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DEVICE INCLUDING SPEECH
RECOGNITION FUNCTION AND METHOD
OF RECOGNIZING SPEECH

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a continuation application of PCT International
Application No. PCT/JP2013/004813 filed on Aug. 9, 2013,
designating the United States of America, which is based on
and claims priority of Japanese Patent Application No.
2012-287724 filed on Dec. 28, 2012. The entire disclosures
of the above-identified applications, including the specifi-
cations, drawings and claims are incorporated herein by
reference in their entirety.

FIELD

The present disclosure relates to devices including a
speech recognition function and methods of recognizing
speech.

BACKGROUND

Recent years have seen development of electronic devices
including a speech recognition function. For example, at the
beginning of the year 2012, Samsung Electronics Co., Ltd.
released a television (TV) which can be operated using
speech recognition.

The TV can be operated by speech from a user (herein-
after, may also be referred to as user speech) in the following
manner. The user speaks a keyword which instructs, for
example, turning the volume up or down, or selecting a
channel. When the speech recognition function included in
the TV recognizes the keyword, a command associated with
the keyword is issued to the TV, thereby operating the TV.

In this case, the keyword may be output by the TV itself
by chance. For example, it is assumed that the speech
“channel 10” is the keyword instructing the TV channel to
be changed to channel 10. When a person appearing on a TV
program on the TV speaks “channel 10” by chance, the
speech “channel 10” is output from a loudspeaker of the TV.
The output speech is collected by a microphone and recog-
nized, resulting in an unintentional change of the TV channel
to channel 10.

Patent Literature (PTL) 1 and PTL 2, for example, dis-
close techniques to prevent a device from incorrectly oper-
ating due to the speech output by the device itself.

When a keyword spoken by a user causes a device to issue
a command associated with the keyword, the user speech
needs to be accurately recognized. PTL 3, for example,
discloses such a technique for accurately recognizing the
user speech.

CITATION LIST

Patent Literature

[PTL 1] Japanese Unexamined Patent Application Publica-
tion No. 2003-44069

[PTL 2] Japanese Unexamined Patent Application Publica-
tion No. 2006-171077

[PTL 3] Japanese Patent No. 4554044
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2
SUMMARY

Technical Problem

However, there is a demand for more accurately prevent-
ing a device from incorrectly operating due to the speech
output by the device itself.

One non-limiting and exemplary embodiment provides a
device including a speech recognition function, which pre-
vents the device from incorrectly operating due to speech
output by the device itself.

Solution to Problem

A device including a speech recognition function accord-
ing to one aspect of the present disclosure is a device
including a speech recognition function which recognizes
user speech which is speech from a user. The device
includes: a loudspeaker which outputs speech to a space; a
microphone which collects speech in the space; a first
speech recognition unit which recognizes the speech col-
lected by the microphone; a command issuance unit which
issues a command for controlling the device including the
speech recognition function, based on the speech recognized
by the first speech recognition unit; and a control unit which
prohibits the command issuance unit from issuing the com-
mand, based on the speech to be output from the loud-
speaker.

This prevents the device from incorrectly operating due to
recognizing the speech output by the device itself by chance
without the user’s intent. In other words, it is possible to
prevent the device from incorrectly operating due to the
speech output by the device itself.

These general and specific aspects may be implemented
using a system, a method, an integrated circuit, a computer
program, or a computer-readable recording medium such as
a CD-ROM, or any combination of systems, methods,
integrated circuits, computer programs, or computer-read-
able recording media.

Advantageous Effects

One or more exemplary embodiments or features dis-
closed herein provide a device including a speech recogni-
tion function, which prevents the device from incorrectly
operating due to the speech output by the device itself.

BRIEF DESCRIPTION OF DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings that illustrate a specific embodiment of the present
invention.

FIG. 1 is a block diagram illustrating a configuration of a
device including a speech recognition function according to
Embodiment 1.

FIG. 2 is a flowchart illustrating operations of the device
including the speech recognition function.

FIG. 3 is a block diagram illustrating a configuration of a
device including a speech recognition function according to
Embodiment 2.

FIG. 4 is a flowchart illustrating operations of the device
including the speech recognition function.
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FIG. 5 is a block diagram illustrating a configuration of a
device including a speech recognition function according to
Variation of Embodiment 2.

FIG. 6 is a block diagram illustrating a configuration of a
device including a speech recognition function including a
downsampler which downsamples an output to be provided
from a microphone.

FIG. 7 is a block diagram illustrating another example of
the configuration of the device including the speech recog-
nition function according to Embodiment 1.

FIG. 8 is a flowchart illustrating an example of operations
of the device including the speech recognition function
illustrated in FIG. 7.

FIG. 9 is a block diagram illustrating another example of
the configuration of the device including the speech recog-
nition function according to Embodiment 2.

FIG. 10 is a flowchart illustrating an example of opera-
tions of the device including the speech recognition function
illustrated in FIG. 9.

FIG. 11A is a block diagram illustrating a configuration of
a device including a speech recognition function according
to Comparative Example 1.

FIG. 11B is a block diagram illustrating a configuration of
a device including a speech recognition function according
to Variation of Comparative Example 1.

FIG. 12A is a block diagram illustrating an example of a
configuration of a device including a speech recognition
function according to Comparative Example 2.

FIG. 12B is a block diagram illustrating another example
of the configuration of the device including the speech
recognition function according to Comparative Example 2.

DESCRIPTION OF EMBODIMENTS

In order to prevent the device from incorrectly operating
due to the speech output by the device itself as described
above, a device including a speech recognition function
according to one aspect of the present disclosure is a device
including a speech recognition function which recognizes
user speech which is speech from a user. The device
includes: a loudspeaker which outputs speech to a space; a
microphone which collects speech in the space; a first
speech recognition unit which recognizes the speech col-
lected by the microphone; a command issuance unit which
issues a command for controlling the device including the
speech recognition function, based on the speech recognized
by the first speech recognition unit; and a control unit which
prohibits the command issuance unit from issuing the com-
mand, based on the speech to be output from the loud-
speaker.

This prevents the device from incorrectly operating due to
the speech output by the device itself.

Moreover, it may be that the control unit includes a
second speech recognition unit which recognizes the speech
to be output from the loudspeaker, and that the control unit
determines whether or not the speech recognized by the
second speech recognition unit matches a predetermined
keyword, and when the speech recognized by the second
speech recognition unit matches the predetermined key-
word, prohibits the command issuance unit from issuing the
command.

With this, when the speech output from the loudspeaker is
a predetermined keyword, a command for controlling the
device itself is not issued. Accordingly, by setting a word
associated with a command to a keyword, it is possible to
more reliably prevent the device from incorrectly operating
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4

due to recognizing the speech output by the device itself by
chance without the user’s intent.

Moreover, a device including a speech recognition func-
tion according to another embodiment of the present disclo-
sure is a device including a speech recognition function
which recognizes user speech which is speech from a user.
The device includes: at least one loudspeaker which outputs
speech to a space; a microphone which collects speech in the
space; a speech recognition unit which recognizes the user
speech among the speech collected by the microphone; a
downsampler which downsamples a speech signal to have a
narrower bandwidth, the speech signal being an electric
signal of the speech to be output from the at least one
loudspeaker; and an echo canceller which estimates, based
on the speech signal downsampled, an echo component
which is the speech collected by the microphone among the
speech output from the at least one loudspeaker, and cancels
the echo component estimated, from the speech collected by
the microphone. The speech recognition unit recognizes the
user speech by recognizing speech from which the echo
canceller has canceled the echo component.

With this, the user speech is accurately recognized with-
out being interrupted by the speech output by the device
itself. Furthermore, the amount of computation by the echo
canceller can be reduced by providing a downsampler in a
stage prior to the echo canceller. In other words, accurate
speech recognition can be performed with less amount of
computation.

Moreover, it may be that the downsampler downsamples
the speech signal input to the downsampler, by less than or
equal to (1/N)°0.5, when the at least one loudspeaker com-
prises N loudspeakers where N is an integer greater than or
equal to 2.

With this, even when a loudspeaker of a device supports
a multi-channel signal, the user speech can be accurately
recognized without being interrupted by the speech signal
output by the device itself, with the amount of computation
less than or equal to that required in a loudspeaker which
supports a monaural-channel signal.

Moreover, the device including the speech recognition
function may further include a command issuance unit
which issues a command for controlling the device including
the speech recognition function, based on the speech rec-
ognized by the speech recognition unit. It may be that the
speech recognition unit prohibits the command issuance unit
from issuing the command based on the echo component, by
recognizing speech from which the echo canceller has
canceled the echo component.

These general and specific aspects may be implemented
using a system, a method, an integrated circuit, a computer
program, or a computer-readable recording medium such as
a CD-ROM, or any combination of systems, methods,
integrated circuits, computer programs, or computer-read-
able recording media.

Prior to describing a device including a speech recogni-
tion function according to each embodiment, devices includ-
ing a speech recognition function according to Comparative
Examples 1 and 2 of the present disclosure will be described.

In order to prevent a device from incorrectly operating
due to the speech output by the device itself as described
above, as the technique in PTL 1 discloses, a watermark
signal may be inserted to a speech signal which is an electric
signal of speech to be output from a loudspeaker.

FIG. 11Ais a block diagram illustrating a configuration of
a device including a speech recognition function according
to Comparative Example 1 of the present disclosure.
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As FIG. 11A illustrates, in the device including the speech
recognition function according to Comparative Example 1,
a watermark signal is inserted to speech received by a TV
reception display unit 800, before the speech is output from
a loudspeaker 801. On the other hand, a speech signal of
speech collected by a microphone 802 undergoes watermark
detection, and undergoes speech recognition by a first
speech recognition unit 803. The first speech recognition
unit 803 does not perform speech recognition on the speech
component for which the watermark signal has been
detected. Subsequently, information of the recognition result
is converted into a command to the TV reception display
unit 800.

The technique disclosed in PTL 2 may be applied to the
device including the speech recognition function according
to Comparative Example 1.

FIG. 11B is a block diagram illustrating a configuration of
a device including a speech recognition function according
to Variation of Comparative Example 1 to which the tech-
nique disclosed in PTL 2 has been applied to the Compara-
tive Example 1.

As FIG. 11B illustrates, in the device including the speech
recognition function according to Variation of Comparative
Example 1, speech is recognized by a second speech rec-
ognition unit 804 before the speech is output from the
loudspeaker 801. On the other hand, the speech collected by
the microphone 802 is recognized by the first speech rec-
ognition unit 803, and the recognition results by the two
recognition units (the first speech recognition unit 803 and
the second speech recognition unit 804) are compared by a
canceling unit 805. The recognition result by the second
speech recognition unit 804 is canceled from the recognition
result by the first speech recognition unit 803, and the
recognition result after the cancellation is converted into a
command to the TV reception display unit 800.

PTL 3 discloses a technique for echo cancellation as a
technique for improving speech recognition rate.

FIG. 12A and FIG. 12B each are block diagrams illus-
trating a configuration of a device including a speech
recognition function according to Comparative Example 2
of the present disclosure which includes such an echo
canceling function.

As FIG. 12A and FIG. 12B illustrate, the basic idea for
echo cancellation is to determine the speech output from
loudspeakers 901 and collected by a microphone 902 as
echo, and speech recognition is performed on the speech
after canceling the echo by an echo canceller 904 included
in the device including the speech recognition function.
With this, user speech can be recognized without being
interrupted by the speech output by the device including the
speech recognition function, and the recognition result can
be converted into a command to the TV reception display
unit 900.

When the speech signal output from the TV reception
display unit 900 is a stereo signal, echo cannot be canceled
by one echo canceller. Hence, as FIG. 12A illustrates, a
signal to be output from the loudspeakers need to be
converted into a monaural signal in the speech recognition
mode, or as FIG. 12B illustrates, a plurality of echo can-
cellers need to be used.

In the configuration according to Comparative Example 1,
however, a watermark signal multiplexed on a speech signal
before the speech signal is output from the loudspeaker 801
is highly likely to be canceled by various noise in the space
after the multiplexed signal is output from the loudspeaker
801. Accordingly, causing the microphone side to cancel the
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6

speech output by the device including the speech recognition
function (for example, TV) is substantially unlikely.

Moreover, the configuration according to Variation of
Comparative Example 1 requires complicated processing in
which two speech recognition results are analyzed and
compared, and then the speech recognition results them-
selves are altered (canceled).

In the configuration according to Comparative Example 2,
when a signal to be output from the loudspeakers 901 is
converted into a monaural signal (as in FIG. 12A), the
original speech quality is degraded in the speech recognition
mode. On the other hand, when the speech output from the
loudspeakers 901 remains unchanged as a stereo signal, and
a plurality of echo cancellers 904 are used (as in FIG. 12B),
the amount of computation by the echo cancellers 904 is
significantly large. This is because the amount of computa-
tion by the echo cancellers 904 increases in proportion to the
square of the frequency band of the speech signal input from
the microphone 902. Specifically, a speech signal of TV has
a bandwidth of 24 kHz, and a speech signal subject to speech
recognition has a bandwidth of 8 kHz at most. In view of
this, the amount of computation required by the echo can-
cellers 904 is nine times (that is, (24/8)"2 times) as much as
the amount of computation which is originally required
(appropriate). In addition, converting into a stereo signal
requires double amount of computation.

Hereinafter, embodiments are described in greater detail
with reference to the accompanying Drawings.

Each of the embodiments described below shows a gen-
eral or specific example. The numerical values, structural
elements, the arrangement and connection of the structural
elements, steps, the processing order of the steps etc. shown
in the following embodiments are mere examples, and
therefore do not limit the scope of the present disclosure.
Therefore, among the structural elements in the following
embodiments, structural elements not recited in any one of
the independent claims are described as arbitrary structural
elements.

Embodiment 1

A device including a speech recognition function accord-
ing to Embodiment 1 recognizes speech to be output from a
loudspeaker, and when the recognized speech matches a
predetermined keyword, the device prohibits issuance of a
command for controlling the device. This prevents the
device including the speech recognition function from incor-
rectly operating due to the speech output by the device itself.

Hereinafter, a description is given of a device including a
speech recognition function according to Embodiment 1
with reference to the accompanying Drawings.

FIG. 1 is a block diagram illustrating a configuration of
the device including the speech recognition function accord-
ing to Embodiment 1. In Embodiment 1, as a device includ-
ing a speech recognition function 1, a description is given of
an example of a TV including a speech recognition function.
In other words, the device including the speech recognition
function 1 according to Embodiment 1 is a TV including a
speech recognition function.

The device including the speech recognition function 1
illustrated in FIG. 1 includes: a TV reception unit 100 which
receives a TV signal and generates a speech signal; a
loudspeaker 101 which outputs the speech signal into a
space as speech; a microphone 102 which collects speech in
the space as a speech signal; a first speech recognition unit
103 which recognizes the speech collected by the micro-
phone 102; a second speech recognition unit 104 which
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recognizes the speech to be output from the loudspeaker
101; a command control unit 105 which converts output
information from the first speech recognition unit 103 into a
command to the TV reception unit 100; and a switch 106.
Hereinafter, a configuration of the device including the
speech recognition function 1 will be specifically described.

The TV reception unit 100 is, for example, a tuner, which
receives a TV signal including a video signal and a speech
signal transmitted from outside of the device including the
speech recognition function 1. The TV reception unit 100
outputs a speech signal included in the received TV signal
to the loudspeaker 101, and outputs a video signal included
in the received TV signal to an image display unit (not
illustrated) such as a liquid crystal panel. The TV reception
unit 100, for example, switches between reception channels
according to a command provided from the command con-
trol unit 105.

The loudspeaker 101 converts a speech signal which is an
electric signal output from the TV reception unit 100 into
physical vibration to generate speech which is air vibration.
In other words, the loudspeaker 101 outputs speech corre-
sponding to the speech signal to a space.

The microphone 102 converts speech into a physical
signal to generate a speech signal which is an electric signal.
In other words, the microphone 102 collects speech.

The first speech recognition unit 103 recognizes the
speech collected by the microphone 102. Specifically, the
first speech recognition unit 103 recognizes the speech
collected by the microphone 102 by analyzing the speech
signal output from the microphone 102. The first speech
recognition unit 103 outputs information indicating the
recognized speech to the command control unit 105.

The second speech recognition unit 104 recognizes
speech to be output from the loudspeaker 101 by analyzing
a speech signal that is before being output from the loud-
speaker 101. When the recognized speech matches a prede-
termined keyword, the second speech recognition unit 104
turns off the switch 106. In other words, the second speech
recognition unit 104 prohibits the command control unit 105
from issuing a command to the TV reception unit 100. For
example, the second speech recognition unit 104 includes a
storage unit for storing keywords registered by a user. When
the recognized speech is stored in the storage unit, the
second speech recognition unit 104 determines that the
recognized speech matches a predetermined keyword, and
turns off the switch 106.

The command control unit 105 generates a command in
accordance with the speech recognized by the first speech
recognition unit 103. In other words, the command control
unit 105 converts the speech recognized by the first speech
recognition unit 103 into a command. Specifically, when the
speech recognized by the first speech recognition unit 103 is
a predetermined keyword, the command control unit 105
generates a command associated with the keyword, and
issues the generated command to the TV reception unit 100
via the switch 106. For example, the command control unit
105 includes a storage unit storing commands and informa-
tion indicating predetermined keywords associated with the
commands. When the speech recognized by the first speech
recognition unit 103 matches any one of the keywords stored
in the storage unit, the command control unit 105 issues a
command associated with the matched keyword.

The switch 106 switches between issuance and non-
issuance of the command converted by the command control
unit 105 to the TV reception unit 100, by turning on and off
according to an instruction from the second speech recog-
nition unit 104. Specifically, the switch 106 turns off when

10

15

20

25

30

35

40

45

50

55

60

8

the speech recognized by the second speech recognition unit
104 matches a predetermined keyword, and turns on when
no match is found. In other words, the second speech
recognition unit 104 and the switch 106 prohibit the com-
mand control unit 105 from issuing a command, based on
the speech to be output from the loudspeaker 101.

Next, operations of the device including the speech rec-
ognition function 1 configured as above will be described.

FIG. 2 is a flowchart illustrating operations of the device
including the speech recognition function 1 according to
Embodiment 1.

First, the TV reception unit 100 receives a TV signal, and
generates a speech signal based on the received TV signal
(S101).

The speech signal thus generated is output to a space by
the loudspeaker 101 (S102). Specifically, the loudspeaker
101 converts the speech signal generated by the TV recep-
tion unit 100 into speech which is air vibration, and outputs
the speech to the space.

A speech signal, which is in the space and which includes
the speech signal output to the space from the loudspeaker
101, is collected by the microphone 102 (S103). Specifically,
the microphone 102 converts speech which is air vibration
in the space into a speech signal which is an electric signal.
In other words, the microphone 102 collects speech.

The speech signal collected by the microphone 102 is
recognized by the first speech recognition unit 103 (S104).
Specifically, the first speech recognition unit 103 recognizes
the speech collected by the microphone 102 by analyzing the
speech signal output from the microphone 102. The first
speech recognition unit 103 outputs information indicating
the recognized result to the command control unit 105.

On the other hand, the speech signal before being output
from the loudspeaker 101 is recognized by the second
speech recognition unit 104 (S105).

Here, as described above, the command control unit 105
issues a predetermined command to the TV reception unit
100 based on the output information from the first speech
recognition unit 103. When the output information from the
second speech recognition unit 104 matches a predetermined
keyword, the control unit including the second speech
recognition unit 104 and the switch 106 performs control
such that the command control unit 105 does not issue a
command to the TV reception unit 100.

Specifically, after the second speech recognition unit 104
recognizes speech to be output from the loudspeaker 101
(after S105), the second speech recognition unit 104 deter-
mines whether or not the speech to be output from the
loudspeaker 101 matches a predetermined keyword (S106).
When a match is found (Yes in S106), the switch 106 is
turned off to prohibit the command control unit 105 from
issuing a command to the TV reception unit 100 (S107). On
the other hand, when no match is found (No in S106), the
switch 106 is kept on to cause the command control unit 105
to issue a command to the TV reception unit 100 (S108). In
other words, issuance of a command from the command
control unit 105 to the TV reception unit 100 is permitted.

In this way, when the speech output from the device
including the speech recognition function 1 matches a
predetermined keyword, the command control unit 105 does
not issue a command indicated by the keyword, to the TV
reception unit 100. This reduces an incorrect operation of the
device including the speech recognition function 1 caused
due to the speech output by the device 1 itself.

For example, it is assumed that when the first speech
recognition unit 103 recognizes the words “channel 10”, the
command control unit 105 is set to issue, to the TV reception
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unit 100, a command for changing the reception channel to
channel 10. In other words, it is assumed that the words
“channel 10” are a keyword for issuing a command for
changing the reception channel to channel 10.

In this case, if a person appearing on the TV program
being received speaks “channel 10” by chance, the loud-
speaker 101 outputs the speech signal of “channel 107, the
keyword is collected by the microphone 102, and recognized
by the first speech recognition unit 103. Here, since the
second speech recognition unit 104 recognizes the speech
signal to be output to the loudspeaker 101, the second speech
recognition unit 104 also recognizes the keyword “channel
10”. In this case, it can be determined that the keyword
“channel 10” recognized by the first speech recognition unit
103 is the speech which has been output from the loud-
speaker 101 and which has been recognized by the first
speech recognition unit 103, and that the keyword “channel
10” is thus not a speech instruction from the user. Accord-
ingly, the device including the speech recognition function
1 does not change the channel to channel 10.

In other words, when the second speech recognition unit
104 recognizes the keyword “channel 107, that is, when the
recognition result by the second speech recognition unit 104
matches the recognition result by the first speech recognition
unit 103, the second speech recognition unit 104 operates as
described below. Specifically, the second speech recognition
unit 104 turns off the switch 106 to prohibit the command
control unit 105 from issuing a command to the TV recep-
tion unit 100. Accordingly, a command instructing the TV
reception unit 100 to change the channel to channel 10 is not
issued to the TV reception unit 100.

In contrast, when the second speech recognition unit 104
does not recognize the keyword “channel 107, that is, when
the recognition result by the second speech recognition unit
104 does not match the recognition result by the first speech
recognition unit 103, the second speech recognition unit 104
operates as described below. Specifically, the second speech
recognition unit 104 keeps the switch 106 on to permit the
command control unit 105 to issue a command to the TV
reception unit 100. Accordingly, a command instructing the
TV reception unit 100 to change the channel to channel 10
is issued from the command control unit 105 to the TV
reception unit 100. Accordingly, the device including the
speech recognition function 1 changes the channel to chan-
nel 10.

As described above, even if the first speech recognition
unit 103 recognizes a keyword associated with a command,
the device including the speech recognition function 1
determines that the keyword recognized by the first speech
recognition unit 103 is not a speech instruction from the user
when the second speech recognition unit 104 recognizes the
same keyword, and the device 1 does not operate according
to the command associated with the keyword. On the other
hand, when the second speech recognition unit 104 does not
recognize the keyword which is the same as the one recog-
nized by the first speech recognition unit 103, the device 1
determines that the keyword recognized by the first speech
recognition unit 103 is a speech instruction from the user,
and operates according to the command associated with the
keyword.

In other words, when the recognition result by the second
recognition unit 104 matches a predetermined keyword, the
second speech recognition unit 104 turns off the switch 106
to prohibit the command control unit 105 from issuing a
command to the TV reception unit 100. Accordingly, when
the keyword recognized by the second speech recognition
unit 104 matches a predetermined keyword, the device
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including the speech recognition function 1 does not operate
according to the command indicated by the keyword.

The keyword “channel 10” above is a mere example, and
any keywords may be used instead. A command does not
have to be issued to the TV reception unit 100. For example,
a command may be issued to an image display unit which
displays an image according to an image signal of a TV
signal received by the TV reception unit 100. Specifically, it
may be that keywords such as “brighten” and “darken” are
used so that the command control unit 105 issues a com-
mand for controlling the image display unit according to
such keywords. Alternatively, it may be that keywords such
as “turn the volume up” and “turn the volume down” are
used so that a command is issued for controlling the loud-
speaker 101 according to such keywords.

The speech signal input to the second speech recognition
unit 104 does not have to be a signal which is immediately
before being output from the loudspeaker 101, but may be
a speech signal in one of stages from when the speech signal
is received and reproduced by the TV reception unit 101 to
when the speech signal is output from the loudspeaker 101.
When the speech signal is an analog signal, of course, the
signal is converted to a digital signal by an analog to digital
(AD) converter in one of stages before the signal is input to
the second speech recognition unit 104.

As described above, the device including the speech
recognition function 1 according to Embodiment 1 includes:
the loudspeaker 101 which outputs speech to a space; the
microphone 102 which collects speech in the space; the first
speech recognition unit 103 which recognizes the speech
collected by the microphone 102; the second speech recog-
nition unit 104 which recognizes the speech to be output
from the loudspeaker 101; the command control unit 105
which issue a command for controlling the device 1, based
on the speech recognized by the first recognition unit; and
the switch 106. The second speech recognition unit 104 and
the switch 106 prohibit the command control unit 105 from
issuing a command, based on the speech to be output from
the loudspeaker 101. The command control unit 105 corre-
sponds to the command issuing unit, and the second speech
recognition unit 104 and the switch 106 correspond to the
control unit.

This prevents the device including the speech recognition
function 1 from incorrectly operating due to the speech
output by the device 1 itself.

Specifically, when the output information which is the
speech recognition result by the second speech recognition
unit 104 does not match a specific keyword, a command
associated with the keyword is issued to the TV reception
unit 100. When the output information matches the specific
keyword, a command associated with the output information
which is the speech recognition result by the first speech
recognition unit 103 is not issued. In other words, the second
speech recognition unit 104 recognizes speech to be output
from the loudspeaker 101, and determines whether the
recognized speech matches a predetermined keyword. When
a match is found, the second speech recognition unit 104
turns off the switch 106 to prohibit the command control unit
105 from issuing a command to the TV reception unit 100.

With this, when the speech output from the loudspeaker
101 is a predetermined keyword, a command for controlling
the device including the speech recognition function 1 is not
issued. Accordingly, by setting speech associated with a
command to a keyword, it is possible to prevent the speech
output by chance by the device including the speech recog-
nition function 1 without user’s intent from being recog-
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nized and resulting in an unintended operation. In other
words, an incorrect operation of the device 1 can be pre-
vented more reliably.

In Embodiment 1, when the speech recognition result by
the second speech recognition unit 104 matches a predeter-
mined keyword, the second speech recognition unit 104
turns off the switch 106 to prohibit the command control unit
105 from issuing a command to the TV reception unit 100.
However, the issuance of a command to the TV reception
unit 100 may be prohibited in other ways. For example, it
may be that the device including the speech recognition
function 1 does not include the switch 106, and when the
speech recognition result by the second speech recognition
unit 104 matches a predetermined keyword, issuance of a
command to the TV reception unit 100 may be prohibited by
stopping generation of a command by the command control
unit 105.

Embodiment 2

A device including a speech recognition function accord-
ing to Embodiment 2 downsamples a speech signal, which
is an electric signal of speech to be output from a loud-
speaker, to have a narrower bandwidth, and cancels, from
the speech collected by a microphone, an echo component
which is the speech collected by the microphone among the
speech output from the loudspeaker. Accordingly, the device
including the speech recognition function can perform
speech recognition without being interrupted by a speech
signal output by the device itself, with less amount of
computation.

Hereinafter, a description is given of the device including
the speech recognition function according to Embodiment 2
with reference to the accompanying Drawings.

FIG. 3 is a block diagram illustrating a configuration of
the device including the speech recognition function accord-
ing to Embodiment 2. In Embodiment 2, as a device includ-
ing a speech recognition function 2, a description is given of
an example of a TV including a speech recognition function.

The device including the speech recognition function 2
illustrated in FIG. 3 includes: a TV reception unit 200 which
receives a TV signal and generates a speech signal; a
loudspeaker 201 which outputs a speech signal having a
wide bandwidth into the space; a microphone 202 which
collects speech signal in the space; a speech recognition unit
203 which recognizes the speech signal collected by the
microphone 202; an echo canceller 204 which cancels, from
the speech collected by the microphone 202, an echo com-
ponent which is the speech output from the loudspeaker 202
and collected by the microphone 202; a downsampler 205
which downsamples the speech signal to be output from the
loudspeaker 201 to have a narrower bandwidth; and a
command control unit 206 which issues a command for
controlling the device 2, based on output information from
the speech recognition unit 203.

In FIG. 3, the TV reception unit 200, the loudspeaker 201,
the microphone 202, the speech recognition unit 203, and
the command control unit 206 are the same as the TV
reception unit 100, the loudspeaker 101, the microphone
102, the first speech recognition unit 103, and the command
control unit 105 in FIG. 1.

As described above, the device including the speech
recognition function 2 according to Embodiment 2 is dif-
ferent from the device including the speech recognition
function 1 according to Embodiment 1 in that the down-
sampler 205 and the echo canceller 204 are included instead
of the control unit. The downsampler 205 downsamples a
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speech signal, which is an electric signal of speech to be
output from the loudspeaker 201, to have a narrower band-
width. The echo canceller 204 estimates an echo component
which is the speech collected by the microphone 202 among
the speech output from the loudspeaker 201, and cancels the
estimated echo component from the speech collected by the
microphone 202. The speech recognition unit 203 recog-
nizes the user speech by recognizing speech from which the
echo canceller has canceled the echo component.

Next, operations of the device including the speech rec-
ognition function 2 configured as above will be described.

FIG. 4 is a flowchart illustrating operations of the device
including the speech recognition function 2 according to
Embodiment 2.

First, the TV reception unit 200 receives a TV signal, and
generates a speech signal based on the received TV signal
(S201). In recent years, the reproduction bandwidth of the
speech of a TV signal is a wide bandwidth of approximately
24 kHz. The speech signal thus generated is output to a space
by the loudspeaker 201 (S202). In other words, the fre-
quency bandwidth of the speech output to the space is
approximately 24 kHz.

Speech, which is in the space and which includes the
speech output to the space from the loudspeaker 201, is
collected by the microphone 202 (S203). Specifically, the
microphone 202 samples speech in the space, for example,
at a sampling frequency of 8 kHz, and collects the speech.
Specifically, the frequency bandwidth of the speech signal
output from the microphone 202 to the echo canceller 204 is
8 kHz. In other words, the frequency bandwidth of the
speech signal collected by the microphone 202 has been
downsampled to 8 kHz.

A wideband speech signal to be output from the loud-
speaker 201 is input to the downsampler 205, and is con-
verted into a speech signal having a narrower bandwidth. In
other words, the downsampler 205 downsamples the speech
signal to be output from the loudspeaker 201 (S204). Spe-
cifically, the downsampler 205 makes the bandwidth of the
speech signal to be output from the loudspeaker 201 to be
narrower by canceling a signal having a frequency band-
width unnecessary for speech recognition from among the
speech signal to be output from the loudspeaker 201. More
specifically, the frequency bandwidth necessary for speech
recognition is 8 kHz at most. Hence, for example, when the
frequency band of the speech signal to be output from the
loudspeaker 201 is 24 kHz, the downsampler 205 down-
samples the frequency band of the speech signal input to the
downsampler to 8 kHz which is %4 of the frequency band of
the input speech signal, and outputs the downsampled signal
to the echo canceller 204.

The speech signal input to the downsampler 205 need not
always be a signal immediately before being output from the
loudspeaker 201, but may be a speech signal in one of stages
from when a speech signal is received and reproduced by the
TV reception unit 201 to when the speech signal is output
from the loudspeaker 201. When the speech signal is an
analog signal, of course, the signal is converted to a digital
signal by an analog to digital (AD) converter in one of stages
before the signal is input to the downsampler 205.

Next, the speech signal collected by the microphone 202
and the output signal of the downsampler 205 are input to
the echo canceller 204. The echo canceller 204 cancels, from
the speech signal collected by the microphone 202, an echo
component output from the loudspeaker 201 and collected
by the microphone 202. In other words, echo is canceled
(S205). Specifically, the echo canceller 204 estimates an
echo component which is speech collected by the micro-
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phone 202 among the speech output from the loudspeaker
201, based on the speech signal downsampled by the down-
sampler 205, and cancels the estimated echo component
from the speech collected by the microphone 202. Specifi-
cally, the echo canceller 204 cancels the speech signal of the
echo component from the speech signal output from the
microphone 202, and outputs the speech signal after the
cancellation to the speech recognition unit 203.

The echo cancelling method performed by the echo
canceller 204 may be any conventional echo cancelling
methods.

Finally, the output signal from the echo canceller 204 is
input to the speech recognition unit 203 for speech recog-
nition. The command control unit 206 issues a command for
controlling the device 2 according to the output information
from the speech recognition unit 203. Specifically, the
speech recognition unit 203 recognizes the speech signal on
which echo cancelling has been performed (5206), and the
command control unit 206 issues a command to the TV
reception unit 200 according to the output information
which is the speech recognition result by the speech recog-
nition unit 203 (S207).

As described above, in the device including the speech
recognition function 2 according to Embodiment 2, the
downsampler 205 downsamples the speech signal, which is
an electric signal of speech to be output from the loud-
speaker 201, to have a narrower bandwidth. The echo
canceller 204 cancels, from the speech collected by the
microphone 202, an echo component which is speech col-
lected by the microphone 202 among the speech output from
the loudspeaker 201, based on the speech signal down-
sampled by the downsampler 205.

As described above, the device including the speech
recognition function 2 according to Embodiment 2 can
provide advantageous effects as described below, by using
the echo canceller 204.

For example, it is assumed that the words “channel 10” is
a keyword for issuing a command for changing the reception
channel to channel 10. Here, in the case where the user
instructs the change of the channel by speaking “channel 10”
and at the same time the TV itself outputs the speech of the
TV program loud, the words “channel 10” spoken by the
user and the speech from the TV program are mixed and
collected by the microphone 202.

If the echo canceller 204 is not included, the speech
recognition unit 203 receives the mixed speech signal. As a
result, it is interrupted that the speech recognition unit 203
recognizes the keyword “channel 10” accurately.

In contrast, the device including the speech recognition
function 2 according to Embodiment 2 includes the echo
canceller 204, which allows the echo component output
from the loudspeaker 201 and collected by the microphone
202 to be canceled from the speech signal collected by the
microphone 202. As a result, the device including the speech
recognition function 2 according to Embodiment 2 can
accurately recognize user speech.

Moreover, as described above, any of the speech signals
input to the echo canceller 204 has a bandwidth narrower
than that of the signal to be output from the loudspeaker 201
to the space. In other words, the speech signal input from the
loudspeaker 201 side to the echo canceller 204, and the
speech signal input from the microphone 202 side to the
echo canceller 204 have a bandwidth narrower than that of
the speech signal to be output from the loudspeaker 201.
Accordingly, advantageous effects as described above can
be provided.
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When the speech signal input to the echo canceller 204 is
not narrow banded, the input speech signal has a bandwidth
ot 24 kHz, but the frequency bandwidth of the speech signal
subject to speech recognition is 8 kHz at most. Hence, when
the speech signal input to the echo canceller 204 is not
narrow banded, the amount of computation by the echo
canceller 204 increases by 9 times (that is (24/8)"2 times) of
the amount of computation originally required for speech
recognition.

In contrast, the device including the speech recognition
function 2 according to Embodiment 2 includes the down-
sampler 205 and the microphone 202 which performs down-
sampling. This allows the frequency bandwidth of any
speech signals input to the echo canceller 204 to be nar-
rower. Accordingly, the amount of computation by the echo
canceller 204 can be reduced.

The method of narrowbanding the speech signal input
from the microphone 202 side to the echo canceller 204 may
be achieved by using the microphone 202 of a narrow
bandwidth which can perform processing in a similar man-
ner to that in Embodiment 2, or by downsampling the speech
signal collected by a microphone of a wide bandwidth into
a speech signal having a narrower band.

The downsampler 205 downsamples the speech signal,
which is an electric signal to be output from the loudspeaker
201, to have a frequency bandwidth that can be recognized
by the speech recognition unit 203. Accordingly, decrease in
speech recognition rate by the speech recognition unit 203 is
reduced.

As described above, the device including the speech
recognition function 2 according to Embodiment 2 is a
device including a speech recognition function which rec-
ognizes user speech which is speech from a user. The device
includes: the loudspeaker 201 which outputs wideband
speech into a space; the microphone 202 which collects
speech in the space; the speech recognition unit 203 which
recognizes the user speech among the speech collected by
the microphone 202; the downsampler 205 which down-
samples a speech signal, which is an electric signal of the
speech to be output from the loudspeaker 201, to have a
narrower bandwidth; and the echo canceller 204 which
estimates an echo component which is the speech collected
by the microphone 202 among the speech output from the
loudspeaker 201, based on the downsampled speech signal,
and cancels the estimated echo component from the speech
collected by the microphone 202. The speech recognition
unit 203 recognizes the user speech by recognizing speech
from which the echo canceller 204 has removed the echo
component

By causing the echo canceller 204 to estimate and cancel
the echo component based on the output signal of the
downsampler 205 in this way, the speech intended by the
user can be recognized accurately without being interrupted
by the speech signal output by the device including the
speech recognition function 2 itself.

Moreover, by including the downsampler 205 in a stage
prior to the echo canceller 204 to cancel the signal having a
bandwidth unnecessary for speech recognition, the amount
of computation by the echo canceller 204 can be signifi-
cantly reduced without reducing the recognition rate of the
user speech by the speech recognition unit 203. This is
because, as described above, the amount of computation by
the echo canceller 204 is proportional to the square of the
reproduction band of the input signal.
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In other words, the device including the speech recogni-
tion function 2 according to Embodiment 2 can accurately
perform speech recognition with less amount of computa-
tion.

Moreover, the device including the speech recognition
function 2 according to Embodiment 2 includes the com-
mand control unit 206 which issues a command for control-
ling the device including the speech recognition function 2
based on the speech recognized by the speech recognition
unit 203. The speech recognition unit 203 recognizes speech
from which the echo canceller 204 has canceled the echo
component, and prohibits the command control unit 206
from issuing a command based on the echo component.

Accordingly, the device including the speech recognition
function 2 according to Embodiment 2 reduces an incorrect
operation of the device including the speech recognition
function 2 caused by recognizing the speech output by the
device 2 itself without the user’s intent.

Variation of Embodiment 2

In Embodiment 2, the speech signal generated by the TV
which is the device including the speech recognition 2 is a
monaural signal. In recent years, it is common that the
speech signal is a stereo signal. Furthermore, multichannel
broadcasting of 5.1 ch and the like have started. A descrip-
tion will be given, as Variation of Embodiment 2, of a device
including a speech recognition function when the signal
generated by the TV is a multi-channel signal, with an
example where the number of channels is 2 ch.

FIG. 5 is a block diagram illustrating a configuration of a
device including a speech recognition function according to
Variation of Embodiment 2. A device including a speech
recognition function 3 illustrated in FIG. 5 is different from
the device including the speech recognition function 2
according to Embodiment 2 in that the speech signal output
from the loudspeaker is a multi-channel signal. In FIG. 5, the
TV reception unit 300, the microphone 302, the speech
recognition unit 303, and the command control unit 306 are
the same as the TV reception unit 200, the microphone 202,
the speech recognition unit 203, and the command control
unit 206 in FIG. 3.

In this way, the device including the speech recognition
function 3 according to Variation of Embodiment 2 is
different from the device including the speech recognition
function 2 according to Embodiment 2 in that a stereo
loudspeaker 301, a stereo downsampler 305, and a stereo
echo canceller 304 are included for a stereo speech signal,
instead of the loudspeaker 201, the downsampler 205, and
the echo canceller 204 for a monaural speech signal.

Specifically, the stereo loudspeaker 301 includes loud-
speakers each corresponding to a different one of channels
of each stereo speech signal of a TV signal, and converts
each stereo speech signal into speech and outputs the
converted speech into a space. The stereo echo canceller 304
includes two echo cancellers each corresponding to a dif-
ferent one of the channels of each stereo speech signal. The
stereo echo canceller 304 receives the stereo speech signal
downsampled by the stereo downsampler 305, and cancels
an echo component to be output from the stereo loudspeaker
301, from the signal collected by the microphone 302. The
method thereof may be any known methods. The stereo
downsampler 305 downsamples a wideband speech signal of
each channel output from the stereo loudspeaker 301, and
converts the signal into a signal having a narrower band-
width.
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Here, when the number of channels is N (N=2 in Variation
of Embodiment 2), the rate of downsampling of the input
speech signal by the stereo downsampler 305 is desirably
(I/N)"0.5 or less. In other words, when the number of
loudspeakers is N (N is an integer greater than or equal to 2),
it is desirable that the stereo downsampler 305 downsamples
the input speech signal by (1/N)"0.5 or less. Accordingly, the
device including the speech recognition function 3 accord-
ing to Variation of Embodiment 2 is expected to obtain the
advantageous effects as described below.

The amount of computation by each echo canceller
included in the stereo echo canceller 304 is proportional to
the square of reproduction band of the received speech
signal. Hence, by causing the stereo downsampler 305 to
downsample the speech signal by (1/N)"0.5, the amount of
computation by the stereo echo canceller 304 is ((1/N)"0.5)
"2=1/N per channel, resulting in 1/N*N=1 as a whole. In
other words, the amount of computation by each echo
canceller in the stereo echo canceller 304 is 1/N, and the
amount of computation by the stereo echo canceller 304 is
1/N*N=1. Specifically, even if the number of channels
increases, the amount of computation assigned to the stereo
echo canceller 304 can be kept to a predetermined level or
less.

In other words, the device including the speech recogni-
tion function 3 according to Variation of Embodiment 2
causes the stereo downsampler 305 to downsample a speech
signal by (1/N)"0.5. With this, even when the speech signal
is a multi-channel signal, the device including the speech
recognition function 3 can accurately recognize the speech
spoken by the user without being interrupted by the speech
signal output by the device 3 itself, with the amount of
computation equal to or less than that required for process-
ing a monaural-channel signal. Specifically, the device
including the speech recognition function 3 according to
Variation of Embodiment 2 includes the stereo loudspeaker
301 which outputs a stereo speech signal. The device 3 can
accurately recognize the speech spoken by the user without
increasing the amount of computation compared to that
required by the device including the speech recognition
function 2 according to Embodiment 2 which includes the
loudspeaker 201 which outputs a monaural speech signal.

In Variation of Embodiment 2, the example has been
described where the speech signal processed by the device
including the speech recognition function 3 is a stereo (2.0
ch) signal, but the channel of the speech signal is not limited
to the example. The channel of the speech signal may be, for
example, 5.1 ch which has a larger number of channels than
that of the stereo (2.0 ch) signal.

Although the devices including the speech recognition
function according to one or more embodiments have been
described based on the embodiments and variation, the
present disclosure is not limited to the embodiments and
variation. Various modifications to the embodiments and
variation that can be conceived by those skilled in the art,
and forms configured by combining structural elements in
different embodiments and variation without departing from
the teachings of the present disclosure may be included in
the scope of one or more embodiments of the present
disclosure.

For example, in each embodiment and variation, the TV
has been described as an example of a device including a
speech recognition function. However, the device including
the speech recognition function is not limited to the TV, but
may be a recording and reproducing device which has
recorded TV broadcast, or a device which outputs speech
such as a digital versatile disc (DVD) player, a blu-ray
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(registered trademark) (BD) player, or a compact disc (CD)
which reproduces media on which video content or music
content has been recorded).

In the device including the speech recognition function 2
according to Embodiment 2 illustrated in FIG. 3, it looks
like, among two-system speech signals input to the echo
canceller 204, a speech signal directed to the echo canceller
204 from the path to the loudspeaker 201 is downsampled,
whereas a speech signal input from the microphone 202 to
the echo canceller 204 is not downsampled. However, as
described in Embodiment 2, the sampling frequency of the
microphone 202 is the same as the sampling frequency of the
output signal of the downsampler 205. In other words, in
Embodiment 2, the speech signal input to the echo canceller
204 from the microphone 202 is downsampled by the
microphone 202.

The frequency band of the speech signal after being
downsampled by the microphone 202 and the downsampler
205 is not limited to 8 kHz described above. For example,
the sampling frequency of the speech signal output from the
loudspeaker 201 is 48 kHz, the sampling frequency of the
microphone 202 is 16 kHz, and the downsampler 205
downsamples the frequency band of the input speech signal
to 4. The frequency band of the output signal of the
downsampler 205 may be 16 kHz. In this case, too, the
sampling frequency of the microphone 202 is 16 kHz, which
is the same as the frequency band of the output signal of the
downsampler 205.

Moreover, in the device including the speech recognition
function 2 according to Embodiment 2, the sampling fre-
quency of the microphone 202 is the same as the sampling
frequency of the downsampler 205. However, the sampling
frequency of the microphone 202 may be higher than the
sampling frequency of the downsampler 205. For example,
it may be that the sampling frequency of the microphone 202
is 24 kHz, and the sampling frequency of the downsampler
205 is 16 kHz. In this case, as illustrated in FIG. 6, the device
including the speech recognition function may further
include a downsampler 207 which downsamples an output
signal from the microphone 202. The downsampler 207 may
be caused to downsample the speech signal collected by the
microphone 202 from 24 kHz to 16 kHz so that the fre-
quency band of the output signal of the downsampler 205 is
the same as the sampling frequency of the microphone 202
(that is, the frequency band of the speech signal collected by
the microphone 202).

For example, part or all of the structural elements
included in each device above may be typically imple-
mented as a large scale integration (LSI) which is an
integrated circuit. These structural elements may be indi-
vidual chips or partially or totally contained on a single chip.

The term “LSI” is adopted herein, but this may also be
referred to as “IC,” “system LSL,” “super LSI,” or “ultra
LSI” depending on differing extents of integration.

The method of implementing integrated circuitry is not
limited to LSI, and implementation by means of dedicated
circuitry or a general-purpose processor may also be used. It
is also possible to use a field programmable gate array
(FPGA) or a reconfigurable processor where connections
and settings of circuit cells in an LSI can be reconfigured.

Further, if a new integrated circuit implementation tech-
nology comes out to replace LSI as a result of the develop-
ment of semiconductor technology or a derivative other
technology, naturally functional blocks may be integrated
using that technology. For example, application of biotech-
nology is possible.

10

15

20

25

30

35

40

45

50

55

60

65

18

Moreover, the configuration of the device including the
speech recognition function according to Embodiment 1 is
not limited to the one illustrated in FIG. 1, but may be at
least the one illustrated in FIG. 7. In other words, a device
including a speech recognition function 4 may be a device
which includes a speech recognition function which recog-
nizes user speech which is speech from a user. The device 4
may include: a loudspeaker 401 which outputs speech into
a space; a microphone 402 which collects speech in the
space; a first speech recognition unit 403 which recognizes
the speech collected by the microphone 402; a command
issuing unit 405 which issues a command for controlling the
device 4 based on the speech recognized by the first speech
recognition unit 403; and a control unit 404 which prohibits
the command issuing unit 405 from issuing the command,
based on the speech to be output from the loudspeaker 401.

With such a configuration, the device including the speech
recognition function 4 can prevent an incorrect operation of
the device 4 caused due to the speech output by the device
4 itself in a similar manner to the device including the
speech recognition function 1 illustrated in FIG. 1.

As illustrated in FIG. 8, the device including the speech
recognition function 4 performs a speech recognition
method which recognizes user speech which is speech from
a user. The method includes: outputting (S401) speech into
a space; collecting (S402) speech in the space after the
outputting (S401); recognizing (S403) the speech collected
in the collecting (S402); issuing (S404) a command for
controlling a device including a speech recognition function,
based on the speech recognized in the recognizing (S403);
and prohibiting (S405) the command issuing unit 405 from
issuing the command, based on the speech to be output in the
outputting (S401).

Moreover, the configuration of the device including the
speech recognition function according to Embodiment 2 is
not limited to the one illustrated in FIG. 3, but may be at
least the one illustrated in FIG. 9. In other words, a device
including a speech recognition function 5 may be a device
including a speech recognition function which recognizes
user speech which is speech from a user. The device 5 may
include: at least one loudspeaker 501 which outputs speech
into a space; a microphone 502 which collects speech in the
space; a speech recognition unit 503 which recognizes the
user speech among the speech collected by the microphone
502; a downsampler 505 which downsamples a speech
signal, which is an electric signal of the speech to be output
from the loudspeaker 501, to have a narrower bandwidth;
and an echo canceller 504 which estimates an echo compo-
nent which is speech collected by the microphone 202
among the speech output from the loudspeaker 501, based
on the downsampled speech signal, and cancels the esti-
mated echo component from the speech collected by the
microphone 502. The speech recognition unit 503 may
recognize the user speech by recognizing speech from which
the echo canceller 504 has canceled the echo component.

With such a configuration, the device including the speech
recognition function 5 can accurately recognize speech
spoken by the user without being interrupted by the speech
output by the device 5 itself, in a similar manner to the
device including the speech recognition function 2 illus-
trated in FIG. 3. Additionally, in a similar manner to the
device including the speech recognition function 2, accurate
speech recognition can be performed with reduced amount
of computation.

As illustrated in FIG. 10, the device including the speech
recognition function 5 performs a speech recognition
method which recognizes user speech which is speech from
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a user. The method includes: outputting (S501) speech into
a space; collecting (S502) speech in the space after the
outputting (S501); recognizing (S505) the user speech
among the speech collected in the collecting (S502); down-
sampling (S503) the speech signal, which is an electric
signal of the speech to be output in the outputting (S501), to
have a narrower bandwidth (S503); and estimating an echo
component which is the speech collected in the collecting
(S502) among the speech output in the outputting (S501),
based on the downsampled speech signal, and canceling the
estimated echo component from the speech collected in the
collecting (S502) (S504). In the recognizing (S505), the user
speech is recognized by recognizing speech from which the
echo component have been canceled in the cancelling
(S504).

Each of the structural elements in each of the above-
described embodiments may be configured in the form of an
exclusive hardware product, or may be realized by executing
a software program suitable for the structural element. The
structural elements may be implemented by a program
execution unit such as a CPU or a processor which reads and
executes a software program recorded on a recording
medium such as a hard disk or a semiconductor memory. A
software program in which the device including the speech
recognition function according to each of the above embodi-
ments is implemented is as follows.

More specifically, the program for implementing the
device including the speech recognition function and the like
according to Embodiment 1 causes a computer to perform
the speech recognition method as illustrated in FIG. 8.

Moreover, the program for implementing the device
including the speech recognition function and the like
according to Embodiment 2 causes a computer to perform
the speech recognition method as illustrated in FIG. 10.

Although only some exemplary embodiments of the pres-
ent invention have been described in detail above, those
skilled in the art will readily appreciate that many modifi-
cations are possible in the exemplary embodiments without
materially departing from the novel teachings and advan-
tages of the present invention. Accordingly, all such modi-
fications are intended to be included within the scope of the
present invention.

INDUSTRIAL APPLICABILITY

The device including the speech recognition function
according to the present disclosure can accurately perform
speech recognition without being interrupted by the speech
output by the device itself. Hence, the device can be widely
applied to devices which output speech such as a TV, a
recording and reproduction device, or a DVD/BD/CD
player.

The invention claimed is:

1. A device including a speech recognition function which
recognizes user speech which is speech from a user, the
device comprising:
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a loudspeaker which outputs speech to a space;

a microphone which collects speech in the space;

a television (TV) reception unit configured to receive a
TV signal and output a speech signal;

a first speech recognition unit configured to recognize the
speech collected by the microphone;

a first control unit configured to generate a command for
controlling the TV reception unit, based on the speech
recognized by the first speech recognition unit; and

a second control unit configured to permit or prohibit
issuance of the command to the TV reception unit,
based on the speech signal,

wherein the second control unit includes a second speech
recognition unit configured to analyze the speech signal
to recognize the speech to be output from the loud-
speaker, and

the second control unit is configured to determine whether
or not the speech recognized by the second speech
recognition unit matches a predetermined keyword, and
when the speech recognized by the second speech
recognition unit matches the predetermined keyword,
prohibit the issuance of the command and when the
speech recognized by the second speech recognition
unit does not match the predetermined keyword, permit
issuance of the command.

2. A method of recognizing user speech using a device
including a speech recognition function, the user speech
being speech from a user, the device including a loud-
speaker, a microphone, two speech recognition units, a TV
set and a control unit, the method comprising:

inputting a first speech signal from the TV set into the
loudspeaker, and outputting a first speech correspond-
ing to the first speech signal into a space utilizing the
loudspeaker;

collecting a second speech signal utilizing the micro-
phone, the second speech signal including the first
speech and user speech;

recognizing, by a first speech recognition unit, the first
speech signal;

recognizing, by a second speech recognition unit, the
second speech signal;

generating, by the control unit, a command for controlling
the device, based on the second speech signal recog-
nized by the second speech recognition unit:

determining, by the control unit, whether or not the
recognized first speech signal by the first speech rec-
ognition unit matches a first predetermined keyword;

when it is determined that the recognized first speech
signal matches the first predetermined keyword, pro-
hibiting issuance of a command corresponding to the
user speech of the recognized second speech signal,
and

when it is determined that the recognized first speech
signal does not match the first predetermined keyword,
issuing the command corresponding to the user speech
of the recognized second speech signal to control the
device.



