
1 AUDIO SIGNAL PROCESSING APPARATUS, AUDIO SIGNAL PROCESSING METHOD, AND
PROGRAM BACKGROUND OF THE INVENTION 1. Field of the Invention      The present invention
relates to an audio signal processing apparatus that detects an operation input of a user by using an
audio signal picked up by a microphone, and to an audio signal processing method for use therewith.
Furthermore, the present invention relates to a program for implementing such an audio signal
processing apparatus and audio signal processing method. 2. Description of the Related Art      In
various electronic apparatuses, as devices for inputting operations of a user, operation keys, a
keyboard, a mouse, operation dials, a touch panel, and the like are used.      Usually, these operation
devices are installed in correspondence with the functions of the electronic apparatuses. On the other
hand, depending on the functions and usage of the electronic apparatuses, there has been a demand
for making the number of operation keys as small as possible and making operations easier to perform
and efficient. 



In Japanese Unexamined Patent Application Publication  2 No. 2008-166897, a technology in which a
microphone is used as a device for inputting an operation is disclosed. In the technology disclosed in
Japanese Unexamined Patent Application Publication No. 2008-166897, lightly tapping a microphone
or a periphery thereof with a finger or the like is recognized as an operation input. For this reason, an
audio signal waveform picked up by a microphone when a user performs tapping is recognized by a
waveform correlation process. SUMMARY OF THE INVENTION As in Japanese Unexamined Patent
Application Publication No. 2008-166897, since a microphone can also be used as an input device,
this use contributes to a reduction in the number of operation keys of the apparatus housing and to
improved ease of use.     For example, as an operation of a portable music player, a case in which a
microphone is installed in a headphone portion mounted by the user is considered. The user usually
keeps a portable music player in a clothes pocket, a bag, or the like. This is because it is not
necessary to take out the portable music player all the way if a certain operation is possible by tapping
a periphery of a microphone of the headphone portion. However, in order to detect that audio signal 



3 components generated by tapping have been contained in the audio signal of the microphone input,
frequency analysis, cross-correlation, and the like using FFT are necessary. This takes a lot of
resources (number of calculations) of a central processing unit (CPU) or a digital signal processor
(DSP) as a computation processing device, and the processing burden is large.       In particular, it is
necessary that the process of detecting an operation input is constantly performed to deal with a
nonredular user operation. In order to constantly perform a process with a lot of calculations, a
computation processing device with high performance is necessary.      This does not pose a big
problem for a high-performance electronic apparatus. However, in an apparatus for which a
comparatively lower cost is strongly demanded, such as the above-mentioned portable music player, a
large number of calculations is undesirable because it becomes a factor in increasing the cost of the
music player.      Furthermore, because there are a large number of calculations for detecting an
operation, the time until the operation is recognized becomes long, and consequently the long time
becomes disadvantageous for achieving device operation with a satisfactory response.
Accordingly, it is desirable to perform all processes and determinations by time axis signal processing,
decrease  4 



the number of calculations, and shorten the time until detection at the same time in a case where an
operation input is to be detected from an audio signal of a microphone input caused by tapping
performed by a user.       In a first aspect of the present invention, there is provided an audio signal
processing apparatus comprising: a tapping detection unit to which an audio signal picked up by a
microphone is input and that detects a tapping input operation on the basis of an energy
increase/decrease determination process for making a determination as to whether an increase and a
decrease of an energy level of low-frequency components of the audio signal occur within a first time
period; and a control unit that performs a certain control process that is set for a tapping input
operation in response to a tapping input operation being detected by the tapping detection unit,
wherein in the energy increase/decrease determination process, it is determined whether or not the
energy level of the low-frequency components of the audio signal has increased to more than a first
threshold value and thereafter the energy level has decreased to less than a second threshold value
within the first time period.       The tapping detection unit detects that a tapping input operation has
been performed in a case where the detection of the increase and the decrease of the energy level in
the energy increase/decrease determination process within the first time period occurs a plurality of
times within a second time period longer than the first time period.       Furthermore, audio signals of a
plurality of channels may be input to the tapping detection unit, and the tapping detection unit may
perfo/m the energy increase/decrease  S determination process on an audio signal on which audio
signals of a plurality of channels are added. Alternatively, audio signals of a plurality of channels may
be input to the tapping detection unit, and the tapping detection unit may perform the energy
increase/decrease determination process on each of the audio signals of the plurality of channels, and
may detect a tapping input operation on each channel.       Alternatively, be input to the detection unit
may  



audio signals of a plurality of channels may tapping detection unit, and the tapping perform a channel
determination process for  making a determination as to whether a channel contains tapping sound
among the audio signals of the plurality of channels and the energy increase/decrease determination
process with regard to an audio signal in which the audio signals of the plurality of channels are added
or subtracted, and may detect the channel in which the detection of the tapping input operation and the
tapping input operation have been performed. Furthermore, the audio signal processing apparatus
may  6 further include a microphone, wherein the audio signal picked up by the microphone is input to
the tapping detection unit.       In a second aspect of the present invention, there is provided an audio
signal processing method comprising the steps of: detecting a tapping input operation on the basis of
an energy increase/decrease determination process for making a determination as to an increase or a
decrease of an energy level of low-frequency components with regard to an audio signal picked up by
a microphone within a first time period; and performing a certain control process that is set for a
tapping input operation in response to a tapping input operation being detected in the tapping
detection step, wherein in the energy increase/decrease determination process, it is determined
whether or not the energy level of the low-frequency components of the audio signal has increased to
more than a first threshold value and thereafter the energy level has decreased to less than a second
threshold value within the first time period. 



In a third aspect of the present invention, there is provided a program for causing a computation
processing device to perform the step of: detecting a tapping input operation on the basis of an energy
increase/decrease determination process for making a determination as to an increase or a decrease
of an energy level of low-frequency components with regard to an audio signal picked up by a
microphone within a first time period; and performing a certain control process that is set for a tapping
input operation in response to a tapping input operation being  detected in the tapping detection step,
wherein in the energy increase/decrease determination process, it is determined whether or not the
energy level of the low-frequency components of the audio signal has increased to more than a first
threshold value and thereafter the energy level has decreased to less than a second threshold value
within the first time period.       In embodiments of the present invention such as that described above,
the energy level of low-frequency components regarding an audio signal picked up by the integral or
separate microphones is monitored. Then, it is determined that a tap has occurred in the case where
the energy level has increased or decreased within a first time period. In particular, it is also preferable
that it be  7 determined that a tap input operation has occurred in the case where a plurality of taps are
detected within a second time period.      In the case where a tap has occurred, the energy level
(amplitude) of low-frequency components of a microphone input signal increases. Therefore, it
becomes possible to detect a tap simply and easily without performing waveform analysis by
monitoring the energy of low-frequency components of an audio signal. 



According to an embodiment of the present invention, it is possible to detect- a user operation
performed by tapping on the basis of a microphone input audio signal by a simplified process.
Consequently, it is possible to reduce a processing burden for detecting operation and reduce cost as
a result of the reduction.       Furthermore, the simplified process allows the operation detection time
period to be shortened, and a device operation with a satisfactory response becomes possible. BRIEF
DESCRIPTION OF THE DRAWINGS       Fig. 1 is a block diagram of the basic configuration of an
embodiment of the present invention;      Fig. 2 is a flowchart of the basic process of the embodiment
of the present invention;  8       Fig. 3 is an illustration of an NC headphone of the embodiment;       Fig.
4 is a block diagram of the NC headphone of the embodiment; 



Fig. 5 is a block diagram of a configuration example I of a tapping detection unit of the embodiment;
Figs. 6A and 6B are illustrations of an audio signal that is input to the tapping detection unit of the
embodiment;       Fig. 7 is a flowchart of processing of the tapping detection unit of the embodiment;
Figs. 8A and BE are illustrations of tapping determination of the tapping detection unit of the
embodiment;       Fig. 9 is an illustration of operation input detection of the tapping detection unit of the
embodiment; Fig. 10 is a block diagram of a configuration example II of the tapping detection unit of
the embodiment; Fig. 11 is a block diagram of a configuration example III of a tapping detection unit of
the embodiment; 



Fig. 12 is a flowchart of the process of the tapping detection unit of the configuration example III of the
embodiment;       Fig. 13 is a flowchart in the case of three tapping determination of the embodiment;
Fig. 14 is a flowchart in the case of two and three tapping determination of the embodiment;       Figs.
15A and 155 are illustrations of an example of an electronic mail operation of the embodiment; and
16 is an illustration of an example of an electronic mail operation of the embodiment. DESCRIPTION
OF THE PREFERRED EMBODIMENTS       Hereinafter, embodiments of the present invention will be
described in the following order. 1. Basic configuration and processing 



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



The present invention assumes a system in which, originally, a microphone (hereinafter abbreviated as
a-  10 "mic") device that is disposed in an apparatus and used for the purpose of picking up sound is
used as a sensor for inputting various operations for controlling the function of the apparatus. Then,
lightly tapping (in this specification, this action will be referred to as "tapping") a. mic or the periphery
thereof is recognized as an operation input of a user. The present invention relates to a detection
algorithm for operation input by this tapping. In particular, in the detection algorithm of the present
invention, frequency axis analysis such as that used in the related art is not performed, and processing
is performed with regard to only the time axis. Thus, processing resources are decreased, and a
detection effect is obtained.      The embodiment to be described below takes the form of any of
various electronic apparatuses in which an audio signal processing apparatus that adopts such a
detection algorithm of the present invention and recognizes operation input is installed.      Fig. 1
illustrates the basic configuration of the embodiment      In Fig. 1, an audio signal processing unit 1, a
mic 4, a mic amplifier 5, an A/D conversion unit 6, and a normal processing system 7 are illustrated.
The audio signal processing unit 1 includes a tapping detection unit 2 and a control unit 3. The audio
signal 



11 processing unit 1 corresponds to the audio signal processing apparatus of the present invention.
The audio signal processing unit 1 is constituted by, for example, a CPU, a DSP, and the like.        The
audio signal hat is picked up by the mic 4 is amplified by the mic amplifier 5 and is thereafter subjected
to analog-to-digital conversion by the A/D conversion unit Then, the audio signal formed as a digital
signal is input to the normal processing system 7 and the audio signal processing unit 1.       The
normal processing system 7 referred to herein indicates a processing unit of usual functions with
respect to an audio signal in the electronic apparatus to which the audio signal from the mic 4 is input.
in consumer electronic apparatuses, the mic 4 has already been provided for various purposes.
Alternatively, a separate mic 4 can be connected.       Examples thereof include a mobile phone, a
digital camera having a sound recording function as well as an image recording function, an IC
recorder, an information processing device, such as a personal computer, having an audio
communication function, a mobile device, and a noise cancellation headphone (hereinafter referred to
as an "NC headphone"). Each of these various types of electronic apparatuses  



12 is installed with a processing system corresponding to a function with regard to a mm c input audio
signal.       For example, in the case of an apparatus having a function of recording sound into a
recording medium, parts that perform a compression process for sound recording, an encoding
process for recording, and a recording process on a recording medium, or the like form the normal
processing system 7 of Fig. 1.       Furthermore, in a communicable device, such as a mobile phone, in
the case of the communicable device having a function of transmitting an audio signal, parts for
performing a compression process, an encoding process for transmission, a transmission process,
and the like form the normal processing system 7 of Fig. 1.       In addition, in the case of an NC
headphone described with reference to Fig. 3 and subsequent figures, the function portion that
performs a noise cancellation process corresponds to the normal processing system 7.       In the
normal processing system 7, processes corresponding to these functions are performed with regard to
the- input audio signal.       The audio signal processing unit 1 performs detection of a tapping with
regard to an input audio signal so as to detect the operation input by the user. First, the tapping
detection unit 2 detects a tapping  



13 by the user with a process in only the time axis. Specifically, the tapping input operation is detected
on the basis of an energy increase/decrease determination process that makes a determination as to
an increase or a decrease of the energy level in the low-frequency components of the input audio
signal within a first time period. That is, when there is an instantaneous increase/decrease of the
energy level within the fi ime period, it is detected  that the user has performed a tapping.       One
tapping may be recognized as an operation input. In order that an unconscious tapping by the user,
the handling of the mic 4, a collision of some object body with the mit 4, or the like is not erroneously
recognized as an operation, a plurality of continuous taps may be detected as an operation input. That
is, in an energy increase/decrease determination process, in a case where the detection of an
increase and decrease of the energy level of the low-frequency components of the audio signal within
the first time period occurs a plurelity of times within a second time period longer than thest time
periodmay be 



considered that - tapping input operation has been performed.       The tapping detection unit 2 detects
one or more taps as an operation input, and outputs an operation detection signal Sdet to the control
unit 3. The control unit 3 includes at least a function of a  14 control process in such a manner as to
correspond to the user operation in the electronic apparatus. Then, when the control unit 3 recognizes
in accordance with the operation detection signal Sdet that the tapping detection unit 2 has detected a
tapping input operation, the control unit 3 performs a certain control process that is set with regard to
the tapping input operation.      Since the control process differs depending on various electronic
apparatuses, examples of the control process will be described in the description of a specific
embodiment of the electronic apparatus. For example, in the case of an apparatus having a function of
reproducing music data or the like, examples thereof include a reproduction function. In that case, an
operation in which music reproduction control is performed by tapping the mic 4 by the user, and
music reproduction is performed is realized.      The basic configuration of the embodiment of the
present invention is as described above in Fig. I. That is, the input audio signal from the mic 4 is input
to the audio signal processing unit 1, and the audio signal processing unit 1 detects the user operation
on the basis of the determination of the tapping. Then, in a case where it is detected that the operation
input has occurred, a certain control process corresponding to the operation is performed. Fig. 2
illustrates a basic process of the embodiment. 



15       In the audio signal processing unit 1 to which a mic input audio signal is constantly input as in
Fig. 1, a tapping determination is performed in step Fl. That is, this is the process of the tapping
detection unit 2. Then, in a case where it is determined that a tapping as an operation input by the user
has occurred, the process proceeds to step F3 from step F2, and a control process corresponding to
the operation input is performed. That _ this is the process of the control unit 3.       In the following, the
embodiment will be described by giving an example of a noise cancellation headphone (NC
headphone) as a specific example of the electronic apparatus.       Furthermore, other examples of the
electronic apparatus will be described later. 2. Embodiment applied to NC headphone 2-1:
Configuration of NC headphone             3-schematically illustrates an NC headphone 10 that is used
by being connected to a music reproduction device, such as a portable medium player 20.       The
medium player 20 reproduces data, such as music, which is recorded on an internal recording
medium, and outputs 2-channel L and R audio signals to the connected N headphone 10. 



The NC headphone 10 is constituted by a headphone uni  16 11 and a noise cancellation unit 14.
The headphone unit 11 has speakers 13L and 13R of an L channel and an R channel in each of the
speaker housings corresponding to right and left ears of a user. In the case of this example, a noise
cancellation process of a so-called feed-forward method is performed, and mics 12L and 12R are
provided to pick up sound of the right and left speaker housings.       The headphone unit 11 may be
an earphone type or ear pad type rather than a type having a speaker housing as shown in the figure.
In the case of this exampleis sufficient that at any rate, the mics 12L and 12R are provided.
Furthermore, the headphone unit 11 is not limited to the NC headphone 10 that performs a noise
cancellation process of a feed-forward method, and may be a type that performs a noise cancellation
process of a feedback method. 



The noise cancellation unit 14 is connected to the headphone unit 11 in which the ries 12L and 12R
are provided in the manner described above.       The noise cancellation unit 14 mixes a noise
reduction audio signal with an audio signal of reproduction music or the like, which is supplied from the
medium player 20, thereby causing an audio signal in which external noise is reduced to be output
frome speakers 13L and 13R.  17 When simply mentioned, noise reduction is performed in lowing
manner.       The mics 12L and 12R mounted in the speaker housing pick up external noise that
reaches the ears of the user through the speaker housing. The noise cancellation uni,, 14 generates a
noise reduction audio signal that is in a phase that is acoustically opposite to external noise on the
basis of the audio signal of the external noise picked up by the mics 12L and 12R. Then, the
generated noise reduction audio signal is combined with an audio signal of reproduction music or the
like and is supplied to the speakers 13L and 13R.       Therefore, since the opposite phase
components of external noise are contained in the audio output from the speakers 13L and 13R, the
opposite phase components and the external noise that actually leaks in through the speaker housing
are cancelled with each other in space. External noise components are reduced and the original output
audio of reproduction music reaches the sense of hearing of the user.       An example of the internal
configuration of the noise cancellation unit 14 is shown in Fig. 4.       The noise cancellation unit 14
includes mic amplifiers 311 and 31R, A/D conversion units 32L and 32R, a main processing unit 33
using a DSP or a CPU, a memory unit 40, 



18 power amplifiers 42L and 42R, and AID conversion units 41L and 41R.       The main processing
unit 33 is provided with a noise cancellation unit 34, a gain unit 35, adders 36L and 36R, a tapping
detection unit 37, a control unit 38, and an equalizer 39.       First, the audio signal of reproduction
music or the like from the medium player 20 is processed in the following manner. Reproduced audio
signals SA-L and SA-R of an L channel and an R channel as so-called headphone output are supplied
from the medium player 20. The reproduced audio signals SA-L and SA-R are converted into digital
signals by the A/D conversion units 41L and 41R. Then, the equalizer 39 performs sound quality
correction of amplitude-frequency characteristic correction, a phase-frequency characteristic
correction, or both.       The correction process of the equalizer 3' is performed on the basis of a control
signal 393 from the control unit 38. For example, an indication of frequency characteristics is
performed in accordance with the control signal 393.       The reproduced audio signals SA-L and SA-R
on which sound quality correction has been performed by the equalizer 39 are added with a noise
reduction audio signal in the adders 36L and 36R, respectively, and are thereafter supplied to the
power amplifiers 42L and 42R. 



19       The power amplifiers 4214 and 42R may be constituted by a digital amplifier or may be
constituted by a C/A conversion unit and an analog amplifier.       Then, the outputs from the power
amplifiers 42L and 42R are set as driving signals for the speakers 13L and 13R, and audio output
based on the reproduced audio signals SA-L and SA-R are performed from the speakers 13L and
13R. On the other hand, the above-mentioned noise cancellation process is performed in the following
manner.       Audio signals SmL and SmR picked upley the mics 12L and 12R are amplified by the mic
amplifiers 31L and 31R in the noise cancellation unit 14, and are thereafter converted into digital
signals by the A/C conversion units 32L and 32R, respectively.       The digitized audio signals SmL
and SmR that are output from the AID conversion units 32L and 32R are supplied to the noise
cancellation unit 34. For the noise cancellation unit 34, a digital filter that generates a noise reduction
audio signal in the above-mentioned feed-forward method is used. The noise cancellation unit 34
performs a filtering process on each of the audio signals SmL and SmR by using a filter coefficient
indicated by a control signal SG1 from the control unit 38, and generates noise reduction audio signals
of the L channel and the R channel. 



The generated noise reduction audio signals of the L  20 channel and the R channel are supplied to
the gain unit 35. The gain unit 35 provides a gain with respect to the noise reduction audio signals of
the L channel and the R channel by using the gain coefficient indicated by the control signal SG2 from
the control unit 38.       Then, the noise reduction audio signals of the L channel and the R channel
from the gain unit 35 are added to the reproduced audio signals SA-L and SA-R, which are supplied to
the adders 36L and 36R, respectively, in the manner described above.       As a result of the
reproduced audio being output from the speakers 13L and 13R on the basis of such reproduced audio
signals SA-L and SA-R in which the noise reduction audio signal is added, the noise reduction function
such as that described above is exhibited.       The noise cancellation unit 14 of this example further
includes a function of detecting a user operation performed by tapping the mics 12n and 12R or the
periphery thereof.       The audio signals SmL and SmR picked UP by the mics 12L and 12R are also
supplied to the tapping detection unit 37.       The configuration and operation of the tapping detection
unit 37 will be described later in detail. In the tapping detection unit 37, tapping of the mics 12L and
12R or the periphery thereof is detected with a process in only the time axis. Specifically, the tapping
input operation is 



21 detected on the basis of the energy increase/decrease determination process for making a
determination as to the increase and the decrease within the first time period of the energy level of the
low-frequency components of the input audio signals SmL and SmR. Then, in particular, when tapping
is performed continuously a plurality of times, this is detected as an operation input by the user, and an
operation detection signal Sdet is output to the control unit 38.       The control unit 38 controls each
unit of the noise cancellation unit 14 on the basis of the control signals SG1, SG2, and SG3.
Furthermore, it is possible to transmit a control signal 3G4 to the medium player 20.       In particular, in
this example, the control unit 38 includes a function of performing a control process in correspondence
with the tapping operation of the user. That is, when the control unit 38 recognizes in accordance with
the operation detection signal Sdet that a tapping input operation is detected by the tapping detection
unit 37, the control unit 38 performs a certain control process that is set with regard to the tapping
input operation. For example, in response to the detection of the operation by the tapping input,
operation input information is transmitted as a control signal SG4 to the medium player 20. The
memory unit 40 has stored therein information that  22 is referred to by the control unit 38 in the
control process. For example, in the memory unit 40, information on the 



filter coefficients in the noise cancellation unit 34 and the equalizer 39, and the like are stored.       In
the present embodiment, the control unit 38 performs a certain control in response to the tapping input
operation of the user. The following are assumed as examples of the control process.       First, as the
control signal SG4, the transmission of operation input information to the medium player 20 is
considered. Examples thereof include  control related to a reproduction operation of music or the like,
such as reproduction/stop/sound recording/FF (fast forwarding)/REW (fast rewinding)  switching
between reproduction and mute (or small sound volume reproduction)  switching between on/off of
noise cancellation function  switching between noise cancellation function on/monitor mode (ambient
sound pickup, hearing aid operation)  volume up/down 



switching between voice phone conversation and music reproduction       In a case where, for
example, a tapping operation is set as an operation of "reproduction", the control nit 38  23 performs a
process for transmitting a command of "reproduction" to the medium player 20 in a case where a
tapping operation is detected by the tapping detection unit 37. The same applies to the other cases,
and it depends on what kind of operation content has been assigned to a tapping operation.
Furthermore, as will be described later, in a case where the tapping of the mic 12L and the tapping of
the mic 12R are distinguished from each other and detected, it is possible to assign two types of
operation content. In that case, if, for example, the tapping of the mic 12L is assumed to be a volume
up and the tapping of the mic 12R is assumed to be a volume down, the control unit 38 performs a
process for transmitting a command of "volume up" or "volume down " to the medium player 20 in
response to the detection of the tapping operation by the tapping detection unit 37.       Furthermore,
the tapping can be distinguished in accordance with the number of continuous taps and can be set, or
a variety of operations can be distinguished in accordance with the number of taps, the combination of
the right and left mics 12.1, and 12R, and the like, and can be set. In that case, the control unit 38
transmits a certain command to the medium player 20 in response to the detection of those tapping
operations. In order to implement a noise cancellation functio, 



24 is necessary to dispose the mice 12L and 12R near a user's ears. For this reason; usually, the mice
12L and 12R are disposed near a user's ear. Then, for example, during commuting, even if the main
body of the medium player 20 is not taken out, mere tapping of the mics 12L and 12R allows the
operation of the medium player 20 to be controlled, which offers a lot of convenience.       Furthermore,
an example in which the control unit 38 performs the internal control of the noise cancellation unit 14 in
response to tapping detection is considered.       For example, the filter coefficients of the noise
cancellation unit 34 may be switched under the control in accordance with the control signal SG1 in
response to the tapping operation.       In general, the noise environment characteristics differ greatly
depending on the location, for example, an airport, the platform of a station, in a train or a factory even
if the noise environment characteristics are observed using frequency characteristics. Therefore, for
filter characteristics for noise reduction, it is originally desired that optimal filter characteristics
appropriate for each noise environment characteristic be used. For this reason, it is useful for the user
to switch and select most appropriate filter characteristics by tapping the mice 12L and 12R.  25
Furthermore, the control unit 38 may switch between gain coefficients of the gain unit 35 under the
control based on the control signal 332 in response to tapping detection. As a. result, it is possible for
the user to adjust as desired the level of the noise cancellation with an easy operation. 



Furthermore, the control unit 38 may change the filter coefficient in the equalizer 39 under the control
in accordance with the control signal 333 in response to tapping detection. As a result, it is possible for
the user to select a sound quality correction state with an easy operation. For example, various
frequency characteristics are stored in the memory unit 40 as a preset, and equalizer characteristics
that are the sound quality preferred by the user can be selected as desired with an easy tapping
operation, which is useful. 2-2: Tapping detection unit (configuration example I)       Hereinafter, the
configuration and operation of the tapping detection unit 37 will be described. Here, first, a
configuration example I shown in Fig. 5 will be described.       Configuration example I is a
configuration example in which a tapping is detected in common with regard to the audio signals SmL
and SmR from the mics 12L and 12R.       The tapping detection unit 37 includes an adder 51, a
low-pass filter 52, a conversion-to-absolute-value circuit  26  53, a low-pass filter 54, and a
determination processing unit 55.      The audio signals SmL and SmR from the mice 12L and 12R are
added by the adder 51 and are input to the low-pass filter 52. The cut-off frequency of the low-pass
filter 52 is setfcl. Forexampla, it is set that fcl = 400 Hz. 



The low-frequency components with regard to the added signal of the audio signals Smi and SmR
output from the low-pass filter 52 are converted into an absolute value by the
conversion-to-absolute-value circuit 53.      The signal that is converted into an absolute value by the
conversion-to-absolute-value circuit 53 is made to be a signal S indicating the energy level of the audio
signals Smad and SmR through the low-pass filter 54 and is input to the determination processing unit
55. The cut-off frequency fc2 of the low-pass filter 54 is set at, for example, 50 Hz or the like.       In the
determination processing unit, wit regard to the signal S, the presence or absence of an operation
input by tapping is detected in the energy increase/decrease determination process that will be
described later. Then, as a result of the detection, an operation detection signal Sdet is output to the
control unit 38.       Such operations of the tapping detection unit 37 will be described with reference to
Figs. 6A and 6B to Fig. 9.  27 Fig. 6A illustrates a waveform when a tapping occurs.       Here, time
waveforms of the audio signals Sml, and SmR as the outputs of the mics 121, and 12R when the
peripheral portion of the mics la and 12R that are mounted in the headphone unit 11 are continuously
tapped two times (double tapping) are shown.      A time period tl is a time length of the waveform at
the time of one tapping, and a time period t2 is a time length that is taken from when the first tapping
starts (rise of waveform) until a second tapping is completed (convergence of waveform). 



In practice, as can be seen from the figure, reflection occurred by the housing and the acoustic unit at
the time of tapping, and a small waveform is seen a little later than the tapping reaction waveform.
Here, the frequency characteristics of the response waveform (targeting the waveform of the ti time
period, excluding the waveform due to reflection) when one tapping is performed are as shown in Fig.
6B.       The short dashed line indicates a state in which dark noise at normal time is picked up, the
dashed line indicates characteristics at tapping time, and the solid line indicates the difference
components between the two.       As can be seen from the frequency characteristics, it is clear that
the signal of low-frequency components (for  28 examplelower than or equal to 100 Hz) is
predominantly greatly picked up at tapping time. Thus, itsufficient that the information herein is
considered.       First, the low-pass filter 52 shown in Fig. 5 has a function of extracting such
low-frequency components. 



Then, since the output of the low-pass filter 52 is the low-frequency components, and is an amplitude
having a positive/negative value, the negative amplitude is also .converted into an absolute value by
the conversion-toabsolute-value circuit 53 in order to make a determination as to the negative
amplitude as the energy level. Then, the output is made to be a signal S as an envelope indicating the
energy level by the low-pass filter 54.       Fig. 7 illustrates a flowchart of an energy increase/decrease
determination process in which the determination processing unit 55 detects two continuous taps as
an operation input of a user on the basis of the signal S. The determination processing unit 55
performs an energy         se/decrease determination process of Fig. 7 on the input signal S.       First,
in step F101, the determination processing unit 55 determines whether or not the level of the signal S
is higher than a threshold value THI.       Figs. SA and 8B and 9 illustrate the waveform of the signal S
and threshold values TH1 and TH2. The threshold  29 



value THI is a threshold value that is used to determine whether or not the energy level of the signal S
has increased. On the other hand, the threshold value TH2 is a threshold value that is used to
determine whether or not the energy level of the signal S has decreased.       Tn step F101, the value
of the signal S that is input is compared with the threshold value THI one after another. When the
signal S is determined to be smaller than or equal to the threshold value THI, the process returns to
step F101, as indicated by "R", and the comparison of the input value of the next signal S with the
threshold value THI is performed.       When the signal S exceeds the threshold value TH1, the
determination processing unit 55 proceeds to step F102.       In step F102, first, the determination
processing unit 55 resets a counter Onl to 0 and starts the counting.       Then, while the determination
processing unit 55 increments the counter Ord in step F103, the determination processing unit 55
performs the determination of steps F104 and F105.       In step F104, the determination processing
unit 55 determines whether or not the value of the counter Ora has not reached a first time period
THtml.       The first time period THtml is a certain time period shown in'Figs. 8A and 8B. This is set as
a time period for 



30 determining whether or not the energy increase/decrease of the signal S has occurred
instantaneously.       If the value of the counter Onl exceeds the first time period THtml in step F104,
the process returns to step F101 as indicated by "R". That is, in that case, it is determined that the
tapping is not tapping as an operation.       Furthermore, in step F105, the determination processing
unit 55 determines whether or not the signal S has become smaller than the threshold value TH2.
When it is determined in step F105 that the signal S has become smaller than the threshold value
TH2, the determination processing unit 55 proceeds to step F106, and temporarily determines that a
first tapping as an operation has occurred.       As described earlier in Fig. 6A, the energy level of the
waveform of the signal S at tapping time increases sharply, and thereafter the energy level decreases
in a short time. In order to determine such a waveform change in the time axis, in step F104, the
elapsed time period after the increase of the energy level has been detected is confirmed. That is, this
is an elapsed time period at the point when it is not yet determined in step F105 that the energy level
of the signal S has decreased.       This fact will be described with reference to Figs. SA and 813.  



31       Fig. 8A illustrates an example in a case where one tap has occurred.       in this case, the
waveform (energy level envelope waveform) of the signalSrsssharply, and asaresult of the waveform
exceeding the threshold value TH1 at a point in time ta, it is determined in step F101 that the energy
has increased.       At this point in time in step F102, the counting of the counter Cni starts.       In the
case of Fig. BA, at point in time tb, the energy level of the signal S has decreased to less than the
threshold value TH2. This point in time tb is a point before the end of the first time period THtml, which
starts at the point in time ta. Therefore, at point in time tb, the process proceeds from step 5105 to step
5106, whereby the tapping is determined to be a first tapping.       That is, as a result of the increase
and the decrease of the energy level being detected within the firc. period THtml, the tapping is
determined to be a tapping as one operation.       On the other hand, Fig. BE illustrates a case in which
the tapping is not determined to be a tapping as an operation.       In this case, as a result of the
waveform of the signal S exceeding the threshold value TEl at point in time tc, it 



32 is determined in step F101 that the energy thereof has increased.      At this point in time, in step
F102, the counting of the counter Cnl is started.      In the case of Fig. 8B, after that, the energy level
has not decreased suddenly.      Then, at point in time td at which the first time period THtml has
passed after the point in time to, the energy level of the signal S has not decreased to less than the
threshold value TH2.      In this case, after the first time period THtml has passed, the process of Fig. 7
proceeds from step F104 to step F101.      That is, because the increase and the decrease of the
energy level has not been detected within the first time period THtml, it is determined that the increase
and the decrease is not the increase of the energy level of the signal S as a result of tapping as an
operation. For example, the increase and the decrease is regarded as an increase of the energy level
due to other external noise or the like.       In the processes up to step F106 above, the determination
processing unit 55 determines whether or not one tapping has occurred. 



When it is determined in step F106 that a first tapping  33 has occurred, the determination processing
unit 55 resets the counter 0n2 to 0 in step F107, and causes the counting to start.       Then, while the
determination processing unit 55 increments the counter 0n2 in step F108, the determination
processing unit 55 performs the determination of steps F109 and F110.       In step F109, the
determination processing unit 55 determines whether or not the value of the counter 0n2 has not
reached a second time period THtm2.       The second time period THtm2 is a certain time period
shown in Fig. 9. The second time period THtm2 is set to be a time period longer than theperiod THtml
and is set as a time period for determining whether or not the tapping is two continuous taps.       If the
value of the counter 0n2 exceeds the second time period THtm2 in step F109, the process returns to
step F101. That is, in that case, it is determined that two continuous taps as an operation have not
been performed. 



Furthermore, in step F110, the determination processing unit 55 determines whether or not the signal
S has become greater than the threshold value THI.       This is a determination process as to whether
or not the increase of the energy level of the signal S by the second tapping has been observed.  34
When it is determined in step F110 that the signal S has become greater than the threshold value
TH1, the determination, processing unit 55 performs the processes of steps F111 to F114.       The
processes of steps F111 to F114 enclosed by the dashed line are the same processes (common
routine) of steps F102 to 105 that are similarly enclosed by the dashed line.       In step Fill, first, the
determination processing unit 55 resets the counter Onl to 0, and causes the counting to start.
Then, while the determination processing unit 55 increments the counter Onl in step F112, the
determination processing unit 55 performs the determination of steps 113 and F114.       In step F113,
the determination processing unit 55 determines whether or not the value of the counter Onl has not
reached the first time period THtml. 



The first time period THtm1 is set as a time period for determining whether or not the
increase/decrease of the energy of the signal S has occurred instantaneously in the manner described
above, that is, the increase/decrease is an instantaneous increase/decrease of the energy level due to
the tapping operation. Therefore, when the value of the counter Cni exceeds the first time period
THtml in step 113, the process returns to step 101 as indicated by "R". That  35    , in that case, it is
determined that the tapping was not a tapping as an operation.       Furthermore, in step F1l4, the
determination processing unit 55 determines whether or not the signal, S has become smaller than the
threshold value TH2.       When it is determined in step F114 that the signal S has become smaller
than the threshold value TH2, the determination processing unit 55 proceeds to step F115, whereby it
is determined that the second tapping as an operation has occurred. A description will be given with
reference to Fig. 9.       Fig. 9 illustrates a change in the energy level of the signal S in a case where
two continuous taps have occurred.       In this case, when the waveform of the signal .S eNceeds the
threshold value THI at point in time te, it is determined in step 5101 that the energy has increased. At
this point in time, in step F102, the counting of the counter Cnl starts. 



Then, at point in time tf, the energy level of the signal S is decreased to less than the threshold value
TH2. This point in time tf is a point before the end of the first time period THtml, which starts at point in
time te. Therefore, at point in time tf, the process proceeds from step F105 to 5106, whereby the
tapping is determined to be a first tapping.  36       From the point in time tf, the counting of the counter
0n2 starts in step F107.      Then, at point in time tg, as a result of the waveform of the signal S
exceeding the threshold value TH1 before the value of the counter 0n2 reaches the second time
period THtm2, it is estimated in step Fl 10 that the energy has increased due to the second tappi.ng.
At this point in time, the counting of the counter Cnl starts in step 7111.       Then, at point in time th,
the energy level of the signal S has decreased to less than the threshold value TH2. This point in time
th is a point before the end of the first time period THtml, which starts at point in time tg. Therefore, at
point in time tg, the process proceeds from step F114 to step F115, whereby it is determined that the
second tapping has been performed.       The case in which it is determined in step F109 that the
process is not a tapping operation and the process returns to step F101 is a case in which, after point
in time tf, the increase of the second energy level is not detected even if the second time period THtm2
is reached       Furthermore, the case in which it is determined in step F113 that the tapping is not a
tapping operation and the process returns to step F101 is a case in which, after point in time tg, the
decrease of the energy level is not detected even if the first time period THtml is reached. That is,  



37 this is a case in which the second increase of the energy level is as shown in Fig. 83.       In a case
where the process proceeds to step F115, the determination processing unit 55 determines that a
double tapping as a conscious operation of the user has been performed. In that case, an operation
detection signal Sdet indicating that an operation has occurred is output to the control unit 38.       The
determination processing unit. 55 performs the above energy increase/decrease determination
process in the time axis as shown in Fig. 7, making it possible for the tapping detection unit 37 of this
example to easily make a determination as to a tapping operation without causing an increase of
resources.       In a case where a tap has occurred, the energy level (amplitude) of the low-frequency
components of the microphone input signal increases. Accordingly, by monitoring the energy of the
low-frequency components of the audio signal, waveform analysis or the like is not performed and a
tapping is detected by the energy increase/decrease determination.       As a result, a reduction in the
processing burden for detecting an operation and a reduction in cost are made possible. In particular,
in a small apparatus with few resources like the noise cancellation unit 14 of the NC  38 headphone
10, a necessary detection process becomes possible with simple and easy operations as described
above, which is very effective. 



Furthermore, it is constantly necessary to perform the process for detecting an operation input to deal
with nonregular user operations. For this reason, since the process is a process with a small number
of calculations as a signal processing in the time axis, the process is suitable as a process that is
constantly performed.       Furthermore, since the process is a simple and easy process, the operation
detection time period is shortened and device operation having a satisfactory response becomes
possible.       Furthermore, in the case of this example, a determination as to two continuous taps
(double tapping) is made by using the second time period THtm2 as a reference, and in the case
where the double tap has occurred, the double tap is recognized as the open of the user.       In
addition, for the determination as to each of the first and confirmation taps, by using the first time
period THtml as a reference, the instantaneous increase/decrease of the energy level of the signal S is
confirmed.       That is, in the energy increase/decrease determination process of Fig. 7, in a case
where the detection of the increase and the decrease of the energy level of the signal  39 S within the
first time period THtml occurs a plurality of times (two times in this example) within the second time
period THtm2 that is longer than the first time period THtml, the tapping detection unit 37 detects that a
tapping input operation has been performed. 



Therefore, first, when an increase of the energy level has occurred, it is not immediately determined
that the tapping is a tapping operation, making it possible to avoid a situation where an increase in the
energy level due to other external noise or the like is erroneously detected as tapping. For example,
extrinsic noise, such as wind noise, the time during which the user continues to touch the mics 121J
and 12R, can be prevented from being erroneously detected.       Furthermore, recognition of a double
tapping as an operation excludes a case in which the user erroneously operates the mic 12L or 12R
and the influence of extrinsic noise, and is useful to increase the detection accuracy when compared
to the one tapping operation.       Furthermore, according to the configuration example shown in Fig. 5,
it is possible for the user to perform a tapping operation of either of the right and left mics 12L and 12R
as desired.       For example, when one of the hands is occupied while having a bag, it becomes
possible to easily perform a  40 tapping operation by the free hand, thereby achieving ease of
operation.       Then, in response to the tapping detection unit 37 detecting a tapping operation as
described above, the control unit 38 performs control corresponding to the operation content assigned
to the tapping operation, for example, the control shown earlier as an example.       If he control unit 38
is made to transmit a command for controlling the operation of the medium player 20, it is possible for
the user to perform an operation while the medium player 20 is carried in a pocket or a bag during
commuting 



Furthermore, since the operation is a process of tapping with a finger, it is possible to institutively
control the medium player 20 or the noise cancellation unit 14.       Furthermore, since the operation is
a method of tapping the mics 12L and 12R, if an ordinary (inexpensive) mic, and a signal processing
unit of a CPU/DSP or the like are available, mounting is possible without using a special sensor, such
as a touch sensor, which is useful for reducing the cost.       In addition, in the case of the NC
headphone 10 of this example, the mics 12L and 12R are provided in the headphone unit 11 for the
purpose of a noise cancellation function.  41  Since an operation by a tapping is made possible using
the mics 12L and 12R, it is not necessary to provide a new sensor device for the purpose of inputting
an operation, the operation is suitable to reduce the cost in that point, and there is no increase of parts
forming the device.       In the example of Fig. 5, the audio signals SmL and SmR from the mics 12L
and 12R of the L and R channels are combined, and a determination as to a tapping operation is
made. Alternatively, only the audio signal (for example, the audio signal SmL) of only one of the
channels may be input to the low-pass filter 52. In that case, only the mic 12L of the channel is used
for a tapping operation. 2-3: Tapping detection unit (configuration example II)      A tapping detection
unit 33 as a configuration example II will be described with reference to Fig. 10. 



The configuration example IT is an example in which the L channel and the R channel, that is, the
mics 12L and 12R, can be assigned to separate operations, respectively.       For example, the
configuration example II is a configuration example in which the tapping of the mic 12L can be set as a
volume up and the tapping of the mic 12R as a volume down.       As shown in Fig. 10, the tapping
detection unit 37 adopts a tapping detection configuration of two independent systems using an L
channel and an R channel.  42       That is, a lc pass'filter 52L, a conversion-toabsolute-value circuit
53L, a low-pass filter 54L, and a determination processing unit 55L are provided for the audio signal
SmL from the mic 121- Furthermore, a low-pass filter 52R, a conversion-to-absolute-value circuit 53R,
a low-pass filter 54R, and a determination processing unit 55? are provided for the audio signal SmR
from the mic 12R.       The operations of the low-pass filters 52L and 52R, the
conversion-to-absolute-value circuits 53L and 53R, and the low-pass filters 54L and 54? are the same
as the operations of the low-pass filter 52, the conversion-to-absolute-value circuit 53, and the
low-pass filter 54 of the configuration example I. Thus, repeated descriptions thereof are omitted.
Furthermore, itsufficient that each of the determination processing units 55L and 55R performs, for
example, an energy increase/decrease determination process . as shown in Fig. 7. 



Then, when the determination processing unit 55L detects a. double tapping with regard to the signal
S obtained from the audio signal SmL, the determination processing unit 55L outputs an operation
detection signal SdetL to the control unit 38.       When the determination processing unit 55? detects a
double tapping with regard to the signal S obtained from the audio signal SmR, the determination
processing unit SSR  43 outputs an operation detection signal SdetR to the control unit 38.       The
control.. unit .38 is able to recognize two types of operation inputs on the basis of the operation
detection signals SdetL and SdetR, and is able to control, for example, the volume up/down in
response to those signals.       In accordance with the configuration example II, it possible to
separately perform two types of operations using the right and left mics 12L and 12R, which improves
usability of the user. 2-4: Tapping detection unit (configuration example III)       Next, a configuration
example III is shown in Fig. 11. Similarly to the configuration example II, the configuration example III
is an example in which the L channel and the R channel, that is, the mics 12L and 12R, can be
assigned to separate operations, respectively. In the case of the configuration example II, since the
tapping detection unit 37 is simply installed with two tapping detection processing 



systems, the burden caused by the configurationcreased. The configuration example III is an example
in which the burden caused by the configuration can be reduced.       In the configuration example III,
the tapping detection unit 37 performs a channel determination process for making a determination as
to whether the channel contains tapping sound between the audio signals Sm.1, and SmR of a
plurality  of channels, and performs an energy increase/decrease determination process for an audio
signal in which audio signals of a plurality of channels are added or subtracted. As a result, the
detection of the tapping input operation and the detection of the channel in which the tapping input
operation is performed are performed. Ins case, as shown in Fig. 11, the audio signal SmL from the
mic 12L is input to the low-pass filter 52L, and the low-frequency components thereof are extracted at
the cut-off frequency fcl.       Furthermore, the audio signal SmR from the mic 12R is input to the
low-pass filter 52R, and the low-frequency components thereof are extracted at the cut-off frequency
fel.       The output of the low-pass filter 52L is supplied to the conversion-to-absolute-value circuit 56L
and the subtractor 59. 



Furthermore, the output of the low-pass filter 52R is supplied to the conversion-to-absolute-value
circuit 56R and the subtractor 59.       The conversion-to-absolute-value circuit 56L converts the output
of the low-pass filter 52L into an absolute value and supplies it to the subtractor 57. The
conversion-toabsolute-value circuit 56R converts the output of the low-pass filter 52R into an absolute
value and supplies it to  45 the subtractor 57.       Therefore, for the output of the subtractor 57, a
difference of the energy levels of the low-frequency components of the audio signals SmL and SmR of
the right and left channels appears.       The output of the subtractor 57 is made to be an envelope
signal in the low-bass filter 53 at the cut-off frequency fc2 and supplies the envelope signal to the
determination processing unit 55.       In the determination processing unit 55, when a tapping is
performed to one of the mics 12L and 12R, the positive and negative determination of the envelope
signal makes it possible to detect which one of the mica 12L and 12R the tapping has been performed
to.       A subtraction process is performed by the subtractor 59 on the low-frequency componenL..., of
the audio signals SmL and SmR that are extracted by the low-pass filters 52L and 52R, and a
difference value is extracted. 



In a case where a tapping is performed on one of the mics 121., and 12R, the energy of the
low-frequency components of the tapped audio signal increases. Therefore, for the output of the
subtractor 59, the energy increase components due to the tapping appear.       The output of the
subtractor 59 is converted into an absolute value by the conversion-to-absolute-value circuit  46 is
made to be a signal S that is converted into an envelope by the low-pass filter 54 at a cut-off frequency
fc2, and is supplied to the determination processing unit 55.       In the determination processing unit
55, an energy increase/decrease determination process is performed on the signal S. When a double
tapping is detected with regard to the signal S, an operation detection signal Sdet and a determination
signal D-LR of the L/R channel are output to the control unit 38.       It is sufficient that the energy
increase/decrease determination process of the determination processing unit 55 in this case is
performed as in, or example, Fig. 12. 



In Fig. 12, the processes that are the same as those of Fig. 7 above are designated with the same
step numbers, and duplicated descriptions thereof are omitted.       In the process of Fig. 12, the
detection of a first tapping is performed in steps F101 to F106. Furthermore, in steps F107 to F110,
the time period from the first tapping until a second tapping is monitored. The above is similar to that of
Fig. 7.       If there is an increase in the energy level of the signal S that is expected to be determined
to be a second tapping in step F110, the determination processing unit 55 makes an LiF determination
in step F130. For this, a determination is made as to whether the  47 signal from the low-pass filter 58
of Fig. 11 is positive or negative at this point in time. In the case of a configuration in which the
absolute value-converted signal of the R channel is subtracted from the absolute value-converted
signal of the L channel in the subtractor 57 as in Fig. 11, if the signal from the low-pass filter 58 is
positive, the channel is determined to be an L channel, and if the signal is negative, the channel is
determined to be an R channel.       That is, this L/R determination is a process for detecting wioh one
of the mics 12L and 12R has been tapped.       Next, the determination processing unit 55 performs a
confirmation process for confirming the tapping is a second tapping in steps F111 to F114 in the same
manner as in the case of Fig. 7. 



Then, if a decrease of the energy level of the signal S within the second time period THtm2 is detected
in step F114,          etermined in step F115A that the second tapping has been performed.       At this
time, the determination processing unit 55 outputs the operation detection signal SdetL and the
determination signal D-LR of the L/R channel to the control unit 38. The determination signal D-LR is
generated on the basis of the P determination process in step 5130. In the case of the configuration
example ITT, the  48 control unit 38 is able to recognize two types of operation inputs in which the
mics 12L and 12R are used separately in accordance with the operation detection signal Sdet and the
determination signal D-LR, and is able to control, for example, volume up/down in accordance with
those signals.       Therefore, on the basis of the configuration example III, it is possible to separately
perform two types of operations using the right and left mics 12L and 12R, which improves usability
ofuser. Moreover, the burden caused 



by the configuration of the tapping detection unit 37 can be decreased when compared with the case
of the configuration example II. In particular, because only one determination processing unit 55 is
necessary, a processing (resource) burden can be reduced.       In place of the subtractor 59, an adder
is considered to be used. 2-5: Modification of processing of tapping detection unit]       Up to this point,
examples have been given as regards to the examples of tho configuration and the examples of the
energy increase/decrease determination process of the tapping detection unit 37. More various
examples are considered as modifications of the embodiment.       In each of the above-described
examples, an example in which a double tapping is made to be a certain operation is  49 given.
However, of course, only the first tapping may be recognized as an operation. 



For example, in that case, when the process proceeds to step F106 of Fig. 7, the determination
processing unit 55 may determine the tapping to be an operation of the user and may output an
operation detection signal Sdet.       Furthermore, a triple tapping rather than a double tapping, that is,
three continuous taps, May be recognized as an operation input.       The energy increase/decrease
determination process in this case is performed as in, for example, Fig. 13.       The processes in Fig.
13, which are the same as those in Fig. 7, are designated with the same reference numerals, and
detailed descriptions thereof are omitted.       In Fig. 13, steps F101 to F114 are the same as in Fig.. 7.
Therefore, in a case where it is detected in step F114 that the signal S has decreased to less than the
threshold value TH2, this is a case in which it is determined that the second tapping has been
performed. Accordingly, the determination processing unit 55 proceeds to step F115B, whereby it is
temporarily determined that the second tapping that is estimated to be a user operation has occurred.
Then, while the determination processing unit 55 increments the counter 0n2 in step F116, the
determination processing unit 55 performs the determination of steps F117  50 and F118. 



In step F117, the determination processing unit SS determines whether or not the value of the counter
0n2 has not reached the second time period THtm2.       If the value of the counter Cn2 exceeds the
second time period THtm2 in step F117, the process returns to step F101 as indicated by "R". That is,
even if the second time period THtm2 is reached, that case is a case in which a third energy level is
not detected, and it is determined that three continuous taps as an operation has not been performed.
Furthermore, in step F118, the determination processing unit 55 determines whether or not the signal
S has increased to more than the threshold value TH1.       This is a determination process of whether
or not an increase in the energy level of the signal S by the third tapping has been observed.       When
it is determined in step F118 that the signal S has increased to more than the threshold value TH1, the
determination processing unit 55 performs the processes of steps F119 to F122.     Also, in this case,
the processes of steps F119 to F122, which are enclosed by the dashed line, are the same as the
processes (common routine) of steps F111 to F114 and steps F102 to F105, which are similarly
enclosed by the dashed  51 line. 



In step F119, first, the determination processing unit 55 resets the counter Cni to 0, and starts the
counting.       Then, while the determination processing unit 55 increments the counter Cnl in step
F120, the determination processing unit SS makes determinations of steps F121 and F122.       In step
F121, the determination processing unit 55 determines whether or not the value of the counter Ohl has
not reached the first time period THtml.      The first time period TH.tml is set as a time period for
making a determination as to whether or not the energy increase/decrease of the signal S has
occurred instantaneously in the manner described above, that is, whether or not the energy
increase/decrease is an instantaneous increase/decrease of the energy level due to a tapping
operation.       Therefore, when the value of the counter Onl exceeds the first time period THtml in step
F121, the process returns to step F101 as indicated by "R". That is, in that case, it is determined that
the tapping is not a tapping as an operation.       Furthermore, in step F122, the determination
processing unit 55 determines whether or not the signal S has decreased to less than the threshold
value TH2.  52       When it is determined in step F122 that the signal S has decreased to less than the
threshold value TH2, the determination processing unit 55 proceeds to step F123, whereby it is
determined that a third tapping as an operation has occurred. 



Then, the determination processing unit 55 determines that a triple tapping by the user as a conscious
operation has been performed, and outputs an operation detection signal Sdet indicating that an
operation has occurred to the control unit 38.       As a result of such processing, it is possible to detect
that three taps have been performed within a certain time period, and by recognizing the three taps as
an operation input, the control unit 38 can perform a certain control process.       Of course, four or
more continuous taps can also be detected as an operation. The processing in that case may be
considered by applying the processing of Fig. 13 above.       Furthermore, an operation input formed of
a combination of a plurality of taps and pauses can also be detected.       In addition, earlier, an
example is shown in which two types of operations can be recognized by each of the taps of the mics
12L and 12R in the configuration examples II and III. Alternatively, a plurality of types of operations
can also be recognized on the basis of the number of taps  53 performed.      Fig. 14 illustrates an
example of processing in which a double tapping and a triple tapping are recognized as different
operations. 



The processes in Fig. 14, which are the same as those of Fig. 13, are designated with the same
reference numerals, and descriptions thereof are omitted. Steps 8101 to 81153 are the same as those
of Fig. 13.       in a. case where it is temporarily determined in step 81153 that a second tapping has
occurred, similarly to Fig. 13, whether or not a third tapping occurs within the second time period
THtm2 is monitored in steps 8116 to 8118.       Here, in a case where the second time period THtm2
has passed while the third tapping is not detected in step F117, the process is assumed to proceed to
step F124. That is, the determination processing unit 55 determines that the number of taps performed
by the user is two, and it is determined in step F124 that the tapping is an operation input by a double
tapping operation. Then, an operation detection signal SdetW indicating that a double tapping
operation has occurred is output to the control unit 98.       On the other hand, in a case where the third
tapping is estimated, the process proceeds from step F118 to step F119, and the processes of steps
8119 to F122 are performed in the  



54 same manner as in the case of Fig. 13. Then, when the tapping is determined to be a third tapping,
the process proceeds to step F123, whereby a triple tapping as an operation is recognized. In this
case, the determination processing unit 55 outputs an operation detection. signal SdetT indicating that
a triple tapping has occurred to the control unit 38.       According to the energy increase/decrease
determination process as shown in Fig. 14, the control unit 38 is able to recognize two types of
operation inputs in accordance with the operation detection signals SdetW and SdetT, and it is
possible to perform a certain control process in accordance with each operation input.       Of course, if
a combination with. the above-mentioned configuration examples II and III is made, it is possible to
recognize four types of operation inputs as a double tapping and a triple tapping of each of the mics
12L and 12R.       It is natural that, furthermore, one tapping or four or more continuous taps may be
distinguished and recognized, and furthermore, more various operations may be made possible.
Furthermore, in the present embodiment, as an example of the NC headphone 10, the existing mica
12L and 12R for noise cancellation are used. If many microphones for operation input can be
disposed, many types of operation.  55 



inputs become possible with the microphones. 3. Embodiment applied to various types of apparatuses
Up to this point, embodiments in which the present invention is applied to the NC headphone 10 have
been described. However, the present invention can be applied to a variety of electronic apparatuses.
Hereinafter, the examples thereof will be described.       First, in the medium player 20 shown in Fig. 3,
it is considered that the audio signal processing unit 1 (the tapping detection unit 2, the control unit 3)
shown in Fig. 1 is installed.       That is, the example is a case in which the function of the noise
cancellation unit 4 is incorporated in the medium player 20. In this case, the medium player 20 is a
specific device in which the audio signal processing unit 1 of the embodiment of the present invention
is installed, and the effects that are the same as the effects of the above-mentioned NC headphone 10
can be exhibited.       The mic 4 in that case may be one that is installed in the connected headphone
device, or may be a mic device that is separate from the headphone device connected to a mic input
terminal. Of course, in a case where a mic is to be incorporated in the main body of the medium player
20, the mic may be used.  56      Furthermore, also, in an image-capturing device, such as a digital still
camera or a video camera, a. mic is often installed. By causing such an image-capturing device to be
provided with the configuration of Fig. I, an operation input using a mic becomes possible. 



In the case of a game machine, a tapping to the mic 4 can also be used for an operation in the case of
a game.       Similarly, the present invention can be applied to a personal computer, a portable
information processing device (for example, a FDA (Personal Digital Assistant)), or a mobile phone.
In a case where a mic for audio input is to be provided in these devices, an operation input as a result
of tapping the mic becomes possible. By using, for example, a stereo mic for communication installed
in a personal computer or a mobile PC, it is possible to recognize an operation by detecting tapping,
and it is possible to perform a certain process.       Furthermore, in the case of a mobile phone, a mic is
naturally provided. Consequently, the use thereof makes it possible to apply the present invention
without incurring a new installation burden of a mic device. In particular, an apparatus having a mic
disposed therein, such as an NC headphone, a medium player, a mobile phone, a mobile PC, or a
portable game machine, is often a  57 



mobile device having high portability. Thus, it is useful that the disposal of a switch that takes a large
area can be omitted.       There is a background that, since the apparatus is a small apparatus,
necessarily, the resources of a CPU and a OSP, which are installed in the inside, are limited, and the
detection algorithm is preferably lighter.       For this reason, the algorithm of the embodiment in which
the above-described energy increase/decrease determination process is performed in the time axis,
and tapping detection is performed without performing frequency analysis or the like is more effective.
in addition, the present invention can also be applied to various communication apparatuses, audio
visual (AV) apparatuses, household electrical apparatuses and the like.       Furthermore, regarding a
tapping operation, it is possible to assign a variety of operations depending on which mic is tapped, the
number of taps, the interval between taps, and the like.       Furthermore, regarding a mic, not only a
mic used for another audio input function, but also a mic dedicated for a tapping operation input may
be provided.       Furthermore, the mic used for the tapping operation may be any of a stereo
microphone, a monaural microphone, and a multi-channel microphone.  58 



Furthermore, as the operation content by Lapping operations, a variety of examples, such as an
operation regarding recording reproduction, an operation regarding transmission and reception, a
menu operation, an entry opera-on, and a power supply on/off operation, are considered.
Furthermore, the mic can also be used to create electronic mail sentences and input characters.
Examples of the creation of electronic mail and the transmission operation will be given.       Fig. 15A
illustrates an example in which an earphone speaker 101 having a mic 102 installed therein is
connected to the mobile phone 100. Of course, the mio 102 may be a mic that is installed in the main
body of the mobile phone 100.       By tapping the microphone 102, an arbitrary el.cotronic ma.il
document is created and transmitted. First, a control unit (not shown) in the mobile phone 100 sets in
advance, a special code and a select mode, as shown in Fig. 15B. 



As a special code, a double tapping within one second is set as an in/out operation of the select mode.
Furthermore, a triple tapping within one second is set as an operation for returning to the previous
selected item. For the select mode, the transmission destination  59 select, the text select, and the
execution select are provided.       In the transmission destination select mode, a person whose
address is registered can be selected as a mail transmission destination. In the text select mode,
sentence content can be selected. In the execution select mode, an operation, such as transmission or
cancellation, can be selected.       Fig. 16 illustrates an example of operations of the creation and
transmission of electronic mail.       First, when a double tapping is detected, the control unit of the
mobile phone 100 enters into a transmission destination select mode. Then, the name of the person
registered as the transmission destination is read out. 



The user listens to the name that is read out from a speaker 101, and double taps again at the time
when the name of the party to whom a text is to be transmitted this time is read out.       Then, the
control unit determines the person who is read out immediately before the double tapping as the
transmission destination. In the case of the figure, "Mr./Ms. B" is selected as the transmission
destination. Then, the control unit shifts from the transmission destination select mode to the text
select mode. In the text select mode, the control unit performs a  60 process for reading out various
texts. It is sufficient that the user listens to the text that is read out from the speaker 101, and double
taps again at the time when the text of the content to be transmitted this time is read out.
Furthermore, in a case where the readout content is desired to be returned, it is sufficient that a triple
tap be performed.       in the example in the figure, the texts are read out in the order of "currently gong
to work", "now returning", "I'll be late today" ... Here, if the user wants to select "now returning", but the
readout advanced to the next text, the user performs a triple tapping. In response to this, the control
unit reads out again the previous text "now returning". 



Here, if the user performs a double tapping, the control unit shifts from the text select mode to the
execution select mode by assuming that "now returning" is selected.       Even in the execution select
mode, the control unit performs a process for reading out execution content. Then, for example, if the
user performs a double tap at the time the text is read out as "transmission", the control unit
recognizes that "transmission" is selected, ends the execution select mode, and performs a
transmission. process. By such a process, an electronic mail document of "now  61 returning" is
created for Mr./Ms. B, and is transmitted.       As in this example, by making a determination as to the
time of tapping, it is possible to input character codes and a preset sentence. For example, in the case
in which there is a mic as in Fig. 15A, it is possible to transmit a fixed phrase by mail in a simplified
manner near the ear without chatting inside a train or without taking out a mobile phone/terminal from
a bag or the like.      In the example, types of transmission destinations and fixed phrases that are
often used by a maker or a user are preset in advance, and furthermore, rules as special codes are
determined in advance. 



As a result of the above, it is possible to transmit a text comparatively simply, efficiently, and without
being easily noticed by a person nearby.       Furthermore, in the example, a readout process is
performed at the time of selecting an item. This process is not necessarily necessary, and a
confirmation may be performed in the last or middle stage.       Furthermore, the readout of the select
item is considered to advance by a single tapping operation.       Of course, a mechanism in which, by
using the similar technique, the code of the characself rather than a fixed phrase is input, and
characters are input on a character by character basis by tapping, may be implemented.  62 For
example, although not shown in the figure, if one of "a, b, c, d, e" is selected by tapping the left ear,
and thereafter the desired level among "a level, b level, ..." are selected by tapping the right ear, it is
possible to comparatively easily input the text. 



4. Program     -The.program of the embodiment of the present invention is a program for causing a
computation processing device to perform a tapping detection step and a control step.       The tapping
detection step detects a tapping input operation on the basis of an energy increase/decrease
determination process for making a determination as to the increase and the decrease of an energy
level of the low-frequency components with regard to an audio signal picked up by a microphone that
is separately connected within a first time period.       The control step performs a certain control
process that is set for the tapping input operation in response to the tapping input operation being
detected in tne tapping detection step.       As a result of control units (computation processing
devices) of various apparatuses described above being operated in accordance with such a program,
the audio signal processing apparatus of the present invention is implemented.  63 That is, the
processes of Figs. 2 and 7 (or Fig. 12, Fig. 13, Fig 14, etc.) are performed.      Such a program can be
recorded in advance in an HDD serving as a recording medium that is incorporated in a device, such
as a personal computer, or a ROM, a flash memory, etc., in a microcomputer including a CPU. 



Alternatively, the program can be stored "recorded" temporarily or permanently on a removable
recording medium, such as a flexible disc, a compact disc read only memory (CD-ROM), a magnet
optical (MO) disc, a DVD, a Blue-ray disc, a magnetic disc, a semiconductor memory, or a memory
card. Such a removable recording medium can be provided as a so-called packaged software.
ore, in addition to being installed from a removable recording medium into a personal computer or the
like, the program can be downloaded from a download site through a network, such as a LAN (Local
Area Network) or the Internet.      The present application contains subject matter related to that
disclosed in Japanese Priority Patent Application JP 2010-088659 filed in the Japan Patent Office on
April 7, 2010, the entire contents of which are hereby incorpo_aL d by reference.      It should be
understood by those skilled in the art that various modifications, combinations, sub-combinations  64
and alterations may occur depending on design requirements and other factors insofar as they are
within the scope of the appended claims or the equivalents thereof.  65 



CLAIMS:       1. An audio signal processing apparatus comprising:       a tapping detection unit to which
an audio signal picked up by a microphone is input and that detects a tapping input operation on the
basis of an energy increase/decrease determination process for making a determination as to whether
an increase and a decrease of an energy level of low-frequency components of the audio signal occur
within a first time period; and       a control unit that perfoims a certain control process that is set for a
tapping input operation in response to a tapping input operation being detected by the tapping
detection unit,       wherein in the energy increase/decrease determination process, it is determined
whether or not the energy level of the low-frequency components of the audio signal has increased to
more than a first threshold value and thereafter the energy level has decreased to less than a second
threshold value within the first time period.       2. The audio signal processing apparatus according to
Claim 1, wherein the tapping detection unit detects that a tapping input operation has been performed
in a case where detection of the increase and the decrease of the energy level in the energy
increase/decrease determination process within the first time period occurs a plurality, of times within a
second time period longer than the first time period.  66       3. The audio signal processing apparatus
according to Claim 2, wherein audio signals of a plurality of channels are input to the tapping detection
unit, and 



the tapping detection unit performs the energy increase/decrease determination process on an audio
signal on which audio signals of a plurality of channels are added.       4. The audio signal processing
apparatus according to Claim 2, wherein audio signals of a plurality of channels are input to the
tapping detection unit, and       the tapping detection unit performs the energy increase/decrease
determination process on each of the audio signals of the plurality of channels, and detects a tapping
input operation for each channel.       5. The audio signal processing apparatus according to Claim 2,
wherein audio signals of a plurality of channels are input to the tapping detection unit, and       the
tapping detection unit perfolms a channel determination process for making a determination whether a
channel contains a tapping sound among the audio signals of the plurality of channels and performs
the energy increase/decrease deteLmination process with regard to an audio signal in which the audio
signals of the plurality of channels are added or subtracted, and detects the channel in which the
detection of the tapping input operation and the tapping input operation have been performed.  67
6. The audio signal processing apparatus according to Claim 2, further comprising a microphone,
wherein the audio signal picked up by the microphone is input to the tapping detection unit.       7. An
audio signal processing method comprising the steps of: 



detecting a tapping input operation on the basis of an energy increase/decrease determination process
for making a detelmination as to an increase or a decrease of an energy level of low-frequency
components with regard to an audio signal picked up by a microphone within a first time period; and
performing a certain control process that is set for a tapping input operation in response to a tapping
input operation being detected in the tapping detection step,       wherein in the energy
increase/decrease determination process, it is determined whether or not the energy level of the
low-frequency components of the audio signal has increased  68 to more than a first threshold value
and thereafter the energy level has decreased to less than a second threshold value within the first
time period.        S. A program for causing a computation processing device to perform the step of:
detecting a tapping input operation on the basis of an energy increase/decrease determination process
for making a determination as to an increase or a decrease of an energy level of low-frequency
components with regard to an audio signal picked up by a microphone within a first time period; 



and       performing a certain control process that is set for a tapping input operation in response to a
tapping input operation being detected in the tapping detection step,       wherein in the energy
increase/decrease determination process, it is determined whether or not the energy level of the
low-frequency components of the audio signal has increased to more than a first threshold value and
thereafter the energy level has decreased to less than a second threshold value within the first time
period. 


