from the inputted sound signal;
and  th&Tontrol'§&ction performs a predetermined control process that is set with respect to the
sliding operation diregtiondetected-by the. sliding pperation detecting section; during the period from
the start to the end of the sliding operation determined by the sliding operation detecting section.
rhat various modifications, combinations, sub-combinations

and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of

+he anpended claims or the eguivalents thereof.



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 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.

WHAT 15 CLAIMED IS:

1. A sound sicnal processing apparatus comprising:

a sliding operation detecting section to 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 sound signal, the sliding scund signeal
component being produced by the sliding coperation 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
operaticn has been started, when a time during which an
energy level of the sliding sound signal component is egual

to or higher than a first level has continued for a first

3. The sound signal processing apparatus acccrding to



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: a microphone; and

Claim 2, wherein as the determinstion process, the sliding
operation detecting section determines that the sliding
operation has been ended, when 2 time during which the
energy level of the sliding sound signal component is lowsr

+han a second level has continued for a sescond time or more.

4. The sound signal processing apparatus according to
Claim 3, wherein the sliding operation detecting section
performs the determination process by using a sliiding 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 processing apparatus according to
Claim 3, wherein:

a plurality of channels of scund signals are inputted
to the sliding operation deteciing section; and

the sliding operation detecting section performs the
determination process with respect tTo 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 channels of sound signals are inputted



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 its
vicinity; 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 start and end of a sliding
operation by a determining process using a sliding sound Si%prj]ral comgonent in a sound signal collected

by a microptionBCthe-siitiing sSURBSIgNA BMBohenthEifig prodicéd by the sliding operation on the
”“mophone”SGEHEW§¥EHQE65%BEIation 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 ths

channels.

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

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

the sliding operation detecting section determines the
start and the and ¢f the sliding operation, and determines a
channel on which the siiding operation has been performed,
by performing a channel determination process which
determines a channel thai 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 ¢f channels to or from

sach othsr.

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

the sliding cperation detecting section further detects



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. SOUND SIGNAL PROCESSING
APPARATUS, MICROPHONE APPARATUS, SOUND SIGNAL PROCESSING METHOD, AND
PROGRAM ABSTRACT OF THE DISCLOSURE A sound signal processing apparatus includes 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 performs a
predetermined_ control process that Is set with respect tg Ehe sliding:gg ration guring a period from the

start to thePerid of #i& Ry Opetition deterhiified by the Siidiig dperation detecting section.
signal; and
the contrel section performs a predetermined centrol
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.

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

the sliding operation detecting section Iurther detects
z sliding operation location from the inputted sound signal;
and

the control section performs & predstermined control
process that is set with respect o the sliding oparation
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

gection.

10. The sound signal processing apparatus according To
any one of Claims 1 to 9, further comprising:
z nmicrophone,

wherein a sound signal collected by the microrhone 1is



inputted to the sliding operation detecting section.

1i1. A microphone apparatus comprising:
a microphone; and
)il

a sliding guide section that is fermed in a vicinity o

the microphone and guides a sliding operation position.

12. A microphone apparatus comprising:

a microphone; and

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

signal components depending on @ sliding cperation direction.

13. A microphone apparatus comprising:

a microphone; and

a plurality of sliding sound source sectlons 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 cperation 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 contrcl process that is set
with respect to the sliding operation, during a pericd from

the determined start to end of the sliding operation.

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

determining start and end of a sliding operation by &
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 sst
with respect to the sliding operation, during a pericd from

the determined start to end of the sliding operation.



SOUND SIGNAL PROCESSING APPARATUS, MICROPHONE APPARATUS,

SOUND SIGNAL PROCESSING METHOD, AND PROGRAM

ARSTRACT OF THE DISCLOSURE

A sound signal processing apparatus includes a sliding
operation detecting section to which a sound signal
collected by a microphene is inputted, and wbich 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
peing produced by the sliding operation on the microphone
itself or its vicinity, and a control sectlion that performs
a predetermined control process that Is set with respect to
the sliding opsration, during a period from the start To the
end of the sliding operation determined by the siiding

operation detecting section.

Fig. 1



