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IMAGE CAPTURINGAPPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of application Ser. 
No. 12/525,244, filed Jul. 30, 2009, the entire disclosure of 
which is hereby incorporated by reference. 

TECHNICAL FIELD 

0002 The present invention relates to an image capturing 
apparatus, and more particularly, to an image capturing appa 
ratus that is able to process Sound signals. 

BACKGROUND ART 

0003 Conventionally, video cameras and the like as image 
capturing apparatuses for processing Sound signals are 
known. Video cameras collect sounds from subjects with the 
use of a sound collector (microphone), and record the sounds 
together with video. 
0004 Some of these video cameras use sound signals col 
lected by three non-directional Sound collectors to generate 
2-channel stereophonic sound signals, for example, see Japa 
nese Patent Laid-Open No. 2000-224688. 
0005. In recent years, the development of sound technol 
ogy and Sound replay devices has also allowed us to listen to 
multi-channel Sounds such as 5.1 channel sounds, not stereo 
phonic sounds, in the case of DVDs and the like. 
0006. The present invention has as its object to provide an 
image capturing apparatus which facilitates calculation for 
generating Surround sound signals when Sound signals col 
lected by four non-directional sound collectors are used to 
generate, for example, multi-channel Surround sound signals. 
Further, the present invention also has as its object to provide 
an image capturing apparatus which can prevent the size of 
the entire apparatus from being increased by reducing the 
area of the arrangement of the above four non-directional 
Sound collectors. 

DISCLOSURE OF INVENTION 

0007. In order to solve the problems described above, 
according to one aspect of the present invention, there is 
provided an image capturing apparatus including an image 
capturing unit for capturing an optical image of a subject 
ahead, the image capturing apparatus comprising: a micro 
phone unit for collecting a Surround Sound; and a generator 
for generating a multi-channel Sound signal, based on a Sound 
collected by the microphone unit, wherein the microphone 
unit comprises a first Sound collector, a second sound collec 
tor disposed posterior to the first sound collector, a third 
sound collector, and a fourth sound collector, and the fourth 
Sound collector is disposed inside a triangle formed by the 
first sound collector, the second sound collector, and the third 
Sound collector as vertexes, and wherein the generator gen 
erates a first channel sound signal from a Sound signal of a 
Sound collected by the first sound collector and a sound signal 
of a sound collected by the second sound collector, generates 
a second channel sound signal from a sound signal of a Sound 
collected by the first sound collector and a sound signal of a 
Sound collected by the fourth Sound collector, generates a 
third channel Sound signal from a sound signal of a Sound 
collected by the fourth sound collector and a sound signal of 
a sound collected by the second sound collector, generates a 
fourth channel sound signal from a Sound signal of a Sound 
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collected by the second sound collector and a sound signal of 
a sound collected by the third sound collector, and generates 
a fifth channel Sound signal from a sound signal of a Sound 
collected by the third sound collector and a Sound signal of a 
sound collected by the first sound collector. 
0008 According to another aspect of the present inven 
tion, there is provided an image capturing apparatus including 
an image capturing unit for capturing an optical image of a 
Subject ahead, the image capturing apparatus comprising: a 
microphone unit for collecting a Surround sound; and a gen 
erator for generating a multi-channel Sound signal, based on 
a sound collected by the microphone unit, wherein the micro 
phone unit comprises a first Sound collector, a second Sound 
collector disposed posterior to the first Sound collector, and a 
third sound collector and a fourth sound collector both dis 
posed on the right-hand or left-hand side of a line connecting 
the first sound collector and the second sound collector, the 
third sound collector and the fourth sound collector disposed 
with displacement in the anterior-posterior direction, and 
wherein the generator generates a first channel sound signal 
from a sound signal of a sound collected by the first Sound 
collector and a sound signal of a Sound collected by the 
second Sound collector, generates a second channel Sound 
signal from a sound signal of a sound collected by the first 
Sound collector and a sound signal of a Sound collected by the 
fourth Sound collector, generates a third channel Sound signal 
from a sound signal of a sound collected by the third Sound 
collector and a sound signal of a Sound collected by the 
second Sound collector, generates a fourth channel Sound 
signal from a sound signal of a sound collected by the second 
Sound collector and a sound signal of a Sound collected by the 
fourth Sound collector, and generates a fifth channel Sound 
signal from a Sound signal of a sound collected by the third 
Sound collector and a sound signal of a Sound collected by the 
first sound collector. 
0009. According to still another aspect of the present 
invention, there is provided an image capturing apparatus 
including an image capturing unit for capturing an optical 
image of a Subject ahead, the image capturing apparatus 
comprising: a microphone unit for collecting a surround 
Sound; and a generator for generating a multi-channel Sound 
signal, based on a sound collected by the microphone unit, 
wherein the microphone unit comprises a first sound collec 
tor, a second Sound collector disposed posterior to the first 
Sound collector, a third sound collector, and a fourth Sound 
collector, and wherein the generator generates a first channel 
Sound signal from a Sound signal of a sound collected by the 
first sound collector and a sound signal of a Sound collected 
by the second sound collector, generates a second channel 
Sound signal from a Sound signal of a sound collected by the 
first sound collector and a sound signal of a Sound collected 
by the fourth Sound collector, generates a third channel Sound 
signal from a sound signal of a Sound collected by the fourth 
Sound collector and a sound signal of a Sound collected by the 
second Sound collector, generates a fourth channel Sound 
signal from a Sound signal of a sound collected by the second 
Sound collector and a sound signal of a Sound collected by the 
third sound collector, and generates a fifth channel Sound 
signal from a Sound signal of a sound collected by the third 
Sound collector and a sound signal of a Sound collected by the 
first sound collector. 
0010 Further features and advantages of the present 
invention will become apparent from the following descrip 
tion of the preferred embodiments with reference to the 
attached drawings. 
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BRIEF DESCRIPTION OF DRAWINGS 

0011 FIG. 1 is a perspective view of a video camera to 
which the present invention is applied; 
0012 FIG. 2 is a block diagram of the video camera to 
which the present invention is applied; 
0013 FIG.3 is a diagram for explaining details of a micro 
phone unit and a Sound processing unit of a video camera 
according to a first embodiment; 
0014 FIGS. 4A to 4E are diagrams illustrating polar pat 
terns of 5-channel Sounds generated by the video camera 
according to the embodiment; 
0015 FIG.5 is a diagram for explaining details of a micro 
phone unit and a Sound processing unit of a video camera 
according to a second embodiment; 
0016 FIG. 6 is a diagram for explaining another arrange 
ment of sound collectors of the microphone unit according to 
the first embodiment; and 
0017 FIG. 7 is a diagram for explaining another arrange 
ment of sound collectors of the microphone unit according to 
the second embodiment. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0018. The embodiments will be described with reference 
to the drawings. 

First Embodiment 

0019. A video camera will be described which is capable 
of generating multi-channel Sound signals on the basis of 
Sound signals input from four sound collectors. 
0020 FIG. 1 is a perspective view of a video camera 
according to the present embodiment. 
0021. In FIG. 1, reference numeral 100 denotes the video 
camera according to the present embodiment. Reference 
numeral 101 denotes a photographing lens for capturing opti 
cal images of subjects. Reference numeral 102 denotes a 
microphone unit which incorporates therein four Sound col 
lectors for collecting Surround Sounds. The arrangement of 
the sound collectors will be described later. Reference 
numeral 103 denotes a display unit for, during shooting, dis 
playing video of optical images of Subjects captured by the 
photographing lens 101 and processed by a video processing 
unit 206 to be described later, and for during replay, display 
ing video processed by a video replay processing unit 211 to 
be described later, as well as menu screens and the like. 
0022. In the present embodiment, the side on which the 
photographing lens 101 is disposed is considered to be the 
front of the video camera 100 as shown in FIG. 1. 
0023 FIG. 2 is a block diagram of the video camera 100 in 
FIG 1. 

0024. In FIG. 2, reference numeral 201 denotes a control 
unit for controlling each block depending on a variety of 
functions of the video camera 100. Reference numeral 202 
denotes an operation unit for inputting external requests into 
the video camera 100. Reference numeral 203 denotes a 
control signal bus through which control signals from the 
control unit 201, request signals from the operation unit 202, 
and the like are transmitted. Reference numeral 204 denotes 
animage/sound data bus through which image data and Sound 
data for each block are transmitted. 
0025 Reference numeral 205 denotes an image capturing 
unit comprises an aperture for controlling the amount of light 
from the photographing lens 101, an image sensor for con 
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Verting optical images into electrical signals, and the like. 
Reference numeral 206 denotes a video processing unit for 
carrying out processing required for a video recording 
scheme. Such as adjusting video signals obtained from the 
image capturing unit 205 to appropriate signal levels, con 
Verting the video signals into digital data, and recording the 
digital data one frame at a time. 
0026 Reference numeral 207 denotes a sound processing 
unit for carrying out processing of amplifying Sound signals 
obtained by the microphone unit 102 to appropriate levels and 
of converting the Sound signals to digital data. The Sound 
processing unit 207 carries out processing Such as converting 
sound signals obtained from the four sound collectors of the 
microphone unit 102 to, for example, 5.1 channel sound data. 
The sound processing unit 207 will be described in more 
detail later. 
0027. Reference numeral 208 denotes a display control 
unit for controlling display on the display unit 103. The dis 
play control unit 208 displays, on the display unit 103, infor 
mation depending on a variety of modes, in response to 
requests from the control unit 201. 
0028 Reference numeral 209 denotes a hard disk (herein 
after, referred to as a HDD) as a recording medium for record 
ing image data obtained from the video processing unit 206, 
sound data obtained from the sound processing unit 207 and 
other data, associated with each other as needed. Reference 
numeral 210 denotes an access unit for accessing the HDD 
209 to read and write the video data, sound data, and other 
data described above, and the like. 
0029 Reference numeral 211 denotes a video replay pro 
cessing unit for processing, in accordance with a video 
recording scheme, video data in the HDD 209 read out by the 
access unit 210, and converting the processed video data into 
a predetermined format. Reference numeral 212 denotes a 
Video output terminal for outputting the video signals 
replayed by the video replay processing unit 211 to the out 
side. 
0030 Reference numeral 213 denotes a sound replay pro 
cessing unit for replaying, in accordance with a video record 
ing scheme, sound data in the HDD 209 read out by the access 
unit 210. Reference numeral 214 denotes a sound output 
terminal for outputting the sound signals replayed by the 
Sound replay processing unit 213 to the outside. 
0031 Reference numeral 215 denotes a USB terminal for 
communicating with an external device Such as a PC or 
exchanging video data, Sound data, and the like recorded on 
the HDD 209 with an external device. Reference unit 216 
denotes a USB controller for controlling exchange of data 
between the USB terminal 215 and the connected external 
device. 

0032 Reference numeral 217 denotes a transmission ter 
minal for transmitting control signals to an external device. 
0033 First, basic shooting operation with the video cam 
era 100 according to the present embodiment will be 
described. 
0034. In response to the operated power switch of the 
operation unit 202, the video camera 100 is brought into a 
stand-by state for shooting. In this state, the user operating a 
shooting button of the operation unit 202 requests the video 
camera 100 to start to shoot moving images. In response to 
this request for starting to shoot moving images, the control 
unit 201 transmits request signals for the start of shooting to 
the image capturing unit 205, the video processing unit 206, 
and the like. 
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0035. When shooting is started, the image capturing unit 
205 controls, with the use of the aperture, the amount of light 
for optical images of Subjects captured by the photographing 
lens 101, and converts the controlled amount of light into 
electrical signals with the use of the image sensor. Then, the 
converted electrical signals are adjusted to appropriate levels 
and converted into digital data in the video processing unit 
206. Then, the video signals obtained by being converted into 
digital data are adjusted to an appropriate number of pixels by 
a circuit for adjusting the number of pixels or the like of the 
Video processing unit 106, and Subjected to compression 
coding in accordance with a predetermined video recording 
scheme to obtain video data. 
0036 Further, the sound processing unit 207 amplifies 
four sound signals collected by the four sound collectors of 
the microphone unit 102 to appropriate levels. Then, these 
four sound signals are converted into digital data, for 
example, Subjected to processing required by the Sound 
recording scheme. Such as converting the digital data into 5.1 
channel Sound data, to obtain sound data. 
0037. Then, the control unit 201 combines the video data 
described above with the sound data described above to form 
a data stream, and outputs the data stream to the access unit 
210. The access unit 210, on the basis of the request from the 
control unit 201, starts to write the data stream of the video 
data and sound data into the HDD 209 as one moving image 
file, under file system management such as UDF or FAT. The 
file system means a structural system composed of manage 
ment information for carrying out file management and file 
data. Standardizing the file system also allows for recording 
and replaying on different storage media or on different 
recording and playback devices. 
0038. The data stream may be displayed on the display 
unit 103 via the display control unit 208, if necessary. 
0039. Then, when the user again operates the shooting 
button of the operation unit 202, the control unit 201 trans 
mits, in response to the request for the end of shooting of 
moving images, request signals for the end of shooting to the 
image capturing unit 205, the video processing unit 206, and 
the like. 
0040. In response to the receipt of the request signals for 
the end of shooting moving images, the image capturing unit 
205 and the video processing unit 206 end the shooting opera 
tion. The access unit 210 writes, based on the request from the 
control unit 201, a series of video data and sound data 
recorded from the start of shooting to the end of shooting into 
the HDD 209 as one file, and ends the recording operation. 
The control unit 201 brings the video camera 100 into a 
stand-by state for shooting. 
0041. Next, normal replay operation with the video cam 
era 100 according to the video camera 100 will be described. 
0042. The control unit 201 controls the access unit 210 in 
response to the selection of a replay mode by a selection 
switch of the operation unit 202, so as to read out video data 
and still image data from the HDD 209. Then, the control unit 
201 controls the display control unit 208 so as to display on 
the display unit 103 a thumbnail screen in which thumbnails 
of the read video data and still image data are arranged or to 
display on the display unit 103 the file names of the video data 
and still image data. Further, the display control unit 208 may 
be controlled so as to display on the display unit 103 video 
data, still image data, or the like obtained in the last shooting. 
0043. Then, with the thumbnail screen displayed, when 
the user operates the operation unit 202 to request replay of 
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video data or still image data, the control unit 201 controls 
each block so as to replay the requested image data. 
0044. In the case of replaying video data, the control unit 
201 separates, in response to the request from the operation 
unit 202, contents data read from the HDD 209 into sound 
data and video data. Then, the amount of decoded information 
on the video data is expanded in the video replay processing 
unit 211, and displayed on the display unit 103 as video by the 
display control unit 208. In this case, since the video camera 
100 is configured so that video signals are also output from 
the video terminal 212, a device which is able to display 
video, connected via the video terminal 212, can display the 
Video. The Sound data is transmitted to the Sound replay 
processing unit 213, and the amount of decoded information 
on the sound data is expanded and converted into 5.1 channel 
Surround sound data or Surround Sound signals, and output 
from the sound terminal 214, thereby resulting in sound out 
put from a device which is able to output Sounds, connected to 
the sound terminal 214. 
0045. Now, the configurations of the microphone unit 102 
and the Sound processing unit 207 according to the present 
embodiment will be described in detail with reference to FIG. 
3 

0046 FIG. 3 shows the microphone unit 102 of the video 
camera 100 in FIG. 1 as viewed from above. The sound 
processing unit 207 generates 5.1 channel Surround Sounds. 
Description of generation of Subchannel Sound signals corre 
sponding to Sounds of low-frequency components will be 
omitted here. 

0047 First, the microphone unit 102 will be described. 
Reference numerals 301 to 304 denote sound collectors. Each 
of the Sound collectors has Substantially non-directional 
Sound collecting characteristics. 
0048. The sound collector 301 is anteriorly disposed in the 
image capturing direction of the video camera 100 in the 
microphone unit 102. The sound collector 302 is posteriorly 
disposed in the image capturing direction of the video camera 
100 in the microphone unit. Further, the sound collector 302 
is disposed posterior to the sound collector 301 on a line 
Substantially parallel to the optical axis of the photographing 
lens 101 and transmitted through the sound collector 301, 
where a distance between the sound collector 301 and the 
sound collector 302 is denoted by L. The distance L is, for 
example, on the order of 14 mm. 
0049. The sound collector 303 is disposedata vertex angle 
of Substantially an isosceles triangle with the Sound collector 
301 and the sound collector 302 as vertexes and with the line 
connecting the sound collector 301 and the sound collector 
302 as a base. In the present embodiment, the sound collector 
303 is disposed on the right-hand side of the line connecting 
the sound collector 301 and the sound collector 302. The 
sound collector 304 is disposed at a vertex angle of substan 
tially an isosceles triangle with the sound collector 301 and 
the sound collector 302 as vertexes and the line connecting the 
sound collector 301 and the sound collector 302 as a base. The 
sound collector 304 is also disposed inside the triangle with 
the sound collector 301, the sound collector 302, and the 
sound collector 303 as vertexes. 
0050. In the present embodiment, in the isosceles triangle 
with the sound collector 303 as a vertex, the angles at the 
vertexes of the sound collector 301 and the sound collector 
302 are denoted by cp1, and the sound collectors are disposed 
to form the angle (p1 approximately from 60 degrees to 80 
degrees. Further, in the isosceles triangle with the Sound 
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collector 304 as a vertex, the angles at the vertexes of the 
sound collector 301 and the sound collector 302 are denoted 
by p2, and the Sound collectors are disposed to form the angle 
(p2 of approximately 30 degrees. 
0051. Furthermore, in the present embodiment, the plane 
made by the sound collector 301, the sound collector 302, and 
the sound collector 303 is made to be substantially parallel to 
the bottom surface of the video camera 100. In addition, the 
plane made by the sound collector 301, the sound collector 
302, and the sound collector 304 is also made to be substan 
tially parallel to the bottom surface of the video camera 100. 
0052 Next, the sound processing unit 207 will be 
described. Reference numeral 305 denotes an automatic gain 
controller (hereinafter, referred to as an AGC) for adjusting 
Sound signals collected by each Sound collector to appropri 
ate levels. Reference numeral 306 denotes an AD converting 
unit (hereinafter, referred to as A/D) for converting the sound 
signals adjusted by the AGC 305 to the appropriate levels, 
from analog data to digital data. Reference numeral 307 
denotes a delay unit for delaying input Sound data. Reference 
numeral 308 denotes a subtracter for subtracting the sound 
data delayed by the delay unit 307 from sound data which is 
not delayed. Reference numeral 309 denotes an equalizer 
(hereinafter, referred to as EQ) for attenuating high-fre 
quency components. 
0053. Now, a procedure will be described for generating 
5-channel Surround Sound data from Sound signals obtained 
from the four substantially non-directional sound collectors 
in the sound processing unit 207. 
0054. A front center channel (FC) is generated from a 
sound signal obtained from the sound collector 301 and a 
sound signal obtained from the sound collector 302. A front 
left channel (FL) is generated from a sound signal obtained 
from the sound collector 301 and a sound signal obtained 
from the sound collector 304. A front right channel (FR) is 
generated from a Sound signal obtained from the Sound col 
lector 302 and a sound signal obtained from the sound col 
lector 304. A surround left channel (SL) is generated from a 
sound signal obtained from the sound collector 302 and a 
sound signal obtained from the sound collector 303. A sur 
round right channel (SR) is generated from a sound signal 
obtained from the sound collector 301 and a sound signal 
obtained from the sound collector 303. 
0055 Taking the front center channel (FC) as an example, 
a method will be described for generating sound data for 
individual channels of 5-channel Surround sound data. 

0056. As described above, the front centerchannel (FC) is 
generated from a Sound signal obtained from the Sound col 
lector 301 and a sound signal obtained from the sound col 
lector 302. Specifically, the front center channel (FC) is gen 
erated from Sound data obtained by delaying a sound signal 
obtained from the sound collector 302 by a phase (p1, and 
from sound data obtained from the sound collector 301. A 
specific calculation method will be described below. 
0057 The sound processing unit 207 is configured such 

that: the sound signal obtained from the sound collector 301 
is adjusted to a sound of an appropriate level by the AGC 305, 
and converted to first sound data by the A/D 306; the sound 
signal obtained from the sound collector 302 is adjusted to a 
sound of an appropriate level by the AGC 305, converted to 
second sound data by the A/D 306, and delayed by the delay 
unit 307; and then, the second sound data is subtracted from 
the first sound data by the subtracter 308 to generate a front 
center channel (FC) sound. 
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0058. Now, attention is focused on input of a sound with a 
sine wave sin cot from a sound source A to the video camera 
100. It is assumed that this sound is input at an angle X when 
the right-hand side refers to 0 degree, and that the sound 
source A is located a sufficient distance with respect to the 
distance L between the sound collector 301 and the sound 
collector 302. If the sound source is located anterior to the 
video camera 100, a sound will be input to the sound collector 
301, and then input to the sound collector 302. The distance 
difference from the Sound source A to each microphone is 
represented by a general formula, the following formula (1): 

(Distance Difference)=LxsinX=Lsin X (1) 

0059. When the sound velocity is denoted by c, the wave 
length of the sound with sin (ot can be obtained from the 
following formula (2): 

(Wavelength of Sound)=c(()/2J)=2JC/C) (2) 

0060. When the time until the sound input to the sound 
collector 301 is input to the sound collector 302 is represented 
with a phase difference (px of the sound with sin (ot, the phase 
difference (px is represented by the following formula (3): 

(by = LSinX -- (27tc f (o)x 27 (3) 

= (LosinX) fc 

0061 The sound with the sine wave sin (ot, output from 
this sound source, is converted to a Sound signal a by the 
sound collector 301. The sound signal a is represented by the 
following formula (4): 

a Casinot (4) 

0062 where C. is an amplitude of the sound signal a. 
0063. The sound with the sine wave sin wit, output from the 
Sound source, is converted to Sound signal b by the Sound 
collector 302 behind the sound collector 301. The sound 
signal b is represented by the following formula (5): 

0064 where B is an amplitude of the sound signal b. 
0065. Further, the delay unit 307 delays the sound signal 
obtained from the sound collector 302 by a phase (p1. Thus, 
the sound datab' delayed by the delay unit 307 is represented 
by the following formula (6): 

0066. From the formulas (4) and (6), the sound data output 
from the subtracter 308 is represented by the following for 
mula (7): 

a-b'Casinoi-sin(ot+(px+p1) (7) 

0067. Now, attention is focused on a case in which X is 270 
degrees. In this case, when the time until the Sound input to the 
sound collector 301 is input to the sound collector 302 is 
represented with a phase difference pb of the sound with sin 
cot, the phase difference pb is represented by the following 
formula (8): 

0068. When X is 270 degrees, the formula (7) is repre 
sented as the following formula (9): 
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0069. In the description here, since it is desired to generate 
a front centerchannel (FC) Sound, it is necessary to reduce the 
sensitivity to Sounds from the rear. More specifically, in a case 
in which the sound source is posteriorly located (X is 270 
degrees), the output of the formula (9) is made to be 0. Thus, 
the formula (9) can be rewritten as the following formula (10): 

O=Bsinot-fisin(ot+(pb+(p1) (10) 

0070. In order for the above formula (10) to be true, the 
formula may be set so that cp1=-pb. Thus, (p1 is represented by 
the following formula (11): 

0071. From the formulas (7) and (11), the general formula 
which represents a front center channel (FC) sound is repre 
sented by the following formula (12): 

(FC) = a -b' (12) 

= a sincot - Bsin(cot + six + i. 1) 

= a sincot - Bsin (cot + L(o(sinX + 1) fc) 

0072 Further, in the EQ 309, high-frequency components 
are attenuated, as needed, to output Sound data with great 
directivity. Thus, in the manner described above, a front cen 
ter channel (FC) sound is obtained. 
0073. In the description above, a method has been 
described in which the front centerchannel (FC) is taken as an 
example to generate 5-channel Sound data. However, the 
other channels can be obtained in a similar way. Polarpatterns 
of 5-channel sounds calculated in accordance with this 
method are shown in FIGS. 4A to 4E. In FIGS. 4A to 4E, since 
the Sound source is at a sufficient distance from the Sound 
correctors 301 to 304, it is assumed that C. is nearly equal to 3. 
0074 FIG. 4A shows the polar pattern of a front center 
channel (FC) Sound calculated from the Sound signal 
obtained from the sound collector 301 and the sound signal 
obtained from the sound collector 302. FIG. 4B shows the 
polar pattern of a front left channel (FL) sound calculated 
from the sound signal obtained from the sound collector 301 
and the sound signal obtained from the sound collector 304. 
FIG. 4C shows the polar pattern of a front right channel (FR) 
Sound calculated from the Sound signal obtained from the 
sound collector 304 and the sound signal obtained from the 
sound collector 302. FIG. 4D shows the polar pattern of a 
surround left channel (SL) sound calculated from the sound 
signal obtained from the sound collector 302 and the sound 
signal a sound signal obtained from the sound collector 303. 
FIG. 4E shows the polar pattern of a surround right channel 
(SR) sound calculated from the sound signal obtained from 
the sound collector 303 and the sound signal obtained from 
the sound collector 301. 
0075 Thus, in the manner described above, 5-channel 
Sound data can be generated by arranging sound correctors as 
shown in FIG. 3. 
0076 Such an arrangement of the four substantially non 
directional Sound collectors can facilitate calculation forgen 
erating Surround Sound signals and reduce the area of the 
arrangement of the four non-directional Sound collectors, 
when generating Surround Sound signals. Thus, the size of the 
entire apparatus can be prevented from increasing. 
0077. In addition, the angle 02 shown in FIGS. 4B and 4C 
corresponds to the angle 02 in FIG.3, and the angle 01 shown 

Sep. 6, 2012 

in FIGS. 4D and 4E corresponds to the angle 01 in FIG. 3. In 
other words, the directivity of the sound obtained as a calcu 
lation result can be changed by changing the arrangement of 
the Sound collectors. 

(0078. Further, in the present embodiment, the front left 
channel (FL) is generated from the Sound signal obtained 
from the sound collector 301 and the sound signal obtained 
from the sound collector 304. However, the front left channel 
(FL) may be generated from a sound signal obtained from the 
sound collector 301 and a sound signal obtained from the 
sound collector 303. Further, the front right channel (FR) is 
generated from the Sound signal obtained from the Sound 
collector 302 and the sound signal obtained from the sound 
collector 304. However, the front left channel (FR) may be 
generated from a Sound signal obtained from the Sound col 
lector 302 and a sound signal obtained from the sound col 
lector 303. Further, the surround left channel (SL) is gener 
ated from the sound signal obtained from the sound collector 
302 and the sound signal obtained from the sound collector 
303. However, the surround left channel (SL) may be gener 
ated from a sound signal obtained from the Sound collector 
302 and a sound signal obtained from the sound collector 304. 
Further, the surround right channel (SR) is generated from the 
sound signal obtained from the sound collector 301 and the 
sound signal obtained from the sound collector 303. How 
ever, the surround right channel (SR) may be generated from 
a sound signal obtained from the sound collector 301 and a 
sound signal obtained from the sound collector 304. 
0079. In the present embodiment, the sound collector 303 
and the sound collector 304 are disposed on the right-hand 
side of the line connecting the sound collector 301 and the 
sound collector 302 in the microphone unit 102. However, the 
sound collector 303 and the sound collector 304 may be 
disposed on the left-hand side of the line. 
0080 Further, while the generation of 5-channel multi 
channel sound data has been described in the present embodi 
ment, Subchannel sound data corresponding to Sounds of 
low-frequency components may be generated at the same 
time. In Such a case, at least one Subchannel sound data may 
be generated, or multiple subchannel sound signals may be 
generated. Moreover, channel sound data corresponding to 
Sounds of high-frequency components of 5-channel Sound 
data may be generated at the same time. 
I0081. In addition, while the 5-channel sound data is gen 
erated in the present embodiment, further, rear center chan 
nel, left channel, and right channel Sound data may be gener 
ated. Moreover, Sound data may be generated for a channel 
between the front left channel and the left channel and for a 
channel between the front right channel and the right channel. 
Moreover, Sound data may be generated for a channel 
between the rear channel and the surround left channel and for 
a channel between the rear channel and the Surround right 
channel. These data can be calculated from the calculation 
method described above. The use of this method can generate 
12-channel Sound data. 

I0082 In the present embodiment, the phase delay in the 
delay unit 307 is represented by the formula (p1=(L (D)/c. 
Thus, the delay angle will vary depending on the frequency of 
the sound. More specifically, for example, a low-pass filter 
with its cut-off frequency set to 3 kHz, and the like may be 
used in place of the delay unit 307. In a case in which a 
low-pass filter is applied, the low-pass filter may be a low 
pass filter with a phase delay of the p1 (c)=10002 t) described 
above around the center frequency of a human auditory range, 
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for example, around 1 kHz. Alternatively, the low-pass filter 
may be a low-pass filter which has frequency-phase charac 
teristics in which the phase delay is increased toward higher 
frequencies. 
0083. Further, in the present embodiment, the sound col 
lector 302 is disposed posterior to the sound collector 301 on 
the line substantially parallel to the optical axis of the photo 
graphing lens 101 and transmitted through the Sound collec 
tor 301. However, the sound collector 302 may be simply 
disposed posterior to the sound collector 301. 
0084. Further, in the present embodiment, the sound col 
lector 303 is disposed at the vertex angle of the substantially 
isosceles triangle with the sound collector 301 and the sound 
collector 302 as vertexes and with the line connecting the 
sound collector 301 and the sound collector 302 as a base. 
However, the sound collector 303 may be disposed so as to 
form any triangle, not necessarily Substantially an isosceles 
triangle. What is further needed is to dispose the sound col 
lector 304 within a triangle with the sound collector 301, the 
sound collector 302, and the sound collector 303 as vertexes. 
0085 More specifically, the arrangement of the sound col 
lectors as shown in FIG. 6 may be employed. 
I0086. As described above, it is sufficient to employ, as the 
arrangement of Sound collectors according to the present 
embodiment, an arrangement which satisfies this relation 
ship, not necessarily a precise arrangement like that shown in 
FIG. 3. 

Second Embodiment 

0087 Now, the configurations of a microphone unit 102 
and a Sound processing unit 207 according to a second 
embodiment will be described in detail with reference to FIG. 
5. 
I0088 FIG. 5 shows the microphone unit 102 of the video 
camera 100 in FIG. 1 as viewed from above. The sound 
processing unit 207 generates 5.1 channel Surround Sounds. 
Description of generation of Subchannel Sound signals corre 
sponding to Sounds of low-frequency components will be 
omitted here. 
I0089 First, the microphone unit 102 will be described. 
Reference numerals 501 to 504 denote sound collectors. Each 
of the Sound collectors has Substantially non-directional 
Sound collecting characteristics. 
0090. The sound collector 501 is anteriorly disposed in the 
image capturing direction of the video camera 100 in the 
microphone unit 102. The sound collector 502 is posteriorly 
disposed in the image capturing direction of the video camera 
100 in the microphone unit. Further, the sound collector 502 
is disposed posterior to the sound collector 501 on a line 
Substantially parallel to the optical axis of the photographing 
lens 101 and transmitted through the sound collector 501, 
where the distance between the sound collector 501 and the 
sound collector 502 is denoted by L. The distance L is, for 
example, on the order of 20 mm. 
0091. Furthermore, a line connecting the sound collector 
503 and the sound collector 504 is substantially parallel to a 
line connecting the sound collector 501 and the sound collec 
tor 502. Moreover, the angle made by the line connecting the 
sound collector 501 and the sound collector 502 and the line 
connecting the sound collector 501 and the sound collector 
503 is substantially equal to the angle made by the line con 
necting the sound collector 501 and the second sound collec 
tor 502 and the line connecting the sound collector 501 and 
the sound collector 504. 
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0092. In the present embodiment, the angle at the vertex of 
the sound collector 501 is denoted by 01 in the triangle made 
by the sound collector 501, the sound collector 502, and the 
sound collector 503, and is an angle from approximately 60 
degrees to approximately 80 degrees. Further, the angle at the 
vertex of the sound collector 501 is denoted by 02 in the 
triangle made by the sound collector 501, the sound collector 
502, and the sound collector 504, and is an angle of approxi 
mately 30 degrees. Thus, the angle at the vertex of the sound 
collector 502 is denoted by 02 in the triangle made by the 
sound collector 501, the sound collector 502, and the sound 
collector 503. Likewise, the angle at the vertex of the sound 
collector 502 is denoted by 01 in the triangle made by the 
sound collector 501, the sound collector 502, and the sound 
collector 504. It is sufficient if each of 01 and 02 is smaller 
than 90 degrees. 
0093. Furthermore, in the present embodiment, the plane 
made by the sound collector 501, the sound collector 502, and 
the sound collector 503 is made to be substantially parallel to 
the bottom surface of the video camera 100. In addition, the 
plane made by the sound collector 501, the sound collector 
502, and the sound collector 504 is made to be substantially 
parallel to the bottom surface of the video camera 100. 
(0094) Next, the sound processing unit 207 will be 
described. Reference numeral 505 denotes an automatic gain 
controller (hereinafter, referred to as an AGC) for adjusting 
Sound signals collected by each Sound collector to appropri 
ate levels. Reference numeral 506 denotes an AD converting 
unit (hereinafter, referred to as A/D) for converting the sound 
signals adjusted by the AGC 505 to the appropriate levels, 
from analog data to digital data. Reference numeral 507 
denotes a delay unit for delaying input Sound data. Reference 
numeral 508 denotes a subtracter for subtracting the sound 
data delayed by the delay unit 507 from sound data which is 
not delayed. Reference numeral 509 denotes an equalizer 
(hereinafter, referred to as EQ) for attenuating high-fre 
quency components. 
0095. In the sound processing unit 207 which has the 
configuration described above, the procedure for generating 
5-channel Surround Sound data from Sound signals obtained 
from the four substantially non-directional sound collectors is 
similar to the procedure in the first embodiment for generat 
ing 5-channel Surround Sound data on the basis of Sound 
signals from the sound collectors 301 to 304, and description 
of the procedure will be thus omitted here. 
0096. However, in the second embodiment, a front center 
channel (FC) is generated from a sound signal obtained from 
the sound collector 501 and a sound signal obtained from the 
sound collector 502. A front left channel (FL) is generated 
from a sound signal obtained from the sound collector 501 
and a sound signal obtained from the sound collector 504. A 
front right channel (FR) is generated from a sound signal 
obtained from the sound collector 502 and a sound signal 
obtained from the sound collector 503. A surround left chan 
nel (SL) is generated from a Sound signal obtained from the 
sound collector 502 and a sound signal obtained from the 
sound collector 503. A surround right channel (SR) is gener 
ated from a sound signal obtained from the Sound collector 
501 and a sound signal obtained from the sound collector 503. 
0097. As described above, the arrangement of the four 
substantially non-directional sound collectors, shown in FIG. 
5, can facilitate calculation for generating Surround Sound 
signals and reduce the area of the arrangement of the four 
non-directional Sound collectors, when Surround Sound sig 
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nals are generated. Thus, the size of the entire apparatus can 
be prevented from increasing. Further, the arrangement 
allows the front left and front right channels to have higher 
directivity than the directivity of the surround left and sur 
round right channels. 
0098. Further, the arrangement in which the directivity of 
the front left and front right channels is made higher than the 
directivity of the surround left and surround right channels 
allows the longest distance between the sound collectors to be 
reduced, thereby allowing the channel (the front center chan 
nel in the present embodiment) calculated with the use of the 
sound collectors with the longest distance therebetween to be 
stabilized for directional characteristics at a high frequency 
region. Moreover, each of the front left, front right, surround 
left, and Surround right channels can have an appropriate 
directional angle. More specifically, Sounds can be generated 
for a channel which has a directional angle close to an angle 
determined on the basis of ITU recommendation (ITU-R 
BS.775-1). 
0099. In addition, the angle 02 shown in FIGS. 4B and 4C 
corresponds to the angle 02 in FIG.3, and the angle 01 shown 
in FIGS. 4D and 4E corresponds to the angle 01 in FIG. 3. In 
other words, the directivity of the sound obtained as a calcu 
lation result can be changed by changing the arrangement of 
the sound collectors. The angles 01 and 02 are angles deter 
mined on the basis of ITU recommendation (ITU-R BS.775 
1), and in the present embodiment, 01 is approximately 50 
degrees, whereas 02 is approximately between 60 degrees 
and 80 degrees. However, the angles 01 and 02 may be 
changed on the basis of the ITU recommendation. 
0100 Further, in the present embodiment, the front left 
channel (FL) is generated from the Sound signal obtained 
from the sound collector 501 and the sound signal obtained 
from the sound collector 504. However, the front left channel 
(FL) may be generated from a Sound signal obtained from the 
sound collector 501 and a sound signal obtained from the 
sound collector 503. Further, the front right channel (FR) is 
generated from the Sound signal obtained from the Sound 
collector 503 and the sound signal obtained from the sound 
collector 502. However, the front right channel (FR) may be 
generated from a Sound signal obtained from the Sound col 
lector 504 and a sound signal obtained from the sound col 
lector 502. Further, the surround left channel (SL) is gener 
ated from the sound signal obtained from the sound collector 
502 and the sound signal obtained from the sound collector 
504. However, the surround left channel (SL) may be gener 
ated from a sound signal obtained from the Sound collector 
502 and a sound signal obtained from the sound collector 503. 
Further, the surround right channel (SR) is generated from the 
sound signal obtained from the sound collector 503 and the 
sound signal obtained from the sound collector 501. How 
ever, the surround right channel (SR) may be generated from 
a sound signal obtained from the sound collector 504 and a 
sound signal obtained from the sound collector 501. This 
signal generation allows the Surround left and Surround right 
channels to have higher directivity than the directivity of the 
front left and front right channels. 
0101. In the present embodiment, the sound collector 503 
and the sound collector 504 are disposed on the right-hand 
side of the line connecting the sound collector 501 and the 
sound collector 502 in the microphone unit 102. However, the 
sound collector 503 and the sound collector 504 may be 
disposed on the left-hand side of the line. In this case, the front 
centerchannel (FC) is generated from a sound signal obtained 
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from the sound collector 501 and a sound signal obtained 
from the sound collector 503. The front left channel (FL) is 
generated from a Sound signal obtained from the Sound col 
lector 503 and a sound signal obtained from the sound col 
lector 502. The front right channel (FR) is generated from a 
sound signal obtained from the sound collector 501 and a 
sound signal obtained from the sound collector 504. The 
Surround left channel (SL) is generated from a sound signal 
obtained from the sound collector 503 and a sound signal 
obtained from the sound collector 501. The surround right 
channel (SR) is generated from a sound signal obtained from 
the sound collector 502 and a sound signal obtained from the 
sound collector 504. 
0102. Further, while the generation of 5-channel multi 
channel sound data has been described in the present embodi 
ment, Subchannel sound data corresponding to Sounds of 
low-frequency components may be generated at the same 
time. In Such a case, at least one Subchannel sound data may 
be generated, or multiple subchannel sound signals may be 
generated. Moreover, channel sound data corresponding to 
Sounds of high-frequency components of 5-channel Sound 
data may be generated at the same time. 
0103) Further, while the 5-channel sound data is generated 
in the present embodiment, rear center channel Sound data 
may be further generated. Moreover, Sound data may be gen 
erated for a channel between the front left channel and the 
surround left channel and for a channel between the front 
right channel and the Surround right channel. Moreover, 
sound data may be generated for a channel between the rear 
channel and the Surround left channel and for a channel 
between the rear channel and the surround right channel. This 
data can be calculated from the calculation method described 
above. The use of this method can generate 10-channel sound 
data. 
0104. In the present embodiment, the phase delay in the 
delay unit 507 is represented by the formula (p1=(L (D)/c. 
Thus, the delay angle will vary depending on the frequency of 
the sound. More specifically, for example, a low-pass filter 
with its cut-off frequency set to 3 kHz, and the like may be 
used in place of the delay unit 507. In a case in which a 
low-pass filter is applied, the low-pass filter may be a low 
pass filter with a phase delay of the p1 (c)=10002 t) described 
above around the center frequency of a human auditory range, 
for example, around 1 kHz. Alternatively, the low-pass filter 
may be a low-pass filter which has frequency-phase charac 
teristics in which the phase delay is increased toward higher 
frequencies. 
0105. In the present embodiment, the sound collector 502 

is disposed posterior to the sound collector 501 on the line 
Substantially parallel to the optical axis of the photographing 
lens 101 and transmitted through the sound collector 501. 
Alternatively, the sound collector 502 may be disposed pos 
terior to the sound collector 501. 

0106 Further, in the present embodiment, the line con 
necting the sound collector 503 and the sound collector 504 is 
Substantially parallel to the line connecting the Sound collec 
tor 501 and the sound collector 502, and moreover, the angle 
made by the line connecting the sound collector 501 and the 
sound collector 502 and the line connecting the sound collec 
tor 501 and the sound collector 503 is substantially equal to 
the angle made by the line connecting the sound collector 501 
and the second sound collector 502 and the line connecting 
the sound collector 501 and the sound collector 504. How 
ever, the line connecting the sound collector 503 and the 
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sound collector 504 need not necessarily be parallel to the line 
connecting the sound collector 501 and the sound collector 
502, because all that is needed is to dispose both the sound 
collectors 503 and 504 together on the left-hand or right-hand 
side of the line connecting the sound collector 501 and the 
sound collector 502, and to displace the sound collectors 503 
and 504 in the anterior-posterior direction. 
0107 More specifically, the arrangement of the sound col 
lectors as shown in FIG.7 may be employed. 
0108. As described above, it is sufficient to employ, as the 
microphone arrangement according to the present embodi 
ment, an arrangement which satisfies this relationship, and 
not necessarily a precise arrangement like that shown in FIG. 
5. 
0109 While the present invention has been described in 
the embodiments with reference to the video camera as an 
apparatus which has the function of collecting Sounds, other 
apparatuses may be employed. 
0110. Further, needless to say, the object of the present 
invention is also achieved by Supplying, to a system or an 
apparatus, a storage medium on which a program code of 
software for achieving the function described previously in 
the embodiment has been recorded. In this case, a computer 
(or a CPU or MPU) of the system or apparatus to which the 
program code has been applied reads out and executes the 
program code stored in the storage medium. 
0111. In this case, the program code itself read from the 
storage medium will achieve the function described previ 
ously in the embodiment, and the program code itself and the 
storage medium with the program code stored thus constitute 
the present invention. 
0112 AS the storage medium for Supplying the program 
code, for example, flexible disks, hard disks, optical disks, 
magneto-optical disks, CD-ROM, CD-R, magnetic tapes, 
nonvolatile memory cards, ROM, and the like can be used. 
0113. Furthermore, needles to say, the present invention 
also includes cases in which on the basis of requests of the 
program code described above, an OS (a basic system or an 
operating system) operating on a computer, or the like par 
tially or entirely carries out processing, which achieves the 
function described previously in the embodiment. 
0114. Furthermore, needles to say, the present invention 
also includes cases in which the program code read from the 
storage medium is written into an extensions board inserted in 
a computer or into a memory provided in an extensions unit 
connected to a computer to achieve the function described 
previously in the embodiment. In this case, on the basis of 
requests of the program code, a CPU or the like provided in 
the extensions board or the extensions unit partially or 
entirely carries out actual processing. 
0115 While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. 
0116. This application claims the benefit of Japanese 
Patent Application No. 2007-320957 filed Dec. 12, 2007, and 
2007-320958 filed Dec. 12, 2007, which are hereby incorpo 
rated by reference herein in their entirety. 

1. An audio processing apparatus comprising: 
a microphone unit for collecting a sound; and 
a generator that generates a multi-channel sound signal, 

based on a sound collected by the microphone unit, 

Sep. 6, 2012 

wherein the microphone unit comprises a first sound col 
lector, a second sound collector disposed posterior to the 
first sound collector, a third sound collector, and a fourth 
Sound collector, and the third Sound collectoris disposed 
inside a triangle formed by the first sound collector, the 
second Sound collector, and the fourth Sound collector as 
Vertexes, and 

wherein the generator generates a first channel sound sig 
nal from a sound signal of a sound collected by the first 
Sound collector and a Sound signal of a Sound collected 
by the second Sound collector, generates a second chan 
nel sound signal from a Sound signal of a Sound collected 
by the second sound collector and a Sound signal of a 
Sound collected by the third Sound collector, generates a 
third channel sound signal from a sound signal of a 
sound collected by the third sound collector and a sound 
signal of a Sound collected by the first Sound collector, 
generates a fourth channel Sound signal from a Sound 
signal of a sound collected by the fourth sound collector 
and a sound signal of a Sound collected by the second 
Sound collector, and generates a fifth channel Sound 
signal from a Sound signal of a sound collected by the 
first sound collector and a sound signal of a Sound col 
lected by the fourth sound collector. 

2. The audio processing apparatus according to claim 1, 
wherein the triangle with the first sound collector, the second 
sound collector, and the fourth sound collector as vertexes is 
Substantially an isosceles triangle. 

3. The audio processing apparatus according to claim 1, 
wherein the triangle with the first sound collector, the second 
sound collector, and the third sound collector as vertexes is 
Substantially an isosceles triangle. 

4. The audio processing apparatus according to claim 1, 
wherein the vertex of the triangle with the first sound collec 
tor, the second sound collector, and the fourth sound collector 
as vertexes, at which the first sound collector is disposed, has 
an angle of approximately between 60 degrees and 80 
degrees, and wherein the vertex of the triangle with the first 
Sound collector, the second Sound collector, and the third 
sound collector as vertexes, at which the first sound collector 
is disposed, has an angle approximately 30 degrees. 

5. The audio processing apparatus according to claim 1, 
wherein each of the first sound collector, the second sound 
collector, the third sound collector, and the fourth sound 
collector has Substantially non-directional Sound collecting 
characteristics. 

6. The audio processing apparatus according to claim 1, 
wherein the microphone unit is disposed on an upper Surface 
of the audio processing apparatus. 

7. The audio processing apparatus according to claim 1, 
wherein a line connecting the first sound collector and the 
second sound collector is Substantially parallel to an optical 
axis of the image capturing unit. 

8. The audio processing apparatus according to claim 1, 
wherein the generator generates a front center channel Sound 
signal from a sound signal of a sound collected by the first 
Sound collector and a sound signal of a Sound collected by the 
second Sound collector, generates a front left channel Sound 
signal from a Sound signal of a sound collected by the second 
Sound collector and a sound signal of a Sound collected by the 
third sound collector, generates a front right channel Sound 
signal from a Sound signal of a sound collected by the third 
Sound collector and a sound signal of a Sound collected by the 
first sound collector, generates a Surround left channel Sound 
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signal from a sound signal of a sound collected by the first 
Sound collector and a Sound signal of a Sound collected by the 
fourth Sound collector, and generates a Surround right channel 
Sound signal from a sound signal of a Sound collected by the 
fourth Sound collector and a Sound signal of a sound collected 
by the second sound collector. 

9. The audio processing apparatus according to claim 1, 
wherein the generator generates a front center channel sound 
signal from a sound signal of a sound collected by the first 
Sound collector and a Sound signal of a Sound collected by the 
second Sound collector, generates a Surround right channel 
Sound signal from a sound signal of a Sound collected by the 
first sound collector and a sound signal of a sound collected 
by the fourth Sound collector, generates a surround left chan 
nel Sound signal from a Sound signal of a sound collected by 
the fourth Sound collector and a Sound signal of a Sound 
collected by the second Sound collector, generates a front 
right channel Sound signal from a sound signal of a Sound 
collected by the second sound collector and a sound signal of 
a Sound collected by the third sound collector, and generates 
a front left channel sound signal from a sound signal of a 
sound collected by the third sound collector and a sound 
signal of a sound collected by the first sound collector. 

10. The audio processing apparatus according to claim 1, 
wherein a plane formed by the first sound collector, the sec 
ond sound collector, and the fourth sound collector is sub 
stantially parallel to a bottom Surface of the audio processing 
apparatus. 

11. The audio processing apparatus according to claim 1, 
wherein a plane formed by the first sound collector, the sec 
ond sound collector, and the third Sound collector is Substan 
tially parallel to a bottom Surface of the image capturing 
apparatus. 

12. An audio processing apparatus comprising: 
a microphone unit for collecting a sound; and 
a generator for generating a multi-channel sound signal, 

based on a sound collected by the microphone unit, 
wherein the microphone unit comprises a first sound col 

lector, a second Sound collector disposed posterior to the 
first Sound collector, and a third sound collector and a 
fourth sound collector both disposed on the right-hand 
or left-hand side of a line connecting the first Sound 
collector and the second sound collector, the third sound 
collector and the fourth sound collector disposed with 
displacement in the anterior-posterior direction, and 

wherein the generator generates a first channel sound sig 
nal from a sound signal of a Sound collected by the first 
Sound collector and a sound signal of a Sound collected 
by the second Sound collector or from a sound signal of 
a sound collected by the third sound collector and a 
Sound signal of a Sound collected by the fourth Sound 
collector, generates a second channel sound signal from 
a sound signal of a Sound collected by the first Sound 
collector and a Sound signal of a sound collected by the 
third sound collector, generates a third channel Sound 
signal from a Sound signal of a Sound collected by the 
fourth Sound collector and a Sound signal of a Sound 
collected by the second Sound collector, generates a 
fourth channel Sound signal from a sound signal of a 
Sound collected by the second sound collector and a 
Sound signal of a Sound collected by the third Sound 
collector, and generates a fifth channel sound signal 
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from a sound signal of a sound collected by the fourth 
Sound collector and a Sound signal of a Sound collected 
by the first sound collector. 

13. The audio processing apparatus according to claim 12, 
wherein a line connecting the third sound collector and the 
fourth sound collector is substantially parallel to the line 
connecting the first Sound collector and the second Sound 
collector, the line connecting the third sound collector and the 
fourth sound collector is shorter than the line connecting the 
first sound collector and the second Sound collector, and an 
angle made by the line connecting the first Sound collector 
and the second Sound collector and the line connecting the 
first sound collector and the third sound collector is substan 
tially equal to an angle made by the line connecting the first 
Sound collector and the second sound collector and the line 
connecting the second sound collector and the fourth Sound 
collector. 

14. The audio processing apparatus according to claim 12, 
wherein a vertex of a triangle formed by the first sound 
collector, the second sound collector, and the fourth Sound 
collector as vertexes, at which the first sound collector is 
disposed, has an angle of approximately between 60 degrees 
and 80 degrees, and wherein a vertex of a triangle formed by 
the first sound collector, the second sound collector, and the 
third sound collector as vertexes, at which the first sound 
collector is disposed, has an angle approximately 30 degrees. 

15. The audio processing apparatus according to claim 12, 
wherein the vertex of the triangle with the first sound collec 
tor, the second sound collector, and the third sound collector 
as vertexes, at which the first sound collector is disposed, has 
an angle of approximately between 60 degrees and 80 
degrees, and wherein the vertex of the triangle with the first 
Sound collector, the second sound collector, and the fourth 
sound collector as vertexes, at which the first sound collector 
is disposed, has an angle approximately 30 degrees. 

16. The audio processing apparatus according to claim 12, 
wherein the generator generates a front center channel Sound 
signal from a sound signal of a sound collected by the first 
Sound collector and a sound signal of a Sound collected by the 
second Sound collector or from a sound signal of a Sound 
collected by the third sound collector and a Sound signal of a 
Sound collected by the fourth Sound collector, generates a 
front left channel sound signal from a Sound signal of a Sound 
collected by the first sound collector and a sound signal of a 
sound collected by the third sound collector, generates a front 
right channel sound signal from a sound signal of a Sound 
collected by the fourth sound collector and a sound signal of 
a Sound collected by the second sound collector, generates a 
Surround left channel sound signal from a sound signal of a 
Sound collected by the second Sound collector and a Sound 
signal of a sound collected by the third sound collector, and 
generates a Surround right channel Sound signal from a Sound 
signal of a sound collected by the fourth sound collector and 
a sound signal of a Sound collected by the first sound collec 
tOr. 

17. The audio processing apparatus according to claim 12, 
wherein the generator generates a front center channel Sound 
signal from a sound signal of a sound collected by the first 
Sound collector and a sound signal of a Sound collected by the 
second Sound collector or from a sound signal of a Sound 
collected by the third sound collector and a Sound signal of a 
Sound collected by the fourth Sound collector, generates a 
front left channel sound signal from a Sound signal of a Sound 
collected by the first sound collector and a sound signal of a 
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Sound collected by the fourth Sound collector, generates a 
front right channel sound signal from a Sound signal of a 
sound collected by the third sound collector and a sound 
signal of a Sound collected by the second Sound collector, 
generates a Surround left channel Sound signal from a Sound 
signal of a Sound collected by the second Sound collector and 
a sound signal of a Sound collected by the fourth Sound 
collector, and generates a Surround right channel sound signal 
from a sound signal of a Sound collected by the third Sound 
collector and a sound signal of a Sound collected by the first 
Sound collector. 

18. The image capturing apparatus according to claim 12, 
wherein the generator generates a front center channel sound 
signal from a sound signal of a sound collected by the first 
Sound collector and a Sound signal of a Sound collected by the 
second Sound collector or from a sound signal of a Sound 
collected by the third sound collector and a Sound signal of a 
Sound collected by the fourth Sound collector, generates a 
front right channel sound signal from a Sound signal of a 
Sound collected by the first sound collector and a sound signal 
of a sound collected by the third sound collector, generates a 
front left channel Sound signal from a sound signal of a Sound 
collected by the fourth sound collector and a sound signal of 
a sound collected by the second sound collector, generates a 
Surround right channel sound signal from a Sound signal of a 
Sound collected by the second Sound collector and a Sound 
signal of a sound collected by the third sound collector, and 
generates a Surround left channel Sound signal from a Sound 
signal of a sound collected by the fourth sound collector and 
a Sound signal of a Sound collected by the first sound collec 
tOr. 

19. The image capturing apparatus according to claim 12, 
wherein the generator generates a front center channel sound 
signal from a sound signal of a sound collected by the first 
Sound collector and a Sound signal of a Sound collected by the 
second Sound collector or from a sound signal of a Sound 
collected by the third sound collector and a Sound signal of a 
Sound collected by the fourth Sound collector, generates a 
front right channel sound signal from a Sound signal of a 
Sound collected by the first sound collector and a sound signal 
of a sound collected by the fourth sound collector, generates 
a front left channel sound signal from a sound signal of a 
sound collected by the third sound collector and a sound 
signal of a Sound collected by the second Sound collector, 
generates a Surround right channel Sound signal from a Sound 
signal of a Sound collected by the second Sound collector and 
a sound signal of a Sound collected by the fourth Sound 
collector, and generates a Surround left channel Sound signal 
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from a sound signal of a sound collected by the third Sound 
collector and a Sound signal of a sound collected by the first 
Sound collector. 

20. The audio processing apparatus according to claim 12, 
wherein each of the first sound collector, the second sound 
collector, the third sound collector, and the fourth sound 
collector has Substantially non-directional Sound collecting 
characteristics. 

21. The audio processing apparatus according to claim 12, 
wherein the microphone unit is disposed on an upper Surface 
of the audio processing apparatus. 

22. The audio processing apparatus according to claim 12, 
wherein a plane formed by the first sound collector, the sec 
ond sound collector, and the third Sound collector is substan 
tially parallel to a bottom Surface of the audio processing 
apparatus. 

23. The audio processing apparatus according to claim 12, 
wherein a plane formed by the first sound collector, the sec 
ond sound collector, and the fourth sound collector is sub 
stantially parallel to a bottom Surface of the audio processing 
apparatus. 

24. An audio processing apparatus comprising: 
a microphone unit for collecting a Sound; and 
a generator for generating a multi-channel sound signal, 

based on a sound collected by the microphone unit, 
wherein the microphone unit comprises a first sound col 

lector, a second sound collector disposed posterior to the 
first sound collector, a third sound collector, and a fourth 
Sound collector, and 

wherein the generator generates a first channel sound sig 
nal from a sound signal of a sound collected by the first 
Sound collector and a Sound signal of a Sound collected 
by the second Sound collector, generates a second chan 
nel sound signal from a Sound signal of a Sound collected 
by the first Sound collector and a Sound signal of a Sound 
collected by the fourth sound collector, generates a third 
channel Sound signal from a Sound signal of a Sound 
collected by the fourth sound collector and a sound 
signal of a Sound collected by the second Sound collec 
tor, generates a fourth channel sound signal from a sound 
signal of a sound collected by the second Sound collector 
and a sound signal of a Sound collected by the third 
Sound collector, and generates a fifth channel Sound 
signal from a Sound signal of a sound collected by the 
third sound collector and a sound signal of a Sound 
collected by the first sound collector. 
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