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IMAGE PROCESSING DEVICE, IMAGE
PROCESSING METHOD AND RECORDING

MEDIUM CAPABLE OF GENERATING A
WIDE-RANGE IMAGE

This application 1s based on and claims the benefit of
priority from Japanese Patent Application No. 2011-213890,
respectively filed on 29 Sep. 2011, the content of which 1s
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image processing device
capable of generating a wide-range 1mage.

2. Related Art

In digital cameras, portable telephones having an 1mage
capture function, and the like, the limit of the image capture
angle of view depends on the hardware specifications pro-
vided by the device main body, such as the focal distance of
the lens and size of the imaging elements.

Therefore, conventionally, panoramic photography has
been known as one technique for obtaining a wide-angle
image exceeding the hardware specifications, e.g., aso-called
panoramic 1mage.

In order to realize the aforementioned panoramic photog-
raphy, a user moves so as to cause the digital camera to rotate
horizontally about their body while keeping substantially
fixed 1n the vertical direction, while maintaining a state mak-
Ing a pressing operation on the shutter switch, for example.

Thereupon, the digital camera generates the image data of
a panoramic 1mage by executing image capture processing a
plurality of times 1n this period, and transversely (horizon-
tally) combining the 1mage data of the plurality of 1images
cach obtained as a result of 1mage capture processing this
plurality of times (hereinafter referred to as “captured
image”™).

Japanese Unexamined Patent Application, Publication No.
H11-282100 discloses a method of generating the image data
of a panoramic 1image by detecting a characteristic point in a
captured 1mage 1n each of a plurality of times of 1mage cap-
ture processing, and transversely combining the image data of
the plurality of captured images so that the characteristic
points of two consecutively captured images match.

SUMMARY OF THE INVENTION

An 1mage processing device according to one aspect of the
present nvention includes: an 1mage acquisition unit that
acquires 1mages consecutively captured, while an image cap-
ture range 1s moved 1n a predetermined direction; a detection
unit that detects same subject 1mages from the i1mages
acquired by the image acquisition unit; a calculation unit that
calculates evaluation values of the same subject 1mages
detected by the detection unit; a decision unit that decides, as
a combination target, a specific subject image from the same
subject images, based on the evaluation values calculated by
the calculation unit; and a generation unit that generates a
wide-range 1mage by combiming the specific subject image
decided as the combination target by the decision unit with
the 1mages acquired by the acquisition unit.

In addition, 1n an 1mage processing method according to
one aspect ol the present invention, the method for processing
images by an 1image processing device, the method includes
the steps of: acquiring 1images consecutively captured while
an 1mage capture range 1s moved 1n a predetermined direc-
tion; detecting same subject images from the 1images acquired
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2

in the step of acquiring; calculating an evaluation value of
cach of the subject images detected in the step of detecting;
deciding, as a combination target, a specific subject image
from a plurality of the subject images, based on the evaluation
values respectively calculated 1n the step of calculating; and
generating a wide-range 1mage by combining the subject
image decided in the step of deciding with the acquired
1mages.

In addition, a recording medium according to one aspect of
the present invention, a computer readable recording medium
encoded with a program for enabling a computer to function
as: an 1mage acquisition unit that acquires 1images consecus-
tively captured by an imaging unit moving in a predetermined
direction; a detection unit that detects same subject images
from the 1mages acquired by the 1image acquisition unit; a
calculation unit that calculates an evaluation value of each
subject images detected by the detection unit; a decision unit
that decides, as a combination target, a specific subject image
from a plurality of the subject images, based on the evaluation
values respectively calculated by the calculation unit; and a
generation unit that generates a panoramic (wide-range)
image by combining the subject image decided by the deci-
s1on unit with the acquired images.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a block diagram showing a hardware configura-
tion of a digital camera as one embodiment of an 1mage
capture device according to the present invention;

FIG. 2 1s a functional block diagram showing a functional
configuration for the digital camera of FIG. 1 to execute
1maging processing;

FIG. 3 presents views 1llustrating image capture operations
in cases ol normal photography mode and panoramic photog-
raphy mode being respectively selected as the operation mode
of the digital camera of FIG. 2;

FIG. 4 1s a view showing an example of a panoramic image
generated according to the panoramic photography mode
shown 1n FIG. 3;

FIG. 5 1s a view showing an example of image data used 1n
the combination of a panoramic 1image and 1mage data of a
panoramic 1image generated from this 1image data;

FIG. 6 1s a flowchart showing an example of the flow of
image capture processing executed by the digital camera of
FIG. 2;

FIG. 7 1s a flowchart showing the detailed tlow of pan-
oramic 1mage-capture processing in the image capture pro-
cessing of FIG. 6;

FIG. 8 1s a flowchart showing the detailed tlow of facial-
expression determination processing 1in the panoramic image-
capture processing of FIG. 7; and

FIG. 9 15 a flowchart showing the detailed tlow of 1mage
combination processing in the panoramic image-capture pro-

cessing of FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

Hereiatter, embodiments relating to the present invention
will be explained while referencing the drawings.

FIG. 1 15 a block diagram showing the hardware configu-
ration of a digital camera 1 as one embodiment of an 1mage
processing device according to the present invention.

The digital camera 1 includes a CPU (Central Processing
Unit) 11, ROM (Read Only Memory) 12, RAM (Random
Access Memory) 13, a bus 14, an optical system 15, an
imaging unit 16, an 1image processing unit 17, a storage unit
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18, a display unit 19, an operation unit 20, a communication
unit 21, an angular velocity sensor 22, and a drive 23.

The CPU 11 executes various processing in accordance
with programs stored in the ROM 12, or programs loaded
from the storage unit 18 ito the RAM 13. In addition to

programs for the CPU 11 to execute various processing, the
ROM 12 stores the necessary data and the like upon the CPU
11 executing various processing, as appropriate.

For example, programs for realizing the respective func-
tions ol an 1mage controller 51 to a combination unit 38 in
FIG. 2 described later are stored in the ROM 12 and storage
unit 18 1n the present embodiment. Therefore, the CPU 11 can
realize the respective functions of the image controller 51 to
the combination unit 38 1n FIG. 2 described later, by execut-
ing the processing 1n accordance with these programs, and
cooperating as appropriate with the image processing unit 17
described later.

The CPU 11, ROM 12 and RAM 13 are connected to each

other via the bus 14. The optical system 13, the imaging unit
16, the 1mage processing unit 17, the storage unit 18, the
display unit 19, the operation unit 20, the communication unit
21, the angular velocity sensor 22 and the drive 23 are also
connected to this bus 14.

The optical system 15 1s configured by a lens that con-
denses light 1n order to capture an 1mage of a subject, e.g., a
focus lens, zoom lens, etc. The focus lens 1s a lens that causes
a subject 1image to form on the light receiving surface of
imaging elements of the imaging unit 16. The zoom lens 1s a
lens that causes the focal length to freely change 1n a certain
range. Peripheral devices that adjust the focus, exposure, eftc.
can also be provided to the optical system 15 as necessary.

The imaging unit 16 1s configured from photoelectric con-
version elements, AFE (Analog Front End), etc. The photo-
clectric conversion elements are configured from CCD
(Charge Coupled Device) or CMOS (Complementary Metal
Oxide Semiconductor)-type photoelectric conversion ele-
ments. Every predetermined time period, the photoelectric
conversion elements photoelectrically convert (capture) an
optical signal of an incident and accumulated subject image
during this period, and sequentially supply the analog electric
signals obtained as a result thereof to the AFE.

The AFE conducts various signal processing such as A/D
(Analog/Dagital) conversion processing on these analog elec-
tric signals, and outputs the digital signals obtained as a result
thereol as output signals of the imaging unit 16.

It should be noted that the output signal of the imaging unit
16 will be referred to as “image data of captured image”
hereinatfter. Therefore, the image data of the captured image 1s
outputted from the imaging unit 16, and supplied as appro-
priate to the 1image processing unit 17, etc.

The 1mage processing unit 17 1s configured from a DSP
(Digital Signal Processor), VRAM (Video Random Access
Memory), etc.

In addition to 1mage processing such as noise reduction,
white balance and 1image stabilization on the image data of a
captured 1image mput from the imaging unit 16, the image
processing umt 17 conducts various i1mage processing
required 1n the realization of the respective functions of an
image acquisition unmit 52 to the combination unit 58
described later, in cooperation with the CPU 11.

Herein, unless otherwise noted, “image data” hereimnafter
refers to image data of a captured 1image outputted from the
imaging unit 16 every predetermined time period, or data 1in
which this image data has been processed or the like. In other
words, 1n the present embodiment, this image data 1s adopted
as a unit of processing.
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4

The storage unit 18 1s configured by DRAM (Dynamic
Random Access Memory), etc., and temporarily stores image
data outputted from the image processing unit 17, image data
ol a panoramic intermediate 1image described later, and the
like. In addition, the storage unit 18 also stores various data
and the like required in various 1image processing.

The display unit 19 1s configured as a flat display panel
consisting of an LCD (Liquid Crystal Device) and LCD
driver, for example. The display unit 19 displays images
representative of the image data supplied from the storage
unmit 18 or the like, e.g., a live-view 1mage described later, in a
unmit of 1mage data.

Although not illustrated, the operation unit 20 has a plu-
rality of switches 1n addition to a shutter switch 41, such as a
power switch, photography mode switch and playback
switch. When a predetermined switch among this plurality of
switches 1s subjected to a pressing operation, the operation

unmt 20 supplies a command assigned for the predetermined
switch to the CPU 11.

The communication unit 21 controls communication with
other devices (not illustrated) via a network including the
Internet.

The angular velocity sensor 22 consists of a gyro and the
like, detects the displacement 1in the horizontal direction of
the digital camera 1 accompanying rotation about the body of
the user during panoramic 1image capturing, and supplies a
digital signal indicating the detection results (hereinafter
referred to simply as “amount of angular displacement™) to
the CPU 11. It should be noted that the angular velocity sensor
22 1s established to also exhibit the function of a direction
SENSOr as necessary.

A removable media 31 made from a magnetic disk, optical
disk, magneto-optical disk, semiconductor memory, or the
like 1s installed 1n the drive 23 as appropriate. Then, programs
read from the removable media 31 are installed 1n the storage
unit 18 as necessary. In addition, similarly to the storage unit
18, the removable media 31 can also store various data such as
the 1mage data stored 1n the storage unit 18.

FIG. 2 1s a functional block diagram showing a functional
configuration for executing a sequence of processing (here-
mafter referred to as “image capture processing’), i the
processing executed by the digital camera 1 of FIG. 1, from
capturing an 1image of a subject until recording 1image data of
the captured image obtained as a result thereof 1n the remov-
able media 31.

As shown 1n FIG. 2, 1n a case of image capture processing
being executed, the image controller 51 functions 1n the CPU
11, and the image acquisition unit 52, a face detection unit 33,
a face region extraction unit 54, a facial expression determi-
nation unit 35, a facial expression decision unit 56, a facial
expression alteration unit 37, and the combination unit 58
function 1n the 1mage processing unit 17. It should be noted
that the functions of the 1image controller 51 do not particu-
larly need to be bwilt into the CPU 11 as in the present
embodiment, and the functions can also be assigned to the
image processing unit 17. Conversely, the respective tunc-
tions of the 1mage acquisition unit 32 to the combination unit
58 do not particularly need to be built into the image process-
ing unit 17 as 1n the present embodiment, and at least a part of
these functions can also be assigned to the CPU 11.

The image controller 51 controls the overall execution of
image capture processing. For example, the image controller
51 selectively switches between normal photography mode
and a panoramic photography mode as the operation modes
of the digital camera 1, and executes processing in the accor-
dance with the switched operation mode. When 1n the pan-
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oramic photography mode, the 1mage acquisition unit 52 to
the combination unit 38 operate under the control of the
image controller 31.

Herein, 1n order to facilitate understanding of the image
controller 51 to the combination unit 58, prior to explanation
of these functional configurations, the panoramic photogra-
phy mode will be explained in detail while referencing FIGS.
3 and 4 as appropriate.

FI1G. 3 presents views illustrating image capture operations
in cases ol normal photography mode and panoramic photog-
raphy mode being respectively selected as the operation mode
of the digital camera 1 of FIG. 1. In detail, FIG. 3A 1s a view
illustrating the 1mage capture operation 1n the normal pho-
tography mode. FIG. 3B 1s a view 1illustrating the image
capture operation 1n the panoramic photography mode.

In each of FIGS. 3 A and 3B, the picture that 1s inside of the
digital camera 1 indicates the appearance of the real world
including the subject of the digital camera 1. In addition, the
vertical dotted lines shown 1n FIG. 3B indicate the respective
positions a, b and ¢ in a movement direction of the digital
camera 1. The movement direction of the digital camera 1
refers to the direction 1n which the optical axis of the digital
camera 1 moves when the user causes the 1image capture
direction (angle) of the digital camera 1 to change about their
body. The displacement 1n the movement direction of the
digital camera 1 1s detected as an amount of angular displace-
ment by the angular velocity sensor 22.

The normal photography mode refers to an operation mode
when capturing an 1image of a size (resolution) corresponding
to the angle of view of the digital camera 1.

In the normal photography mode, the user presses the
shutter switch 41 of the operation unit 20 to the lower limait
while making the digital camera 1 stationary, as shown in
FIG. 3A. It should be noted that the operation to press the
shutter switch 41 to the lower limit will hereinaiter be referred
to as “full press operation” or simply “fully press”.

The 1image controller 51 controls execution of a sequence
of processing immediately after a full press operation has
been made until causing image data outputted from the image
processing unit 17 to be recorded in the removable media 31
as a recording target.

Hereinatter, the sequence of processing executed accord-
ing to the control of the image controller 51 in the normal
photography mode 1s referred to as “normal 1mage capture
processing’.

Onthe other hand, the panoramic photography mode refers
to the operation mode when capturing a panoramic 1mage.

As shown 1n FIG. 3B, 1n the panoramic photography mode,
the user causes the digital camera 1 to move in the black arrow
direction 1n the same figure, while maintaining the full press
operation of the shutter switch 41.

During the period 1n which the full press operation 1s main-
tained, the image controller 51 controls the image acquisition
unit 52 to the combination unit 58 so as to repeat, every time
the amount of angular displacement from the angular velocity
sensor 22 reaches a fixed value, acquiring image data output-
ted from the imaging unit 16 and temporarily storing in the
storage unit 18 immediately thereaiter.

Subsequently, the image controller 51 controls the image
acquisition unit 52 to the combination unit 58 so as to gener-
ate the 1mage data of a panoramic 1mage by sequentially
combining consecutive image data stored in the storage unit
18 1n the horizontal direction. Herein, consecutive image data
refers to the 1mage data of a captured image obtained by
image capturing a K” time (K being a positive integer of at
least 1) during panoramic image capture, and the image data
of a captured image obtained by image capture a K+1? time
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6

in the same panoramic 1image capture. It should be noted that
combination of 1mage data 1s not limited to the combination
of two consecutive 1mage data sets, and 1t may be configured
s0 as to be performed every time acquiring any plurality of
image data sets of at least 2 serving as combination targets, or
it may be configured so as to be performed after acquiring all
of the image data serving as combination targets.

Subsequently, when the end of panoramic 1mage capture 1s
instructed by the user making an operation to release the full
press operation, 1.e. an operation to distance a finger or the
like from the shutter switch 41 (hereinafter such an operation
1s referred to as “release operation™), the image controller 51
controls the combination unit 58, etc. so as to cause the image
data of a panoramic image to be recorded in the removable
media 31 as a recording target.

In this way, the control unit 51 controls the image acquisi-
tion unit 52 to the combination unit 38 in the panoramic
photography mode, and controls a sequence of processing
from generating the 1image data of a panoramic 1image until
causing this to be recorded 1n the removable media 31 as a
recording target.

Hereinafiter, the sequence of processing executed accord-
ing to the control of the image controller 51 1n the panoramic
photography mode 1n this way 1s referred to as “panoramic
image-capture processing’”.

FIG. 4 shows the image data of a panoramic 1mage gener-
ated by the 1image acquisition unit 52 to the combination unit
58 1n the panoramic photography mode shown 1n FIG. 3.

In other words, 1n the panoramic photography mode, when
an 1mage capture operation such as that shown in FIG. 3B 1s
performed, the 1image data of a panoramic image P1 such as
that shown 1n FIG. 4 1s generated and i1s recorded in the
removable media 31 by the image acquisition unit 32 to the
combination unit 58, under the control of the image controller
51.

Herein, 1n a case of generating the image data of a pan-
oramic 1mage containing a subject such as a person in the
panoramic photography mode, the subject may differ in each
of the plurality of image data prior to combination, and 1n
such a case, 1t 1s preferable to generate 1mage data of a
panoramic 1mage containing the subject at their most attrac-
tive. More specifically, 1n each of the plurality of image data
prior to combination of a panoramic 1image, the person may
have their eyes shut in certain 1image data, and have their eyes
open 1n other image data, and 1n such a case, 1t 1s preferable to
generate 1image data of a panoramic 1image containing a per-
son with their eyes open.

As a result, with the digital camera 1 according to the
present embodiment, the 1mage acquisition unit 52 to the
combination unit 58 execute the following processing under
the control of the image controller 51.

The image acquisition unit 52 recerves an acquisition com-
mand issued from the image controller 51 every time the
digital camera 1 moves by a predetermined amount (every
time the amount of angular displacement reaches a fixed
value), and sequentially acquires image data from the image
processing unit 17.

The face detection unit 533 analyzes the 1image data acquired
by the image acquisition unit 52, and detects information (at
least includes the position and size of a face portion) of a face
of a person included 1n this image data. It should be noted that
detection of a face by the face detection unit 33 can be per-
formed by any previously known method.

The face region extraction unit 54 extracts a face region
from the 1image data 1n which a face was detected by the face
detection unit 53. It should be noted that any favorable region
can be set 1n the combination processing as the face region to
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be extracted, e.g., 1t may define the region of a face portion
including the eyes, nose and mouth, 1t may define a region
including a face portion and a head portion, and may define a
region including the entire person included 1n the image data.

The facial expression determination umt 55 performs
facial expression determination on the face detected by the
face detection umit 53. Facial expression determination is
processing for determining a favorable facial expression
(smiling face) of a person as the captured image, for example,
and 1s executed by establishing scores 1n advance for the size
of the eyes, shape of the mouth, etc., evaluating the face
detected by the face detection unit 53 with these scores, and
calculating the evaluation value of the face that 1s the deter-
mination target.

The facial expression decision unit 56 decides a face hav-
ing an evaluation value calculated by the facial expression
determination unit 35 of equal to or more than a predeter-
mined value (at least a predetermined value), and stores the
image data of the face region including the decided face 1n
memory (storage unit 18 1n the present embodiment). It
should be noted that the facial expression decision unit 56
may be configured so as to decide the face having the highest
calculated evaluation value as the face of the combination
target. In addition, the evaluation value equal to or more than
a predetermined value (at least a predetermined value) can be
arbitrarily set, e.g., an evaluation value that 1s a smiling face
can be set.

The facial expression alteration unit 57 alters the image
data of the face region contaiming the face having an evalua-
tion value calculated by the facial expression determination
unit 55 less than the predetermined value to the image data of
a face region containing the face decided by the facial expres-
s1on decision unit 56 as the combination target.

The combination unit 58 combines consecutive image data
among the image data acquired by the image acquisition unit
52 to generate the 1image data of a panoramic image. More
specifically, among the altered 1image data of the face region
by the facial expression alteration umit 57, which 1s image data
acquired by the image acquisition unit 52, the combination
unit 58 combines consecutive 1mage data to generate the
image data of a panoramic image. In other words, among the
faces of the person included 1n the plurality of image data sets
acquired by the image acquisition unit 52, the combination
unit 58 executes processing equivalent to generating 1image
data of a panoramic 1mage using the face decided by the facial
expression decision unit 56.

The above such image data of the panoramic image gener-
ated by the image acquisition umt 32 to the combination unit
58 will be explained while referencing FIG. 5. FIG. SA shows
the image data acquired by the image acquisition unit 32 used
in the combination of a panoramic 1image. FIG. 5B shows the
image data of a panoramic image generated from the image
data of FIG. 5A.

Referencing FIG. 5A, when the image data of a captured
image Fais acquired by the image acquisition unit 52, the face
detection umt 53 detects a face 100 of a subject (a person*“A”)
from the captured image Fa. Next, the face region extraction
unit 54 extracts a face region 100q from the captured image Fa
in which the face 100 was detected. It should be noted that any
region can be set for the face region 1004, ¢.g., 1t may define
aregion of only the face 100, it may define a region combining
the face 100 and the head (hair) as shown 1n FIG. 5A, and 1t
may define an entire region of the person included in the
captured 1image Fa.

Next, the facial expression determination unit 55 calculates
an evaluation value for the face 100 in the captured image Fa
trom the size of the eyes, shape of the mouth, etc. In FIG. 5A,
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the face 100 1s a smiling face and the eyes are opened wide;
therefore, the facial expression determination unit 55 speci-
fies an evaluation value equal to or more than a predetermined
value (at least a predetermined value). As a result, the facial
expression decision unit 56 decides the face 100 as the face to
be used 1n the panoramic image, and stores 1mage data of the
portion of the face region 100a of the face 100 1n the storage
unit 18.

Similarly, when the image data of a captured image Fb 1s
consecutively acquired by the image acquisition unit 32 after
the 1image data of the captured image Fa, the face detection
unit 53 detects a face 110 of the subject (the same person®“A™)
from the captured 1mage Fb, and the face region extraction
unit 34 extracts a face region 110q from the 1mage data of the
captured 1mage Fb 1n which the face 110 was detected.

Next, the facial expression determination unit 55 calculates
an evaluation value for the face 110 in the captured image Fb;
however, 1n the captured 1image Fb of FIG. 5A, the face 110
has the eyes closed; therefore, the facial expression determi-
nation unit 55 calculates an evaluation value less than the
predetermined value. As a result, the facial expression alter-
ation umt 37 alters the image data of the portion of the face
region 110q of the face 110 to the image data of the portion of
the face region 100q of the face 100 stored 1n the storage unit
18.

Thereatter, the combination unit 58 generates the 1mage
data of a panoramic 1mage P2 shown in FIG. 5B, by sequen-
tially combining the image data of each of the plurality of
captured 1images including the captured image Fa and the
captured 1mage Fb. At this time, since the panoramic image
P2 1s generated using the face region 100q of the face 100
decided by the facial expression decision unit 56, 1t 1s possible
to obtain the panoramic 1image P2 including the a more attrac-
tive subject as a picture, as shown in FIG. 5B.

The functional configuration of the digital camera 1 to
which the present invention is applied has been explained in
the foregoing while referencing FIGS. 2 to 5. Next, image
capture processing executed by the digital camera 1 having
such a functional configuration will be explained while ret-
erencing FIG. 6.

FIG. 6 1s a flowchart showing an example of the flow of
image capture processing. In the present embodiment, image
capture processing starts when a power source (not 1llus-
trated) of the digital camera 1 1s turned ON, and a predeter-
mined condition 1s satisfied.

In Step S1, the image controller 51 of FIG. 2 executes
operation detection processing and 1mitial setting processing.

The operation detection processing refers to processing to
detect the state of each switch in the operation unit 20. The
image controller 51 can detect 1f the normal photography
mode 1s set as the operation mode, or 1 the panoramic pho-
tography mode 1s set, by executing operation detection pro-
cessing.

In addition, as one type of initial setting processing of the
present embodiment, processing 1s employed to set a fixed
value of the amount of angular displacement and an angular
displacement threshold (e.g., 360°), which 1s the maximum
limit for the amount of angular displacement. More specifi-
cally, the fixed value for the amount of angular displacement
and the angular displacement threshold (e.g., 360°) that 1s the
maximum limit for the amount of angular displacement, are
stored 1n advanced in the ROM 12 of FIG. 1, and are set by
reading from the ROM 12 and writing into the RAM 13. It
should be noted that the fixed value for the amount of angular
displacement 1s used 1n the determination processing of Step
S31 in FIG. 7 described later. On the other hand, the angular

displacement threshold (e.g., 360°) that 1s the maximum limait
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for the amount of angular displacement 1s used 1n the deter-
mination processing of Step S37 1n FIG. 7.

In Step S2, the image controller 51 starts live-view 1mage
capture processing and live-view display processing.

In other words, the image controller 51 controls the 1mag-
ing unit 16, etc. to cause the image capture operation to
continue by the imaging unmit 16. Then, while the 1mage cap-
ture operation 1s being continued by the imaging unit 16, the
image controller 51 causes the image data sequentially out-
putted from the imaging umt 16 to be temporarily stored in
memory (in the present embodiment, the storage unit 18).
Such a sequence of control processing by the image controller
51 1s herein referred to as “live-view 1image capture process-
ng’”.

In addition, the image controller 51 sequentially reads the
respective image data temporarily recorded 1n the memory (in
the present embodiment, the storage unit 18) during live-view
image capture, and causes the respectively corresponding
images to be sequentially displayed on the display unit 19.
Such a sequence of control processing by the image controller
51 1s referred to herein as “live-view display processing”. It
should be noted that the image being displayed on the display
unit 19 according to the live-view display processing i1s
referred to as “live-view 1mage”.

In Step S3, the image controller 31 determines whether or
not the shutter switch 41 has been half pressed. Herein, half
press refers to an operation depressing the shutter switch 41 of
the operation unit 20 midway (a predetermined position short
of the lower limit), and hereinafter 1s also called “half press
operation’ as appropriate.

In a case of the shutter switch 41 not being half pressed, 1t
1s determined as NO 1n Step S3, and the processing advances
to Step S9.

In Step 89, the image controller 31 determines whether or
not an end instruction for processing has been made.
Although the end 1nstruction for processing 1s not particularly
limited, in the present embodiment, the notification of the
event ol the power source (not illustrated) of the digital cam-
era 1 having entered an OFF state 1s adopted thereas.

Therelfore, 1n the present embodiment, when the power
source enters the OFF state and such an event 1s notified to the
image controller 51, 1t 1s determined as YES 1n Step S9, and
the overall image capture processing comes to an end.

In contrast, 1n the case of the power source being 1n an ON
state, since noftification of the event of the power source
having entered the OFF state 1s not made, 1t 1s determined as
NO 1n Step S9, the processing 1s returned to Step S2, and this
and following processing 1s repeated. In other words, 1n the
present embodiment, so long as the power source maintains
the ON state, 1n a period until the shutter switch 41 i1s half
pressed, the loop processing of Step S3: NO and Step S9: NO
1s repeatedly executed, whereby the image capture processing
enters a standby state.

On the other hand, during the live-view display processing,
if the shutter switch 41 1s half pressed, 1t 1s determined as YES
in Step S3, and the processing advances to Step S4.

In Step S4, the image controller 51 executes so-called AF
(Auto Focus) processing by controlling the imaging unit 16.

In Step S5, the image controller 531 determines whether or
not the shutter switch 41 1s fully pressed.

In the case of the shutter switch 41 not being tully pressed,
it 1s determined as NO 1n Step S5. In this case, the processing
1s returned to Step S4, and this and following processing is
repeated. In other words, in the present embodiment, 1n a
period until the shutter switch 41 1s fully pressed, the loop
processing of Step S4 and Step S5: NO 1s repeatedly
executed, and the AF processing 1s executed each time.
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Thereatter, when the shutter switch 41 1s fully pressed, 1t 1s
determined as YES 1n Step S5, and the processing advances to
Step S6. In Step S6, the image controller 51 determines
whether or not the photography mode presently set 1s the
panoramic photography mode.

In the case of not being the panoramic photography mode,
1.€. 1n a case of the normal photography mode presently being
set, 1t 15 determined as NO 1n Step S6, and the processing
advances to Step S7. In Step S7, the image controller 51
executes the aforementioned normal 1image capture process-
ing. In other words, one 1mage data set outputted from the
image processing unit 17 immediately after a full press opera-
tion was made 1s recorded 1n the removable media 31 as the
recording target. The normal 1mage capture processing of
Step S7 thereby ends, and the processing advances to Step S9.
It should be noted that, since the processing of Step S9 and
alter have been described 1n the foregoing, an explanation
thereof will be omitted herein.

In contrast, in the case of the panoramic photography mode
being presently set, 1t1s determined as YES 1n Step S6, and the
processing advances to Step S8.

In Step S8, the image controller 51 executes the aloremen-
tioned panoramic 1mage-capture processing.

Although the details of the panoramic 1image-capture pro-
cessing will be described later while referencing FIG. 7, the
image controller 51 generates the image data of a panoramic
image and records 1n the removable media 31 as a recording
target. The panoramic 1image-capture processing of Step S8
thereby ends, and the processing advances to Step S9. It
should be noted that, since the processing of Step S9 and after
has been described 1n the foregoing, an explanation thereof
will be omitted herein.

The flow of 1mage capture processing has been explained
in the foregoing while referencing FIG. 6. Next, the detailed
flow of panoramic 1image-capture processing of Step S8 1n the
image capture processing of FIG. 6 will be explained while
referencing FI1G. 7.

FIG. 7 1s a flowchart illustrating the detailed tlow of pan-
oramic 1mage-capture processing. As described in the fore-
going, when the shutter switch 41 1s fully pressed in the state
ol the panoramic photography mode, it 1s determined as YES
in Steps S5 and S6 1n FIG. 6, the processing advances to Step
S8, and the following processing 1s executed as the panoramic
image-capture processing.

In Step S31, the image controller 51 determines whether or
not the digital camera 1 has moved by a predetermined dis-
tance. In other words, the image controller 51 determines
whether or not the amount of angular displacement supplied
from the angular velocity sensor 22 has reached a fixed value.
The digital camera 1 moving a predetermined distance and
the amount of angular displacement changing to exceed a
fixed value mean that the 1mage capture range of the digital
camera 1S moving.

In a case of the digital camera 1 not having moved by a
predetermined distance, 1t 1s determined as NO 1n Step S31. In
this case, the processing 1s returned to Step S31. In other
words, the panoramic i1mage-capture processing enters a
standby state until the digital camera 1 moves by a predeter-
mined distance.

In contrast, 1n a case of the digital camera 1 having moved
by a predetermined distance, it 1s determined as YES 1n Step
S31, and the processing advances to Step S32.

In Step S32, the image acquisition unit 32 acquires 1mage
data (combination target) outputted from the imaging unit 16,
under the control of the image controller 51. In other words,
every time the amount of angular displacement supplied from
the angular velocity sensor 22 reaches a fixed value, the image
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acquisition umt 52 acquires 1image data outputted from the
imaging unit 16 immediately thereatter.

In Step S33, under the control of the image controller 31,
ne face detection unit 53 analyzes the image data acquired by
e 1mage acquisition unit 52, and determines whether or not
he face of a person (subject image) 1s present 1n the 1image
ata.

In the case of the face of a person not being present 1n the
image data, it 1s determined as NO 1n Step S33, and in this
case, the processing advances to Step S33.

On the other hand, 1n a case of the face of a person being
present in the image data, it 1s determined as YES 1n Step S33,
and 1n this case, the processing advances to Step S34.

In Step S34, the image controller 51 performs facial
expression determination processing. Although the details of
facial expression determination processing will be described
later while referencing FIG. 8, the image controller 51 con-
trols the facial expression determination unit 55 so as to
determine the facial expression of a face included in the
image data. The facial expression determination processing

of Step S34 thereby ends, and the processing advances to Step
S35,

In Step S35, the image controller 51 performs image com-
bination processing. Although the details of the 1image com-
bination processing will be described later while referencing,
FIG. 9, the image controller 51 controls the combination unit
58 so as to sequentially combine consecutive 1image data to
generate the image data of a panoramic image. The 1image
combination processing ol Step S35 thereby ends, and the
processing advances to Step S36.

In Step S36, the image controller 51 determines whether or
not there 1s an end 1nstruction from the user. Although the end
instruction from the user can be arbitrarily set, for example,
the release of tully pressing the shutter switch 41 by the user
can be defined as the end instruction from the user.

In the case of there being an end instruction from the user,
it 1s determined as YES 1 Step S36, and the panoramic
image-capture processing ends.

On the other hand, in the case of there not being an end
instruction from the user, 1t 1s determined as NO 1n Step S36,
and 1n this case, the processing advances to Step S37.

In Step S37, the image controller 51 determines whether or
not the movement distance 1n an 1mage acquisition direction
exceeds a threshold. In other words, the 1mage controller 51
determines whether or not a cumulative value for the amount
of angular displacement supplied from the angular velocity
sensor 22 has reached an angular displacement threshold
(e.g., 360°), which 1s a maximum limiut.

In a case of the movement distance in the 1mage capture
direction having exceeded the threshold, it 1s determined as
YES 1n Step S37, and the panoramic image-capture process-
ing ends.

On the other hand, 1n the case of the movement distance 1n
the 1mage acquisition direction not having exceeded the
threshold, 1t 1s determined as NO 1n Step S37, and 1n this case,
the processing 1s returned to Step S31. In other words, 1n a
case of the movement distance 1n the image acquisition direc-
tion not exceeding the threshold without there being an end
instruction from the user, the panoramic image-capture pro-
cessing continues, and the processing of the acquisition of
new 1mage data and the combination of this image data 1s
repeated.

The flow of panoramic 1image-capture processing has been
explained 1n the foregoing while referencing FIG. 7. Next, the
detailed tlow of the facial expression determination process-
ing of Step S34 1n the panoramic image-capture processing of
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FIG. 7 will be explained while referencing FIG. 8. FIG. 8 1s a
flowchart illustrating the detailed tlow of facial expression
determination processing.

In Step S51, the face region extraction unit 54 extracts a
face region from the image data including the face of a person,
under the control of the 1mage controller 31. It should be
noted, as described 1n the foregoing, the face region may be
defined as a region of only a face portion including the eyes,
nose and mouth, 1t may be defined as a region including a face
portion and a head portion, and may be defined as a region
including the entire person.

In Step S32, when extracting the face region, the facial
expression determination umt 335 calculates an evaluation
value of the face detected by the face detection umit 33, under
the control of the image controller 51. In other words, the
facial expression determination unit 35 calculates the evalu-
ation value of the face of the determination target, based on
the size of the eyes of the face, shape of the mouth, etc.
included 1n the image data.

Subsequently, 1n Step S53, the facial expression determi-
nation unit 53 determines whether or not the calculated evalu-
ation value 1s at least a predetermined value, under the control
of the image controller 51.

In the case of the calculated evaluation value not being at
least the predetermined value, it 1s determined as NO 1n Step

S53, and the facial expression determination processing ends.

On the other hand, 1n the case of the calculated evaluation
value being at least the predetermined value, 1t 1s determined
as YES 1n Step S53, and 1n this case, the processing advances
to Step S54.

In Step S54, the facial expression decision unit 56 saves the
image data of the portion of the face region of the face deter-
mined as having an evaluation value of at least the predeter-
mined value 1n the storage unit 18, and ends the facial expres-
s1on determination processing, under the control of the image
controller 51.

The flow of facial expression determination processing has
been explained 1n the foregoing while referencing FI1G. 8.

Next, the detailed flow of image combination processing of
Step S35 1n the panoramic 1mage-capture processing of FI1G.
7 will be explained while referencing FIG. 9. FIG. 9 15 a
flowchart 1llustrating the detailed flow of 1mage combination
processing.

In Step S71, the image controller 51 determines whether or
not there 1s movement of the subject in the consecutive image
data serving as the combination target. In this regard, in the
present embodiment, 1t 1s configured so that image data of the
portion of the face region having an evaluation value less than
the predetermined value 1s overwritten by the image data of
the portion of the face region having an evaluation value of at
least the predetermined value (Step S75 described later). As a
result, movement of the subject 1n Step S71 refers to move-
ment not suited to the overwriting of 1mage data of the face
region, €.g., refers to movement whereby the shape of the face
region changes, movement whereby the position of the face
region in the angle of view changes (taking account of the
amount of angular displacement), and the like. On the other
hand, movement of the subject within the face region, ¢.g., a
change 1n the facial expression such as the eyes closing, 1s not
included as movement of the subject in Step S71.

In a case of there being movement of the subject, 1t 1s
determined as YES 1n Step S71, and 1n this case, the process-
ing advances to Step S76.

On the other hand, 1n a case of there not being movement of
the subject, 1t 1s determined as NO 1n Step S72, and in this
case, the processing advances to Step S72.
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In Step S72, the image controller 51 determines whether or
not a face region exists in the combining image data. It should
be noted that, in the present embodiment, combining 1image
data may be defined as image data set acquired later among
the consecutive image data, and may be defined as both of the >
consecutive 1mage data sets.

In a case of a face region not existing 1n the combiming
image data, 1t 1s determined at NO 1n Step S72, and 1n this
case, the processing advances to Step 576.

In a case of a face region existing in the combining 1image
data, 1t 1s determined as YES 1n Step 872, and 1n this case, the
processing advances to Step S73.

In Step S73, the facial expression determination unit 35
determines whether or not the evaluation value of the face
region of the combining image data 1s at least the predeter-
mined value, under the control of the 1mage controller 51.

In a case of the evaluation value of the face region of the
combining 1mage data being at least the predetermined value,
it 1s determined as YES 1n Step S73, and 1n this case, the »g
processing advances to Step S76.

On the other hand, 1n a case of the evaluation value of the
face region of the combining image data not being at least the
predetermined value, 1t 1s determined as NO 1n Step S73, and
in this case, the processing advances to Step S74. 25

In Step S74, the facial expression alteration unit 57 deter-
mines whether or not the 1mage data of the portion of the face
region having an evaluation value of at least the predeter-
mined value 1s saved 1n the storage unit 18, under the control
of the image controller 51. 30

In a case of the image data of the portion of the face region
having an evaluation value of at least the predetermined value
not being saved in the storage unit 18, 1t 1s determined as NO
in Step S74, and 1n this case, the processing advances to Step
S576. 35

On the other hand, 1n a case of the 1image data of the portion
of the face region having an evaluation value of at least the
predetermined value being saved 1n the storage unit 18, it 1s
determined as YES 1n Step S74, and 1n this case, the process-
ing advances to Step S75. 40

In Step S75, the facial expression alteration unit 57 over-
writes the 1mage data of the portion of the face region deter-
mined as having an evaluation value less than the predeter-
mined value 1n Step S73 by the image data of the portion of
the face region having an evaluation value of at least the 45
predetermined value saved 1n the storage unit 18.

Subsequently, 1n Step S76, the combination unit 58 com-
bines consecutive image data sets to generate the image data
of a panoramic 1image, and then ends the image combination
processing, under the controller of the image controller 51. 50

According to the above such digital camera 1 of the present
embodiment, when the face detection unit 53 detects the face
of a person 1ncluded in the 1image data, the facial expression
determination unit 55 performs facial expression determina-
tion on this face. Then, the facial expression decision unit 56 55
decides, as the face of the person of the combination target, a
face suitable as a captured 1image 1n accordance with the result
ol the facial expression determination by the facial expression
determination unit 55, and the combination unit 58 performs
panoramic combination so as to include the decided face of 60
the person.

Even 1n a case of the facial expression of the person that 1s
the subject during image capture of a panoramic 1image, €.g.,
in a case of the eyes closing during 1image capture of a pan-
oramic 1mage, 1t 1s possible to generate the image data of a 65
panoramic 1mage using the image data captured at a timing,
with the eyes opened, and not at the timing with the eyes
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closed, and thus a panoramic 1mage containing the person
with a suitable facial expression can be obtained.

In addition, with the digital camera 1, the face region
extraction unit 54 extracts a face region containing the face of
a person from the image data of a combination target, and the
facial expression decision unit 36 saves the image data of the
portion of the face region containing a face suited as a cap-
tured 1mage 1n the storage unit 18. Then, 1n a case of the face
included 1n the combining image data not being preferable as
a captured image, the facial expression alteration unit 57
overwrites this face region with the image data of the portion
of the face region saved in the storage unit 18, and then
performs panoramic combination.

It 1s thereby possible to prevent a face not preferable and
face suitable as a captured 1image from being combined, and
natural panoramic combination can be performed.

In addition, the way of panoramic combination 1n a case of
a plurality of persons being present in the image capture range
that 1s the target of the panoramic 1mage-capture processing,
will be described hereinafter as a modified embodiment.

Modified Embodiment

In a case of a plurality of persons (for example, persons
“A”, “B”, “C”) being present 1n the image capture range that
1s the target of panoramic 1image-capture processing, using
the information of the face of each of the persons (each of the
persons “A”, “B”, “C”) initially detected by the face detection
umt 33, 1t 1s suificient for the face region extraction unit 54 to
specily the positions of the faces respectively corresponding
to the persons (the persons “A”, “B”, “C”) mitially detected
according to a template matching technology, and then to
extract the face regions of the same persons (the same persons
“A”, “B”, “C”) respectively corresponding to the respective
specified positions.

Then, the facial expression determination unit 535 calcu-
lates an evaluation value for the face region of each of the
persons (each of the persons “A”, “B”, “C”), and the facial
expression decision unit 56 respectively saves the face
regions having equal to more than a predetermined value (at
least a predetermined value) 1n the storage unit 18.

Concerning the subsequent panoramic 1mage-capture pro-
cessing, 1t 1s suilicient to do the same processing as the above-
mentioned embodiment on the face regions of each person.

In addition, although said that the template matching tech-
nique 1s used for the way of specifying the positions of the
faces of a plurality of persons (persons “A”, “B”, “C”), the
way ol specilying the positions of the faces of a plurality of
persons (persons “A”, “B”, “C”) 1s not limited thereto.

For example, by the face region of each person being saved
in the storage unit 18 1n advance, 1t may be configured so as
that the face detection unit 53 detects the face of each of the
persons from each of the images in panoramic 1image-capture
processing, based on the face information of each of the
persons stored in the storage unit 18.

It should be noted that the present invention 1s not to be
limited to the aforementioned embodiments, and that modi-
fications, improvements, etc. within a scope that can achieve
the object of the present invention are included 1n the present
invention.

For example, in the aforementioned embodiment, it 15 con-
figured so that image combination processing 1s performed
every time acquiring one image data set (Step S35 1s per-
formed when determined as YES 1 Step S31 of FIG. 7);
however, 1t 1s not limited thereto, and it may be configured to
perform 1mage combination processing after having acquired
all of the 1image data for panoramic combination, or 1t may be
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configured to perform 1mage combination processing every
time acquiring any plurality of image data sets of at least two.

In addition, although panoramic combination 1s done after
overwriting of the face region 1n the atorementioned embodi-
ment, the order of image combination processing 1s not lim-
ited thereto. In other words, overwriting of the corresponding
face region may be performed after having done panoramic
combination.

In addition, although it 1s configured to determine the facial
expression of the face of a person using the evaluation value,
and perform panoramic combination with a face suitable as a
captured 1mage, the target to be determined using the evalu-
ation value 1s not limited to the facial expression. For
example, a case 1s also assumed 1n which a shadow 1s cast on
the person during photography of the panoramic image, and 1t
may be configured to determine the brightness of the person
or the like using an evaluation value.

In addition, although the face of a person 1s used as an
example of the subject image included in the image data of the
combination target 1in the aforementioned embodiment, 1t 1s
not limited thereto. For example, the face of an animal may be
defined as the subject image included 1n the image data of the
combination target. In this case, whether or not the animal 1s
closing 1ts eyes may be adopted as the determining target
using the evaluation value.

In addition, although the image processing device to which
the present invention 1s applied has been explained with the
digital camera 1 as an example in the aforementioned
embodiment, it 1s not particularly limited thereto. The present
invention can be applied to general-purpose electronic equip-
ment having a function enabling the generation of a pan-
oramic 1mage, for example, and 1s widely applicable to por-
table personal computers, portable navigation devices,
portable game devices, etc.

The atorementioned sequence of processing can be made
to be executed by hardware, or can be made to be executed by
soltware.

In the case of having the sequence of processing executed
by way of software, a program constituting this software 1s
installed from the Internet or a recording medium into the
image processing device or a computer or the like controlling
this image processing device. Herein, the computer may be a
computer icorporating special-purpose hardware. Alterna-
tively, the computer may be a computer capable of executing
various functions by installing various programs, for
example, a general-purpose personal computer.

The recording medium containing such a program 1s con-
figured not only by the removable media 31 that 1s distributed
separately from the main body of the equipment 1n order to
provide the program to the user, but also 1s configured by a
recording medium provided to the user 1n a state incorporated
in the main body of the equipment 1n advance, or the like. The
removable media 31 1s configured by a magnetic disk (includ-
ing a floppy disk), optical disk, magneto-optical disk, and the
like, for example. In addition, the recording medium provided
to the user 1n a state icorporated 1n the main body of the
equipment 1n advance 1s configured by the ROM 12 1n which
the program 1s recorded, a hard disk included 1n the storage
unit 18, or the like.

It should be noted that the steps describing the program
recorded 1n the recording medium naturally include process-
ing performed chronologically 1n the described order, but is
not necessarily processed chronologically, and also imncludes
processing executed in parallel or separately.

Although several embodiments of the present mvention
have been explained in the foregoing, these embodiments are
merely exemplifications, and are not to limit the techmical
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scope of the present invention. The present invention can
adopt various other embodiments, and further, various modi-
fications such as omissions and substitutions can be made
thereto within a scope that does not deviate from the gist of the
present mvention. These embodiments and modifications
thereol are included in the scope and gist of the mvention
described 1n the present disclosure, and are included 1n the
invention described in the accompanying claims and the
scope of equivalents thereof.

What 1s claimed 1s:

1. An image processing device, comprising:

an 1mage acquisition unit that acquires images consecu-
tively captured, while an 1mage capture range 1s moved
in a predetermined direction;

a detection unit that detects same subject images from the
images acquired by the image acquisition unit;

a calculation unit that calculates evaluation values of the
same subject images detected by the detection unat;

a decision unit that decides, as a combination target, a
specific subject image from the same subject 1images,
based on the evaluation values calculated by the calcu-
lation unit; and

a generation unit that generates a wide-range 1mage by
combining the specific subject 1image decided as the
combination target by the decision unit with the images
acquired by the acquisition unit, such that the specific
subject image decided as the combination target by the
decision unit 1s included 1n the wide-range 1image, and
such that another subject image among the same subject
images which 1s not decided as the combination target by
the decision unit1s not used 1n generating the wide-range
image.

2. The image processing device according to claim 1, fur-

ther comprising:

a subject extraction umit that extracts a subject region from
the same subject images; and

a subject alteration unit that alters the subject region
extracted by the subject extraction unit, excluding a
subject region corresponding to the specific subject
image, to be the specific subject 1image,

wherein the generation unit generates the wide-range
image by combining the specific subject image with the
acquired 1mages.

3. The image processing device according to claim 1,

wherein the acquisition unit acquires images which include
a plurality of the same subject images,

wherein the detection unit detects the plurality of the same
subject images from the acquired images,

wherein the calculation unit calculates evaluation values of
the plurality of the same subject images detected by the
detection unit,

wherein the decision unit decides a plurality of specific
subject images as combination targets from the plurality
of the same subject images, based on the evaluation
values of the plurality of the same subject images calcu-
lated by the calculation unit; and

the generation unit generates a wide-range 1mage by com-
bining the specific subject images decided as the com-
bination targets with the images acquired by the acqui-
sition unit.

4. The mmage processing device according to claim 1,
wherein the subject image 1s an 1image centered around a face
region.

5. The image processing device according to claim 1, fur-
ther comprising an imaging unit,

wherein the 1mage acquisition unit acquires 1images cap-
tured by the imaging unit.
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6. A method for processing images by an 1mage processing
device, the method comprising:
acquiring 1mages consecutively captured while an 1image
capture range 1s moved 1n a predetermined direction;
detecting same subject images from the acquired 1mages;
calculating an evaluation value of each of the detected
subject images;
deciding, as a combination target, a specific subject image
from the same subject images, based on the calculated
evaluation values; and
generating a wide-range 1mage by combining the specific
subject image decided as the combination target with the
acquired 1mages, such that the specific subject image
decided as the combination target 1s included in the
wide-range 1image, and such that another subject image
among the same subject images which 1s not decided as
the combination target 1s not used 1n generating the
wide-range 1image.
7. A non-transitory computer readable recording medium
having stored thereon a program that 1s executable by a com-
puter to cause the computer to function as:
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an 1mage acquisition unit that acquires 1mages consecu-

tively captured by an imaging unit moving 1n a prede-
termined direction;

a detection unit that detects same subject images from the

images acquired by the image acquisition unit;

a calculation unit that calculates an evaluation value of

cach subject images detected by the detection unit;

a decision unit that decides, as a combination target, a

specific subject image from a plurality of the same sub-
ject images, based on the evaluation values calculated by
the calculation unit; and

combining the specific subject 1image decided as the
combination target by the decision unit with the
acquired 1mages, such that the specific subject 1mage
decided as the combination target by the decision unit 1s
included 1n the wide-range image, and such that another
subject image among the same subject images which 1s
not decided as the combination target by the decision
unit 1s not used 1n generating the wide-range 1mage.
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