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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 to the
sliding operation, during a period from the start to the end of the
sliding operation determined by the sliding operation detecting
section. Fig. 1
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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 contrcl 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.

Fig. 1



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

In various kinds of electronic eguipment, operating
kevs, a kevboard, a mouse, cperating dials, a touch panel,
and s on are used as devices for inputting user operations.

Usually, these cperating devices are installed in
accordance with the function of electronic eguipment. On
the cother hand, depending on the function cr usage of
electronic equipment, it 1s desired to make the number of
operating kevs as small as pbssible, or enable easy-to-use,
efficient operations.

Japanese Unexamined Patent Applicaticn Publication No.
2008-166827 menticned above discloses a technique 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 1s recognized through a waveform correlation

process.

SUMMARY

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

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

On the other hand, since "tapping" is detected,
although it is posgsible to do such an action eguivalent to a

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



Play/Pause/Record/Power on/cff, 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 technigue is not
sulted 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
guantity is relevant, for example, Volume Up/Down, and
"Advance" of a cursor or a selected portion ¢f a menu,
although tapping can be used to perform such coperations,
tapping is inconvenient in some cases. For example, tapping
is inconvenient for the kind of operation for which an
cperating element such as a jog dial or a slide lever is
suited.

For example, 1in the case of applying a tapping
operation to Volume Up/Down, a conceivable mode of coperation
would be to turn the volume up (or down) by one step with
each single tap. Then, to greatly raise (lower) the volume
guickly, in the case of a tapping operation, 1T is necessary
to perform tapping many times, making quick operation
difficult. Moreover, the resulting operation is neither
intuitive nor easy to use.

Although it is advantageous to use a microphone 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 guantity is relevant.

It is desirable to enable even a continuous ocoperation
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
embodiment of the present disclosure includes a sliding
operation detecting sectilicn to which a scund signal
collected by a microphone is inputted, and which determines
start and end of a sliiding 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 1s set with respect to
the sliding operation, during & period from the start te 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



operation has been started, when a time during which an
energy level of the sliding scund signal component is egual
to or higher than a first level has continued for a first
time or more.

Further, as the determination process, the sliding
operation detecting section determines that the sliding
operation has been ended, when a time during which the
energy level of the sliding sound signal component ig 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 & rotary sliding motion on the
microphone 1tself or its vicinity with a finger or a siiding
tool.

Alsc, 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, 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 ¢f sound signals, and determines the start and



end of the sliding operation with respect to each of the
channels.

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

Alsc, the siiding operation detecting section further
detects a sliding operation direction from the inputted
sound signal, and the control section performs a
predetermined contrcel process that i1s set with respect to
the sliding operation direction detected by the sliding
operation detecting section, during the period from the
start to the end of the sliding operation determined by the
sliding operation detecting sectioen.

Also, the sliding operation detecting section furtherxr
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.

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 embodiment of
the present disclosure includes a microphone, and & sliding
guide section that is formed in a vicinity of the microphone
and guides a sliding operaticn position.

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

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

A sound signal processing method according to an

embodiment of the present disclosure includes determining



start and end of a sliding coperation 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 1s set with respect to
the sliding operation, during a period from the determined
start to end of the sliding operation.

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

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

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

In that case, the sound produced by the sliding motion

-

is collected by the microphone. Thus, the sound signal



inputted from the microphone to the sound signal processing
apparatus contains the sound signal component of the sound
produced by the sliding moticn (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 compeonent. Thus, a continuocus
operation or an operation guantity can be recognized from
the duration of the sliding operation. That 1is, it is
possible to recognize the sliding operaticn on the
microphone or its vicinity as a continuous operation or an
operation having an operation gquantity, and perform the

corresponding control process.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

Fig. % is a block diagram of an NC headphone 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 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;

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

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

Pig. 12 is a flowchart of processing in a sliding
operation detecting section in Configuration Example IIT
accerding to an embodiment;

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

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

configuration including a directional sound source section



according to an embodiment;

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

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

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

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

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

Figs. Z20A and 20B are each an explanatory diagram of
another example of sliding direction determination according
to an emnbodiment;

Figs. 21A and 21B 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 22B are each an explanatory diagram of a
configuration including a plurality of sliding sound source

sections according to an embodiment.

DETATILED DESCRIPTION OF EMBODIMENTS



Hereinbelow, embodiments of the present disclosure will
be described in the following order.
<1l. Basic configuration and processing>
<?. Embodiments applied to an NC headphone>

[2-1: Configuration of an NC headphone]

[2-2: S8liding operation detecting section
(Configuration Example I}]

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

[2-4: Sliding operation 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>
<5. Embodiment in which a sliding guide and a directiocnal
sound source section are provided>
<6. Embodiment in which a sliding sound source section 1s
provided>
<7. Embodiments applied to various kinds of eguipment and
modifications>

<8. Program>

<1l. Basic configuration and processing>»

First, the basic configuration as an embodiment of the



present disclosure will be described.

The present disclosure assumes a system that uses a
microphene device mounted in equipment and used for the
purpose of collecting sound, as a sensor for various kinds
of operation inputs made to control the functions of the
equipment.

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

ccordingly, an embodiment of the present disclosure
provides a user interface suited for a continuous operatlion
or an operation for which an operation guantity is specified,
by enabling an operation input to be made by a "sliding
operation” whereby a finger or the like 1s moved while

touching a microphone or its vicinity.



The present disclosure relates to a detection algorithm
for detecting an operation input made by this sliding
operation, and a mechanism associated with the detection
algorithm. The detection algorithm according to an
embodiment of the present disclosure makes it possible to
obtain detection results with reduced processing resources
by performing processing only on the temporal axis, without
performing processing that necessitates a large amount of
computation such as a frequency axis analysis.

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

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

Fig. 1 shows a sound signal processing section 1, a
microphone 4, a microphone amplifier 3, an A/D converter ¢,
and a normal processing system 7.

The sound signal processing section 1 includes a
sliding operation detecting section 2 and a control section
3. The sound sgignal processing section 1 corresponds to a
sound signal processing apparatus according to an embodiment
of the present disclosure. The sound signal processing
section 1 1s formed by, for example, a central processing

T A
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unit (CPU) or a digital signal processor (DSP).

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 & processing section for functions normally

.

assoclated with a sound signal in electronic equipment to
which a sound signal is inputted from the micrcphone 4.

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

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

In each of these kinds ¢f electronic eguipment, a
processing system is provided with respect to a microphone
input sound signal in accordance with its function.

For example, in the case of eguipment 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 eguipment 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
svstem 7 shown in Fig. 1.

Farther, 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

ccording to these functions, with respect to an inputted
sound signal.

The scound sighal processing section 1 performs
detection of a sliding operation with respect to an inputted
sound signal, thereby detecting an operation input made Dby

the user.

e

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

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 siiding coperation
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 has ended. At this time, the sliding
operation detecting section 2 outputs a sliding end
detection signal SdetE to the control section 3.

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

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

section 3 to recognize the start and end of sliding.



The control section 3 is equipped with the function of
performing a control process in accordance with at least a
user operation in electronic eguipment. 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 detecticn signal
SdetE, the control section 3 reccgnizes that the end of the
sliding operation has been detected by the sliding operation
detecting section 2, the control secticn 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
length of the period during which the user is continuing the
sliding operation, as an operation guantity.

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

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



playback or rewind playback, and the like are conceivable.
For example, turning up/down of the volume of playback sound,
or the like is implemented by the user performing a sliding
operation on the microphone 4.

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

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

As shown in enlarged view, the user performs a sliding
operation so as to trace the top surface of the‘microphone 4
or its wvicinity, 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 wvalue of the amplitude) of the sliding sound signal
component of the inputted sound signal.

Fig. 2B shows a part of a headphone {earphone) Z00 that
is provided with the microphone 4 for the purpose of noise
cancelling, for example. The headphone 200 has a headphone

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



by the user into his/her ear. The microphone 4 is provided
on the side opposite from the earpiece 202, that is, at a
position where the microphone 4 can collect external sound.

The user performs such a sliding coperation as to trace
the top surface of the microphone 4 or its vicinity with a
finger or the like.

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

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

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

A linear sliding operation can be maintained only for a

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



perform intended control in some cases. In such cases, if
the user is made to perform a circular sliding motion around
the microphone 4, for example, the user can easily continue
the sliding operation.

The basic configuration according to an embodiment of
the present disclosure is as described above with reference
to Fig. 1. That is, an input socund signal from the
microphone 4 is inputted to the sound signal processing
section 1, and the sound signal processing section 1 detects
a user operation by determining a sliding operation. When
it is detected that an operation input has been made, a
predetermined control process 1is performed in accordance
with the operation.

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

In the sound signal processing section 1 to which a
microphone-input sound signal is inputted at all times as
shown in Fig. 1, as step F2, it is determined whether or not
a sliding operation has been started. This is a process in
the sliding operation detecting section 2. Then, if it 1is
determined that a sliding operation as a user operation
input has been started, the processing proceeds from step F2
tc 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 control section 3 is ended.

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

Fxamples of other electronic equipment 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~cancelling headphone
(NC headphone) 10 used by being cennected to music playback
equipment such as a portable media player Z20.

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 12L
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 headphone 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 Flg. 2B, or
an ear-pad type. In this example, any of these types may be
used as long as the microphones 121 and 12R are provided.

Alsc, the NC headphone 10 is not limited to an NC
headphone that performs a feedforward nolise cancellation
process but may be an NC headphone that performs a feedback
noise cancellation process.

The noise cancellation unit 14 is connected to the
headphone section 11 provided with the microphones 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 13L 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 microphecnes 12L and
12R, the noise cancellation unit 14 generates a noise
reduction sound signal of acoustically opposite phase to the
external noise. Then, the noilse cancellation unit 14
synthesizes the generated noise reduction sound signa: with
the sound signal of playback music or the like, and supplies
the resulting sound signal to each of the speakers 13L and
13R.

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

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

The nolse 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 42L and 42R, and A/D converters
41L and 41R.

The main processing section 33 is provided with a noise
cancellation section 34, a gain section 35, adders 36L and
36R, a sliding operation detecting section 37, a control
section 38, and an equalizer 39.

First, the sound signal of playback music or the like
from the media player 20 is processed as follows.

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

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

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

The playback sound signals SA-L and SA-R that have
undergene 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.

Cutputs from the power amplifiers 42L and 4ZR 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 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 noise cancellation unit 14, and then
converted into digital signals in the A/D converters 32L and
I2R, respectively.

The digitized sound signals SmL and SmR outputted from
the A/D converters 32L and 32R are supplied to the noise
cancellation secticn 34. The noise cancellation section 34
is configured as a digital filter that generates a noise
reduction sound signal in the feedforward mode mentioned

above. The noise cancellation section 34 performs filtering

N

on each of the sound signals SmL and SmR, with a filter
factor designated by a control signal S$G1 from the control

section 38, thereby generating L and R channels of noise



reduction sound signals.

The generated L and R channels of noise reduction sound
signals are supplied to the gain section 35. The gain
section 35 gives a gain to the L and R channels of noise
reduction sound signals, with a gain factor designated by
the control signal SG1 from the control section 38.

Then, the L and R channels of ncise reducticn sound
signals from the gain section 35 are supplied tc 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
SA-R to which the nolse reduction sound signals have been
added in this way, respectively, the noise reduction
function as described above 1s exerted.

The noise cancellation unit 14 in this example further
is eqguipped with the function of detecting a user operation
made by a sliding operation on the micropheone 121, 12R 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 section 37 will be described later in

-

more detail, the sliding operation detecting section 37



detects a user's sliding operation on the microphone 121,
12R and its vicinity scolely through processing on the
temporal axis. Specifically, when the energy level of the
sliding sound signal component in the inputted sound signai
SmlL, SmR has continued to exceed a predetermined value for a
first time or more, the sliding operation detecting section
37 determines that a sliding operation has been started.
Then, to notify the start of operation input by the user,
the sliding operation detecting section 37 outputs a sliding
start detection signal SdetS to the control section 38.

Also, after the sliding operation is started, when the
energy level of the sliding sound signal component has
continued to be lower than a predetermined value for a
second time or more, the sliding operation detecting section
37 determines that the siiding operation has been ended.
Then, to notify the end of operation input by the user, the
sliding cperation 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 3G4 to the
media player 20.

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

is equipped with the function of performing a control



process in accordance with a user's sliding operation. That
is, the control secticn 38 performs a predetermined control
process that is 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 detection signal SdetE is being executed. For example,
in response to detection of an cperation inputted by a
sliding operation, the control section 38 transmits
operation input information to the media player 20 as the
control signal SG4.

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

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

First, it 1s conceivable to transmit a command to the
media player 20 as the control signal SG4 to thereby cause
the media player 20 to execute, for example, the following
actions.

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



playback position desired by the user while listéning to the
sound, during the sliding operation period.

- Controel to turn playback off and noise cancellation off
only during the sliding operation period (control to switch
to a state suited for when making a conversation that will
end soon).

~ Control of an operation to turn the noise 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 gquantity.

- 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 partially
viewing or listening to the contents, and play back the
content at the instant when the sliding operation is stopped.

For example, supposing that a sliding operation 1s 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 microphecne 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 cperation on the
microphone 12L means Volume up and a sliding operation on
the microphone 12L means Volume down, the control section 38
performs the process of transmitting a "Volume up" or
"Jolume down" command to the media player 2C, in response to
detection of a sliding operation by the sliding operation
detecting section 37.

Further, as will be described later, it 1s also
possible to differentiate operations in accordance with the
sliding direction, the sliding location, and so on. Also,
on the basis of combinations of those differentiations and
the left and right microphones 12L and 12R, a varlety of
operations can be set in a differentiated manner. 1In that
case as well, the control section 38 transmits a
predetermined command to the media player 20 in response to

detection of each of those sliding operations.
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To realize the noise cancellation function, it is
necessary to mount the microphones 12ZL and 12R as close to
the ears as possible. For this reason, the microphones 12L
and 12R are usually mounted close to the ears. Thus, 1t is
of great convenience tc the user 1f the user 1s able to
control the action of the media player 20 by simply
performing a sliding operation on the microphone 12L, 1ZR,
without taking the main body of the media plaver 20 out
during a commute or the like, for example.

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

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

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

factory, or the like, even when observed as a frequency
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characteristic. Therefore, as the filter characteristic for
noise reduction, it is desired to use the optimal filter
characteristic suited to each individual noise environment
characteristic. For this reason, it 1s advantageous to
allow the user to sequentially switch to and select the most
suitable filter characteristic by performing a sliding
operation on the micropheone 12L, 1ZR.

Also, the control section 38 may be configured to
switch the gain factor of the gain section 35 by control
using the control signal S$G2, in response to a sliding
operation. This allows the user to adjust the nocise
cancellation level in an arbitrary fashion through an easy
operation.

Also, the control section 38 may be conflgured to
change the filter factor in the equalizer 3% by control
using the control signal SG3, in response to detection of a
sliding operation. For example, it 1s also possible to
control such an action as to sequentially switch the
equalizing characteristic in short time units during the
sliding operation period so that the user can select a
preferred characteristic. This allows the user to select a
sound gquality correction state through an easy operation.
For example, it 1s advantageous to store various preset
frequency characteristics in the memory section 40 in

advance, and allow the user to sequentially apply egualizer



characteristics that provide a preferred sound gquality and
select a suitable characteristic at the end of the sliding

operation.

[2-2: Sliding operation detecting section (Configuration

Example I)]

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

This Configuration Example I represents a configuration
example in which a sliding operation is detected in a manner
common to the sound signals SmL and SmR from the microphones
i12L and 1ZR.

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 12L and 12R are added together in the adder 51
and inputted to the low-pass filter 52. The cut-off
fregquency of the low-pass filter 52 1s 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



microphones 12L and 12R are each attached to a headphone
housing molded from resin, for example, the cut-off
frequency 1is set to such a frequency that makes 1t possible
to extract the sound signal ccomponent produced when a finger
is traced over the resin material. Therefore, a cut-off
frequency fcl suited for the kind of resin being used is
determined. Of course, there are also cases where a
component made of a metallic material or ancther material is
used in the surroundings of the microphones 12Z2L and 12ZR.
Thus, the filter characteristic is determined in accordance
with the material of the microphones 12L and 12R themselves
or the material used in their surroundings.

During a sliding operation, a sliding sound preduced
near the microphone is the predominant component in the
sound signal SmL or SmR. It should be noted, however, that
the sound signals Sml and SmR also contain broad-bandwidth
noise such as background noise and ambient nolse.
Accordingly, first, the siiding sound signal component is
extracted with the low-pass filter 52.

Generally speaking, the sound signal component of a
sound produced by a sliding moticn 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 signal component be
extracted first.

The sliding sound signal component in the summed signal
of the sound signals SmL and SmR outputted from the low-pass
filter 52 is absolutized in the absolutizing circuit 53.

The signal S0 absolutized in the absolutizing circuit
53 is converted into a signal S representing the energy
level of the sound sgignal SmL, SmR via the low-pass filter
54, and inputted to the determination processing section 53.
The cut-off freguency fc2 of the low-pass filter 54 is set
to a frequency for converting the signal S0 into an envelcope
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 Sdet$S and a
sliding end detection signal SdetE to the control section 38.

The action of the sliding operation detecting section
37 described above will be described with reference to Figs.
7 to 9.

Fig. 7 shows an example of the waveforms of the signal
S0 and signal S when a sliding operation is performed.

As described above, the low-pass filter 52 extracts a



sliding sound signal component. Since the output of the
low-pass filter 52, which is the sliding sound signal
component, has an amplitude with a positive/negative value,
in order to determine the negative amplitude as an energy
level as well, the signal SO absolutized in the absolutizing
circuit 53 is used.

As shown in the drawing, during the sliding operation
period, the energy level cof the signal S0 {(the amplitude
level of the absolutized sliding sound signal compoéonent)
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 $ enveloped by the
low-pass filter 54, the period during which high energy
level continues can be easily determined as the sliding
operation perilod.

From this signal S, the determining processing section
55 determines the sliding operation period shown In the
drawing, that is, the period during which functional controli
according to the sliding operation is performed with respect
to a controlled object.

Fig. 8 is a flowchart of a process in which the

determining processing section 55 determines the start and



end of a sliding operation from the signal 5.

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 sectiocn
55 determines whether or not the level of the signal S 1s
higher than a threshold THIL.

Fig. © shows the waveform cf the signal S and
thresholds TH1 and THZ. The threshold TH1 is a threshold
for determining whether or not the energy level of the
signal S has increased. ©On the other hand, the threshold
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 THL.

t-
by

it is determined that the value of the signal 3 is egual
to or smaller than the threshold TH1, the determining
processing section 55 returns to step F101 as indicated by
"R", and the next input value of the signal S is compared
with the threshold THL.

When the value of the signal S exceeds the thresheld
TH1, the determining processing section 55 proceeds to step
F102.
In step F102, the determining processing section 55

first resets a counter Cnl to 0, and causes counting to be



started.

Then, while incrementing the counter Cnl in step F103,
the determining processing section 55 performs the
determinations in steps F104 and F105.

In step F104, the determining processing section 355
determines whether or not the value of the signal § is
larger than the threshold THL.

In step F105, the determining processing section 55
determines whether or not the valiue of the counter Cnl has
reached a first time THtmI.

The first time THtml is a predetermined time interval
ag 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 i1s a continuous increase in
energy level due to a siiding operation.

If it is detected in step F1l04 that the signal S 1is
lower than the threshold TH1, it is determined that the
increase in energy level detected in step F101 is a
momentary one and not caused by a sliding operation, and the
determination processing section 55 returns to step Fill 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 1s determined in
step F105 that the value of the counter Cnl has reached the

first time THtml is a case where it is determined that the



state in which the energy level of the signal S is larger
than the threshold TH1 has continued.

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

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

First, in step F107, the determination processing
section 55 compares the signal S with the threshold THZ, and
determines whether or not the signal $ has become lower than
the threshold THZ.

As shown in Fig. 9, for example, the threshold THZ is
set to a slightly lower level than the threshold TH1. This
threshold TH2Z is a value for determining a decrease in the
energy level of the signal S.

When the signal S has become smaller than the threshold
TH2, the determination processing section 55 regards this as
indicating a possibility that the sliding operation has been
ended, and proceeds to step F108.

In step ¥l08, the determinaticn processing section 55

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



Then, while incrementing the counter Cnz in step F109,
the determining processing section 55 performs the
determinations in steps FI110 and Fi1ll.

In step F110, the determination processing section 55
determines whether or not the signal S has become lower than
the threshold THZ2.

Also, in step F11l, the determination processing
section 55 determines whether or not the value of the
counter CnZ has reached the second time Thmtz.

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

If it is detected in step F110 that the signal S5 has
not become lower than the threshold THZ, it is determined
that the decrease in energy level detected in step F107 is a
momentary one and not caused by ending of the sliding
operation, and the determination processing section 55
returns to step F107 as indicated by "Q". That is, it is
determined that the sliding operation has not been ended.

For example, Fig. 9 shows, as a period tmA, & state in
which, after the start of sliding, the energy level of the
signal S has temporarily decreased below the threshold THZ.

In this case, the period tmA is a period shorter than the



second time THtmZ. 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 1s not
necessarily a regular sliding motion. As mentioned above,
the sliding motion is not performed with a fixed force at a
constant speed. Moreover, momentary stoppage of the sliding
motion due to a finger getting stuck or the like during
sliding is a common cccurrence.

For this reason, it is not appropriate to determine
that the sliding operation has been ended as soon as a
decrease in the enerqgy level of the signal 8 is ocbserved.
Accordingly, the second time THtmZ is set, and if the period
during which the decrease has occurred is less than the
second time THtmZ, it is determined that the sliding
operation has not been ended.

Cn the other hand, the case where 1t is determined in
step F111 that the value of the counter CnZ has reached the
second time THtmZ is a case where 1t is determined that the
state in which the energy level of the signal S is smaller
than the threshold THZ has continued.

At this time, the determination processing section 55
proceeds to step 112, and determines that the sliding
operation has been ended. Then, the determination

processing section 55 outputs a sliding end detection signal



SdetE to the control section 38.

For example, in Fig. 9, after the energy level of the
signal S drops below the threshold THZ for the second time,
the state in which the energy level has dropped continues
for the second time Thtm2 or more. In that case, 1t is
determined that the sliding operation has been ended.

In the sliding operation detecting section 37 in this
example, the determination processing section 55 determines
the start/end of a sliding operation in the manner as
described above with reference tc 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 cperation for which an operation guantity is
specified.

Also, in the sliding operation detecting section 37,
the determining processing section 55 determines the
start/end of a sliding operation by observing an
increase/decrease 1in energy level on the temporal axis.
This makes it possible to determine a sliding operation
easily without causing an increase in resources.

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

signal increases. Accordingly, by monitoring the energy of



the sliding sound signal component, a sliding operation can
be detected by determining an increase/decrease in energy,
without performing a waveform analysis.

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 rescurces such as the nolse cancellation unit 14

ot

of the NC headphone 10, 1t is very advantageous to be able
to perform a necessary detection process through such a
simple action.

It is necessary to execute the operation input
detection process at all times to handle irregular user
operations. For this reason, since the detection process is
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 a sliding
operation is shortened, thereby enabling the action of the
apparatus with good response.

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

For example, even when the energy level drops



temporarily for a very short time due to resting of a fingex
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 1is determined that the
sliding operation is being continued.

Thus, as detection of a user operation, 1t 1s 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.

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

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

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

If the control section 38 is to transmit a command for

contrelling the action of the media player 20, the user is

able to operate the media player 20 while keeping the media



player 20 in a pocket or a bag during a commute or the like.

Also, since the operation method used is such that a
sliding motion is made with a finger or the like, it is
possible to intuitively contrel the media player 20 or the
noise cancellation unit 14.

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

Furthermore, in the case of the NC headphone 10 in this
example, the headphone section 11 is provided with the
microphones 12L and 12R for the nolse cancellation function.
Since a sliding operation can be performed using the
microphones 12L and 12R, 1t is unnecessary to provide an
additional sensor device for operation input. This
configuration example is suited for cost reduction also 1in
this respect, and also does 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 L and R channels of
microphones 12L and 12R are synthesized to determine a
sliding operation, only one of the channels of sound signals

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



low-pass filter 52. In that case, only the microphone 12L
on the corresponding channel is used for the purpose of the

sliding operation.

[2-3: Sliding operation detecting section {Configuration

Example II)]

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

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

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

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

That 1s, a low-pass filter 52L, an absolutizing circult
53L, a low-pass filter 54L, and a determination processing
section 55L are provided for the sound signal SmL from the
microphone 12L. Also, a low-pass filter 52ZR, an

absclutizing circuit 53R, a low-pass filter 54R, and a



determination processing section 55R are provided for the
sound signal SmR from the microphone 12R.

Since the actions of the low-pass filters 52L and 5ZR,
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 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) to the control section, and
upon detecting the end of the sliding operation 38, the
determination processing section 5L outputs a sliding end
detection signal SdetE (L) to the control section 38.

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

detecticn signal SdetE(R) to the contrel section 38.



The control section 38 can recognize two kinds cf
operation inputs on the basis of the sliding start detection
signal SdetS(L) and the sliding end detection signal
SdetE (L), and the sliding start detection signal SdetS(R)
and the sliding end detection signal SdetE(R). Therefore,
for example, the above-mentioned Volume Up/Down control or
the like can be performed in accordance with those operation
inputs.

According to Configuration Example IT as described
above, two kinds of operations can be switched according to
use with the left and right microphones 12L and 1ZR, making

this configuration suitable for improving user operability.

[2-4: Sliding operation detecting section (Configuration
Example III)]

Next, Configuration Example III is shown 1in Fig. 11.
In this example, as in Configuration Example II mentioned
above, the L channel and the R channel, that ig, tThe
microphones 12L and 12R can be assigned to different

-

operations. In the case of Configuration Example II
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 III can



reduce the load on the configuration.

In Configuration Example III, 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 SmL 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 SmL
from the microphone 121 is inputted to the low-pass filter

52L, and a sliding sound signal component is extracted with

the cut-off freguency fcl.

The sound signal SmR from the microphone 12ZR is
inputted to the low-pass filter 5ZR, and a sliding sound
signal component is extracted with the cut-off freguency fcl.

The output of the low-pass filter 52L is supplied to an
absclutizing circuit 56L and a subtractor 59.

The output of the low-pass filter 52R 1ls supplied to an
absolutizing circuit 56R and the subtractor 59.

The absolutizing circuiit 56L absolutizes the output of
the low-pass filter 52L, and supplies the resulting output

to a subtractor 57. The absoclutizing circuit 56R



absolutizes the output of the low-pass filter 5ZR, 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 gignals SmL 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
secticn bb.

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

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

When a sliding operation 1s perfecrmed on one of the
microphones 12L and 12R, the energy of the sliding signal
component of the sound signal from the microphone on which
the sliding operation has been performed increases.

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



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 f£ilter 54 with the cut-off freguency fcZ,
and supplied to the determination processing section 55.

The determination processing section 55 performs a
sliding operation determination process with respect to the
signal 8, and outputs a sliding start detection signal Sdets,
a sliding end detection signal SdetE, and an L-channel/R-
channel determination signal D-LR to the contrel 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 sams as those in Fig. § mentioned above are denoted by
the same step numbers, and repetitive description i1s avoided.

In the processing shown in Fig. 12, in steps F10l to
8106, the start of a sliding operation is determined in the
same manner as in Fig. 8.

Then, 1f it 1s determined in step FL06 that sliding has
been started, the determination processing section 55
performs L/R determination in step F130.

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



shown in Fig. 11 is positive or negative is determined at
this peint. 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 1f the
signal i1s negative, the channel in guestion is determined to
be the R channel.

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

Therefore, when the start of a sliding operaticn is
detected, a2 sliding start detection signal Sdetl and =z
determination signal D-LR are supplied toc the control
section 38.

Next, the determination processing section 55
determines the end of the sliding operation in steps Fl07 to
F111 in the same manner as in Fig. 8.

Then, if it is determined that the sliding operation
has been ended, in step Fl1l2, the determination processing
section 55 outputs a sliding end detection signal SdetE to

the control section 38.



In the case of Configuration Example III described
above, the control section 38 can recognize twe kinds of
operation inputs made by using the microphones 12L and 12ZR
separately, on the basis of a sliding start detection signal
Sdet8, a sliding end detection signal SdetE, and a
determination signal D-LR, thereby allowing Volume Up/Down
control or the like to be performed in accordance with those
operation inputs, for example.

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

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

It should be noted that it is also conceivable to use

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

Next, a description will be given of an embodiment in

which a sliding guide that guides the sliding operation



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. ZA and
2B. It has been described above that in that case, a
sliding operation is such as operation as to simply trace
the area where the microphene 4 is formed.

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

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

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

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

The sliding 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 a projected or recessed

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



a user's finger. That is, the sliding guide 8 may be any
structure that is mounted for the purpose of alleowing 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 & circle). 1In this
regard, for example, if the sliding guide 8 having a ring-
like shape is provided in this way, the user can perform a
rotary sliding operation more easily. That is, when the
user rotates a finger while touching the sliding guide 8
with the fingertip, the resulting motion becomes a sliding
operation.

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

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

the operation is not determined appropriately, or the user



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 directicnal sound socurce section

is provided>

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

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

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

an example of the directional scound source section 9 is

|
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shown in Figs. 15A to 15C. 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 directicnal sound
source section 9 has such a property that when a sliding
operation is performed to the right as shown in Fig. 150B,
for example, mutual contact readily occurs and sound 1s
readily produced, but when a sliding operation is performed
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 hair such as pig hair, one woven in a
thread or fabric form with nylon, polypropylene, polyolefine,
BBS, glass fiber, FRP, or the like, and cone made of a

Foll]

material such as a substance subjected to a fabric finish

=

that fluffs up the both sides of a textile, such as a velvet
or velour fabric made from not only hair or silk but also

cotton, rayon, acetate, or the like.



Also, a structure made of a material such as metal,
rubber, or resin, or a combination of such materials can be
also made to produce different sounds when touched from
different directions depending on its structural shape, and
thus can be used as the direction sound socurce section 9.

While Figs. 15A to 15C 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 conceiﬁable materials and structures that produce
different sounds depending on the sliding direction.

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

Furthermore, as shown in Fig. 20A, the sound can be
alsc made to differ between a forward X-direction (X1), a
reverse X-direction (X2), a forward Y-direction (¥1l)}, and a
reverse Y-direction (YZ2).

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

structure that produces different sounds between sliding in



the ¥X-direction and sliding in the Y-direction.

In this 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 sliding
operation is performed in the X-direction or in the Y-
direction. The contrel section 3 can perform a controel
process according to the determination.

Conseguently, 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 case where the
directional sound source section 2 is provided in the
vicinity of the micrcphone 4.

Fig. 16 shows the internal configuration of the sliding
operation 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 preduced by a sliding



operation, the sliding operation 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 1s 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 operaticn determined by the sliding operation
detecting section 2.

The sliding operation detecting section Z includes the
low-pase filter 52, the absclutizing circuit 53, the low-
pass filter 54, and the determination processing section 35.
These components may be considered to be the same as those
described in Configuration Examples I, II, and III in the
case of the NC headphone 10 described above.

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

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

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



determination processing section 55.

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

The start/end detection processing block 55a determines
the start and end of a sliding 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 6l1-4,
and absolutizing circuits €2-1, 62-2, 62-3, and 62Z-4.

Llter
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The pass~-band center frequency of the band-pass

&

£1-1 is set to fc3.

The pass-band center freguency of the band-pass filter
61-2 is set to fcd.

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

The pass-band center frequency of the band-pass filter
£1-4 is set to £fcb.

The absolutizing circuits 62-1, 62-2, 62-3, and 6Z-4
supplies signals S1, S2, 83, and 54 cbtained 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

55p in the determination processing section 55.



The sliding direction detection block 55b cbserves the
characteristic based on the signals S1, 82, S3, and 54.

For example, in the sliding direction detection block
55b, the tendencies of frequency characteristics are preset
for individual sliding directions. These are compared with
the signals S1, 52, $3, and S84, 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 toc the
contrel section 3.

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

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

In the processing shown in Fig. 17, in steps F101 to
F106, as the processing on the start/end detection
processing block 55a 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
operation has been started, and a sliding start detection

signal SdetS is outputted, as the processing on the sliding



direction detecticn 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 $1 to S4 with the frequency characteristic patterns
that are preset for individual sliding directions, and
determines the sliding direction according to which pattern
the freguency characteristic based on the current signals S1
to 84 is close to.

Figs. 18A and 18B and Figs. 192 and 19B each show an
example of how to determine the sliding direction.

Figs. 18A and 18B show frequency characteristics when
sliding is performed in the forward and reverse directions,
respectively, in the case where the directional sound source
section ¢ is in the form of a hook-and-loop fastener.

During sliding in the forward direction, freguency
peaks indicated as Peakl ahd Peak2 in Fig. 1BA are observed.
During sliding in the reverse direction, frequency peaks
indicated as Peak3 and Peakd4 in Fig. 18B are observed. The
sliding direction is determined by, for example, exploiting
such a difference in frequency characteristic according to
the sliding direction.

Figs. 19A and 198 schematically show a determination

process.



As shown in Fig. 18A, it is supposed that the
respective pass-band center freguencies fc3 to fcb of the
band-pass filters 61-1 to 61-4 are set tc 50 Hz, 150 Hz, 3
KHz, and 7 KHz corresponding to Peakl to Peak4 shown in Figs.
18A and 18B mentioned above, respectively.

As illustrated as a forward-direction sliding model
pattern in Fig. 18B, with respect to the signals 31 to 54,
the freguency characteristic is such that Peakl and PeakZ
are observed during sliding in the forward direction.

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

In the sliding direction detection bleock 55b, model
patterns corresponding to the signals S1 te S4 are preset in
this wavy.

From the respective levels of the signals 31 to S4 that
are inputted, to which model pattern the corresponding
frequency characteristic is close to 1s determined by
pattern matching. Then, the sliding direction is determined
onn the basis of the result.

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

model pattern. Therefore, the sliding direction is



determined to be the forward direction.

While this example discriminates between sliding in
forward and reverse directions, the same applies alsc 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. Z20B,
individual fregquency characteristic model patterns
corresponding to the sliding directions X1, X2, Y1, and YZ
are prepared in advance. Then, by determining which model
pattern the freguency characteristic cbtained from the
respective levels of the inputted signals S1 to S4 is close
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 frequency characteristics can
be determined depending on the sliding direction.

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

peak when the sliding direction is the forward direction,



and that a band B becomes a peak when the sliding direction
is the reverse direction, two band-pass filters for the
bands A and B may be provided. Depending con the case,
frequency characteristic matching may be performed by
dividing the freguency characteristic intc five or more
bands with five or more band-pass filters,

In step F140 in Fig. 17, the sliding direction
detection block 55b determines the sliding direction by, for
example, the above-menticned pattern matching method, and
outputs a sliding direction determination signal Sd to the
contrel section 3.

Therefore, when the start of a sliding operation 1is
detected, through the processes in step F106 and F140, a
sliding start detection signal SdetS and a sliding direction
determination signal Sd are supplied to the control section
38.

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

Then, 1f 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 F112.

As the sliding operation detecting section 2 performs

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



start detection signal SdetS, a sliding end detection signal
SdetE, and & sliding direction determination signal Sd, the
control section 38 can recognize a plurality of kinds of
operation inputs in accordance with the sliding direction
with respect to the microphone 4. Therefore, different
control processes, for example, controls such as Volume
Up/Down, can be performed in accordance with those coperation
inputs.

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 II and III of the NC headphone 10
described above, it is possible to perform a greater variety
of kinds of operations.

Also, 1f the sliding sound in each of the four
directions as shown in Fig. 20A i1s independent as a
specified axis, and a vector decomposition process is
possible with respect to the sound, it is alsc possible to
detect four or more directicns (fcr 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 siiding operation for a scroll operation.

<5, Embodiment in which a sliding guide and a directional

sound source section are provided>

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

While Figs. 21A and 21B also show exampies of the
personal computer 100 and headphone 200 as in Figs. ZA and
2B, Figs. 132 and 13B, and Figs. 14A and 14B, respectively,
in Figs. 21A and 21B, the sliding guide 8 1is formed as the
directional scund source section 9.

For example, a projected (rail-iike) sliding guide 8 1is
formed in a ring shape arcund 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 RZ, the user can make an
operation input while differentiating between clockwlse
sliding and counter-clockwise sliding operations aleng 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 cperation, and the



sliding direction as in Fig. 17.

Then, the control section 3 can perform a control
process according to the sliding direction. For example,
such intuitive operations as would be used in ordinary AV
equipment, including Volume Up/Down, and Advance/Return of
channels or playback content, become possible for enhanced
user convenience.

While this example is directed to the case of the ring-
like siiding guide 8 that guides a rotary siiding operation,
the sliding guide 8 may have a linear or bowed shape.
Alternatively, the sliding guide & may have a ring shape or
linear shape that is partially cut away. When each of such
sliding guides 8 is formed as the directional sound source
section 9, 1t is possible to make a plurality of kinds of
operation inputs in accordance with the forward and reverse

sliding directions along the sliding guide 8.

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

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. 222 shows an example in which two
ring-like gliding sound source sections 8a and 8b are
provided around the microphcone 4.

Also, Fig. 22B shows an example in which two linear
sliding sound source sections 8a and 8b are provided near
the microphone 4.

In both cases, the sliding sound source sections 8Ba and
8b differ in material and shape from each other, and produce
different when sliding i1s performed.

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

Detecting the location where the sliding operation has
been performed means determining on which of the sliding
sound source sections 8a and 8b the sliding operation has
been performed. Since the sliding scund 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 1s, 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, 1in 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 alsc outputs a
determination signal of the sliding location.

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

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

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

enable a variety of cperation inputs.



<7. Embodiments applied to various kinds ¢f equipment and

modifications>

While various embodiments have been described above, as
described above, the present disclosure can be applied to a
variety of electronic eguipment. In the following, the
configurations and advantages of the present disclosure as
applied to specific electronic equipment, its 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
ig built in the media player 20. In this case, the media
player 20 is the specific apparatus installed with the sound
signal preocessing section 1 according to an embodiment of
the present disclosure, and can provide the same effect as
that of the NC headphone 10 described above.

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

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



microphone may be used.

In the case of sound recording equipment such as an IC
recorder, the microphone 4 is provided, so the configuration
ag shown in Fig. 1 can be easily implemented. In that case,
it 1s conceivable to apply a sliding operation on the
micropheone 4 to an adijustment of the recording microphone
level, or the like.

Alsc, 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 cameras, 1t
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 1s
conceivable to use a sliding operation for, for example,
doing a zoom on an cbiject 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 scrol
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operation for channel selection, a volume control operation,



or the like.

Likewise, the present disclosure is also applicable to
a personal computer, a portable information processing
apparatus (for example, a personal digital assistant (PDA)),
a portable telephone, or the like.

In the case where a microphone for sound input is
provided to these types of equipment, an operation input can
be made by doing a sliding operation on the microphone. For
example, by using a stereo microphone for communilcation
installed in personal computers or mobile PCs, it 1is
possible to recognize an operation by detecting a sliding
cperation, and perform a predetermined process. For example,
it 1s 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 searching through telephone numbers,
addresses, the names of transmit destinations, and so on.

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

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



Alsc, as the kinds of operaticns 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 1s 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 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 to an embodiment, which performs an energy
determination process on the tempeoral axis and detects a
sliding operation without performing a frequency analysis or
the like, is more effective.

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

operation interval, and the like, in addition to the



differentiation regarding on which microphone a sliding
operation 1s 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 scund produced
differs between when performing the sliding cperation with
the thick of the finger and when performing the sliding
operation with the tip of the nail. That is, the freguency
characteristic of the resulting sliding sound signal
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 1s alsc conceivable to assign different
cperations depending on whether the sliding operation in
guestion has been performed with the thick of the finger or
the nail, thereby increasing the kinds of operations that
can be made by a sliding operation.

Az for the microphone, it is possible to not cnly
employ a microphone used for another scund input function
but also provide a microphone dedicated to sliding operaticn
input. If a large number of microphones for operation input
can be provided, many kinds of operation inputs can be made
using the microphones.

The microphone used for the sliding operaticn may be

either of a stereo microphone, a monophonic microphone, and



a multi-channel microphone.

Incidentally, in the embodiments described above, the
sliding operation detecting section 2, 37 outputs a sliding
start detection signal SdetS and a sliding end detection
signal SdetE. Those signals may take any such signai form
that allows the control section 3, 38 to recognize the start
and end of a sliding operation.

For example, the siiding start detection signal SdetS
and the sliding end detection signal SdetE may each be a
signal of H level pulse, or a pulse that rises to H level at
the start of sliding and drops to L level at the end of
sliding. That is, the pulse is such a pulse that
continuously becomes H level during the sliding operation
pericd. 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 contrelling step.

The sliding operation detecting step determines the



start and end of a sliding operation by a determination
process using a sliding sound signal component in a sound
signal collected by an integral or separately connected
microphone. The sliding sound signal compcnent 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 operation,
during the period from the start to the end of the sliding
operation determined in the sliding operation detecting step.

The sound signal processing apparatus according to an
embodiment of the present disclosure is implemented as the
control section {arithmetic processing apparatus) in each of
the various kinds of eguipment described above operates on
the basis of such a program. That 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
perscnal 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, & DVD, a Blur-

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



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

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

According to an embodiment of the present disclosure,
it is possible to recognize a continuous operation or such
an operation for which an operation quantity can be
specified, and perform the corresponding control, while
using a microphone as an operation input device. Thus, as a
continuous operation or an operation for which an operation
guantity is specified, the user is able to perform an
operation that ig easy and intuitive, an coperation 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
to that disclosed in Japanese Pricrity Patent Application JP
2010-125501 filed in the Japan Patent 0ffice on June 1, 2010,

the entire contents of which are hereby incorporated b
Y P Y



reference.

It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design reguirements
and other factors insofar as they are within the scope of

the appended claims or the equivalents thereof.



WHAT IS CLAIMED IS:

1. A scund 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 scund signal, the sliding sound signal
component being produced by the sliding operation on the
microphone itself or its vicinity; and

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

section.

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

time or more.

2. The sound signal processing apparatus according to



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

than a second level has continued for a second time cor more.

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

tool.

5. The sound signal processing apparatus accerding 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,

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

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

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

each other.

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

the sliding operation detecting section further detects



a sliding operation direction from the inputted sound
signal; and

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

detecting section.

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

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

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

operation determined by the sliding operation detecting

section.

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

wherein a sound signal collected by the microphone 1is



inputted to the sliding operation detecting section.

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

the microphone and guides a sliding operation position.

12. A microphone apparatus comprilsing:
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

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 scund 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 micrcophone, 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 1is 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 coperation 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 1s set
with respect to the sliding operation, during a period from

he determined start to end of the sliding operation.

1
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