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Description
Title of Invention: METHOD AND APPARATUS FOR

PERFORMING MICROPHONE BEAMFORMING

Technical Field
[I] The present invention relates to a method and apparatus for performing microphone

beamforming, and more particularly, to a method and apparatus for performing m i

crophone beamforming which adaptively changes a direction of beamforming

according to a speaker's position.

Background Art
[2] In information and communications technology, speech recognition has developed

remarkably. In order to accurately recognize a speaker's speech, a technology for dis

tinguishing the speaker's speech from ambient noise and removing the noise is

necessary.

[3] However, since the speaker continuously moves, it is difficult to accurately dis

tinguish the speaker's speech from noise.

Disclosure of Invention

Solution to Problem
[4] To address the above-discussed deficiencies of the prior art, it is a primary object to

provide a method and apparatus for adaptively performing microphone beamforming.

Brief Description of Drawings
[5] For a more complete understanding of the present disclosure and its advantages,

reference is now made to the following description taken in conjunction with the ac

companying drawings, in which like reference numerals represent like parts:

[6] FIGURE 1 is a flowchart illustrating a method of performing microphone

beamforming, according to an embodiment of the present invention;

[7] FIGURE 2 is a flowchart illustrating an operation of identifying a speaker by rec

ognizing a speech of the speaker in the method of FIGURE 1;

[8] FIGURE 3 is a flowchart illustrating a method of performing microphone

beamforming, according to another embodiment of the present invention;

[9] FIGURES 4a and 4b are views for explaining a method of controlling a direction of

beamforming according to a position of a speaker, according to an embodiment of the

present invention;

[10] FIGURES 5a and 5b are views for explaining a method of controlling a direction of

beamforming according to a position of a speaker, according to another embodiment of

the present invention; and

[II] FIGURE 6 is a block diagram illustrating an apparatus for performing microphone



beamforming, according to an embodiment of the present invention.

Best Mode for Carrying out the Invention
[12] According to an aspect of the present invention, there is provided a method of

performing microphone beamforming. The method includes recognizing a speech of a

speaker, and searching for a previously stored image associated with the speaker. The

method also includes searching for the speaker through a camera based on the image,

and recognizing a position of the speaker. The method further includes performing m i

crophone beamforming according to the position of the speaker.

[13] The recognizing of the speech of the speaker may include receiving a speech signal

from the speaker, extracting a section including a predetermined speech signal from

the speech signal, and identifying the speaker based on the section.

[14] The identifying of the speaker may include identifying the speaker by comparing the

predetermined speech signal with speech signals that are previously acquired from one

or more speakers and stored.

[15] The searching of the speaker may include extracting an object corresponding to the

speaker from image data acquired through the camera by comparing the image data

acquired through the camera with previously stored image data associated with one or

more speakers.

[16] The recognizing of the position may include determining whether the position of the

speaker is changed to a changed position based on information about the object,

wherein the performing of the microphone beamforming includes adaptively

performing the microphone beamforming according to the changed position if the

position of the speaker is changed to the changed position.

[17] The performing of the microphone beamforming may include amplifying a speech

generated in an area, from among a plurality of areas, where the speaker is located, and

decreasing speeches generated in other areas.

[18] According to another aspect of the present invention, there is provided an apparatus

for performing microphone beamforming. The apparatus includes a speech recognizing

unit configured to recognize a speech of a speaker. The apparatus also includes an

image searching unit configured to search for a previously stored image associated

with the speaker. The apparatus further includes a speaker searching unit configured to

search for the speaker through a camera based on the image. The apparatus still further

includes a position recognizing unit configured to recognize a position of the speaker.

The apparatus also includes a beamforming performing unit configured to perform m i

crophone beamforming according to the position of the speaker.

Mode for the Invention
[19] Before undertaking the DETAILED DESCRIPTION OF THE INVENTION below,



it may be advantageous to set forth definitions of certain words and phrases used

throughout this patent document: the terms "include" and "comprise," as well as

derivatives thereof, mean inclusion without limitation; the term "or," is inclusive,

meaning and/or; the phrases "associated with" and "associated therewith," as well as

derivatives thereof, may mean to include, be included within, interconnect with,

contain, be contained within, connect to or with, couple to or with, be communicable

with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,

have a property of, or the like; and the term "controller" means any device, system or

part thereof that controls at least one operation, such a device may be implemented in

hardware, firmware or software, or some combination of at least two of the same. It

should be noted that the functionality associated with any particular controller may be

centralized or distributed, whether locally or remotely. Definitions for certain words

and phrases are provided throughout this patent document, those of ordinary skill in the

art should understand that in many, if not most instances, such definitions apply to

prior, as well as future uses of such defined words and phrases.

[20] FIGURES 1 through 6, discussed below, and the various embodiments used to

describe the principles of the present disclosure in this patent document are by way of

illustration only and should not be construed in any way to limit the scope of the

disclosure. Those skilled in the art will understand that the principles of the present

disclosure may be implemented in any suitably arranged device.

[21] FIGURE 1 is a flowchart illustrating a method of performing microphone

beamforming, according to an embodiment of the present invention.

[22] In operation SI 10, a speaker is identified by recognizing a speech of the speaker.

[23] Specific information about speeches of one or more speakers may be stored in a

database. For example, an average frequency, a tone, an average bandwidth, and so

forth, related to each of speeches of one or more speakers may be stored. In an em

bodiment, words previously defined by one or more speakers (for example, commands

to change to a speech recognition mode) may be stored as a speech signal or in

formation about a speech signal. In operation SI 10, the speaker is identified by ex

tracting a predetermined section (for example, a section including a predefined

command) from a speech signal input from the speaker, and comparing a speech signal

of the section with a speech signal according to each speaker which is stored in the

database.

[24] Operation S110 will be explained in detail with reference to FIGURE 2.

[25] In operation S120, an image associated with the speaker whose speech is recognized

is searched for.

[26] Image data associated with one or more speakers may be stored in the database. In

operation S120, the database in which image data according to each speaker is stored is



searched based on information associated with the speaker who is identified in

operation SI 10. The image data according to each speaker may be stored in an internal

database of a client or in a predetermined server. In the latter situation, a database

stored in the server may be searched by using a search engine.

[27] In operation SI30, the speaker is searched for through a camera based on the image

that is searched for. An object corresponding to the speaker may be searched for in

image data acquired through the camera by comparing the image data acquired through

the camera with the image data searched for in operation S120.

[28] In operation S140, a position of the speaker is recognized.

[29] There may be various methods of recognizing the position of the speaker through the

camera. Although three methods of recognizing the position of the speaker will be

explained below, the present embodiment is not limited thereto.

[30] In a first method, the position of the speaker is confirmed in image data acquired

through the camera by comparing the image data acquired through the camera with the

image data associated with the speaker searched for in operation S120. It is difficult to

accurately detect the position of the speaker by using one image data. However, even

when only one image data is used, since an angle of deviation of the speaker from a

reference axis (e.g., an axis passing through the center of a microphone array) in a

horizontal or vertical direction may be calculated, the angle is acquired as position in

formation.

[31] In a second method, the position of the speaker is confirmed in a plurality of pieces

of image data by comparing the image data associated with the speaker searched for in

operation SI20 with a plurality of pieces of image data captured at different angles by

using one or more cameras. When the same object is simultaneously photographed at

different angles, distances between the object and the cameras may be calculated. A c

cordingly, in the second method, an angle of deviation of the speaker from a reference

point (for example, a microphone located in the middle among a plurality of m i

crophones) in a horizontal or vertical direction and a distance from the reference point

may be acquired as position information.

[32] In a third method, first information associated with the position of the speaker is

acquired from a speech signal of the speaker received through a microphone array, and

second information associated with the position of the speaker is acquired by

comparing the image data associated with the speaker searched for in operation S120

with a plurality of pieces of image data captured at different angles by using one or

more cameras. The position of the speaker is determined by combining the first in

formation and the second information.

[33] If a microphone array is used, microphones may differently recognize one speech

signal generated from the same source. This is because i) a gain of a speech signal



varies according to an angle at which the speech signal is incident on each microphone,

and ii) a point in time at which the speech signal is input varies according to a distance

between the speech signal and each microphone. Accordingly, the first information

about the position of the speaker may be acquired by comparing the gain of the speech

signal received at each microphone and the point in time at which the speech signal is

received.

[34] In operation SI50, microphone beamforming is performed according to the position

of the speaker. A beamforming technology involves selecting a direction in which a

speech signal is to be received by using a plurality of microphones, receiving only a

speech signal received in the selected direction, and excluding speech signals received

in other directions. When the beamforming technology is applied to the present

invention, only a desired speech may be selectively received by dividing an area where

a speech may be recognizable into a plurality of areas, and amplifying a speech

generated in an area where the speaker is located and decreasing speeches generated in

other areas.

[35] FIGURE 2 is a flowchart illustrating operation S110 of the method of FIGURE 1.

[36] In operation SI 12, a speech signal is received from the speaker.

[37] In operation SI 14, it is determined whether a predetermined speech signal is

included in the speech signal and the predetermined speech signal is extracted. The

predetermined speech signal, which is a predetermined speech signal previously

defined by the speaker, may include a start command to start speech recognition in an

apparatus for performing microphone beamforming. For example, if it is prede

termined that if the speaker speaks out 'puppy', the apparatus changes to a speech

recognition mode (in which microphone beamforming is performed and then a speech

of a speaker is recognized), a section including a speech signal that is generated by

pronouncing 'puppy' is extracted from the speech signal that is received from the

speaker. If the predetermined speech signal is not included in the speech signal, the

following steps may not be performed and operation SI 10 may end.

[38] A mode of the apparatus may change to a speech recognition mode by pressing a

button attached to the apparatus or pressing a button of a remote controller according

to embodiments. In this situation, even if the predetermined speech signal is not

included in the speech signal, operation SI 10 proceeds to operation SI 16.

[39] In operation SI 16, the speaker is identified by analyzing the predetermined speech

signal extracted in operation SI 14. Predetermined speech signals acquired from one or

more speakers may be stored in the database. In operation SI 16, the speaker is

identified by comparing the predetermined speech signal extracted in operation SI 14

with the predetermined speech signals stored in the database.

[40] Although a specific signal is extracted from the speech signal received from the



speaker and is used to identify the speaker in operation SI 16, an arbitrary signal may

be extracted from the speech signal received from the speaker and may be used to

identify the speaker according to embodiments.

[41] FIGURE 3 is a flowchart illustrating a method of performing microphone

beamforming, according to another embodiment of the present invention.

[42] In operation S3 10, a speech signal is received from a speaker.

[43] In operation S320, the speaker is recognized based on the speech signal.

[44] In operation S330, image data including the speaker is acquired by using a camera.

[45] In operation S340, an object corresponding to the speaker is detected by analyzing

the image data acquired in operation S330.

[46] In operation S350, a position of the speaker is analyzed based on information about

the object.

[47] In operation S360, a direction of microphone beamforming is adjusted according to

the position of the speaker.

[48] In operation S370, a speech is recognized.

[49] FIGURES 4a and 4b are views for explaining a method of controlling a direction of

beamforming according to a position of a speaker, according to an embodiment of the

present invention.

[50] A microphone array 400 receives a speech signal from a speaker 401. The m i

crophone array 400 recognizes the speaker 401 by using the speech signal and detects

an object corresponding to the speaker from image data acquired through a camera. A

position of the speaker 401 may be recognized by using the object.

[51] Referring to FIGURE 4b, the speaker 401 is located about fifteen (15) degrees

deviated rightward from the center. Accordingly, the microphone array 400 performs

beamforming in a direction about fifteen (15) degrees deviated rightward from the

center.

[52] While the beamforming is performed, the camera periodically acquires image data

including the speaker, and the microphone array 400 detects an object corresponding to

the speaker in the image data that is periodically acquired, in order to determine

whether a position of the speaker is changed.

[53] As shown in FIGURE 4b, if the speaker 402 moves to the center of the microphone

array 400, the microphone array 400 changes a direction of beamforming according to

the position of the speaker. That is, the microphone array 400 performs beamforming

in a direction zero (0) degrees deviated from the center.

[54] FIGURES 5a and 5b are views for explaining a method of controlling a direction of

beamforming according to a position of a speaker, according to another embodiment of

the present invention.

[55] A microphone array 500 receives a speech signal from a speaker 501. The mi-



crophone array 500 recognizes the speaker 501 by using the speech signal, and detects

an object corresponding to the speaker 501 in image data acquired through a camera. A

position of the speaker 501 is recognized based on information about the object.

[56] Referring to FIGURE 5a, the speaker 501 is located about fifteen (15) degrees

deviated upward from the bottom of the center of the microphone array 500. A c

cordingly, the microphone array 500 performs beamforming in a direction about fifteen

(15) degrees deviated upward from the bottom.

[57] While the beamforming is performed, the camera periodically acquires image data

including the speaker, and the microphone array 500 detects an object corresponding to

the speaker in the image data that is periodically acquired, in order to determine

whether a position of the speaker is changed.

[58] As shown in FIGURE 5b, if the speaker 502 stands up and moves upward from the

bottom, the microphone array 500 changes a direction of beamforming according to a

position of the speaker. That is, the microphone array 500 performs beamforming in a

direction about thirty (30) degrees deviated upward from the bottom.

[59] In order to change a direction of beamforming vertically from the bottom as shown in

FIGURES 5a and 5b, the microphone array 500 includes one or more microphones that

are arranged in a horizontal direction and one or more microphones that are arranged in

a vertical direction.

[60] FIGURE 6 is a block diagram illustrating an apparatus 600 for performing m i

crophone beamforming, according to an embodiment of the present invention.

[61] The apparatus 600 includes a speech recognizing unit 610, an image searching unit

620, a speaker searching unit 630, a position recognizing unit 640, and a beamforming

performing unit 650.

[62] The speech recognizing unit 610 recognizes a speech of a speaker. The speech rec

ognizing unit 610 identifies a speaker to which an input speech signal belongs by

searching a database in which speech signals related to one or more speakers are stored

as described above. The speech recognizing unit 610 may include a speech signal

receiving unit (not shown), a speech extracting unit (not shown), and an identifying

unit (not shown).

[63] The speech signal receiving unit receives a speech signal from a user. The speech

signal receiving unit may be a microphone array including one or more microphones.

[64] The speech extracting unit extracts a section including a predetermined speech signal

from the speech signal. The predetermined speech signal may be a speech signal

generated by pronouncing a command to start an operation of the beamforming

performing unit 650.

[65] The identifying unit identifies the speaker based on the section. The identifying unit

identifies the speaker corresponding to the speech signal received from the speech



signal receiving unit by comparing a speech signal in the section with a speech signal

according to each speaker stored in a database (not shown).

[66] The image searching unit 620 searches for an image about the speaker who is

identified. If the apparatus 600 includes the database in which image data associated

with one or more speakers is stored, the image searching unit 620 searches for image

data associated with the speaker whose speech is recognized in the database. If the

apparatus 600 does not include the database, image data associated with the speaker

whose speech is recognized may be searched for by using a search engine on a

network.

[67] The speaker searching unit 630 searches for the speaker through a camera based on

the image data that is searched for. The speaker searching unit 630 detects an object

corresponding to the speaker in image data acquired through the camera by comparing

the image data acquired through the camera with the image data that is searched for.

[68] The position recognizing unit 640 recognizes a position of the speaker by using in

formation about the object (for example, position information or size information).

[69] The beamforming performing unit 650 performs microphone beamforming according

to the position of the speaker. If the position recognizing unit 640 recognizes that the

position of the speaker is changed to a different position, the beamforming performing

unit 650 changes a direction of beamforming to the changed position. However, if the

position recognizing unit 640 recognizes that the position of the speaker is not

changed, the beamforming performing unit 650 does not change a direction of

beamforming.

[70] The afore-described embodiments of the present invention may be implemented as

an executable program, and may be executed by a general-purpose digital computer or

other data processing system that runs the program by using a computer-readable

recording medium.

[71] Examples of the computer-readable medium include storage media such as magnetic

storage media (e.g., read only memories (ROMs), floppy discs, or hard discs), optically

readable media (e.g., compact disk-read only memories (CD-ROMs), or digital

versatile disks (DVDs)), and the like.

[72] Although the present disclosure has been described with an exemplary embodiment,

various changes and modifications may be suggested to one skilled in the art. It is

intended that the present disclosure encompass such changes and modifications as fall

within the scope of the appended claims.



Claims
A method of performing microphone beamforming, the method

comprising:

recognizing a speech of a speaker;

searching for a previously stored image associated with the speaker;

searching for the speaker through a camera based on the image;

recognizing a position of the speaker; and

performing microphone beamforming according to the position of the

speaker.

The method of claim 1, wherein the recognizing of the speech of the

speaker comprises:

receiving a speech signal from the speaker;

extracting a section including a predetermined speech signal from the

speech signal; and

identifying the speaker based on the section.

The method of claim 2, wherein the identifying of the speaker

comprises identifying the speaker by comparing the predetermined

speech signal with speech signals that are previously acquired from one

or more speakers and stored.

The method of claim 1, wherein the searching of the speaker comprises

extracting an object corresponding to the speaker from image data

acquired through the camera by comparing the image data acquired

through the camera with previously stored image data associated with

one or more speakers.

The method of claim 4, wherein the recognizing of the position

comprises determining whether the position of the speaker is changed

to a changed position based on information about the object,

wherein the performing of the microphone beamforming comprises

adaptively performing the microphone beamforming according to the

changed position if the position of the speaker is changed to the

changed position.

The method of claim 1, wherein the performing of the microphone

beamforming comprises amplifying a speech generated in an area, from

among a plurality of areas, where the speaker is located, and decreasing

speeches generated in other areas.

An apparatus for performing microphone beamforming, the apparatus

comprising:
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a speech recognizing unit configured to recognize a speech of a

speaker;

an image searching unit configured to search for a previously stored

image associated with the speaker which is;

a speaker searching unit configured to search for the speaker through a

camera based on the image;

a position recognizing unit configured to recognize a position of the

speaker; and

a beamforming performing unit configured to perform microphone

beamforming according to the position of the speaker.

[Claim 8] The apparatus of claim 7, wherein the speech recognizing unit

comprises:

a speech signal receiving unit configured to receive a speech signal

from the speaker;

a speech extracting unit configured to extract a section including a pre

determined speech signal from the speech signal; and

an identifying unit configured to identify the speaker based on the

section.

[Claim 9] The apparatus of claim 8, wherein the identifying unit identifies the

speaker by comparing the predetermined speech signal with speech

signals that are previously acquired from one or more speakers and

stored.

[Claim 10] The apparatus of claim 7, wherein the speaker searching unit extracts

an object corresponding to the speaker from image data acquired

through the camera by comparing the image data acquired through the

camera with previously stored image data associated with one or more

speakers.

[Claim 11] The apparatus of claim 9, wherein the position recognizing unit de

termines whether the position of the speaker is changed to a changed

position based on the image acquired through the camera,

wherein the beamforming performing unit adaptively performs m i

crophone beamforming according to the changed position.

[Claim 12] The apparatus of claim 7, wherein the beamforming performing unit

amplifies a speech generated in an area, from among a plurality of

areas, where the speaker is located, and decreases speeches in other

areas.

[Claim 13] The apparatus of claim 7, wherein the image searching unit searches for

the previously stored image in a database in the apparatus.
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[Claim 14] The apparatus of claim 7, wherein the image searching unit searches for

the previously stored image using a search engine on a network.

[Claim 15] A computer-readable recording medium encoded with computer-ex

ecutable instructions that when executed cause a data processing

system to perform the steps of:

recognizing a speech of a speaker;

searching for a previously stored image associated with the speaker;

searching for the speaker through a camera based on the image;

recognizing a position of the speaker; and

performing microphone beamforming according to the position of the

speaker.
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