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(54) 3D-IMAGE CAPTURING DEVICE

(57) A cut-out process of image corresponding to an
amount of optical axis deviation of left and right imaging
optical systems is applied to left and right images ac-
quired by the left and right imaging units to correct an
optical axis deviation. In this case, the amount of optical
axis deviation corresponding to a current focus position
is acquired from the amounts of optical axis deviation

detected in accordance with focus positions stored in ad-
vance in a storage unit (step S38). A cut-out process of
image for stereoscopic display is applied to the left and
right images based on the acquired amount of optical
axis deviation (step S40). As a result, the optical axis
deviation of the left and right imaging optical systems can
be excellently corrected regardless of the focus position
(subject distance).



EP 2 391 119 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a stereoscopic
imaging apparatus, and particularly, to a stereoscopic
imaging apparatus that takes a plurality of images with
a parallax.

Background Art

[0002] A stereoscopic imaging apparatus uses two im-
aging units horizontally arranged with a parallax to take
images of the same subject from left and right viewpoints
and acquires an image for left eye and an image for right
eye. The acquired left and right images are inputted to a
3D display capable of three-dimensional (3D) display and
displayed to allow the left and right eyes to separately
view the images. In this way, the images can be recog-
nized as a stereoscopic image.
[0003] Imaging optical systems of the two imaging
units usually have the same performance and character-
istics, and the imaging optical systems are adjusted and
incorporated into the main body of the apparatus so that
the optical axes of the imaging optical systems coincide.
[0004] However, the two imaging optical systems have
individual differences. Therefore, if the zoom magnifica-
tion is changed, which involves lens movement, there is
a problem that the optical axes of the two imaging optical
systems are deviated in accordance with the zoom po-
sition. It is extremely difficult to mechanically adjust the
optical axes to prevent the optical axis deviation through-
out the entire zoom range.
[0005] Conventionally, to solve the problem, a stereo-
scopic imaging apparatus is proposed, the apparatus in-
cluding storage means for storing an optical axis devia-
tion of two imaging optical systems for each zoom posi-
tion, wherein a corresponding optical axis deviation is
read out from the storage means according to the zoom
position of the imaging optical systems during imaging,
and coordinates of one of left and right images taken
based on the optical axis deviation are converted to there-
by match the optical axis coordinates of the left and right
images (Patent Literature 1).
[0006] Patent Literature 2 discloses a stereoscopic im-
aging apparatus including: a first lens barrel that includes
a CCD for obtaining imaging information for right eye; a
second lens barrel including a CCD for obtaining imaging
information for left eye; a camera detection circuit that
detects focal lengths of the first lens barrel and the sec-
ond lens barrel; a ROM that stores in advance an amount
of deviation of optical axis centers of the first lens barrel
and the second lens barrel at each focal length and that
is constituted by an EEPROM or the like; and a CPU that
controls an image cut-out area of at least one of the pair
of left and right CCDs at each focal length based on an
output from the ROM.

Citation List

Patent Literature

[0007]

PTL 1: Japanese Patent Application Laid-Open No.
2006-162991
PTL 2: Japanese Patent Application Laid-Open No.
8-317424

Summary of Invention

Technical Problem

[0008] Patent Literatures 1 and 2 disclose techniques
for correcting the optical axis deviation due to the indi-
vidual differences between two imaging optical systems
by converting the coordinates of one of the left and right
images based on the amount of optical axis deviation
acquired in advance for each zoom position or by chang-
ing the cut-out range of the image.
[0009] However, even if the optical axis deviation of
the two imaging optical systems is corrected by convert-
ing the coordinates of the taken images or by adjusting
the cut-out range of the image as in the inventions de-
scribed in Patent Literatures 1 and 2, there is a problem
that the optical axes of the two imaging optical systems
are deviated if the focus position of the focus lenses
change.
[0010] The present invention has been made in view
of the circumstances, and an object of the present inven-
tion is to provide a stereoscopic imaging apparatus that
can excellently correct an optical axis deviation of a plu-
rality of imaging optical systems regardless of a subject
distance (focus position) and that can obtain a plurality
of images that allow easy stereoscopic vision.

Solution to Problem

[0011] To attain the object, a first aspect of the present
invention provides a stereoscopic imaging apparatus in-
cluding: a plurality of imaging units that include imaging
optical systems and imaging elements for photoelectri-
cally converting subject images formed through the im-
aging optical systems and that image a plurality of images
with a parallax; a storage unit that stores amounts of op-
tical axis deviation of the imaging optical systems with
respect to a plurality of focus positions detected in ad-
vance; a focus position detection unit that detects current
focus positions of the plurality of imaging optical systems;
an optical axis deviation acquisition unit that acquires
amounts of optical axis deviation corresponding to the
current focus positions of the imaging optical systems
detected by the focus position detection unit based on
the amounts of optical axis deviation of the imaging op-
tical systems; an imaging control unit that acquires a plu-
rality of images for stereoscopic image from the plurality
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of imaging units; and an image cut-out unit that performs
a cut-out process of images for stereoscopic display from
the plurality of images acquired by the imaging control
unit, based on the amounts of optical axis deviation ac-
quired corresponding to the current focus position by the
optical axis deviation acquisition unit.
[0012] According to the first aspect of the present in-
vention, the optical axis deviation acquisition unit ac-
quires the amounts of optical axis deviation correspond-
ing to the current focus position, and the cut-out process
of image for stereoscopic display is applied to the plurality
of images based on the acquired amounts of optical axis
deviation. Therefore, the optical axis deviation of the plu-
rality of imaging optical systems can be excellently cor-
rected regardless of the focus position (subject distance),
and a plurality of images that allow easy stereoscopic
vision can be obtained.
[0013] According to a second aspect of the present
invention, in the stereoscopic imaging apparatus accord-
ing to the first aspect, the storage unit stores, as the
amounts of optical axis deviation of the imaging optical
systems, amounts of optical axis deviation at respective
focus positions of the imaging optical systems in accord-
ance with the focus positions, and the optical axis devi-
ation acquisition unit comprises a reading unit that reads
out a corresponding amount of optical axis deviation from
the storage unit based on the current focus position.
[0014] According to a third aspect of the present in-
vention, in the stereoscopic imaging apparatus according
to the first aspect, the storage unit stores, as the amounts
of optical axis deviation of the imaging optical systems,
information indicating the amounts of optical axis devia-
tion at two or more focus positions or a formula, for cal-
culating the amounts of optical axis deviation at the focus
positions of the imaging optical systems, and the optical
axis deviation acquisition unit comprises a calculation
unit that calculates the amount of optical axis deviation
based on the information stored in the storage unit and
the current focus position.
[0015] The amount of optical axis deviation corre-
sponding to the current focus position is read out from
the storage unit according to the second aspect of the
present invention, while the amount of optical axis devi-
ation is calculated by computation according to the third
aspect of the present invention.
[0016] According to a fourth aspect of the present in-
vention, the stereoscopic imaging apparatus according
to the first aspect further including a zoom position de-
tection unit that detects a current zoom position of the
plurality of imaging optical systems, wherein the storage
unit further stores the amounts of optical axis deviation
of the imaging optical systems with respect to a plurality
of zoom positions detected in advance.
[0017] An optical axis deviation of a plurality of imaging
optical systems is generated by the zoom position in ad-
dition to the focus position of the imaging optical systems.
Therefore, the amounts of optical axis deviation are
stored in advance in the storage unit in accordance with

the focus positions and the zoom positions, and based
on the current zoom position and focus position at the
time of photographing, the corresponding amount of op-
tical axis deviation is read out from the storage unit. As
a result, the optical axis deviation of the plurality of im-
aging optical systems can be excellently corrected re-
gardless of the focus position (subject distance) and the
zoom position (imaging magnification), and a plurality of
images that allow easy stereoscopic vision can be ob-
tained.
[0018] According to a fifth aspect of the present inven-
tion, in the stereoscopic imaging apparatus according to
the fourth aspect, the storage unit stores, as the amounts
of optical axis deviation of the imaging optical systems,
amounts of optical axis deviation at respective focus po-
sitions and respective zoom positions of the imaging op-
tical systems, in accordance with the zoom positions and
the focus positions, and the optical axis deviation acqui-
sition unit comprises a reading unit that reads out a cor-
responding amount of optical axis deviation from the stor-
age unit based on the current zoom position and focus
position.
[0019] According to a sixth aspect of the present in-
vention, in the stereoscopic imaging apparatus according
to the fourth aspect, the storage unit stores, as the
amounts of optical axis deviation of the imaging optical
systems, information indicating the amounts of optical
axis deviation at two or more focus positions or a formula,
for calculating the amounts of optical axis deviation at
the focus positions of the imaging optical systems, in ac-
cordance with the zoom positions of the imaging optical
systems, and the optical axis deviation acquisition unit
comprises a calculation unit that calculates the amount
of optical axis deviation based on the information, which
is read out from the storage unit based on the current
zoom position of the imaging optical systems, and current
focuses.
[0020] According to a seventh aspect of the present
invention, the stereoscopic imaging apparatus according
to any of the first to sixth aspects includes a distortion
correction unit that corrects distortion of the plurality of
images acquired by the imaging control unit based on a
predetermined distortion correction formula, and the op-
tical axis deviation acquisition unit acquires the amount
of optical axis deviation after the distortion correction
based on the predetermined distortion correction formu-
la.
[0021] When the distortion correction is applied to the
images acquired from the plurality of imaging units, the
optical axis centers are deviated by the distortion correc-
tion. Therefore, the amount of optical axis deviation after
the distortion correction is acquired, and the cut-out proc-
ess of image for stereoscopic display is applied to the
plurality of images based on the acquired amount of op-
tical axis deviation. As a result, even if the distortion cor-
rection is performed, the optical axis deviation can be
corrected without being affected by the distortion correc-
tion.
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[0022] According to an eighth aspect of the present
invention, the stereoscopic imaging apparatus according
to the seventh aspect includes a distortion correction for-
mula acquisition unit that acquires the predetermined dis-
tortion correction formula corresponding to a current
zoom position from distortion correction formulas corre-
sponding to zoom positions of the imaging optical sys-
tems. More specifically, since the distortion changes by
the zoom position of the imaging optical systems, the
distortion correction formula for correcting the distortion
corresponding to the current zoom position is acquired.
[0023] According to a ninth aspect of the present in-
vention, the stereoscopic imaging apparatus according
to the eighth aspect further includes a zoom position de-
tection unit that detects the current zoom position of the
plurality of imaging optical systems, and the distortion
correction formula acquisition unit includes: a storage
unit that stores distortion correction formulas corre-
sponding to the zoom positions of the imaging optical
systems in accordance with the zoom positions; and a
reading unit that reads out a corresponding distortion cor-
rection formula from the storage unit based on the current
zoom position.
[0024] According to a tenth aspect of the present in-
vention, in the stereoscopic imaging apparatus according
to any of the seventh to ninth aspects, the optical axis
deviation acquisition unit includes: a storage unit that
stores the amounts of optical axis deviation before the
distortion correction; and a calculation unit that assigns
the amount of optical axis deviation read out from the
storage unit to the predetermined distortion correction
formula to calculate an amount of optical axis deviation
after the distortion correction.
[0025] According to an eleventh aspect of the present
invention, the stereoscopic imaging apparatus according
to any of the seventh to tenth aspects further includes a
shading correction unit that corrects shading of the plu-
rality of images acquired by the imaging control unit, and
the image cut-out unit applies the cut-out process of im-
age to the images which has subjected to the shading
correction by the shading correction unit. The cut-out
process of image is executed after the brightness of the
plurality of images is equalized by the shading correction.
Therefore, images without a difference in the brightness
between the cut out plurality of images can be formed.
[0026] According to a twelfth aspect of the present in-
vention, in the stereoscopic imaging apparatus according
to any of the seventh to eleventh aspects, the image cut-
out unit applies the cut-out process of image to the im-
ages after the distortion correction by the distortion cor-
rection unit. This enables to cut-out images without de-
viation caused by the distortion between the cut-out im-
ages regardless of the cut-out ranges of the images.
[0027] According to a thirteenth aspect of the present
invention, the stereoscopic imaging apparatus according
to the eleventh or twelfth aspect includes: a unit that se-
lects a continuous photographing mode for acquiring a
preset number of time-series images from the plurality

of imaging units or acquiring a plurality of images during
a photographing instruction period; and an internal stor-
age unit that temporarily stores images photographed in
the continuous photographing mode, wherein the shad-
ing correction unit reads out the plurality of images stored
in the internal storage unit after the completion of photo-
graphing in the continuous photographing mode to per-
form the shading correction.
[0028] According to a fourteenth aspect of the present
invention, the stereoscopic imaging apparatus according
to any of the seventh to tenth aspects, includes: a mode
selection unit that selects a photographing mode or a
reproduction mode; and a recording unit that records, in
a recording medium, the plurality of images acquired by
the imaging control unit during the photographing mode
selected by the mode selection unit as well as the distor-
tion correction formula acquired by the distortion correc-
tion formula acquisition unit and the amount of optical
axis deviation acquired by the optical axis deviation ac-
quisition unit in association with the plurality of acquired
images, wherein the distortion correction unit and the im-
age cut-out unit read out the plurality of images from the
recording medium in the reproduction mode selected by
the mode selection unit as well as the distortion correction
formula and the amount of optical axis deviation stored
in association with the images and apply the distortion
correction, and apply the cut-out process of image to the
read out plurality of images based on the distortion cor-
rection formula and the amount of optical axis deviation.
The distortion correction and the cut-out process of im-
age are not performed during the photographing, but are
performed during the reproduction. As a result, the
amount of processing during the photographing can be
reduced, and particularly, a high-definition 3D moving
image can be photographed and recorded at a high frame
rate in the photographing of a three-dimensional (3D)
moving image.
[0029] According to a fifteenth aspect of the present
invention, in the stereoscopic imaging apparatus accord-
ing to the fourteenth aspect, the recording unit records,
in the recording medium, the images which have sub-
jected to the distortion correction and the cut-out process
of image in the reproduction mode.
[0030] According to a sixteenth aspect of the present
invention, the stereoscopic imaging apparatus according
to any of the first to fifteenth aspects includes a parallax
adjustment unit that adjusts the amount of parallax be-
tween the plurality of images outputted from the plurality
of imaging units, wherein the image cut-out unit further
applies the cut-out process of images in which a cut-out
position is adjusted based on the amount of parallax ad-
justed by the parallax adjustment unit, at a time of the
cut-out process of image for stereoscopic display.

Advantageous Effects of Invention

[0031] According to the present invention, amounts of
optical axis deviation which are registered in advance at
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an optical axis adjustment and are corresponding to a
focus position (subject distance) of a plurality of imaging
optical systems are acquired, and images for stereoscop-
ic vision are cut out from the images based on the
amounts of optical axis deviation. Therefore, a plurality
of images that allow easy stereoscopic vision without an
optical axis deviation between images for stereoscopic
vision can be obtained regardless of the focus position
(subject distance).

Brief Description of Drawings

[0032]

Figure 1A is a perspective view of an appearance of
a stereoscopic imaging apparatus from a front side
according to the present invention.
Figure 1B is a diagram of an appearance of the ster-
eoscopic imaging apparatus from a back side ac-
cording to the present invention.
Figure 2 is a block diagram showing an embodiment
of the stereoscopic imaging apparatus according to
the present invention.
Figure 3 is a flow chart showing a first embodiment
of a process at an optical axis adjustment before
shipment according to the present invention.
Figure 4 is a diagram showing a first example of a
table recorded in an EEPROM at the optical axis
adjustment before shipment.
Figure 5 is a flow chart showing a photographing
operation of a first embodiment of the stereoscopic
imaging apparatus according to the present inven-
tion.
Figure 6 is a diagram showing a second example of
the table recorded in the EEPROM at the optical axis
adjustment before shipment.
Figure 7 is a diagram showing a third example of the
table recorded in the EEPROM at the optical axis
adjustment before shipment.
Figure 8 is a diagram showing a deviation of optical
axis centers of left and right images before and after
distortion correction.
Figure 9 is a flow chart showing a second embodi-
ment of a process at the optical axis adjustment be-
fore shipment.
Figure 10A is a diagram showing a fourth example
of the table recorded in the EEPROM at the optical
axis adjustment before shipment.
Figure 10B is a diagram showing the fourth example
of the table recorded in the EEPROM at the optical
axis adjustment before shipment.
Figure 10C is a diagram showing the fourth example
of the table recorded in the EEPROM at the optical
axis adjustment before shipment.
Figure 11 is a flow chart showing photographing op-
erations corresponding to photographing modes of
the stereoscopic imaging apparatus according to the
present invention.

Figure 12 is a flow chart showing a first embodiment
of image processing shown in Figure 11.
Figure 13 is a flow chart showing a third embodiment
of the process at the optical axis adjustment before
shipment.
Figure 14 is a flow chart showing an embodiment of
calculating an amount of optical axis deviation after
the distortion correction based on computation.
Figure 15 is a flow chart showing a second embod-
iment of the image processing in Figure 11.
Figure 16 is a flow chart showing a first embodiment
of image processing in continuous photographing.
Figure 17 is a flow chart showing a second embod-
iment of the image processing in the continuous pho-
tographing.
Figure 18 is a flow chart showing a third embodiment
of the image processing in the continuous photo-
graphing.
Figure 19 is a flow chart showing a first embodiment
of an imaging process of the stereoscopic imaging
apparatus according to the present invention.
Figure 20 is a flow chart showing a first embodiment
of a reproduction process of the stereoscopic imag-
ing apparatus according to the present invention.
Figure 21 is a flow chart showing a second embod-
iment of the imaging process of the stereoscopic im-
aging apparatus according to the present invention.
Figure 22 is a flow chart showing a second embod-
iment of the reproduction process of the stereoscopic
imaging apparatus according to the present inven-
tion.
Figure 23 is a diagram used to explain a cut-out proc-
ess of images of the second embodiment in the im-
aging/reproduction shown in Figures 17 and 18.

Description of Embodiments

[0033] Hereinafter, embodiments of a stereoscopic im-
aging apparatus according to the present invention will
be described with reference to the attached drawings.

[Appearance of Stereoscopic Imaging Apparatus]

[0034] Figures 1A and 1B are diagrams showing ap-
pearances of the stereoscopic imaging apparatus ac-
cording to the present invention. Figure 1A shows a per-
spective view of the stereoscopic imaging apparatus from
a front side, and Figure 1B shows a rear view.
[0035] The stereoscopic imaging apparatus (com-
pound-eye camera) 10 is a digital camera that can record
and reproduce 2D/3D still images and 2D/3D moving im-
ages. As shown in Figures 1A and 1B, a shutter button
11 and a zoom button 12 are arranged on an upper sur-
face of a thin rectangular-solid camera main body.
[0036] A lens barrier 13 with substantially the same
width as the width in a horizontal direction of the camera
main body is arranged on the front side of the camera
main body, the lens barrier 13 being movable in a vertical
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direction of the camera main body. Front sides of a pair
of left and right imaging optical systems 14-1 and 14-2
can be opened and closed at the same time by moving
the lens barrier 13 in the vertical direction between a po-
sition illustrated by a two-dot chain line and a position
illustrated by a solid line. Zoom lenses of a refractive
optical system are used as the imaging optical systems
14-1 and 14-2. The power of the camera can be turned
on/off in conjunction with open/close operations of the
front side of the lens by the lens barrier 13.
[0037] As shown in Figure 1B, a liquid crystal monitor
16 for 3D is arranged at a center section on the back side
of the camera main body. The liquid crystal monitor 16
can display a plurality of parallax images (images for right
eye and images for left eye) as directional images with
predetermined directivities based on a parallax barrier.
A lenticular lens can be used for the liquid crystal monitor
16 for 3D, or special glasses, such as polarizing glasses
and liquid crystal shutter glasses, can be applied to sep-
arately view the images for right eye and the images for
left eye.
[0038] Various operation switches are arranged on the
left and right of the liquid crystal monitor 16. An operation
switch 18A is a switch for switching still image photo-
graphing and moving image photographing. An operation
switch 18B is a parallax adjustment switch for adjusting
an amount of parallax between the image for right eye
and the image for left eye. An operation switch 18C is a
switch for switching 2D photographing and 3D photo-
graphing. An operation switch 18D is a seesaw key serv-
ing as a MENU/OK button and a reproduction button.
Operation switches 18E are multi-function cross keys.
An operation switch 18F is a DISP/BACK key.
[0039] The MENU/OK button is an operation switch
that has a function of a menu button for instructing display
of a menu on the screen of the liquid crystal monitor 16
and a function of an OK button for instructing confirma-
tion, execution, and the like of a selection. The reproduc-
tion button is a button for switching from a photographing
mode to a reproduction mode. The cross keys are oper-
ation switches for inputting instructions in vertical and
horizontal four directions, and a macro button, a flash
button, a self-timer button, and the like are allocated.
When the menu is selected, the cross keys function as
switches (cursor movement operation unit) for instructing
selection of an item from the menu screen or selection
of various setting items from each menu. Left/right keys
of the cross keys function as frame advancing (advancing
in forward direction/backward direction) buttons in the
reproduction mode. The DISP/BACK key is used to
switch the display mode of the liquid crystal monitor 16,
cancel the instruction on the menu screen, or restore the
previous operation state.
[0040] In Figure 1A, reference numeral 15 denotes a
stereo microphone.

[Internal Configuration of Stereoscopic Imaging Appara-
tus]

[0041] Figure 2 is a block diagram showing an embod-
iment of the stereoscopic imaging apparatus 10.
[0042] As shown in Figure 2, the stereoscopic imaging
apparatus 10 mainly includes a plurality of imaging units
20-1 and 20-2, a central processing unit (CPU) 32, the
shutter button 11, the zoom button 12, an operation unit
34 including various operation switches, a display control
unit 36, the liquid crystal monitor 16, a recording control
unit 38, a compression/expansion processing unit 42, a
digital signal processing unit 44, an AE (Automatic Ex-
posure) detection unit 46, an AF (Auto Focus) detection
unit 48, an AWB (Automatic White Balance) detection
unit 50, a VRAM 52, a RAM 54, a ROM. 56, an EEPROM
58, and the like. Although the imaging units 20-1 and
20-2 take two parallax images composed of an image for
left eye and an image for right eye each having a parallax
with each other, there may be three or more imaging units
20.
[0043] The imaging unit 20-1 that takes an image for
left eye includes a prism (not shown), the imaging optical
system 14-1 (Figures 1A and 1B) including focus and
zoom lenses 21, an optical unit including an aperture 22
and a mechanical shutter 23, a solid-state imaging ele-
ment (CCD) 24, an analog signal processing unit 25, an
A/D converter 26, an image input controller 27, a lens
driving unit 28 that drives the optical unit, an aperture
driving unit 29, a shutter control unit 30, and a CCD con-
trol unit 31 that controls the CCD 24. The configuration
of the imaging unit 20-2 that takes an image for right eye
is the same as that of the imaging unit 20-1 that takes an
image for left eye, and the specific configuration will not
be described.
[0044] The CPU 32 administers and controls operation
of the entire camera in accordance with predetermined
control programs based on input from the operation unit
34. The ROM 56 stores the control programs executed
by the CPU 32 and various data necessary for the control.
The EEPROM 58 stores various pieces of information
indicating a result of adjustment in the adjustment before
shipment of the product, such as pixel defect information
of the CCD 24 as well as correction parameters and ta-
bles used for image processing and the like. Details of
various pieces of information stored here will be de-
scribed later.
[0045] The VRAM 52 is a memory that temporarily
stores image data for display displayed on the liquid crys-
tal monitor 16. The RAM 54 includes a calculation oper-
ation area of the CPU 32 and a temporary storage area
of image data.
[0046] The focus and zoom lenses 21 included in the
imaging optical system are driven to move back and forth
along the optical axis by the lens driving unit 28. The CPU
32 controls the drive of the lens driving unit 28 to control
the position of the focus lens to adjust the focus to focus
the subject and to control the zoom position of the zoom
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lens according to a zoom instruction from the zoom button
12 in the operation unit 34 to change the zoom magnifi-
cation.
[0047] The aperture 22 is constituted by, for example,
an iris aperture, and the aperture driving unit 29 drives
and operates the aperture 22. The CPU 32 controls the
amount of opening (aperture value) of the aperture 22
through the aperture driving unit 29 and controls the
amount of incident light to the CCD 24.
[0048] The mechanical shutter 23 opens and closes
the optical path to determine the exposure time in the
CCD 24 and prevents unnecessary light from entering
the CCD 24 during reading of an image signal from the
CCD 24 to prevent the generation of smear. The CPU
32 outputs, to the shutter control unit 30, a shutter closing
signal in synchronization with the end of exposure cor-
responding to the shutter speed to control the mechanical
shutter 23.
[0049] The CCD 24 is constituted by a two-dimensional
color CCD solid-state imaging element. A multiplicity of
photodiodes are two-dimensionally arranged on the light
receiving surface of the CCD 24, and color filters in a
predetermined array are arranged on the photodiodes.
[0050] The photodiodes convert an optical image of
the subject, which is formed on the CCD light receiving
surface through the optical unit configured as described
above, into signal charges according to the amount of
incident light. The signal charges accumulated on the
photodiodes are sequentially read out from the CCD 24
as voltage signals (image signals) corresponding to the
signal charges based on a drive pulse provided from the
CCD control unit 31 in accordance with an instruction of
the CPU 32. The CCD 24 has an electronic shutter func-
tion and controls the exposure time (shutter speed) by
controlling the time of charge accumulation on the pho-
todiodes. The electronic shutter controls the charge ac-
cumulation start time corresponding to the shutter speed
and closes the mechanical shutter 23 to control the ex-
posure end time (charge accumulation end time). In the
embodiment, although the CCD 24 is used as an imaging
element, imaging elements in other configurations, such
as a CMOS sensor, can also be used.
[0051] The analog signal processing unit 25 applies
correlated double sampling (CDS) to R, G, B analog sig-
nals read out from the CCD 24 or amplifies the R, G, B
analog signals, and the A/D converter 26 converts the R,
G, B analog signals to R, G, B digital signals.
[0052] The image input controller 27 includes a line
buffer with a predetermined capacity and temporarily ac-
cumulates the R, G, B image signals (CCDRAW data)
subjected to A/D conversion by the A/D converter 26 to
store the signals in the RAM 54 through a bus 60.
[0053] In a 3D photographing mode, the CPU 32 con-
trols the imaging unit 20-2 that takes an image for right
eye in the same way as for the imaging unit 20-1 that
takes an image for left eye.
[0054] The AE detection unit 46 calculates a subject
luminance necessary for the AE control based on an im-

age signal imported during the half-press of the shutter
button 11 and outputs a signal indicating the subject lu-
minance (photographing EV value) to the CPU 32. The
CPU 32 sets the shutter speed (exposure time), the ap-
erture value, and the imaging sensitivity in the plurality
of imaging units 20-1 and 20-2 in accordance with a pre-
determined programs chart based on the inputted imag-
ing EV value.
[0055] The AF detection unit 48 integrates absolute
values of high frequency components of the image signal
in the AF area imported during the half-press of the shut-
ter button 11 and outputs the integrated value (AF eval-
uation value) to the CPU 32. The CPU 32 moves the
focus lens from the near side to the infinity side to search
a focus position with the maximum AF evaluation value
detected by the AF detection unit 48 and moves the focus
lens to the focus position to adjust the focus to the subject
(main subject). During moving image photographing, a
so-called hill-climbing control, which is for moving the
focus lens to always set the AF evaluation value to the
maximum value, is performed.
[0056] The AWB detection unit 50 automatically ob-
tains the light source type (color temperature of the field)
based on the R, G, B image signals acquired during the
imaging and reads out a corresponding white balance
gain from a table that stores R, G, B white balance gains
(white balance correction values) set in advance by the
light source type.
[0057] The digital signal processing unit 44 includes a
white balance correction circuit, a gradation conversion
processing circuit (for example, gamma correction cir-
cuit), a synchronization circuit that interpolates spatial
deviation of R, G, B color signals associated with the
color filter arrangement of the single-plate CCD to match
the positions of the color signals, a contour correction
circuit, a luminance/color difference signal generation cir-
cuit, and the like and applies image processing to the R,
G, B image signals (CCDRAW data) stored in the RAM
54. More specifically, the digital signal processing unit
44 multiplies the R, G, B CCDRAW data by the white
balance gain detected by the AWB detection unit 50 to
correct the white balance and executes a predetermined
process, such as a gradation conversion process (for ex-
ample, gamma correction), to convert the data to a YC
signal including a luminance signal (Y signal) and color
difference signals (Cr, Cb signals). The YC signal proc-
essed by the digital signal processing unit 44 is stored in
the RAM 54.
[0058] The digital signal processing unit 44 also in-
cludes a distortion correction circuit that corrects a lens
distortion of the imaging optical systems of the plurality
of imaging units 20-1 and 20-2 and an image cut-out
processing circuit that cuts out images of predetermined
cutting areas from the left and right viewpoint images to
correct an optical axis deviation of the imaging optical
systems of the plurality of imaging units 20-1 and 20-2.
Details of the processes of the distortion correction circuit
and the image cut-out processing circuit will be described
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later.
[0059] The compression/expansion processing unit 42
compresses the YC signal stored in the RAM 54 in ac-
cordance with an instruction from the CPU 32 during re-
cording to the memory card 40 and expands the com-
pressed data compressed and recorded in the memory
card 40 to convert the data to the YC signal. The recording
control unit 38 converts the compressed data com-
pressed by the compression/expansion processing unit
42 to an image file in a predetermined format (for exam-
ple, an image file in an MP (Multi Picture) format for 3D
still images and a moving image file of motion JPEG, H.
264, MPEG4, MPEG4-MVC for 3D moving image) to
record the image file in the memory card 40 or read out
the image file from the memory card 40.
[0060] The liquid crystal monitor 16 is used as an im-
age display unit for displaying photographed images and
is used as a GUI (Graphical User Interface) during vari-
ous settings. The liquid crystal monitor 16 is also used
as an electronic viewfinder that displays a live view image
(hereinafter, called "through image") for checking the an-
gle of view in the photographing mode. To display 3D
images on the liquid crystal monitor 16, the display control
unit 36 alternately displays an image for left eye and an
image for right eye held by the VRAM 52 pixel by pixel.
Based on the parallax barrier arranged on the liquid crys-
tal monitor 16, left and right eyes of the user who observes
the images from a predetermined distance separately
view the left and right images alternately arranged pixel
by pixel. This allows a stereoscopic vision.
[0061] Although not illustrated in Figure 2, the stereo-
scopic imaging apparatus 10 also has a function of re-
cording and reproducing audio information (audio data)
acquired by the stereo microphone 15 shown in Figures
1A and 1B.

[First Embodiment of Optical Axis Adjustment before 
Shipment of product

[0062] Next, information for optical axis adjustment
stored in the EEPROM 58 at an adjustment before ship-
ment of the product will be described.
[0063] Figure 3 is a flow chart showing a first embod-
iment of a process at an optical axis adjustment before
shipment according to the present invention.
[0064] As shown in Figure 3, a variable N indicating
the focus position of the focus lens is first set to N = Near
(nearest end) (step S10). The variable N changes in ac-
cordance with the focus position between Near (for ex-
ample, 1) indicating the nearest end and Inf (for example,
n) indicating the infinity.
[0065] Subsequently, the stereoscopic imaging appa-
ratus 10 to be adjusted and an adjustment chart for ad-
justing the optical axis are set to form a predetermined
positional relationship, and the focus lenses of the imag-
ing optical systems of the stereoscopic imaging appara-
tus 10 are adjusted to focus the adjustment chart (step
S12). The adjustment chart is first set to a subject dis-

tance corresponding to the nearest end (Near).
[0066] Subsequently, the focus lenses are moved to
focus the adjustment chart, and images are taken at the
lens position (focus position) to acquire left and right im-
ages (steps S14 and S16).
Corresponding point detection for detecting correspond-
ing feature points from the acquired left and right images
is performed (step S18). For example, a block matching
method can be applied as the method of detecting the
corresponding points. More specifically, the degree of
coincidence between a block in a predetermined block
size cut out with reference to (on the basis of) an arbitrary
pixel from the left image and the blocks of the right image
is evaluated, and a reference pixel of a block in the right
image with the maximum degree of coincidence between
blocks is determined as a pixel of the right image corre-
sponding to the arbitrary pixel of the left image. An ex-
ample of the function for evaluating the degree of coin-
cidence between blocks in the block matching method
includes a use of a sum of squared difference (SSD) of
a luminance difference between pixels in the blocks (SSD
block matching method).
[0067] When the corresponding points are detected,
an amount of deviation between the corresponding points
(average of the amounts of deviation of a plurality of cor-
responding points if a plurality of corresponding points
are detected) is detected, and the detected amount of
deviation is set as an amount of optical axis deviation
between two imaging optical systems to store the amount
in the EEPROM 58 in association with a focus position
N (steps S20 and S22).
[0068] Whether N reaches Inf(n) is determined (step
S24). If "No", the variable N is incremented by 1 (step
26), and the process moves to step S12. The adjustment
chart is moved to the subject distance corresponding to
the variable N, and the process (step S12 to S24) is ex-
ecuted. Meanwhile, if "Yes", the adjustment process
ends (step S28).
[0069] In this way, as a result of imaging the adjustment
chart while changing the focus position of the focus lens-
es to detect the amount of optical axis deviation, the
amount of optical axis deviation corresponding to each
focus position FN (N = 1, 2, ..., n) is stored in the EE-
IPROM 58 as shown in Figure 4. The amount of optical
axis deviation shown in Figure 4 denotes an amount of
deviation in a vertical (V) direction of the coordinate value
at the optical axis center of one of the left and right images
(for example, right image) relative to the coordinate value
of the optical axis center of the other image (left image).

[First Embodiment of Photographing Operation]

[0070] Next, a photographing operation of a first em-
bodiment of the stereoscopic imaging apparatus 10 ac-
cording to the present invention will be described with
reference to a flow chart shown in Figure 5.
[0071] In Figure 5, the CPU 32 determines the pres-
ence of a photographing instruction (full-press of the
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shutter button 11 (ON of a switch S2) (step S30). If the
switch S2 is OFF, a 3D through image is displayed on
the liquid crystal monitor 16 (step S32).
[0072] To display the 3D through image, the amount
of optical axis deviation in the left and right images cor-
responding to the current focus position is read out from
the table shown in Figure 4 with respect to the left and
right images sequentially acquired in a time-series man-
ner from the left and right imaging units 20-1 and 20-2,
and an image for 3D through image is cut out from the
image of the full angle of view so as to offset the amount
of optical axis deviation to output the image on the liquid
crystal monitor 16.
[0073] As a result, a 3D through image, in which the
optical axis deviation that is different at each focus posi-
tion of the two imaging optical systems is corrected, can
be displayed on the liquid crystal monitor 16.
[0074] On the other hand, when the switch S2 is turned
ON, the CPU 32 starts the main photographing (step
S34).
[0075] When left and right images of full angle of view
are acquired by the main photographing (step S34), in-
formation of the current focus position of the focus lenses
(for example, the number of pulses from reference posi-
tion of the focus motor (step motor)) is acquired, and the
amount of optical axis deviation corresponding to the ac-
quired current focus position (F-pos) is read out from the
EEPROM 48 (step S38).
[0076] Based on the read out amount of optical axis
deviation, the left and right cut-out positions are moved
by the amount of optical axis deviation to execute a cut-
out process of image from the left and right images ac-
quired in switch S36 (step S40). For example, if the
amount of optical axis deviation is +2 (pixels), the cut-
out center of the left image is shifted by +1 pixel in the V
direction to cut out the left image, and the cut-out center
of the right image is shifted by -1 pixel in the V direction
to cut out the right image. As a result, the cut out images
are images in which the optical axis deviation is correct-
ed.
[0077] The cut out left and right images are com-
pressed in a predetermined compression format and re-
corded in a file created in the memory card 40 (step S42).
[0078] If the imaging optical systems are single-focus
lenses, the amount of optical axis deviation read out cor-
responding to the current focus position is used based
on the amounts of optical axis deviation stored in advance
for the focus positions as shown in Figures 3 and 4 to cut
out the images. If the imaging optical systems are zoom
lenses as in the embodiment, the amount of optical axis
deviation is acquired for each zoom position and focus
position of the zoom lenses.
[0079] More specifically, if the zoom positions of the
zoom lenses include ten stages from a zoom position
(Z1) at the wide end to a zoom position (Z1 0) at the
telephoto end, the zoom lenses are moved to each zoom
position to execute the process from step S10 to step
S26 of Figure 3 for each zoom position to store the

amount of optical axis deviation at each zoom position
and focus position in the EEPROM 58.
[0080] Figure 6 is a second example of the table that
stores the amount of optical axis deviation at each zoom
position and focus position stored in the EEPROM 58.
[0081] In this case, the current zoom position and the
focus position are acquired in step S38 of Figure 5, and
the amount of optical axis deviation corresponding to the
acquired zoom position and focus position is read out
from the table shown in Figure 6.
[0082] As a result, left and right images for stereoscop-
ic vision, in which the optical axis deviation is corrected,
can be cut out regardless of the zoom position and the
focus position of the left and right imaging optical sys-
tems.
[0083] Although the table shown in Figure 6 stores
amounts of optical axis deviation corresponding to all
zoom positions and focus positions, the arrangement is
not limited to this. As shown in Figure 7, the amounts of
optical axis deviations of only two focus positions (focus
position of the near side (Near) and focus position of the
infinity (Inf)) may be detected and stored, and the
amounts of optical axis at intermediate focus positions
may be calculated by linearly interpolating the amounts
of optical axis at the two focus positions based on the
intermediate focus positions.
[0084] If the zoom position is near the telephoto end
and the movement of the focus lens is large, it is prefer-
able to detect and store the amounts of optical axis de-
viation at three focus positions of near side, middle, and
infinity to perform linear interpolation from the near side
to the middle or from the middle to the infinity to calculate
the amount of optical axis deviation.

[Distortion Correction]

[0085] Next, a case of applying, to the photographed
left and right images, a distortion correction for correcting
a distortion of images (such as barrel distortion and pin-
cushion distortion) due to the lens distortion will be de-
scribed.
[0086] There is a problem that the optical axes are de-
viated by a distortion correction when the distortion cor-
rection is applied to the left and right eyes.
[0087] For example, assuming that the optical axis
center of the left image with a barrel distortion is OL and
the optical axis center of the right eye is OR as shown in
Figure 8, the optical axis centers after the distortion cor-
rection of the images are OL’ and OR’, respectively, and
the optical axis centers are deviated by ∆H and ∆V in the
horizontal and vertical directions.
[0088] The distortion correction is performed by as-
signing coordinate values of pixels to a distortion correc-
tion formula of a high-order polynomial for calculation.
Therefore, there is a large amount of calculation, and for
example, if the distortion correction is performed by using
a distortion correction formula with high correction accu-
racy during 3D moving image photographing, there is a
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problem that it is difficult to take and record a high-defi-
nition (HD) 3D moving image at a high frame rate.
[0089] Therefore, in the case of 3D moving image, the
distortion correction is not performed, or a low-order dis-
tortion correction formula is used to perform a distortion
correction with low correction accuracy.
[0090] Meanwhile, the distortion correction of a 3D still
image can be performed after photographing and before
writing to the memory card. Therefore, a distortion cor-
rection formula with high correction accuracy can be used
to perform a distortion correction with high correction ac-
curacy.
[0091] If the distortion correction formulas with differ-
ent correction accuracy are used for the 3D moving image
and the 3D still image, there is a problem that the optical
axis centers after the distortion correction are deviated
in accordance with the distortion correction formula used.
[0092] A method of acquiring images without optical
axis deviation even if distortion corrections with different
correction accuracy are performed will be described in
the following embodiment.

[Second Embodiment of Optical Axis Adjustment before 
Shipment of Product]

[0093] Figure 9 is a flow chart showing a second em-
bodiment of the process at the optical axis adjustment
before shipment according to the present invention.
[0094] As shown in Figure 9, the stereoscopic imaging
apparatus 10 to be adjusted and an adjustment chart for
adjusting the optical axis are set to form a predetermined
positional relationship, and the focus position of the im-
aging optical systems of the stereoscopic imaging appa-
ratus 10 are adjusted to focus the adjustment chart (step
S50).
[0095] A variable M indicating the photographing mode
is set to 1 (step S52). Here, N=1 denotes a photographing
mode for displaying a 3D through image on the liquid
crystal monitor 16, M=2 denotes a photographing mode
for photographing a 3D moving image, and M=3 denotes
a photographing mode for photographing a 3D still image.
[0096] Subsequently, the adjustment chart is photo-
graphed (taken), and left and right images are acquired
(steps S54 and S56).
[0097] A distortion correction corresponding to the cur-
rent photographing mode N is applied to the acquired left
and right images (step S58). The correction accuracy of
the distortion correction formula used here for performing
the distortion correction is different depending on the
photographing mode N. For example, a second-order
polynomial is used in the photographing mode for through
image (M=1), a fourth-order polynomial is used in the
photographing mode for moving image (M=2), and a
sixth-order polynomial is used in the photographing mode
for still image (M=3). Although a distortion correction for-
mula in higher order can perform a distortion correction
with higher accuracy, the amount of calculation increas-
es. Therefore, the correction accuracy and the amount

of calculation are in a tradeoff relationship.
[0098] After the distortion correction in step S58, cor-
responding point detection for detecting corresponding
feature points of left and right images is performed (step
S60). For example, a block matching method can be ap-
plied as the detection method of the corresponding
points.
[0099] When the corresponding points are detected,
an amount of deviation between the corresponding points
(if a plurality of corresponding points are detected, aver-
age of the amounts of deviation of the corresponding
points) is detected, and the detected amount of deviation
is set as an amount of optical axis deviation between two
imaging optical systems to store the amount in the EEP-
ROM 58 in association with the photographing mode M
(steps S62 and S64).
[0100] Whether M=4 is determined (step S66). If "No",
the variable M is incremented by one (step S68), and the
process moves to step S58. If "Yes", the adjustment proc-
ess ends (step S70).
[0101] As a result, the amounts of optical axis deviation
(deviation amounts of optical axes) are stored in the EEP-
ROM 58 for each photographing mode (M=1, 2, 3).
[0102] Although the detection and storage of the
amounts of optical axis deviation when the zoom position
and the focus position are changed are not described in
Figure 9, the amounts of optical axis deviation when the
zoom position and the focus position are changed are
also detected and stored for each photographing mode.
A distortion correction formula corresponding to each
zoom position is used for the distortion correction in step
S58.
[0103] Figures 10A to 10C show examples of a table
showing the amounts of optical axis deviation of each
photographing mode stored in the EEPROM 58.
[0104] Figures 10A to 10C show a table for through
image, a table for still image, and a table for moving im-
age, respectively. Each table stores the amounts of op-
tical axis deviation (amounts of optical axis deviation in
the V direction) with respect to the left and right images
for each zoom position.
[0105] Only the amounts of optical axis deviation in the
V direction are stored in the case of 3D image because
the optical axis deviation in the V direction between im-
ages is a problem for the stereoscopic vision. However,
the arrangement is not limited to this, and the amounts
of optical axis direction in the horizontal (H) direction may
also be stored.
[0106] The distortion correction formula for each pho-
tographing mode and each zoom position is also stored
in the EEPROM 58. In this case, the same general for-
mula of the distortion correction formula can be stored
for each zoom position, and only a coefficient of each
term is made different for each zoom position and stored.
Alternatively, a different distortion correction formula can
be stored for each zoom position.
[0107] The amount of optical axis deviation for each
focus position is not illustrated in the tables of Figures
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10A to 10C.

[Second Embodiment of Photographing Operation]

[0108] Next, a photographing operation of a second
embodiment of the stereoscopic imaging apparatus 10
according to the present invention will be described with
reference to a flow chart shown in Figure 11.
[0109] A photographing mode for photographing a 3D
moving image (hereinafter, called "3D moving image
photographing mode") can be set by switching the mode
to the moving image photographing mode by the opera-
tion switch 18A shown in Figure 1B and switching the
mode to the 3D photographing mode by the operation
switch 18C. A photographing mode for photographing a
3D still image (hereinafter, called "3D still image photo-
graphing mode") can be set by switching the mode to the
still image photographing mode by the operation switch
18A and switching the mode to the 3D photographing
mode by the operation switch 18C.
[0110] In step S80, whether the 3D moving image pho-
tographing mode is set or the 3D still image photograph-
ing mode is set as a photographing mode by the operation
switches 18A and 18C is determined.
[0111] If the photographing mode is determined to be
the 3D moving image photographing mode, the CPU 32
determines the presence of an instruction of moving im-
age photographing (full-press of the shutter button 11
(ON of switch S2)) (step S82). If the switch S2 is OFF, a
3D through image is displayed on the liquid crystal mon-
itor 16 (step S84).
[0112] To display the 3D through image, the distortion
correction formula for through image (second-order pol-
ynomial) is used to apply the distortion correction to the
left and right images sequentially acquired in a time-se-
ries manner from the left and right imaging units 20-1 and
20-2. The amounts of optical axis deviation in the left and
right images corresponding to the current zoom position
of the zoom lenses are read out from the table for through
image shown in Figure 10A. Images for 3D through image
are cut out from the images after the distortion correction
so as to offset the amounts of optical axis deviation, and
the images are outputted to the liquid crystal monitor 16.
[0113] As a result, a 3D through image, in which the
optical axis deviation of the two imaging optical systems
that are different at each zoom position and focus position
is corrected, can be displayed on the liquid crystal monitor
16.
[0114] Meanwhile, if the switch S2 is turned ON, the
CPU 32 starts photographing the 3D moving image (step
S86).
[0115] When the photographing of the 3D moving im-
age is started, the distortion correction, a distortion cor-
rection, imaging processing such as a cut-out process of
image, and a recording process are applied to the left
and right images sequentially acquired in a time-series
manner from the left and right imaging units 20-1 and
20-2 (step S88).

[First Embodiment of Image Processing]

[0116] Figure 12 is a flow chart showing a first embod-
iment of the image processing in step S88 of Figure 11
and so forth.
[0117] In Figure 12, when left and right images are
acquired (step S882), the distortion correction circuit in
the digital signal processing unit 44 uses a distortion cor-
rection formula, which is a distortion correction formula
for moving image (fourth-order polynomial) and which
corresponds to the current zoom position of the zoom
lenses, to correct the distortion of the acquired left and
right images (step S884).
[0118] Subsequently, the amounts of optical axis de-
viation corresponding to the current zoom position (Z-
pos) and focus position are read out from the table for
moving image of Figure 10C, and the cut-out ranges are
moved according to the amounts of optical axis deviation
to execute a cut-out process of images from the left and
right images in which the distortion is corrected based
on the read out amounts of optical axis deviation (step
S886). As a result, the cut out images are images in which
the optical axis deviation is corrected.
[0119] The cut out left and right images are com-
pressed in a predetermined compression format and re-
corded in a moving image file created in the memory card
40 (step S888). The recording process of moving image
is executed every time image processing of a prescribed
number of frames of one second (60 frames if the frame
rate is 60 frames/second) is finished, and the com-
pressed moving image is sequentially added to the mov-
ing image file. The audio data acquired by the stereo
microphone 15 is also compressed every second and
recorded in the moving image file.
[0120] Returning to Figure 11, whether the switch S2
is turned ON is determined again (step S90). If the switch
S2 is OFF, the process moves to step S88 to continue
processing of the moving image. When the switch S2 is
turned ON, the photographing of the 3D moving image
is finished.
[0121] Meanwhile, if it is determined in step S80 that
the mode is the 3D still image photographing mode, the
CPU 32 determines the presence of an instruction (ON
of the switch S2) of still image photographing (step S92).
If the switch S2 is OFF, a 3D through image is displayed
on the liquid crystal monitor 16 (step S94). The 3D
through image is displayed on the liquid crystal monitor
16 as in step S84.
[0122] When the switch S2 is turned ON, the CPU 32
performs photographing of a 3D still image (step S96).
As for the two-step stroke shutter button, it is obvious
that a switch S1 is turned ON during the half-press before
the full-press, and a photographing preparation operation
before the main photographing, such as the AE process
and the AF process, is performed.
[0123] As in step S88, the distortion correction, the im-
age processing such as the cut-out process of images,
and the recording process are applied to the left and right
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images acquired from the left and right imaging units 20-1
and 20-2 in the main photographing (step S98). The dis-
tortion correction formula of the sixth-order polynomial
with high correction accuracy is used for the distortion
correction in step S98, and the cut-out process of image
is executed based on the amounts of optical axis devia-
tion read out corresponding to the current zoom position
and focus position from the table for still image of Figure
10B.

[Third Embodiment of Optical Axis Adjustment before 
Shipment of Product]

[0124] Figure 13 is a flow chart showing a third em-
bodiment of the process at the optical axis adjustment
according to the present invention. Common parts with
the second embodiment shown in Figure 9 are designat-
ed with the same step numbers, and the detailed descrip-
tion will not be repeated.
[0125] The processes of steps S52, S58, S56, and S68
shown in Figure 9 are omitted in the third embodiment
shown in Figure 13.
[0126] In the second embodiment shown in Figure 9,
the amount of optical axis deviation is detected for each
photographing mode of through image, moving image,
and still image and stored in the EEPROM 58 (see Fig-
ures 10A to 10C). In the third embodiment shown in Fig-
ure 13, the corresponding points of the left and right im-
ages are detected to detect the amounts of optical axis
deviation of the left and right images (steps S60 and S62)
without performing the distortion correction for the left
and right images acquired in step S56, and the detected
amounts of optical axis deviation are stored in the EEP-
ROM 48 (step S64). It is the same as in the embodiment
shown in Figure 9 that the amounts of optical axis devi-
ation are stored in the EEPROM 48 for each zoom posi-
tion and focus position of the zoom lenses.
[0127] More specifically, the amounts of optical axis
deviation of the left and right images before the distortion
correction are detected and recorded in the third embod-
iment shown in Figure 13, and the amounts of optical
axis deviation of each photographing mode are not de-
tected and stored.
[0128] The table of the amounts of optical axis devia-
tion of each zoom position stored in the EEPROM 48 is
used to calculate the amounts of optical axis deviation
after the distortion correction at the time of photographing
as shown in Figure 14.
[0129] In Figure 14, information of the current photo-
graphing mode and information of the zoom position and
the focus position of the zoom lenses are acquired (steps
S100 and S102).
[0130] Based on the acquired information of the zoom
position and the focus position, the table stored in the
EEPROM 48 is referenced to acquire the amounts of
optical axis deviation corresponding to the zoom position
and the focus position (step S104). Based on the ac-
quired current photographing mode and current zoom

position, the distortion correction formula (calculating for-
mula) corresponding to the current photographing mode
and zoom position is acquired from the EEPROM 48.
[0131] The amount of optical axis deviation acquired
in step S104 is assigned to the acquired formula to cal-
culate the amount of optical axis deviation after the dis-
tortion correction (steps S106 and S108).
[0132] The calculated amount of optical axis deviation
is used for the cut-out process of image in steps S84,
S88, and S88 shown in Figure 11 and step S886 shown
in Figure 12.
[0133] In this way, the amounts of optical axis deviation
before the distortion correction are held in the EEPROM
48, and the values held in the EEPROM 48 are applied
to the formula of the distortion correction at the cut-out
process of actual image to calculate amounts of optical
axis deviation after the distortion correction. As a result,
the memory capacity of the EEPROM 48 can be reduced,
and the cut-out position can be easily changed even if
firmware or the like is changed (including change in the
distortion correction).
[0134] Although the tables of the amounts of optical
axis deviation store the amounts of optical axis deviation
at each zoom position as shown in Figures 10A to 10C,
only the amounts of optical axis deviation of at least two
zoom positions (for example, wide end and telephoto
end) may be stored, and the amounts of optical axis de-
viation at zoom positions other than the stored zoom po-
sitions may be calculated by linearly interpolating the
amounts of optical axis deviation at the stored at least
two zoom positions in accordance with the current zoom
position.

[Second Embodiment of Image Processing]

[0135] Figure 15 is a flow chart showing a second em-
bodiment of the image processing in step S88 of Figure
11 and so forth. Common parts with the first embodiment
of Figure 12 are designated with the same step number,
and the detailed description will not be repeated.
[0136] The second embodiment of the image process-
ing shown in Figure 15 is different from the first embod-
iment in that step S883 of shading correction is added
before step S884 of distortion correction compared to the
first embodiment shown in Figure 12.
[0137] More specifically, in step S883, the luminance
of the pixels of the left and right images acquired in step
S882 is corrected (shading correction) based on tables
of left and right images that store shading correction val-
ues corresponding to the angle of view position or based
on shading correction values calculated by a formula ac-
cording to the angle of view position.
[0138] As a result of the shading correction, the distor-
tion correction and the cut-out process of image are per-
formed after equalization of the brightness of the left and
right images, and images without a difference in the
brightness between the cut out left and right images can
be formed.
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[First Embodiment of Image Processing in Continuous 
photographing]

[0139] Continuously photographed images are viewed
as still images, and image processing similar to that for
3D still images is required. More specifically, the distor-
tion correction needs to be carried out based on a dis-
tortion correction formula with high correction accuracy.
[0140] Meanwhile, if the imaging intervals of the con-
tinuous photographing are short, the distortion correction
with high correction accuracy, the cut-out process of im-
age, and the like cannot be performed in real time.
[0141] Figure 16 is a flow chart showing a first embod-
iment of the image processing in the continuous photo-
graphing.
[0142] When the continuous photographing mode is
set and an instruction (ON of the switch S2) of the con-
tinuous photographing is inputted (step S110), the CPU
32 takes images of one frame of continuous photograph-
ing (step S112) and temporarily stores left and right im-
ages of full angle of view in the RAM 54 (step S114).
[0143] Subsequently, ON/OFF of the switch S2 is de-
termined (S116). If the switch S2 is ON, the process
moves to step S112. If the switch S2 is OFF, the process
moves to step S118. More specifically, the continuous
photographing is performed when the switch S2 is ON,
and the left and right images of full angle of view are
stored in the RAM 54.
[0144] When the switch S2 is turned OFF, the time-
series left and right images stored in the RAM 54 are
read out frame by frame, and the distortion is corrected
based on the zoom position of the zoom lenses in the
continuous photographing and the distortion correction
formula corresponding to the continuous photographing
mode (step S118).
[0145] Subsequently, the amounts of optical axis de-
viation corresponding to the zoom position of the zoom
lenses in the continuous photographing, the focus posi-
tion, and the continuous photographing mode are read
out from the EEPROM 58 or calculated, and images for
correcting the optical axis deviation are cut out from the
images of full angle of view in which the distortion is cor-
rected based on the amounts of optical axis deviation
(step S120).
[0146] A compression process or the like is applied to
the cut out images, and the images are recorded in the
memory card 40 (step S122).

[Second Embodiment of Image Processing in Continu-
ous photographing]

[0147] Figure 17 is a flow chart showing a second em-
bodiment of the image processing in the continuous pho-
tographing. Common parts with the first embodiment of
the imaging process in the continuous photographing
shown in Figure 16 are designated with the same step
numbers, and the detailed description will not be repeat-
ed.

[0148] The second embodiment of the image process-
ing in the continuous photographing shown in Figure 17
is different from the first embodiment in that a process of
step S117 is added between steps S116 and S118.
[0149] More specifically, in step S117, a shading cor-
rection corresponding to each angle of view position is
applied to the left and right images stored in the RAM 54
to equalize the brightness of the left and right images.
As a result, images without a difference in the brightness
between the left and right images, for which the distortion
correction and the cut-out process of image of subse-
quent stages will be performed, can be formed.

[Third Embodiment of Image Processing in Continuous 
photographing]

[0150] Figure 18 is a flow chart showing a third em-
bodiment of the image processing in the continuous pho-
tographing. Common parts with the first embodiment of
the image processing in the continuous photographing
shown in Figure 16 are designated with the same step
numbers, and the detailed description will not be repeat-
ed.
[0151] The third embodiment of the image processing
in the continuous photographing shown in Figure 18 is
different from the first embodiment in that only images,
for which the storage is instructed by the user, among a
plurality of continuously photographed time-series imag-
es are stored in the memory card 40.
[0152] In Figure 18, when the switch S2 is turned OFF
(step S116), the time-series left and right images stored
in the RAM 54 are read out and reproduced in the order
of photographing (step S130).
[0153] Now, when photographing of 3D images is per-
formed N times by continuous photographing, N-th left
and right images are read out from N = 1 to N indicating
the order of photographing, and the distortion correction
and cutting of images are performed (steps S118 and
S120). The left and right images after the process are
displayed as 3D still images on the liquid crystal monitor
16 (step S132),
[0154] The user determines whether to store the image
in the memory card 40 while watching the 3D still image
displayed on the liquid crystal monitor 16 (step S134). If
"Yes" (for example, when the MENU/OK button is turned
ON), the 3D still image displayed on the liquid crystal
monitor 16 is stored in the memory card 40.
[0155] On the other hand, if "No" (for example, frame
advancing is instructed by left/right keys of the cross
keys), the process moves to S130 to read out the next
left and right images from the RAM 54, and the same
process is executed.
[0156] Although the continuous photographing is per-
formed while the switch S2 is ON in the embodiment, the
arrangement is not limited to this. A preset number of
images may be continuously photographed when the
switch S2 is turned ON.
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[First Embodiment of Imaging/Reproduction Process]

[0157] Figures 19 and 20 are flow charts showing a
first embodiment of an photographing/reproduction proc-
ess of the stereoscopic imaging apparatus 10 according
to the present invention.
[0158] In Figure 19, when the stereoscopic imaging
apparatus 10 is set to the photographing mode to start
photographing, the photographing mode at the time of
photographing (for example, 3D moving image photo-
graphing mode or 3D still image photographing mode),
the zoom position of the zoom lenses, and the amounts
of optical axis deviation are written in a tag of an image
file recorded in the memory card 40 (step S140). The
amounts of optical axis deviation is read out from the
EEPROM 48 or calculated based on the photographing
mode, the zoom position, and the focus position.
[0159] Photographed left and right images of full angle
of view (moving image or still images) are stored in the
image file (step S142).
[0160] Therefore, the distortion correction and the cut-
out process of image are not performed at the time of
photographing, and the images before the correction and
information necessary for the correction are recorded in
the tag.
[0161] Meanwhile, as shown in Figure 20, when the
stereoscopic imaging apparatus 10 is set to the repro-
duction mode to start the reproduction, the left and right
images and the tag information are read out from the
image file to be reproduced that is stored in the memory
card 40 (step S150).
[0162] The distortion correction formula specified by
the photographing mode and the zoom position included
in the tag information is acquired, and the distortion cor-
rection formula is used to apply the distortion correction
to the read out left and right images (step S152).
[0163] Subsequently, images for correcting the optical
axis deviation are cut out from the left and right images
after the distortion correction based on the amounts of
optical axis deviation included in the tag information (step
S154).
[0164] The cut out left and right images are displayed
so that the cut-out center is at the center of the screen
of the liquid crystal monitor 16 (step S156), and as a
result, a 3D image that allows easy stereoscopic vision
without optical axis deviation is displayed.
[0165] Because the images of full angle of view are
stored, a picture print with a wider field of view can be
obtained when 2D picture printing is performed. One of
the cut out images can also be reproduced when the user
selects the 2D reproduction. As a result, the size of the
angle of view of the 3D image can be recognized even
if the eyes are tired in the 3D reproduction and the user
switches to the 2D reproduction.
[0166] Although the amounts of optical axis deviation
are recorded as the tag information in the embodiment,
the coordinates of the optical axis center or the coordi-
nates of the opposing corners of the cut-out range may

be recorded instead of the amounts of optical axis devi-
ation. In a word, any information can be recorded as long
as the information is information on image cut-out which
enables to correct the optical axis deviation.
[0167] The images subjected to the distortion correc-
tion and the cut-out process of image in the 3D repro-
duction can also be recorded in the memory card 40. In
that case, the original image file may be deleted, or both
image files may exist.

[Second Embodiment of Photographing/Reproduction 
Process]

[0168] Figures 21 and 22 are flow charts showing a
second embodiment of the photographing/reproduction
process of the stereoscopic imaging apparatus 10 ac-
cording to the present invention.
[0169] In Figure 21, when the stereoscopic imaging
apparatus 10 is set to the photographing mode to start
photographing, various correction processes are applied
to the photographed left and right images of full angle of
view (moving image or still images) (step S160). The im-
age processing here is image processing other than the
cut-out process of image for correcting the optical axis
deviation of the left and right images, and the image
processing includes white balance correction, gamma
correction, shading correction, distortion correction, and
the like.
[0170] The left and right images subjected to the image
processing are compressed in a predetermined com-
pression format and stored in the memory card 40 (step
S162).
[0171] Meanwhile, as shown in Figure 22, when the
stereoscopic imaging apparatus 10 is set to the repro-
duction mode to start the reproduction, the left and right
images are read out from the image file to be reproduced
that is stored in the memory card 40 (step S170).
[0172] Subsequently, the corresponding point detec-
tion for detecting the corresponding feature points of the
left and right images is performed to acquire information
for correcting the optical axis deviation of the left and
right images (step S172). The corresponding points can
be detected by, for example, the block matching method.
[0173] Based on one of the left and right images (for
example, left image), pixels of the left image correspond-
ing to pixels of the other image (right image) are obtained
by the corresponding point detection. The corresponding
point detection can obtain areas where the correspond-
ing points can be detected between the left and right im-
ages and can obtain areas where the corresponding
points cannot be detected. Information for correcting the
optical axis deviation of the left and right images can be
acquired by detecting areas surrounded by four outer-
most sides of the areas where the corresponding points
of the left and right images can be detected.
[0174] More specifically, the center of the area sur-
rounded by four sides is the cut-out area for cutting the
image for stereoscopic vision from the pixels of the entire
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angle of view, and the center of the area surrounded by
four sides is the cut-out center.
[0175] The left and right images cut out from the left
and right images of full angle of view based on the ob-
tained cut-out areas are displayed so that the cut-out
centers are at the center of the screen of the liquid crystal
monitor 16 (step S174). As a result, a 3D image that
allows easy stereoscopic vision without optical axis de-
viation is displayed.
[0176] For example, the cutting areas (areas specified
by the cut-out start point or the cut-out center, and the
cut-out size) shown by dotted lines obtained by the cor-
responding point detection are cut out from the left and
right images of full angle of view as shown in Figure 23,
and the cut out images (left and right overlapped parts)
are displayed on the liquid crystal monitor 16 as images
for stereoscopic vision. In this case, the cut-out centers
of the left and right images are matched and displayed.
Therefore, the optical axis deviation (deviation in the V
direction) of the left and right images is corrected.
[0177] Although only the overlapped parts of the left
and right images are displayed in the example, the ar-
rangement is not limited to this. Displays as shown in the
following a) to c) are also possible.

a) The parts that do not overlap in the left and right
images are displayed without change. As a result,
the overlapped parts are three-dimensionally dis-
played, and the parts that do not overlap are two-
dimensionally displayed.
b) A pattern, such as a picture frame, is arranged on
the parts that do not overlap in the left and right im-
ages in the 3D display.
c) The parts that do not overlap in the left and right
images are deleted (blackened or whitened) in the
3D display.

[Others]

[0178] Substantially the same subject exists at the cut-
out centers of the left and right images from which the
images are cut out. Therefore, an MTF (modulation trans-
fer function) measurement of the cut-out center parts of
the left and right images is performed to calculate the
difference in the resolution between the left and right im-
ages. The image quality setting (edge enhancement and
gamma correction) and the like of the left and right images
can be changed to equalize the resolution of the left and
right images.
[0179] The stereoscopic imaging apparatus 10 can
display 3D through images on the liquid crystal monitor
16, and the user operates the parallax adjustment switch
18B (Figure 1B) while watching the 3D through images
to adjust the amount of parallax of the 3D images (moving
image or still images).
[0180] More specifically, the parallax adjustment
switch 18B can be operated in the + (plus) direction or
the - (minus) direction to increase and decrease the

amount of parallax (parallax adjustment value) of the 3D
images.
[0181] The information of the amounts of optical axis
deviation and the parallax adjustment value (amount of
shift in the H direction of the left and right images) can
be used in the cut-out process of image to cut out the
images to record and reproduce 3D images with a user’s
desired stereoscopic effect without optical axis deviation
in the V direction.
[0182] The plurality of photographing modes for carry-
ing out the distortion correction with different correction
accuracy are not limited to the embodiments. A photo-
graphing mode without the execution of the distortion cor-
rection or a photographing mode for emphasizing the dis-
tortion such as a fisheye photographing mode may also
be included.
[0183] The cut-out process of image is applied to the
images after the distortion correction in the embodi-
ments. However, conversely, the distortion correction
may be applied to the images subjected to the cut-out
process of image for correcting the optical axis deviation.
It is obvious that the cut-out process of image in this case
is executed in consideration of the optical axis deviation
by the subsequent distortion correction.
[0184] It is obvious that the present invention is not
limited to the embodiments, and various changes can be
made without departing from the spirit of the present in-
vention.

Reference Signs List

[0185] 10 ... stereoscopic imaging apparatus, 11 ...
shutter button, 12 ... zoom button, 14-1, 14-2 ... imaging
optical systems, 16 ... liquid crystal monitor, 20-1, 20-2 ...
imaging units, 21 ... focus lens and zoom lens, 24... CCD,
25 ... analog signal processing unit, 32 ... central
processing unit (CPU), 34 ... operation unit, 44 ... digital
signal processing unit, 54 ... RAM, 56 ... ROM, 58 ...
EEPROM

Claims

1. A stereoscopic imaging apparatus comprising:

a plurality of imaging units that include imaging
optical systems and imaging elements for pho-
toelectrically converting subject images formed
through the imaging optical systems and that
image a plurality of images with a parallax;
a storage unit that stores amounts of optical axis
deviation of the imaging optical systems with re-
spect to a plurality of focus positions detected
in advance;
a focus position detection unit that detects cur-
rent focus positions of the plurality of imaging
optical systems;
an optical axis deviation acquisition unit that ac-
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quires amounts of optical axis deviation corre-
sponding to the current focus positions of the
imaging optical systems detected by the focus
position detection unit based on the amounts of
optical axis deviation of the imaging optical sys-
tems;
an imaging control unit that acquires a plurality
of images for stereoscopic image from the plu-
rality of imaging units; and
an image cut-out unit that performs a cut-out
process of images for stereoscopic display from
the plurality of images acquired by the imaging
control unit, based on the amounts of optical axis
deviation acquired corresponding to the current
focus position by the optical axis deviation ac-
quisition unit.

2. The stereoscopic imaging apparatus according to
claim 1, wherein
the storage unit stores, as the amounts of optical
axis deviation of the imaging optical systems,
amounts of optical axis deviation at respective focus
positions of the imaging optical systems in accord-
ance with the focus positions, and
the optical axis deviation acquisition unit comprises
a reading unit that reads out a corresponding amount
of optical axis deviation from the storage unit based
on the current focus position.

3. The stereoscopic imaging apparatus according to
claim 1, wherein
the storage unit stores, as the amounts of optical
axis deviation of the imaging optical systems, infor-
mation indicating the amounts of optical axis devia-
tion at two or more focus positions or a formula, for
calculating the amounts of optical axis deviation at
the focus positions of the imaging optical systems,
and
the optical axis deviation acquisition unit comprises
a calculation unit that calculates the amount of opti-
cal axis deviation based on the information stored in
the storage unit and the current focus position.

4. The stereoscopic imagine apparatus according to
claim 1, further comprising
a zoom position detection unit that detects a current
zoom position of the plurality of imaging optical sys-
tems, wherein
the storage unit further stores the amounts of optical
axis deviation of the imaging optical systems with
respect to a plurality of zoom positions detected in
advance.

5. The stereoscopic imaging apparatus according to
claim 4, wherein
the storage unit stores, as the amounts of optical
axis deviation of the imaging optical systems,
amounts of optical axis deviation at respective focus

positions and respective zoom positions of the im-
aging optical systems, in accordance with the zoom
positions and the focus positions, and
the optical axis deviation acquisition unit comprises
a reading unit that reads out a corresponding amount
of optical axis deviation from the storage unit based
on the current zoom position and focus position.

6. The stereoscopic imaging apparatus according to
claim 4, wherein
the storage unit stores, as the amounts of optical
axis deviation of the imaging optical systems, infor-
mation indicating the amounts of optical axis devia-
tion at two or more focus positions or a formula, for
calculating the amounts of optical axis deviation at
the focus positions of the imaging optical systems,
in accordance with the zoom positions of the imaging
optical systems, and
the optical axis deviation acquisition unit comprises
a calculation unit that calculates the amount of opti-
cal axis deviation based on the information, which is
read out from the storage unit based on the current
zoom position of the imaging optical systems, and
current focuses.

7. The stereoscopic imaging apparatus according to
any of claims 1 to 6, comprising
a distortion correction unit that corrects distortion of
the plurality of images acquired by the imaging con-
trol unit based on a predetermined distortion correc-
tion formula, wherein
the optical axis deviation acquisition unit acquires
the amount of optical axis deviation after the distor-
tion correction based on the predetermined distor-
tion correction formula.

8. The stereoscopic imaging apparatus according to
claim 7, comprising
a distortion correction formula acquisition unit that
acquires the predetermined distortion correction for-
mula corresponding to a current zoom position from
distortion correction formulas corresponding to
zoom positions of the imaging optical systems.

9. The stereoscopic imaging apparatus according to
claim 8, further comprising
a zoom position detection unit that detects the cur-
rent zoom position of the plurality of imaging optical
systems, wherein
the distortion correction formula acquisition unit
comprises:

a storage unit that stores distortion correction
formulas corresponding to the zoom positions
of the imaging optical systems in accordance
with the zoom positions; and
a reading unit that reads out a corresponding
distortion correction formula from the storage
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unit based on the current zoom position.

10. The stereoscopic imaging apparatus according to
any of claims 7 to 9, wherein the optical axis deviation
acquisition unit comprises:

a storage unit that stores the amounts of optical
axis deviation before the distortion correction;
and
a calculation unit that assigns the amount of op-
tical axis deviation read out from the storage unit
to the predetermined distortion correction for-
mula to calculate an amount of optical axis de-
viation after the distortion correction.

11. The stereoscopic imaging apparatus according to
any of claims 7 to 10, further comprising
a shading correction unit that corrects shading of the
plurality of images acquired by the imaging control
unit, wherein
the image cut-out unit applies the cut-out process of
image to the images which has subjected to the
shading correction by the shading correction unit.

12. The stereoscopic imaging apparatus according to
any of claims 7 to 11, wherein
the image cut-out unit applies the cut-out process of
image to the images after the distortion correction
by the distortion correction unit.

13. The stereoscopic imaging apparatus according to
claim 11 or 12, comprising:

a unit that selects a continuous photographing
mode for acquiring a preset number of time-se-
ries images from the plurality of imaging units or
acquiring a plurality of images during a photo-
graphing instruction period; and
an internal storage unit that temporarily stores
images photographed in the continuous photo-
graphing mode, wherein
the shading correction unit reads out the plurality
of images stored in the internal storage unit after
the completion of photographing in the continu-
ous photographing mode to perform the shading
correction.

14. The stereoscopic imaging apparatus according to
any of claims 7 to 10, comprising:

a mode selection unit that selects a photograph-
ing mode or a reproduction mode; and
a recording unit that records, in a recording me-
dium, the plurality of images acquired by the im-
aging control unit during the photographing
mode selected by the mode selection unit as
well as the distortion correction formula acquired
by the distortion correction formula acquisition

unit and the amount of optical axis deviation ac-
quired by the optical axis deviation acquisition
unit in association with the plurality of acquired
images, wherein
the distortion correction unit and the image cut-
out unit read out the plurality of images from the
recording medium in the reproduction mode se-
lected by the mode selection unit as well as the
distortion correction formula and the amount of
optical axis deviation stored in association with
the images and apply the distortion correction,
and apply the cut-out process of image to the
read out plurality of images based on the distor-
tion correction formula and the amount of optical
axis deviation.

15. The stereoscopic imaging apparatus according to
claim 14, wherein
the recording unit records, in the recording medium,
the images which have subjected to the distortion
correction and the cut-out process of image in the
reproduction mode.

16. The stereoscopic imaging apparatus according to
any of claims 1 to 15, comprising
a parallax adjustment unit that adjusts the amount
of parallax between the plurality of images outputted
from the plurality of imaging units, wherein
the image cut-out unit further applies the cut-out
process of images in which a cut-out position is ad-
justed based on the amount of parallax adjusted by
the parallax adjustment unit, at a time of the cut-out
process of image for stereoscopic display.
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