==

TRANSPERFECT

City of New York, State of New York, County of New York

I, Jacqueline Yorke, hereby certify that the document “JP Pb. No. 2003-319239” is, to

the best of my knowledge and belief, a true and accurate translation from Japanese into

English.

A

acciueline Yorke

Sworn to before me this
May 26, 2022

AT

Signature, Notary Public

““n"ll"lu,

Stamp, Notary Public

LANGUAGE AND TECHNOLOGY SOLUTIONS FOR GLOBAL BUSINESS
1250 BROADWAY, 32ND FLOOR, NEW YORK, NY 10001 | T 212.400.8840 | F212.689.1059 | WWW.TRANSPERFECT.COM
OFFICES IN 90 CITIES WORLDWIDE
Canon Ex. 1007

Page 1 of 17



(12) Japanese Unexamined Patent (11) Japanese Unexamined Patent
Application Publication (A) Application Publication Number
2003-319239

(P2003-319239A)
(43) Publication date: November 7, 2003 (11.7.2003)

(19) Japan Patent Office (JP)

(51) Int. C1.7 Identification codes FI Technical indications
HO4N 5/232 HO4N 5/232 H 2H002
G02B  7/28 GO03B 7/08 2HO011
G03B  7/08 9/08 G 2HO051
9/08 HO4N  5/335 v 2HO081
13/36 101: 00 5C022

Request for examination: Not yet requested Number of claims: 2~ OL  (Total of 8 pages) Continued on last page

(21) Application number  Japanese Patent Application (71) Applicant 000006079
2002-121723 (P2002-121723) MmoLTA Co., LTD.
Osaka Kokusai Bldg, 3-13 Azuchi-machi 2-
chome, Chuo-ku, Osaka-shi, Osaka-fu
(22) Date of application ~ April 24, 2002 (4.24.2002) (72) Inventor Tetsuhiro SHIBATA
% Minolta Co., Ltd.
Osaka Kokusai Bldg, 3-13 Azuchi-machi 2-
chome, Chuo-ku, Osaka-shi, Osaka-fu

(74) Agent Patent Attorney Kenichi TAKADA (and 1 other)

Continued on last page

(54) (TITLE OF THE INVENTION) IMAGING DEVICE

(57) (ABSTRACT)

(PROBLEM) Provide an imaging device that is able to yield
an image in which the entirety of the subject is in focus,
without requiring multiple photographs or high-capacity
image memory.

(MEANS FOR SOLVING) Prior to main photography, the focal
point position is altered by means of a focal point control
means 2; the optimal focal point position for each pixel P or
each designated area of the imaging element is designated
based on the data obtained at this time from the imaging
element 3; and this focal point position data is stored in a
storage means 14 associated with the corresponding pixel or
designated area. Additionally, the exposure time is
computed based on data from the imaging element 3. During
main photography, driving of the optical image guidance
means 4 is controlled in such a way that an optical image is P S
allowed to enter from the photographic lens to each pixel or ' §
designated area for the duration of the exposure time
computed by the computation means at the focal point
position corresponding to each pixel or designated area,
while the focal point position is altered by the focal point
control means 2.

moverment 2
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(SCOPE OF PATENT CLAIMS)

(CLAIM 1) Imaging device characterized in that it is furnished
with:

A photographic lens;

A focal point control means that variably controls the location
of the focal point of the aforesaid photographic lens;

An imaging element that receives an optical image of a subject
that has entered via the aforesaid photographic lens;

A focal point designation means that, for each pixel or each
designated area of the aforesaid imaging element, designates the
optimal focal point position of the aforesaid photographic lens
for that pixel or area based on data from the aforesaid imaging
element obtained prior to main photography by changing the
focal point position by means of the aforesaid focal point control
means;

A storage means that stores focal point position data for each
pixel or each designated area designated by the aforesaid focal
point position designation means;

An exposure time computation means that computes the
exposure time based on data from the aforesaid imaging
element;

An optical image guidance means that is able to guide an optical
image from the aforesaid photographic lens onto the aforesaid
imaging element for each pixel or each designated area; and

A guide control means that, when a photograph is taken,
controls driving of the aforesaid optical image guidance means
in such a way that an optical image is allowed to enter from the
photographic lens to each pixel or designated area for the
duration of the exposure time computed by the aforesaid
computation means for only the focal point position
corresponding to each pixel or designated area, while the focal
point position is altered by the aforesaid focal point control
means.

(CLAIM 2) Imaging device set forth in claim 1, further provided
with a calibration means that calibrates the exposure time
computed by the aforesaid exposure time computation means
with reference to the illuminance distribution of the subject.
(DETAILED DESCRIPTION OF THE INVENTION)

(0001)

(TECHNICAL FIELD OF THE INVENTION) This invention relates to
an imaging device that is applicable as a digital camera or the
like.

(0002)

(PRIOR ART) Imaging devices such as digital cameras have been
developed to increase the depth of field of a photographic lens
by performing multiple exposures of the subject, temporarily
storing image data obtained from the imaging element,
extracting only the in-focus portion of the stored image data, and
synthesizing this data into an optimal image.

(0003) For example, Patent No. 2883648 discloses a technology
whereby an image with the entirety of the subject in focus can
be obtained from a plurality of images with different focal points
by means of an image addition means.

(0004)

(PROBLEM TO BE SOLVED BY THE INVENTION) However, a
problem with the aforesaid prior art is that it is necessary to take
a plurality of photographs in order to synthesize an image, which
means that time must be spent both taking the photographs as
well as processing them in order to produce the final synthesized
image from the photographed images.
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(0005) Another problem is that, in order to temporarily store
image data for several photographs, it is necessary to provide a
very high-capacity image memory, particularly so in the case of
high-resolution imaging elements, which can have a pixel count
exceeding 3 million pixels, for example.

(0006) This invention was devised in view of these
circumstances, having as its objective to provide an imaging
device that is able to yield an image in which the entirety of the
subject is in focus, without requiring multiple photographs or
high-capacity image memory.

(0007)

(MEANS FOR SOLVING THE PROBLEM) The aforesaid problem is
solved by an imaging device characterized in that it is furnished
with: a photographic lens; a focal point control means that
variably controls the location of the focal point of the aforesaid
photographic lens; an imaging element that receives an optical
image of a subject that has entered via the aforesaid
photographic lens; a focal point designation means that, for each
pixel or each designated area of the aforesaid imaging element,
designates the optimal focal point position of the aforesaid
photographic lens for that pixel or area based on data obtained
from the aforesaid imaging element prior to main photography
by changing the focal point position by means of the aforesaid
focal point control means; a storage means that stores focal point
position data for each pixel or each designated area designated
by the aforesaid focal point position designation means; an
exposure time computation means that computes the exposure
time based on data from the aforesaid imaging element; an
optical image guidance means that is able to guide an optical
image from the aforesaid photographic lens onto the aforesaid
imaging element for each pixel or each designated area; and a
guide control means that, when a photograph is taken, controls
the driving of the aforesaid optical image guidance means in
such a way that an optical image is allowed to enter from the
photographic lens to each pixel or designated area for the
duration of the exposure time computed by the aforesaid
computation means for only the focal point position
corresponding to each pixel or designated area, while the focal
point position is altered by the aforesaid focal point control
means.

(0008) In this imaging device, prior to main photography, the
focal point position is changed by the focal point control means,
and, based on the data from the photographed pixels obtained at
this time, for each pixel or each designated area of the aforesaid
imaging element, the optimal focal point position for the
aforesaid photographic lens relative to these pixels or area is
designated, and the designated focal point position data is stored
in the storage means associated with the corresponding pixels or
designated area. Additionally, exposure is computed based on
data from the imaging element.

(0009) In contrast, when a photograph is taken, drive control of
the aforesaid optical image guidance means is performed in such
a way that an optical image is allowed to enter from the
photographic lens to each pixel or designated area for the
duration of the exposure time computed by the aforesaid
computation means for only the focal point position
corresponding to a pixel or designated area, while the focal point
position is changed by the aforesaid focal point control means.
In short, for exactly the aforesaid computed exposure time, an
optical image of the in-focus portions of the subject is guided to
the corresponding pixel or designated area, whereas the optical
image is obstructed from reaching pixels other than this pixel or
designated area.

(0010) Consequently, only a focused optical image of the
subject is formed at each of pixels or each of designated areas
of the imaging element. By repeating this process in association
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with change of focal point positions, each pixel of the imaging
element accumulates image data whereby the entirety of a
subject is in focus.

(0011) This image data can then be retrieved to produce an
image in which the entirety of the subject is in focus.

(0012) This makes it possible to eliminate the need to take
multiple photographs in order to synthesize multiple sets of
photographic data, thereby making it less likely that the image
memory will become full, even in the case of high-pixel-count
imaging elements.

(0013) A configuration of the aforesaid imaging device can also
be adopted to have a calibration means for calibrating the
exposure time computed by the aforesaid exposure time
computation means with reference to the illuminance
distribution of the subject. In this case, even if the illuminance
distribution of the subject is uneven, an image having less effect
from the uneven illuminance can be obtained by the calibration.
(0014)

(EMBODIMENT OF THE INVENTION) An embodiment of this
invention will be described below based on the drawings.
(0015) FIG. 1 is a perspective view of the main components of
an embodiment of the imaging device of this invention.

(0016) In FIG. 1, this imaging device is furnished with a
photographic lens 1, a focal point control component 2, an
imaging element 3 provided along the optical path of the
photographic lens 1, a liquid crystal shutter 4 comprising an
optical image guide interposed between the photographic lens 1
and the imaging element 3, and a guidance control component
5.

(0017) The aforesaid photographic lens 1 serves to capture and
form an optical image of a subject M on the imaging element 3.
(0018) The aforesaid focal point control component 2 serves to
variably control the focal point position of the aforesaid
photographic lens 1 within the moveable range from one end to
the other in the optical route direction.

(0019) The aforesaid imaging element 3 serves to receive the
optical image captured by the photographic lens 1,
photoelectrically convert this optical image, and output an
analog image signal. In this embodiment, a charged-coupled
device (CCD) is used as the imaging element 3. Note that the
light-receiving plane 3a of this CCD 3 consists of m X n pixels
P comprising light-receiving elements arrayed in a matrix of n
rows and m columns [sic; m rows and n columns], as shown in
FIG. 2.

(0020) The aforesaid liquid crystal shutter 4 serves to either
guide an optical image from the photographic lens 1 to each
pixel of the aforesaid CCD 3, or obstruct the same, and has m X
n shutter elements Q arrayed in a matrix of m rows and n
columns corresponding to the matrix of pixels P of the aforesaid
CCD 3, as shown in FIG. 2.

(0021) Concretely, when a shutter element Q is in the open state
(“guide” state), this liquid crystal shutter 4 guides the optical
image of the subject that has traversed the photographic lens 1
toward the aforesaid CCD 3 so as to expose the same, whereas
when the shutter element Q is in the closed state (“obstruct”
state), the optical image of the subject that has traversed the
photographic lens 1 is blocked from reaching the aforesaid CCD
3.

(0022) In short, the liquid crystal shutter 4 permits the optical
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image from the photographic lens 1 to reach only those pixels P
of the CCD 3 corresponding to the shutter elements Q which
have been controlled to be open (for example, the white areas in
FIG. 2), but blocks the optical image from the photographic lens
1 from reaching those pixels P of the CCD 3 corresponding to
the shutter elements Q which have been controlled to be closed
(for example, the black areas in FIG. 2).

(0023) Although this embodiment is described in such a way
that the aforesaid optical image guide 4 guides or obstructs each
pixel of the CCD 3, guiding and obstruction may alternately be
performed relative to each pre-set designated area consisting of
a plurality of pixel blocks on the light-receiving plane 3a of the
CCD 3, rather than for each pixel.

(0024) The aforesaid guidance control component 5 serves to
select whether each shutter element Q of the aforesaid liquid
crystal shutter 4 is set to “guide” or “obstruct” during main
photography based on detected data of the focal point position
of the photographic lens 1, which was obtained during
preliminary photography prior to main photography.

(0025) Concretely, the shutter elements Q of the aforesaid liquid
crystal shutter 4 are controlled in such a way that, when the focal
point position of the photographic lens 1 is moved by the
aforesaid focal point control component 2 during main
photography, for any focal point position, an optical image of
only those parts of the subject that are brought into focus at that
focal point position is guided, for the duration of the designated
exposure time, to the pixels P of the aforesaid CCD 3 where this
optical image is formed, whereas the optical image is obstructed
from all pixels P other than the pixels P in question. Note that
the relationship between a focal point position and which shutter
elements Q should be opened or closed for that position is
determined during preliminary photography prior to main
photography by the method described below.

(0026) FIG. 3 is a block diagram showing the electrical
configuration of the main components of the imaging device.
(0027) In FIG. 3, the timing generation circuit 20 generates a
timing pulse for the drive timing of the aforesaid CCD 3, etc.
(0028) The A/D pickup control component 21 serves to sample
the image signal of the CCD 3 in accordance with a clock for
A/D conversion, while the A/D converter 22 converts the image
signal (pixel signal) from the aforesaid CCD 3 to a image data
which is a digital signal (pixel data) in accordance with the clock
for A/D conversion.

(0029) The image processing circuit 23 serves to subject image
data from the A/D converter 22 to the designated processing.
The image memory 24 serves to store image data that has been
subjected to image processing by the image processing circuit
23, and is able to store image data corresponding to the m X n
pixels P of the aforesaid CCD 3.

(0030) In short, when an optical image of the subject is received
by the CCD 3 from the photographic lens 1, the optical image is
photoelectrically converted by the CCD 3, and the analog image
signal retrieved from the CCD 3 is converted to digital image
data by the A/D converter 22, whereupon this digital image data
is subjected to the designated image processing and is then
temporarily stored in the image memory 24.

(0031) The aforesaid guidance control component 5 comprises
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a matrix row control component 51 and a matrix column control
component 52. The matrix row control component 51 controls
the opening and closing of the shutters Qm in the m rows of the
aforesaid liquid crystal shutter 4, while the matrix column
control component 52 controls the opening and closing of the
shutters Qn in the n columns of the aforesaid liquid crystal
shutter 4.

(0032) The CPU 11 controls the each component of the imaging
device, including charge storage in the CCD 3, reading of image
data, etc. Additionally, for every pixel P (or every designated
area) of the CCD 3, the CPU 11 has a function for identifying
the focal point position of the aforesaid photographic lens best
suited to that pixel based on data obtained from the aforesaid
CCD 3 when the aforesaid focal point control component 2
moved the focal point position of the photographic lens 1 during
preliminary photography, as well as having a computation
function for computing the exposure time Ts based on image
data obtained from the aforesaid CCD 3 during preliminary
photography. Additionally, in this embodiment, the CPU 11 has
a calibration function for calibrating unevenness in the
illuminance distribution of a subject by adding or subtracting to
the aforesaid exposure time Ts a calibration value for
unevenness in the illuminance distribution of a subject,
described below.

(0033) The ROM 13 stores the control program that is run by
the CPU 11, as well as storing calibration values for subject
illuminance distribution, etc. Additionally, the RAM 14
functions as the work area for reading and writing of data, as
well as functioning as the storage means for storing focal point
position data for the photographic lens associated with the pixels
P which are to receive the optical image of the subject at that
time.

(0034) Next, the control processing of the imaging device
configured in the manner indicated in FIG. 1 — 3 will be
described with reference to the flowchart in FIG. 4. Note that
step will be abbreviated as S in the descriptions and drawings
that follow.

(0035) First, preliminary photography commences. In short, in
S101, all shutter elements Q of the liquid crystal shutter 4 are
opened and set to the “guide” state. In this state, the optical
image of the subject from the photographic lens 1 is able to reach
the pixels P of the CCD 3 through all shutter elements Q of the
liquid crystal shutter 4.

(0036) Next, in S102, the aforementioned focal point control
component 2 moves the focal point position of the photographic
lens 1 at a constant speed (speed St) from one end to the other
end in the direction of the optical axis. This movement of the
focal point position may take place at a constant rate of
acceleration, but from the perspective of the design of the
photographic lens 1, using a constant speed with a uniform
movement time relative to the focal depth will facilitate
calculating the exposure time Ts.

(0037) During this movement of the focal point position, in
S103, image sampling is repeatedly performed throughout the
entire range of each depth of focus.

(0038) In S104, each time image sampling is performed, each
pixel P is compared with that in the prior sampling image data
to determine whether or not the subject is focused on that pixel
(whether or not the subject is in focus), and the image data that
is more in focus, along with the focal point data at that time, is
stored in the RAM 14 as the data for that pixel P.

(0039) For example, as shown in FIG. 5, at focal point position
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fl — f2 of the photographic lens 1, the photographic lens is
focused on the rear face Mc of the basal part of the subject M;
at focal point position f2 — f3, the photographic lens is focused
on the front face Ma of the basal part of the subject M; at focal
point position {3 — f5, the photographic lens is focused on
neither of the faces of the subject M; and at focal point position
f5 — 16, the photographic lens is focused on the front face Mb of
the projecting part of the subject M. The focal point position
data for each pixel P is stored in the RAM 14.

(0040) In S105, a determination is made as to whether or not the
focal point position has reached the other end of the movement
range. If it has not reached the other end (NO in S105),
processing returns to S103, where focal point position
movement and image sampling are repeated.

(0041) If the focal point position has reached the other end (YES
in S105), then in S106, the exposure time (Ts) for each pixel P
of the CCD 3 corresponding to the period at which each pixel’s
corresponding shutter element Q in the aforesaid liquid crystal
shutter 4 should be maintained in the “guide” state, is calculated.
For example, as shown in FIG. 6, exposure time T1 (drive
interval from focal point position fl to {2), exposure time T2
(drive interval from focal point position {2 to £3), exposure time
T3 (drive interval from focal point position f3 to f4), exposure
time T4 (drive interval from focal point position 3 to f4),
exposure time T5 (drive interval from focal point position f4 to
f5), and exposure time T6 (drive interval from focal point
position 5 to f6) are sequentially calculated.

(0042) Although the aforesaid exposure times (Ts) may be
uniform, in this embodiment, a time serving as a calibration
value for uneven illuminance distribution is added to or
subtracted from each exposure time T1, T2, ..., T5 by the CPU
11 in S107 in order to reduce the effect of uneven illuminance
distribution on the subject M.

(0043) Next, in S108, the focal point position movement speed
(St) is calculated using the following formula, based on the focal
point depth (fln), which is pre-determined based on the design,
and the aforesaid exposure time (Ts).

(0044) St> fln / St

After this, main photography commences. First, in S109, all
shutter elements Q of the liquid crystal shutter 4 are closed and
set to the “obstruct” state. In this state, an optical image of the
subject travels from the photographic lens 1 toward the CCD 3,
but is blocked by all shutter elements Q of the aforesaid liquid
crystal shutter 4.

(0045) In this state, in S110, the aforesaid focal point control
component 2 is driven to again move the focal point position.
This movement takes place at the aforesaid calculated
movement speed St.

(0046) In S111, while moving the focal point position, for each
pixel P of the CCD 3, when the focal point position reaches the
aforesaid designated focal point position , the shutter element Q
of the aforesaid liquid crystal shutter 4 corresponding to that
pixel P is opened and set to the “guide” state. In short, when the
focal point position reaches a certain position, in order to form
an optical image of the subject M on the pixel P of the CCD 3
having that position as its focal point position, the corresponding
shutter element Q is set to the “guide” state, thereby enabling
the optical image of the subject M to traverse
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that shutter element Q and become formed in focus on the
aforesaid pixel P of the CCD 3.

(0047) In S112, when the aforesaid moving focal point position
has attained a position where the exposure time Ts calculated
for each pixel P of the CCD 3 has been exceeded, the shutter
element Q of the aforesaid liquid crystal shutter 4 corresponding
to this pixel P is closed and set to the “obstruct” state. By this
means, the aforesaid pixel P ceases to be exposed any further.
In short, the relevant pixel P receives only a focused optical
image of the subject.

(0048) This will be described using FIG. 5 and FIG. 6, the latter
of which shows the light-receiving face 3a of the CCD. In FIG.
6, white areas indicate pixels that are being exposed because
they are in the focused state, and black areas indicates pixels that
are not being exposed because they are not in the focused state.
In this embodiment, when the focal point position is at f1 — 2,
the focus is on the rear face Mc of the basal part of the subject
M. Consequently, when the focal point position reaches f1, the
shutter elements Q are controlled in such a way as to start
exposure of only those pixels corresponding to the left and right
sides of the subject M, as shown in FIG. 6 (a), and this exposure
is continued for time T1.

(0049) When the focal point position is at 2 — f3, the focus is
on the front face Ma of the basal part of the subject M.
Consequently, when the movement of the focal point position
progresses and reaches the focal point position 2, the shutter
elements Q are controlled in such a way as to start exposure of
only those pixels corresponding to the front face Ma of the basal
part of the subject M, as shown in FIG. 6 (b), and this exposure
is continued for time T2.

(0050) When the focal point position is at £3 — £5, none of the
faces of the subject M are in focus. Consequently, when the
movement of the focal point position progresses and reaches the
focal point position f3, all shutter elements Q are set to the
“obstruct” state, as shown in FIG. 6 (c) and (d), such that none
of the pixels P of the CCD 3 are exposed.

(0051) When the focal point position is at f5 — {6, the focus is
on the front face Mb of the projecting part of the subject M.
Consequently, when the movement of the focal point position
progresses and reaches the focal point position f5, the shutter
elements Q are controlled in such a way as to start exposure of
only those pixels corresponding to the front face Mb of the
projecting part of the subject M, as shown in FIG. 6 (e), and this
exposure is continued for time T5.

(0052) In S113, a determination is made as to whether or not the
aforesaid focal point position has reached the other end of the
moveable range. If the aforesaid focal point position has not
reached the other end (NO in S113), processing returns to S111,
and S111 —S113 are repeated. If the aforesaid focal position has
reached the other end (YES in S113), in S114, the accumulated
charge of all pixels of the aforesaid CCD 3 is read out , and
processing concludes.

(0053) According to an imaging device of this kind, in order to
cover shallowness of depth of field, it is possible to obtain an
image in which the entirety of the subject M is in focus with
only one reading out of all pixels of the CCD 3, without adopting
an approach requiring the taking of multiple photographs and
the synthesis processing of the image data.

(0054) Additionally, less memory capacity is required in
comparison with systems in which all image data of multiple
photographs is stored in the image memory 24, thereby
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ensuring that the image memory 24 will not become full, even
in the case of a CCD 3 with a pixel count in excess of several
million pixels.

(0055) Furthermore, in this embodiment, even in the case of the
occurrence of unevenness in the illuminance of the optical
image of a subject, an illuminance calibration value is added to
or subtracted from the exposure time Ts of each focal point
position, thereby making it possible to obtain an image with no
unevenness in exposure, even without irradiating a strong light
on the subject.

(0056) Note that by moving the focal point position a change in
magnification will occur in accordance with the distance, but
this can be calibrated by synchronizing the zoom function with
the movement of the focal point position.

(0057) Additionally, although in the aforesaid embodiment a
liquid crystal shutter 4 was used as the optical image guidance
means, this invention is not limited thereto. For example, as
shown in FIG. 7, a type of reflective liquid crystal mirror called
a microdrive mirror (referred to as MDM) 71 can be used as the
optical image guidance means. During normal reflection, the
MDM 71 is in the aforesaid “guide” state, whereas during
obstructive reflection, it is in the aforesaid “obstruct” state. By
variably controlling the voltage applied to the MDM 71, it is
possible to, for example, alter the operating angle of each mirror
corresponding to each column of pixels P in the CCD 3.
(0058) Note that it is not necessary for all mirror operating
angles of the MDM 71 to be identical. In short, if making all
mirror operating angles identical increases the spread of the
reflection angle to the point of degrading the image quality due
to stray light or diffuse reflection, the mirror operating angles
can be made to differ. Naturally, it is also acceptable to alter the
mirror operating angle in the unit of pixels or lines.

(0059)

(EFFECT OF THE INVENTION) According to the invention in
claim 1, it is possible to obtain an image in which the entirety of
the subject is in focus with only one main photography, which
not only eliminates the need to take multiple photographs in
order to synthesize multiple photographic data, but also requires
less image memory capacity in comparison with systems in
which multiple photographic data need to be synthesized,
thereby making it less likely that the image memory will become
full, even in the case of high-pixel-count imaging elements.
(0060) According to the invention in claim 2, even if the
illuminance distribution of the subject is uneven, an image
having less effect from the aforesaid uneven illuminance can be
obtained by the calibration of the illuminance distribution.
(BRIEF DESCRIPTION OF THE DRAWINGS)

(F1G. 1) Schematic perspective view showing the main
components of an embodiment of the imaging device of this
invention.

(FIG. 2) Diagram illustrating the “guide” / “obstruct” states of
the optical image guidance means of the same imaging device.
(FIG. 3) Block diagram showing the electrical configuration of
the main components of the same imaging device.

(F1G. 4) Flowchart showing the flow of control processing in the
imaging device in FIG. 1.

(FIG. 5) Diagram illustrating the movement of the focal point
position.

(FIG. 6) Diagram illustrating the movement of the focal point
position, and the light received by the corresponding pixel in
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(6)

the imaging element. 5: Guidance control component
(FI1G. 7) Side view showing how a variant example of the optical 11: CPU (designation means, computation means)
image guidance means is used. 14: RAM (storage means)
(EXPLANATION OF REFERENCES) 71: Microdrive mirror (optical image guidance means)
1: Photographic lens M: Subject
2: Focal point control component P: Pixel
3: CCD (imaging element)
4: Liquid crystal shutter (optical image guidance means)

(F1G. 1) (FIG. 5)

iy
/

sy
/
s
s
~

A L 47

7
P —

Py
s

o s s

/

=
)
/
/:/I
77 //
A
P
/
7
¥
7

‘__-_,
Vo 4
A
Lond
/7
£
ot
)
7/
I
.
-
%

-
w
- ..’
h /
-
(4]

movement 2

(F1G. 2) (FIG. 6)
Ja
/S
14
( ) Exposure time T1
a (focal point f1 — focal point 2)

m count (b) Exposure time T2
4 (focal point 2 — focal point f3)
E (c) Exposure time T3
t E (focal point f3 — focal point f4)
N
A \
m count s = (d) Exposure time T4
a a (focal point f4 — focal point £5)
\
( ) Exposure time T5
e (focal point 6 — focal point {7)

Canon Ex. 1007
Page 7 of 17



Photographic
lens

Focal point
control component

Japanese Unexamined Patent Application Publication 2003-319239
(7

(FIG. 3)

13 14
| |

ROM RAM

s
g

Timing
generation "/

circuit =
s E
g 3 2
° Liquid crystal / % A/D
£ shutter B
-] a
2 ccD <
=

\\52 | Matrix col. control
5
(FIG. 4)

Start

5101

Preliminary
photography Set shutter status to

I

Launch focal point control
component, and start
constant speed movement
of focal point from one
end to the other

$103—,

Repeat image sampling
throughout range
of depth of focus

S104

Compare image data with that of
previous sampling image, and
store in-focus image data together
with focal point position
information

S105

Focatpoint b ~INO
reached other end af>—

movement range?

Calculate exposure

$107

Add or subtract uneven illuminance
calibration time to exposure time

[ s108

Calculate focal point movement
speed based on exposure
and depth of focus

“guide” for all pixels S1 02

Main photography
S109
Set all shutters to
“obstruct”

[ S110
Launch focal point control

component, and start movement of
focal point from one end to the other
at the calculated movement speed

St~

Once a pixel or designated area
reaches the calculated focal point
position, set shutter to “guide”

S112

Once a pixel or designated area
reaches a focal point position
exceeding the calculated exposure
time, set shutter to “obstruct”

S113~ \o
Focal point has

& e~ NO |
movement range?

\l/YES S1|14

| Read all pixels from OCD

Image processing

Image memory

formed here &7,

(FIG. 7)

Image
formed here
in guide
mode

3

Canon Ex. 1007
Page 8 of 17



Continued from front page

(51) Int. CL7 Identification codes

HO4N 5/335
// HO4AN 101:00

F terms (reference) 2H002
2HO011
2H051

2H081
5022

50024

DB25 DB28 EBOO

AAO3 BB04 DAO1 DA02

AAOO DAO3 DAO4 EBO4 EB09
GB12

AA72 AA78 DDO6

AA13 AB17 AB26 AC42 AC51
AC69 ACT4

BX01 CX51 CY17 DX04 EX32
EX42 EX56 (X02 GYO1 HX57

Japanese Unexamined Patent Application Publication 2003-319239

®)

FI

G02B
G03B

7/11
3/00

N
A

Technical indications
5C024

Canon Ex. 1007
Page 9 of 17



(19) O ARERF#FFT (J P)

a2 & B 4

A8 o

(IS HEANMES

H: 2003 —319239
(P2003—319239A)

(43)/ABAB  FHEIS4EI1H 7 H (2003.11.7)

61 Int.CL’ Al S F1I F-1-p (B2E)
HO4N 5/232 HO04N 5/232 H 2HO002
GO2B 7/28 G03B 7/08 2HO11
GO3B 7/08 9/08 G 2HO051

9/08 HO4N 5/335 V 2HO081
13/36 101: 00 5C022
EWHR KR FHREOK2 OL (£ 8 H) BHRHEIIE<
@) HEES 1FE2002—121723( P2002—121723) (T HEEA 000006079
27N BA e
(22) HgEH K144 4 H24H (2002. 4. 24) KERARTHRELZTIT—TH 3 #1385
P15 )

(TORPE £H HE
KEFARTHPRELTIT—TH 3 #138
REREBEEL 3L FHAEHN
(THRFA 100099885

Lt HHE @f (14

BAAEITHE<

6 [(REAOAMK] MREE

GHOOOO

0000 000000O00000000000000
0000000000000000000000000
0000000000000

000000 0O00000000000O000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000

= Canon Ex. 1007
Page 10 of 17



ooooooogono

gooobodg oooooao
goooooboobooooobooboobooooooon
go
goooooboobooooobooboobooooooon
gooooooao
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooooobooooonog
gbobooooboboooooboobooooooobaoon
obooooOoooobooboobooooobooboooon
go
goooooboobooooobooboobooooooon
gboooooboooon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
ooooooogd
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobOobooobooboobooooboboon
goooooboobooooobooboobooooooon
boooooboooooobooboooonog
oboooooboooooooooboooon
gboooog oobobooooboobooocoooobaoo
goooooboobooooobooboobooooooon
gbooobOobooobooboobooooboboon
obooooooooon

goooodg
goooooboobooooobooboobooooooon
gboooboobooooogooao

ooooog
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
goooodg
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
good

ooooog
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gboooooboooon

&)

gboabooaoboabod

goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
ooooooogd
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooobooooooooobooooooaon
goooodg
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobooboooooobobooooooboao
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobooboooooobobooooooboao
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooOoooobooboobooooobooboooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
oboooooboobooooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon

DDDDDDDDDDDDDD%En%nDIg(D’IEOQDDD

Page 11 of 17



goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
ooooon
gbobooooboboooooboobooooooobaoon
obooooobooooooobooboooonog
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
oboocooooooooon

goooodg
goooooboobooooobooboobooooooon
gooooooooboo
goooooboobooooobooboobooooooon
gbooooobooboooooog
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobOobooobooboobooooboboon
obooooobooooooooon
gbobooooboboooooboobooooooobaoon
obooooobooooooobooboooonog
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gooooooooon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gboboooobobooooobooxgooooooao
ooooog
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooxgoao
oooooobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooooobooboooboobooboooon
gbobooooboboooooboobooooooobaoon

®

gboabooaoboabod

goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobOobooobooboobooooboboon
goooooboobooooobooboobooooooon
uboooooboooboooooogobao
obooooOoooobooboobooooobooboooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooobooooooobooboooonog
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gooooooooboo
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobooboooooobobooooooboao
goooooboobooooobooboobooooooon
gooooooooon
obooooOoooobooboobooooobooboooon
gbobooooboboooooboobooooooobaoon
obooooooobooooonog
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
oboooooooboobooooooan
gbobooooboboooooboobooooooobaoon
obooooOoooobooboobooooobooboooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
xJoboooooobooooooboooooao
oo
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
oboooooboobooooooooon

DDDDDDDDDDDDDD%En%nDIg(D’IEOQDDD

Page 12 of 17



goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
oboooooboobooooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobOobooobooboobooooboboon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooOoooobooboobooooobooboooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gboooooboooon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobooboooooobobooooooboao
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
good
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooOoooobooboobooooobooboooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gooooooooon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobooboooooobobooooooboao
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
ooooog
gbobooooboboooooboobooooooobaoon

Q)

gboabooaoboabod

goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooOoooobooboobooooobooboooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
oboooooboooooboobobooonog
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobOobooobooboobooooboboon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooooobooooonog
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbooobOobooobooboobooooboboon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
go

obooooooobooooonog
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
oo
gbobooooboboooooboobooooooobaoon
obooooOoooobooboobooooobooboooon
gbooooobooboooooboobobooon
obooooOoooobooboobooooobooboooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon

DDDDDDDDDDDDDD%En%nDIg(D’IEOQDDD

Page 13 of 17



goooooboobooooobooboobooooooon
gboooboobooooboooooon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gooooooao
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
oboocooooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gboooooboooood
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
oood
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gooooooooon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon

®

gboabooaoboabod

goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
oboocooooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
good
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooOoooobooboobooooobooboooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooboobooooboobooooog
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
ooooon

goooodg
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
obooooobooooooooon
gbobooooboboooooboobooooooobaoon
goooooboobooooobooboobooooooon
gbobooooboboooooboobooooooobaoon
goooooo

gooooooooon
goooooboobooooobooboobooooooon
gooooooooboo
goooooboobooooobooboobooooooon
gboooboobooooboooooon
goooooboobooooobooboobooooooon
gooooao
goooooboobooooobooboobooooooon
gooooooooboo
obooooooobooboooboobooboooon

DDDDDDDDDDDDDD%En%nDIg(D’IEOQDDD

Page 14 of 17



gboabooaoboabod

(©)

oo

oboocooooooooon

gboooboobooooogooao

gbobooooboboooooboobooooooobaoon

ooooon

goooooboobooooobooboobooooooon

gbobooboobooooboobooooog

gooooao

goooooboobooooobooboobooooooon

goooodg

obooooobooooooooon
gboooboobooooogooao

oooooobooooooon
gboooooboooood

oboooooboooooboobobooonog

gbobooooboboooooboobooooooobaoon

gboog

good

oooo

oood

Ja

(R Fi~%K@ 2

RN T1

(a)

(R f2~EHA 9

o
=
5
»

(b)

A F3~Ma 14)

|en T3

|Em T4
R f4~ME TB)

e re~Rad D

WEWM TS

Canon Ex. 1007

Page 15 of 17



Q)

good

& Sl CPU ROM RAM

30
“~ 1 p

sqz29 | S /21 2
G E
= /
E o
¥ 3 -y
s I A/D
X B voi— / b
R 3
= CCD
z 2
51
\\52 {?F'J-yaxmlﬁlﬁl
5
ooono
st
(=) g0
Finmk
Lyvh—OREFSER
Mg | oRBIcRETD S102
| >l
RAHBBLERNLES 5109
DL THREY) DR TS
EMETE ey
$103—, [L I S110
" N NSIRET i
i fir kg A THGENSTS
35104 I 111
o | o
LTE s MtEoTLY BEERLLUTH IR HES
ER e — R Atk AR5 Sy
S—%T B ITRET B
S112 |
EERLL I EEE NI NS

iR EER A - R
I=fofbirui—#
§1_J1.5 o )

S§106 S113
. NO
BEENATS | LA 7
3107 YES
T 14
I S108 OCoh b2 B REMM T
RBALERTEICIUER

ROEEZHNTD
)

HEREEWE

gboabooaoboabod

good

Canon Ex. 1007
Page 16 of 17



obooooooooon

©))

(51)Int.Cl.7 o000

ooOoO0  5/335
// 0000 101:00

OO0O00O@O0 2Ho02 DB25 DB28
2H011 AAO3 BBO4
2H051 AAOO DAO3

GB12
2H081 AA72 AAT8
5C022 AA13 AB17

AC69 AC74
5C024 BX01 CX51

EX42 EX56

EBOO
DAO1 DAO2
DAO4 EBO4 EBO9

DDO6
AB26 AC42 AC51

CY17 DX04 EX32
GX02 GYO1 HX57

oo
good
oood

7/11
3/00

gboabooaoboabod

goooooo@ oD
g oooao
O

Canon Ex. 1007
Page 17 of 17



	Shibata 1 US1277447 cert
	Shibata 2
	Shibata 3 ô┴èJ2003-319239 (Shibata)



