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67 ABSTRACT

An imaging apparatus includes an imaging unit operable to
capture a subject image to generate image data, a controller
operable to calculate a target exposure value based on the
image data and control exposure based on a first shooting
parameter set by a user to obtain the target exposure value,
and a display unit operable to provide a display. The control-
ler calculates a first suitable range which is a range of the first
shooting parameter for obtaining the target exposure value,
and calculates a second shooting parameter based on the
target exposure value and the first shooting parameter set by
the user. The display unit displays exposure guide informa-
tion including the first shooting parameter set by the user,
information representing the first suitable range, and the cal-
culated second shooting parameter.

11 Claims, 11 Drawing Sheets
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Fig. 5
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Fig. 7
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Fig. 8
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1
IMAGING APPARATUS

BACKGROUND

1. Technical Field

The technical field relates to an imaging apparatus that
captures and outputs a subject. The invention particularly
relates to the imaging apparatus capable of displaying a guide
for user’s suitable setting of exposure.

2. Related Art

Conventionally, there are imaging apparatuses in which a
user can manually set either one of two exposure conditions
including an aperture and a shutter speed in accordance with
user’s preference and the other exposure condition can be
automatically set based on the one exposure condition set by
the user so as to obtain suitable exposure setting. Some of
such imaging apparatuses can display an exposure state (for
example, see JP 07-333706 A), so that a user can check the set
exposure state.

According to the conventional imaging apparatus, when
the user sets either one of an aperture and shutter speed, the
other is determined by the imaging apparatus, the exposure
may be occasionally out of a suitable exposure range depend-
ing on users’ set exposure values and conditions of subjects.
In such a case, it is difficult for a user to understand how much
the settings should be changed for obtaining the suitable
exposure settings.

For example, it is assumed that in an aperture priority
mode, a user sets an aperture value to F2. At this time, when
brightness of a subject is too large, even if a shutter speed is
set to a highest value which can be set by the conventional
imaging apparatus, overexposure occurs. At that time, a gen-
eral user hardly is able to quickly recognize how much the
aperture is narrowed for obtaining suitable exposure setting,
so that the user may miss a chance to take a good picture.

SUMMARY

To solve the above problem, an imaging apparatus capable
of displaying an exposure guide for enabling users to easily
recognize suitable exposure settings.

In one aspect, an imaging apparatus is provided, including
an imaging unit operable to capture a subject image to gen-
erate image data, a controller operable to calculate a target
exposure value based on the image data and control exposure
based on a first shooting parameter set by a user to obtain the
target exposure value, and a display unit operable to provide
a display. The controller calculates a first suitable range
which is a range of the first shooting parameter for obtaining
the target exposure value, and calculates a second shooting
parameter based on the target exposure value and the first
shooting parameter set by the user. The display unit displays
exposure guide information including the first shooting
parameter set by the user, information representing the first
suitable range, and the calculated second shooting parameter.

According to the imaging apparatus of the above aspect,
the exposure guide information is displayed, which indicates
setting states of parameters for determining exposure, such as
an aperture value and a shutter speed, together with a range of
combination of the parameters for obtaining suitable expo-
sure. As aresult, even when a user sets a parameter with which
a suitable exposure is not obtained, the user can easily recog-
nize a value for obtaining the suitable exposure according to
the exposure guide information. Therefore, the user can
quickly set the suitable exposure based on the exposure guide
information.
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2
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of a
digital camera.

FIG. 2 is a flowchart illustrating an entire operation from
exposure control to display of an exposure guide in the digital
camera.

FIG. 3 is an explanatory diagram describing an Ev value
correction amount.

FIG. 4is a diagram illustrating a relationship among the Ev
value, an AV value and a Tv value.

FIG. 5 is a flowchart illustrating an exposure control opera-
tion.

FIG. 6 is a diagram describing a settable range of shooting
parameters of the digital camera.

FIG.71s aflowchart ofa process in A mode for determining
a settable range of the Av value for obtaining a target Ev value
and the Tv value corresponding to the Av value set by a user.

FIG. 8is a flowchart of a process in S mode for determining
a settable range of the Tv value for obtaining a target Ev value
and the Av value corresponding to the Tv value set by a user

FIG. 9 is a diagram illustrating an example of the exposure
guide.

FIGS. 10A and 10B are diagrams illustrating display
examples of the exposure guide in A mode (with Ev=13).

FIGS. 11A to 11D are diagrams illustrating display
examples of the exposure guide in S mode (with Ev=13).

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments are described below with reference
to the accompanying drawings.

1. First Embodiment

A digital camera according to the embodiment described
below displays, as reference information for a user’s deter-
mination of an aperture value and a shutter speed, setting
states of parameters together with a range of combination of
the parameters for obtaining suitable exposure on a display
section. As a result, the user can recognize a combination of
the parameters for obtaining the suitable exposure in one
view. Further, even when the suitable exposure cannot be
obtained with the current settings, the user can instanta-
neously recognize how much the settings should be changed
for obtaining the suitable exposure. A configuration and an
operation of the digital camera according to the first embodi-
ment are described in detail below.

1. CONFIGURATION OF DIGITAL CAMERA

FIG.1 is a block diagram illustrating a configuration of the
digital camera. The digital camera 100 captures a subject
image formed via an optical system 110 using a CCD image
sensor 120. The CCD image sensor 120 generates image data
based on the captured subject image. The image data captured
and generated is subject to various image processes in an
analog front end (AFE) 121 and an image processor 130. The
image data subject to the image processes is recorded in a
flash memory 160 or a memory card 192. When an operation
section 180 receives a user’s operation for instructing play-
back, the image data recorded in the flash memory 160 or the
memory card 192 is reproduced to be displayed on a display
section 170 such as an LCD (Liquid Crystal Device).

The optical system 110 includes a focus lens 111, a zoom
lens 112, a diaphragm 113 and a shutter 114. The optical
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system 110 may include a lens for an optical image stabilizer
(OIS). The optical system 110 may include any number of
various lenses or any number of lens groups.

The focus lens 111 is used for adjusting a focal distance.
The zoom lens 112 is used for adjusting a zoom-in/zoom-out
magnification. The diaphragm 113 is used for adjusting a
quantity of light incident on the CCD image sensor. A range
of an aperture value which can be set to the diaphragm 113 is
F4 to F22. The shutter 114 adjusts exposure time of the light
incident on the CCD image sensor 120. A range of shutter
speed which can be se to the shutter 114 is 60 to Y4000 seconds.
The focus lens 111, the zoom lens 112, the diaphragm 113 and
the shutter 114 are driven by the respective driver (not shown)
such as a DC motor and a stepping motor according to control
signals transmitted from a controller 150.

The CCD image sensor 120 captures a subject image
formed via the optical system 110 to generate image data. The
CCD image sensor 120 generates image data of new frame
every constant time (for example, Y30 seconds). The CCD
image sensor 120 adjusts an exposure amount by means of an
operation of an electronic shutter. Instead of the CCD image
sensor 120, other imaging devices such as a CMOS image
sensor and an NMOS image sensor may be used.

The analog front end 121 executes predetermined pro-
cesses such as correlated double sampling and gain adjust-
ment on the image data generated by the CCD image sensor
120. In the gain adjustment, a gain corresponding to ISO
sensitivity is set. The analog front end 121 converts analog
image data into digital image data. Thereafter, the analog
front end 121 outputs the image data to the image processor
130.

The processor 130 executes various image processes on the
image data. The various image processes include gamma
correction, white balance correction, a YC converting pro-
cess, an electronic zoom process, a compressing process, a
decompressing process, but the image processes are not lim-
ited to them. Some of these processes may be omitted. The
image processor 130 may be made up by a hard-wired elec-
tronic circuit, a microcomputer, or the like that executes pro-
grams for executing these processes. Further, the image pro-
cessor 130 may include one integrated circuit as well as the
controller 150 or the like.

The operation section 180 includes a button, a lever, a dial
and the like provided on an outside of the digital camera 100,
and receives a user’s operation. For example, a release button,
a zoom lever, a mode dial, a command dial, a cross button, a
power switch and the like correspond the operation section
180. The operation section 180 also includes a focus ring and
a zoom ring provided to a lens barrel, and a touch panel
provided to the display section 170. When receiving the
user’s operation, the operation section 180 transmits an
operation instructing signal according to the operation.

The display section 170 is provided on a rear of the digital
camera 100. The display section 170 displays an image based
on the image data processed by the image processor 130. An
image to be displayed on the display section 170 includes a
through image and a recorded image. The display section 170
can display, as a through image, images generated every
constant time by the CCD image sensor 120 displayed on the
display section 170 so as to take a picture while checking a
composition of the subject. The recorded image is an image
recorded in the memory card 192 or the flash memory 160.
Thedisplay section 170 displays an image based on the image
data recorded in the memory card 192 or the flash memory
160 according to the user’s operation. The display section 170
can display a current exposure state determined by the respec-
tive shooting parameters together with a range of settable
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shooting parameters, in addition to the image. The shooting
parameters include the aperture value and the shutter speed,
and may include the ISO sensitivity, an exposure corrected
value, and the like. The display section 170 displays the
exposure guide with is superimposed on the through image.
The display section 170 can display various setting condi-
tions of the digital camera 100 in addition to the exposure
guide.

The controller 150 controls the entire operation of the
digital camera 100. The controller 150 includes ROM (not
shown) for storing information such as programs, and CPU
(not shown) for processing the information such as programs.
The ROM stores a program for controlling the entire opera-
tion of the digital camera 100 in addition to programs relating
to focus control and exposure control. Further, the ROM
stores initial shooting data, which is related to the aperture
value and the shutter speed and is used for the first recording
operation after the CCD image sensor 120 is activated, data
relating to a target brightness value for obtaining suitable
exposure, and information about a diagram illustrating a rela-
tionship among an exposure value (Ev), an aperture value
(Av) and a shutter speed (Tv) inan APEX (Additive System of
Photographic Exposure) system. In the APEX system, the
following formula including brightness of field (Bv) and the
ISO sensitivity (Sv) holds:

Ev=Av+Tv=Bv+Sy (1)

The controller 150 can control the display section 170 to
display a menu. The user can operate the operation section
180 to perform various settings while viewing the menu dis-
played on the display section 170. The controller 150 acquires
information set on the menu by the user.

For example, the controller 150 acquires a recording mode
set by the user’s operation on the operation section 180. The
recording mode includes a P mode (program AE mode), an A
mode (aperture priority AE mode), an S mode (shutter speed
priority AE mode) and an M mode (manual exposure mode),
but may include other recording modes. In the first embodi-
ment, an exposure guide is displayed on the display section in
the A mode and the S mode, and the following explanation is
made mainly to these two recording modes.

In each recording mode, the shooting parameters are set by
the user and/or the controller 150. The shooting parameters to
be set by the user are set by the user via the operation section
180. In this case, the controller 150 calculates residual shoot-
ing parameters using the parameters set by the user’s opera-
tion. The controller 150 sets the shooting parameters accord-
ing to the recording mode. For in the P mode, the controller
150 calculates the aperture value and the shutter speed
according to the brightness value of the through image. In the
A mode, the controller 150 calculates the shutter speed using
the aperture value set by the user and according to the bright-
ness value of the through image. In the S mode, the controller
150 calculates the aperture value according to the shutter
speed set by the user and the brightness value of the through
image. In the M mode, the user sets all the shooting param-
eters.

In each mode, the ISO sensitivity is set by the user’s opera-
tion on the operation section 180. The controller 150 sets a
gain in a gain control of the analog front end 121 according to
the set ISO sensitivity. In the first embodiment, the ISO sen-
sitivity is set by the user, but the controller 150 may control
the ISO sensitivity in the P mode, the A mode and the S mode.

The controller 150 generates image data of the exposure
guide based on the set respective shooting parameters and
displays the image data on the display section 170.
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The controller 150 may be made up by a hard-wired elec-
tronic circuit, a microcomputer, or the like. Further, the con-
troller 150 as well as the image processor 130 may be con-
stituted as one integrated circuit. The ROM does not have to
be provided in the controller 150, but may be provided outside
the controller 150.

A buffer memory 140 is a storage unit that functions as a
work memory of the image processor 130 and the controller
150. The buffer memory 140 can be realized by a DRAM
(Dynamic Random Access Memory), or the like.

The flash memory 160 functions as an internal memory for
recording image data or the like. The controller 150 records
image data to be processed by the image processor 130 in the
flash memory 160 or the memory card 192.

A card slot 191 is a connecting unit for attaching the
memory card 192 to the digital camera 100. The card slot 191
can be electrically or mechanically connected to the memory
card 192. The card slot 191 may have a function for control-
ling the memory card 192.

The memory card 192 is an external memory having
therein a memory device such as a flash memory. The
memory card 192 can record data such as image data to be
processed by the image processor 130. In the first embodi-
ment, the memory card is described as one example of an
external memory, but a recording medium such as an optical
disk and a HDD may be used as the external memory. Further,
a communication interface (wireless or wired) for communi-
cating with a device outside the digital camera 100 may be
connected to the controller 150 so that image data is trans-
mitted to the outside device.

1-1. Term Correspondence

The CCD image sensor 120 is one example of an imaging
unit. The digital camera 100 is one example of the imaging
apparatus. The display section 170 is one example of a display
unit. The aperture value and the shutter speed are examples of
first and second parameters. An unsuitable exposure area 810
is one example of an unsuitable range. A camera shake area
809 is one example of a camera shake range.

2. OPERATION OF DIGITAL CAMERA

An operation of the digital camera 100 is described below
with reference to the drawings.
2-1. Operation Flow

At first, operations for controlling the exposure and dis-
playing the exposure guide in the digital camera 100 are
described. The imaging operation when a user selects either
one of the A mode and the S mode as the recording mode is
described below.

FIG. 2 is a flowchart illustrating an entire operation from an
exposure control to display of the exposure guide when the
recording mode is either one of the A mode and the S mode.
Prior to taking a picture, the user operates the operation
section 180 to set the recording mode. When the operation
section 180 has a mode dial or a button dedicated to the
recording mode, the user operates the mode dial or the button.
When the operation section 180 does not have the dedicated
mode dial or button, the user presses down the menu button of
the operation section 180 so as to display the menu, and sets
the recording mode on the menu. The controller 150 acquires
information indicating the recording mode set by the user
(S101).

In an imaging operation, the user turns the digital camera
100 to a subject and operates the operation section 180
according to brightness of the subject to set the shooting
parameter such as an aperture value and a shutter speed.
Concretely, when the image mode is the A mode (aperture
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priority AE mode), the user sets the aperture value, and when
itis the S mode (shutter speed priority AE mode), the user sets
the shutter speed. When the user does not particularly per-
form an operation, the aperture value and the shutter speed are
not changed. The controller 150 acquires information indi-
cating the shooting parameter such as the aperture value or the
shutter speed set by the user (S102). Further, the user adjusts
a zoom and a focus as needed. The controller 150 suitably
controls the optical system 110 according to user’s operation.

The controller 150 controls the exposure suitably accord-
ing to the respective modes (S103). Concretely, in the A mode
(aperture priority AE mode), the controller 150 calculates the
shutter speed or the like according to the aperture value set by
the user and the brightness value of the through image. In the
S mode (shutter speed priority AE mode), the controller 150
calculates the aperture value or the like according to the
shutter speed set by the user and the brightness value of the
through image. Details of this exposure control operation are
described later.

Thereafter, the exposure guide is displayed based on the
current aperture value and shutter speed. Display contents of
the exposure guide vary according to the recording mode. For
this reason, the controller 150 determines the recording mode
currently set (S104). When the current recording mode is the
A mode, an exposure guide for the A mode is displayed
(S105). When the recording mode is the S mode, an exposure
guide for the S mode is displayed (S106). The exposure guide
is indication for showing a range of set value of the aperture
value and the shutter speed for obtaining the suitable expo-
sure (see FIG. 9). By referring to the exposure guide, the user
can recognize a range of parameter for obtaining the suitable
exposure at one view and quickly set the suitable exposure.
Details of the exposure guide are described later.

A determination is made whether or not the display of the
exposure guide is ended (S107). The end timing includes 1) a
timing at which the user presses the release button to start
taking a picture, 2) a timing at which the user changes the
recording mode into a mode other than the A mode and the S
mode, and 3) a timing at which a predetermined time passes
after the guide display is started by user’s pressing the menu
button.

When the determination is made that the display of the
exposure guide should be ended (“Y” in S107), the display of
the exposure guide is ended (non-display on the display sec-
tion 170), and the process is ended. On the other hand, when
it is determined that the display of the exposure guide should
be continued (“N” in S107), the controller 150 determines
whether or not the recording mode is changed by the user
(S108). When the recording mode is changed (“Y” in S108),
the control returns to S101. On the other hand, when the
recording mode is not changed (“N” in S108), the control
returns to S102. These operations are performed every Y30
seconds that is a period at which the CCD image sensor 120
captures a subject image and outputs image data.

2-2. Exposure Control Operation
2-2-1. Entire Flow of Exposure Control Operation

The exposure control operation of the digital camera 100 is
described with reference to FIGS. 3, 4 and 5. FIG. 3 is an
explanatory diagram describing an Ev correction amount
determined with respect to a difference AY between a target
brightness value and a current brightness value. AY is plotted
along an abscissa axis, and the Ev correction amount is plot-
ted along an ordinate axis. FIG. 4 is a diagram illustrating a
relationship among the Ev value, the Av value and the Tv
value in the APEX system. The Tv value is plotted along an
abscissa axis, and the Av value is plotted along an ordinate
axis. FIG. 4 also illustrates correspondence between the Tv
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value and an actual shutter speed (second) and correspon-
dence between the Av value and an actual aperture value (F
value). Each of diagonally right up lines show the same Ev
value, and the Ev value is shown on an upper and right sides
ofthe graph. A thick polygonal line represents a program line
in the P mode set in the digital camera 100.

FIG. 5 is a flowchart illustrating the exposure control
operation. The controller 150 corrects an exposure value
every one frame period for which image data is generated,
namely, every Y30 seconds according to the flow chart so that
suitable exposure can be obtained. The flow shown in FIG. 5
is described concretely below.

The controller 150 acquires brightness information from
image data every time the image data of new frame is gener-
ated (S201). A method for calculating the brightness infor-
mation includes a method for obtaining average brightness of
respective pixels in a predetermined range on a center portion
of the image as brightness information (spot metering), and a
method for dividing the entire image data into a plurality of
blocks and weighted-averaging the blocks based on average
brightness of the blocks so as to obtain brightness information
(multi metering). The method for calculating the brightness
information can be set by the user from the menu. In another
manner, any calculating method may be determined prelimi-
narily.

The controller 150 controls the Ev value to control the
exposure so that a value (hereinafter, “brightness value”)
representing the acquired current brightness information
becomes the target brightness value stored in the ROM. The
value stored in the ROM is used as the target brightness value,
but when the digital camera 100 has an exposure correcting
function, the target brightness value can be corrected by the
exposure correction function.

The controller 150 acquires the current Ev value (S202).
The current Ev value is determined by the current Av value
and Tv value. An initial Ev value just after the power is turned
on, namely, at the time when the CCD image sensor 120 starts
to generate the image data is set based on initial data relating
to the aperture value and the shutter speed stored in the ROM.

The controller 150 determines a difference AY between the
target brightness value and the current brightness value
(S203), and determines the Ev correction amount from AY
based on the relationship shown in FIG. 3 (S204). A corrected
Ev value (the target Ev value or the target exposure value) is
calculated based on the current Ev value and the Ev correction
amount (S205).

The controller 150 refers to the diagram of FIG. 4, and
determines the Av value and the Tv value, namely, the aper-
ture value and the shutter speed for obtaining the corrected Ev
value (target Tv value) (S206). Details of the methods for
determining the Av value and the Tv value in the A mode and
the S mode are described later.

In the P mode, the exposure is controlled according to the
program line on the diagram. Concretely, the AV value and the
Tv value are determined based on an intersection between a
line of the corrected Tv value determined by the controller
150 and the program line. For example, when the current Ev
value is 13, the Av value is 7 and the Tv value is 6 according
to the program line. If the Ev correction amount calculated
based on the difference AY between the target brightness
value and the current brightness value is -2, the corrected Tv
value (target Tv value) becomes 11 (=13-2). Therefore, it is
understand that in order to obtain the corrected Ev value, the
Av value may be corrected to 6, and the Tv value may be
corrected to 5.

To determine the Av value and the Tv value with respect to
the determined and corrected Ev value, the diagram for find-
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ing, from the Ev value, a combination of the aperture value
and the shutter speed is referred to, and one can be selected
from the combinations of parameters by which the target Ev
value can be determine in a range of a shooting parameter
which can be set in the digital camera 100. As the shooting
parameter range which can be set in the digital camera 100,
namely, the settable range of the shooting parameters, the
aperture value is within a range of F4 to F22, and the shutter
speed is within a range of 60 to Y4000 seconds. That is, the Av
value is within a range of 4 to 9, and the Tv value is within a
range of —6 to 12. The information relating to the settable
ranges is stored in the ROM, and the controller 150 suitably
reads the information from the ROM to use it.

FIG. 6 is a diagram illustrating the settable range (herein-
after, referred to as “camera settable range”) of the shooting
parameters of the digital camera 100 in the case where the
ISO sensitivity is ISO100 as a shaded portion on the diagram.
In FIG. 6, when the ISO sensitivity is ISO100 in the digital
camera 100, the settable range of the aperture value is F4 to
F22 (4 to 9 as the Av value), and the settable range of the
shutter speed is Y4000 to 60 seconds (12 to -6 as the Tv value).
These settable ranges are determined depending on optical or
mechanical performances of hardware elements composing
the digital camera 100.

The controller 150 transmits signals for driving the dia-
phragm 113, the shutter 114 and the CCD image sensor 120 to
the respective driver (not shown) according to the determined
parameters. When the shooting parameters for obtaining the
suitable exposure determined in the aforementioned manner
are within the camera settable ranges, the operation according
to the shooting parameters is performed every one-frame
period and the exposure is set so that the brightness value of
the image data becomes a target brightness value and the
suitable exposure is obtained.

Methods for determining the Av value and the Tv value in
the A mode and the S mode are described in detail below.
Further, a method for determining the settable range of each
shooting parameter on the display of the exposure guide is
described.

2-2-2. Determination of Parameters of Tv Value or the Like in
A Mode

At first, a method for determining the settable range of the
Av value and the Tv value in the A mode (aperture priority AE
mode) is described.

FIG. 7 is a flowchart illustrating a process for determining
the settable range of the Av value for obtaining the target Ev
value in the A mode and the Tv value corresponding to the set
Av value. In the A mode, since the Av value is fixed to a value
set by the user, the controller 150 determines the Tv value.
The controller 150 determines also the settable range of the
Av value in order to obtain the target Ev value, regardless of
user’s setting. The following describes the case where the
target Ev value is 13 and the aperture value set by the user is
F5.6 (the Av value is 5) as a concrete example.

The controller 150 determines the settable ranges of the Av
value and the Tv value with respect to the target Iv value based
on the diagram of FIG. 6 (S301). Since the settable ranges of
the Av value and the Tv value are the shaded portion in FIG.
6, the ranges (upper limit value and lower limit value) of the
Av value and the Tv value with which the target Ev value can
be obtained may be determined in the shaded area. When the
upper limit value of the Av value is determined as Avmax, the
lower limit value as Avmin, the upper limit value of the Tv
value is determined as Tvmax and the lower limit value as
Tvmin, it is found from FIG. 6 that when the Ev value is 13,
Avmin=4 (at this time, Tvmax=9) and Avmax=9 (at this time,
Tvmin=4). It goes without saying that determining of the
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settable ranges of the Av value and the T value is equivalent to
determining of the unsettable ranges of the Av value and the
Tv value.

A determination is made whether or not the Av value cor-
responding to the aperture value currently set by the user is
within the settable range, namely, within a range from Avmin
to Avmax (S302). When the Av value is within this range (“Y”
in S302), the Tv value corresponding to a combination of the
target Ev value and the Av value set by the user is determined
based on the diagram of FIG. 6 (S303), and the process is
ended.

On the other hand, when the Av value corresponding to the
aperture value currently set by the user is out of the settable
range (“N” in S302), the Tv value which provides the Ev
value closest to the target Ev value in the camera settable
range with the Av value set by the user is determined (S304),
and the process is ended.

In this example, Avmin=4, Avmax=9, the aperture value set
by the user is 5 as the Av value, which is within the range. For
this the controller 150 obtains 8 as the Tv value corresponding
to a combination of the Ev value of 13 and the Av value of 5
based on the diagram.

In the above process, the settable range of the Av value
(Avmax=9 and Avmin=4) and the Tv value (=8) correspond-
ing to the set Av value for obtaining the target Ev value (=13)
in the A mode are obtained.

2-2-3. Determination of Parameters of Av Value or the Like in
S Mode

A method for determining the settable range of the Tv
value and the Av value in the S mode (shutter speed priority
AE mode) is described below.

FIG. 8 is a flowchart illustrating the processes for deter-
mining the settable range of the TV value and the Av value
corresponding to the set Tv value, for obtaining the target Ev
value in the S mode. In the S mode, since the Tv value is fixed
to the value set by the user, the controller 150 determines the
Av value. Further, the controller 150 determines the settable
range of the Tv value for obtaining the target Ev value, regard-
less of'user’s setting. The following describes the case where
the target Ev value is 13 and the shutter speed set by the user
is Y2000 seconds (Tv value is 11) as a concrete example.

The controller 150 determines the settable ranges of the Av
value and the Tv value (upper limit value and lower limit
value) corresponding to the target Ev value based on the
diagram of FIG. 6 (S401). When the upper limit value of the
Av value is determined as Avmax, the lower limit value as
Avmin, the upper limit value of the Tv value is determined as
Tvmax and the lower limit value as Tvmin, it is found that
when the Ev value is 13, Avmin=4 (at this time, Tvmax=9)
and Avmax=9 (at this time, Tvmin=4).

A determination is made whether or not the Tv value cor-
responding to the shutter speed currently set by the user is
within the settable range, namely, the range from Tvmin to
Tvmax (S402). When the Tv value is within this range (“Y” in
S402), the Av value corresponding to a combination of the
target Ev value and the Tv value set by the user is determined
based on the diagram of FIG. 6 (S403), and the process is
ended.

On the other hand, when the Tv value corresponding to the
shutter speed currently set by the user is out of the settable
range (“N” in S402), the AV value which provides the Ev
value closest to the target EV value in the camera settable
range with the Tv value set by the user is determine (S404),
and the process is ended. For example in this example, the
settable range of the Tv value is 4 to 9, and the Tv value
corresponding to the shutter speed set by the user is 11.
Hence, the Tv value set by the user is out of the settable range.
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Therefore, when the Tv value is 11, the controller 150 selects
4 as the Av value within the camera settable range with which
the Ev value becomes the closest to 13 as the target Ev value
based on the diagram of FIG. 6. The Ev value at this time
becomes 15 and thus becomes larger than 13 as the target Ev
value. This means that the suitable exposure cannot be
obtained at the shutter speed set by the user, and the Ev value
to be obtained becomes larger than the target Ev value, result-
ing in underexposure. It means overexposure that the Ev
value to be obtained is smaller than the target Ev value.

With the above process, the settable range of the Tv value
(Tvmax=9 and Tvmin=4) and the Av value (=4) correspond-
ing to the set Tv value are determined in the S mode for
obtaining the target Ev value (=13).

2-3. Display of Exposure Guide

When the Av value and the Tv value for obtaining the target
Ev value are determined by the exposure control operation,
the controller 150 generates an image that shows a current
exposure state determined by these shooting parameters
together with the settable range of the shooting parameters,
and displays it as the exposure guide on the display section
170. The exposure guide is described below.

FIG. 9 is a diagram illustrating a display example of the
exposure guide. FIG. 9 shows an exposure guide 800 in the A
mode as one example. The controller 150 generates a display
image of the exposure guide 800 and superimposes it on the
image data so as to display the resultant on the display section
170.

The exposure guide 800 includes a shutter speed display
area 801 on an upper side and an aperture value display area
803 on a lower side. The shutter speed display area 801
includes a numerical line that extends in a horizontal direc-
tion, and the value of the shutter speed currently set is
arranged at the center of the numerical line, and a plurality of
settable values of the shutter speed are arranged before and
after the center. The aperture value display area 803 includes
a numerical line that extends in the horizontal direction, and
the aperture value (F value) currently set is arranged at the
center of the numerical line, and a plurality of settable the
aperture values (F values) is arranged before and after the
center.

The values of the shutter speed on the shutter speed display
area 801 and the aperture values on the aperture value display
area 803 are arranged to be adjacent up and down. A pair of
the shutter speed and the aperture value arranged adjacently
up and down is a combination for realizing the target exposure
value.

In the respective display areas 801 and 803, the current set
value and a predetermined range before and after the set value
are displayed. The user can recognize that the shutter speed is
Y450 seconds and the aperture value (F value) is 5.6 as the
current settings based on the exposure guide 800 shown in
FIG. 9.

In this manner, the shutter speed displayed on the shutter
speed display area 801 and the aperture value (F values)
displayed on the aperture value display area 803 are arranged
correspondingly up and down so as to form a combination of
the shutter speed and the aperture values for obtaining a target
exposure value. As a result, the user can instantaneously
recognize the combination of the range of parameters for
obtaining the suitable exposure in addition to a range (suitable
exposure area) of parameters and the shooting parameter for
providing the suitable exposure. Therefore, for example when
the user wants to shallow the depth of field to make a picture
in which a blur level of a background is increased, namely,
when the aperture value is desired to be decreased, the user
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refers to the exposure guide 800 to easily and quickly recog-
nize the suitable aperture value, and thus the user can make a
quick response.

Anicon 802 showing “SS” representing that the upper side
is indication of the shutter speed is provided on the left of the
shutter speed display area 801. Similarly, an icon 804 show-
ing “F” representing that the lower side is indication of the
aperture value is provided to the left of the aperture value
display area 803.

In the A mode where the aperture value is set by the user,
each aperture value is displayed in the aperture value display
area 803 so as to be larger as it goes right (the diaphragm is
narrowed). That is to say, the aperture value is displayed so
that when only the aperture value is changed without chang-
ing the other shooting parameters, the exposure decreases
towards the right. In the A mode, since the shutter speed value
is displayed in relation with the value in the aperture value
display area 803, the shutter speed value is displayed in the
shutter speed display area 801 so as to be slower (the value
becomes larger) as it goes right.

On the other hand, in the S mode where the shutter speed is
set by the user, the set values of the aperture value and the
shutter speed are displayed with the left-right reversal to the A
mode. That is to say, in the S mode, the shutter speed is
displayed in the shutter speed display area 801 so as to
become faster (the value becomes smaller) as it goes right.
That is to say, when only the shutter speed is changed without
changing the other shooting parameters, the shutter speed
value is displayed so that the exposure is reduced as the
shutter speed goes right. In the S mode, since the aperture
value is displayed in the aperture value display area 803 with
being related with the value in the shutter speed display area
801, the aperture value is displayed so as to be smaller (the
diaphragm is opened) as it goes right.

The reason why the set values of the aperture value and the
shutter speed to be displayed are displayed in reverse arrange-
ments between the A mode and the S mode is because con-
venience of the user’s operation is taken into consideration.
This is described below. The user selects the aperture value in
the A mode, and selects the shutter speed in the S mode. In
both modes, the arrangement of the parameters selected by
user’s operation is matched with the direction where the
exposure is reduced (or increased), so user’s operational feel-
ing at the time of selecting numerical value can be uniform.
For example, when the set value of the aperture value or the
shutter speed can be changed by a rotating operation of a dial,
the arrangement of the aperture value and the set value of the
shutter speed is matched with the exposure change direction,
so that the operating direction (rotating direction) of the dial
matches with a direction (scroll direction) of changing the
display of the set values. As a result, the user can easily
perform a sensuous operation.

As long as the suitable exposure is obtained, the shutter
speed display area 801 and the aperture value display area 803
can be moved (scrolled) to the same direction by the same
amount according to a change in either one of values by the
user.

A recording mode icon 805 representing a current record-
ing mode is displayed on a lower left side of the exposure
guide 800. In FIG. 9, “A” representing the A mode is dis-
played. An ISO sensitivity icon 806 representing a current
ISO sensitivity is displayed on a lower right side of the expo-
sure guide 800. The shutter speed (“250” indicates Y250 sec-
onds) and the aperture value (“5.6” indicates F5.6) currently
set are displayed on center portions 807 of the shutter speed
display area 801 and the aperture value display area 803.
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In the shutter speed display area 801 and the aperture value
display area 803, an area out of the camera settable range
(hereinafter, “unsettable area”) 808 is colored (shaded by dots
in FIG. 9) so that the area out of the camera settable range is
discriminated from the camera settable range. For example,
the unsettable area 808 is displayed with red. The unsettable
area 808 is an area where set values of the aperture value or the
shutter speed cannot be set. In other words, the unsettable area
808 is an area that includes values less than the lower limit
value in the settable range of the aperture value or the shutter
speed of the digital camera 100 or an area that includes values
exceeding the upper limit value thereof.

FIGS. 10A and 10B are diagrams illustrating another dis-
play example of the exposure guide in the A mode. FIG. 9
illustrates the entire display image of the display section 170,
but FIGS. 10A and 10B illustrate only the exposure guide and
OSD display around the exposure guide.

As illustrated in the description of the exposure control
operation, when the target Ev value is 13 and the aperture
value set by the user is F5.6 (Av value is 5) in the A mode, the
shutter speed is determined to ¥2s0 seconds (Tv value is 8) by
the controller 150. At this time, the settable range of the
aperture value is F4 to F22 (Avmax=9 and Avmin=4). That is
to say, the settable range of the aperture value is the whole
camera settable range. FIG. 10A is a diagram illustrating the
display state of the exposure guide 800 at this time. F5.6 as the
aperture value set by the user and Y4so seconds as the shutter
speed determined correspondingly are displayed alongside
up and down in the center portion 807.

It is assumed that the user operates the operation section
180 so as to increase the aperture value, and finally changes it
to F16 (AV value=8). As a result, the controller 150 sequen-
tially determines shutter speeds corresponding to the user’s
operation according to the exposure control operation
described above. The display of the aperture value display
area 803 is scrolled left as the aperture value changes. In
conjunction with this, the display of the shutter speed display
area 801 is scrolled to left. As shown in FIG. 10B, the aperture
value of 16 and the shutter speed of Y30 seconds (Tv value is
5) are displayed in the center portion 807 alongside up and
down.

When the shutter speed becomes slow, a captured image is
influenced by camera shake and thus a blur image might be
obtained. Therefore, an area (hereinafter, “camera shake
area”) that might be influenced by camera shake may be
displayed with color so that the user can easily recognize the
area that might be influenced by camera shake. That is to say,
the camera shake area 809 is colored so as to be discriminated
from the unsettable area 808. In FIG. 10B, the camera shake
area 809 is hatched by diagonal grating. In this example, the
camera shake area 809 is determined in the following method.
It is assumed that a focal distance of the optical system 110 is
30 mm in 35 mm film equivalent. The controller 150 acquires
information about the focal distance from position informa-
tion of the zoom lens 112. The controller 150 determines an
area where the shutter speed is slower than an inverse of the
focal distance as a camera shake area, and displays the camera
shake area so as to discriminate this area from the other areas.
Further, when the digital camera 100 has an optical camera
shake correction lens (OIS), the camera shake area may be
calculated based on the camera shake correction function.

FIGS. 11A to 11D are diagrams illustrating display
examples of the exposure guide in the S mode. FIG. 9 illus-
trates the entire display image of the display section 170, but
FIGS.11A to 11D illustrate only the exposure guide and OSD
display around the exposure guide.
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As illustrated in the description of the exposure control
operation, when the target Ev value is 13 and the shutter speed
set by the user is Y2000 seconds (Tv value is 11) in the S mode,
the aperture value becomes 4 (Av value is 4). The settable
range of the shutter speed is ¥is to Y500 seconds (Tvmax=9 and
Tvmin=4). That is to say, the settable range of the shutter
speed for obtaining the suitable exposure is a part of the
camera settable range. FIG. 11A is a diagram illustrating a
display state of the exposure guide at this time. The shutter
speed of Y2000 seconds set by the user and the aperture value
of F4 determined correspondingly are displayed in the center
portion 807 alongside up and down. Further, the area 810
(hereinafter, “unsuitable exposure area”) out of the settable
range of the shutter speed for obtaining the suitable exposure
is displayed with color. The unsuitable exposure area 810 is
displayed (colored, and so on) so that it can be discriminated
from the unsuitable area 808 and the camera shake area 809.
In FIGS. 11A to 11D, the unsuitable exposure area 810 is
hatched by diagonal lines. The unsuitable exposure area 810
is the area of underexposure as described above.

The user views the display of the exposure guide 800 to
recognize that a current shutter speed is unsuitable. The user
can understand in one view that the unsuitable area of the
shutter speed is an area where the shutter speed is faster than
Y500 seconds and may be set to Y500 seconds or slower in order
to obtain the suitable exposure based on the unsuitable expo-
sure area 810 of the shutter speed in the exposure guide 800.

Thereafter, the user can operate the operation section 180
to sequentially slow the shutter speed. The controller 150
sequentially determines the aperture value corresponding to
user’s operation according to the exposure control operation
described above. The shutter speed display area 801 is
scrolled left according to the change in the shutter speed.
However, while the shutter speed is in the unsuitable exposure
area 810, namely, the area faster than Y500 seconds, F4 that is
the lower limit is selected as the aperture value. For this
reason, the aperture value display area 803 is not scrolled and
gets still. When the shutter speed is set to Y500 seconds, it is
known that the aperture value is still F4 but it enters the range
where the suitable exposure is obtained. FIG. 11B is a dia-
gram illustrating a display state of the exposure guide when
the shutter speed is set to Y500 seconds by the user and the
aperture value is automatically set to F4.

When the user further slows the shutter speed to Y50 sec-
onds, the shutter speed of V2s0 seconds is within the suitable
exposure range, and thus accordingly the aperture value
becomes F5.6. FIG. 11C is a diagram illustrating a display
state of the exposure guide at this time.

Further, when the user slows the shutter speed to Y30 sec-
onds, the Y30 seconds as the shutter speed is within the suitable
exposure range, and thus accordingly the aperture value
becomes F16. FIG. 11D is a diagram illustrating a display
state of the exposure guide at this time. In the drawing, an area
where the shutter speed is slower than Y50 seconds is dis-
played as the camera shake area 809, and an area where the
shutter speed is slower than Yis seconds is displayed as the
unsuitable exposure area 8105. The unsuitable exposure area
81054 is an overexposure area. The unsuitable exposure area
8105 may be displayed with color similarly to the unsuitable
exposure area 810 (underexposure) in FIG. 11A, or may be
displayed with color to be discriminated from the unsuitable
area 810.

3. CONCLUSION

The digital camera 100 according to the embodiment
includes the CCD 120 that captures a subject image to gen-
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erate image data, the controller 150 that calculates a target
exposure value based on the image data, and controls the
exposure to obtain the target Ev value based on the first
shooting parameter (for example, one of the aperture value
and the shutter speed) set by the user, and the display section
170. The controller 150 calculates a first suitable range which
is a range of the first shooting parameter for obtaining the
target Ev value, and calculates a second shooting parameter
(for example, the other of the aperture value and the shutter
speed) based on the target Ev value and the first shooting
parameter set by the user. The display section 170 displays the
exposure guide 800 including the first shooting parameter set
by the user, the information representing the first suitable
range and the calculated second shooting parameter.

With the above configuration, the set states of the shooting
parameter for determining the exposure represented by the
aperture value and the shutter speed are displayed on the
display section 170 together with the parameter ranges for
obtaining the suitable exposure. As a result, even when the
user sets a parameter that does not provide the suitable expo-
sure, the user can understand the value for obtaining the
suitable exposure in one view, and can quickly set the suitable
exposure based on that information.

II. Other Embodiments

In the digital camera 100 according to the first embodi-
ment, the current exposure states determined by the shooting
parameters are displayed as the exposure guide 800 together
with the range of settable shooting parameter on the display
section 170. However the exposure guide 800 may include
another information. For example, an indicator representing a
blur level of an image according to the aperture value may be
displayed. The indicator representing the blur level can be
calculated based on the focal distance, a shooting distance
(distance to a subject) and the aperture value of the digital
camera 100.

The first embodiment does not particularly describe expo-
sure correction, but the digital camera 100 may have an expo-
sure correction function. According to the exposure correc-
tion function, when the user operates the operation section
180 to set an exposure corrected value, a target brightness
value is corrected according to the set value. Concretely,
when the exposure corrected value is set to a positive value
(namely, when the exposure corrected value is set so that
image data finally obtained becomes more bright), the target
brightness value is corrected to a higher value according to an
absolute value of the set value. On the contrary, when the
exposure corrected value is set to a negative value (namely,
the exposure corrected value is set so that an image data
finally obtained becomes dark), the target brightness value is
corrected to a lower value according to an absolute value of
the set value. The other operations are similar to those in the
first embodiment.

In the digital camera 100 according to the first embodi-
ment, the ISO sensitivity is fixed to a value set by the user, but
the ISO sensitivity may be controlled in the exposure control.
For example, when the ISO sensitivity is increased by one
step so that the target Ev value can be increased by 1. There-
fore, when the current Ev value is 13 and the target Ev value
is 12 and the ISO sensitivity is 100, for example, the Av value
and the Tv value are not changed and the ISO sensitivity is
increased to 200 by one step. As a result, the target Ev value
becomes 13 so that the suitable exposure can be obtained.

In the first embodiment, the exposure guide 800 shows the
aperture value and the shutter speed as the two parameters
that are arranged up and down, but another parameter may be
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arranged. For example, the ISO sensitivity may be related
with the aperture value and the shutter speed and be dis-
played.

In the first embodiment, the set value (shutter speed or
aperture value) as the single parameter to be operated is
arranged on the exposure guide 800 so that the exposure is
further decreased as the parameter goes right, but the set value
may be arranged so that the exposure is increased as the
parameter goes right. Further, the arrangement order of the set
values may be the same between the A mode and the S mode.

In the first embodiment, the display image of the exposure
guide 800 is generated and is superimposed on the image data
so as to be displayed on the display section 170. However,
another display section for the exposure guide may be pro-
vided separately from the display section for displaying the
image data.

In the first embodiment, the settable range of the aperture
value is F4 to F22, and the settable range of the shutter speed
is 60 to Y4000 seconds. However, this is one example, and the
settable range is not limited to this and any settable range may
be set.

In the first embodiment, the corresponding set values (the
shutter speed and the aperture value) are arranged adjacently
up and down on the shutter speed display area 801 and the
aperture value display area 803. Current set values are
arranged on the center portions of the respective display areas
801 and 803, and predetermined ranges before and after the
set values are displayed. However, the display manner of the
set values on the display areas 801 and 803 is not limited to
this. Any display state can be adopted as long as the shooting
parameter (the aperture value in the A mode, or the shutter
speed in the S mode) set by the user in the current mode (the
A mode or the S mode) is displayed together with a range of
values for obtaining the target exposure value. For example in
the S mode, when the range of the shutter speed for obtaining
the suitable exposure and the shutter speed currently set by
the user are displayed, the effect similar to that in the first
embodiment can be obtained. However, the shooting param-
eters which are automatically set by the controller 150 may be
also displayed, so that the user can easily estimate how image
data changes with the parameters, which is desirable. For
example, the aperture value calculated by the controller 150
may be also displayed, so that the user can estimate a blur
level of image data to be obtained, and this is desirable.

In the digital camera 100 according to the first embodi-
ment, the shooting parameter set by the user in the A mode or
the S mode (the aperture value in the A mode, or the shutter
speed in the S mode) is displayed together with the value
range for obtaining the target exposure value. However, the
recording mode is not limited to the A mode or the S mode,
and a current set value in any recording mode may be dis-
played together with the value range for obtaining the target
exposure value. For example, when the recording mode is the
M mode, the current set value(s) as to the aperture value
and/or the shutter speed may be displayed together with the
value range for obtaining the target exposure value.

The first embodiment describes the digital camera where
the lens is incorporated integrally with the camera body, but
similarly the idea of the first embodiment can be applied also
to an interchangeable lens-type digital camera in which a lens
is mountable to a camera body. In a case of the interchange-
able lens-type digital camera, the information of the settable
range of the shooting parameter can be obtained from the
interchangeable lens (ROM in the interchangeable lens).

In the exposure guide 800, a background of the shooting
parameter set by the user may be opaque. As aresult, the value
ofthe shooting parameter is easily discriminated from a back-
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ground image so that visibility of the value of the shooting
parameter can be improved. A background of parameters
other than parameters set by the user may be semitransparent,
so that visibility of the value of the shooting parameter cur-
rently set by the user can be improved and further visibility of
the through image can be improved.

INDUSTRIAL APPLICABILITY

The aforementioned embodiments can display a guide that
enables a user to easily recognize parameters such as an
aperture value and a shutter speed for providing suitable
exposure. Hence, the user can recognize a parameter range for
obtaining the suitable exposure in one view, and can quickly
set the suitable exposure. Therefore, the embodiments are
useful for imaging apparatuses such as a digital camera and a
camcorder having a function for setting the exposure by the
user.

What is claimed is:

1. An imaging apparatus comprising:

an imaging unit operable to capture a subject image to
generate image data;

a controller operable to calculate a target exposure value
based on the image data and control exposure based on
a first shooting parameter set by a user to obtain the
target exposure value; and

a display unit operable to provide a display,

wherein the controller calculates a first suitable range
which is a range of the first shooting parameter for
obtaining the target exposure value, and calculates a
second shooting parameter based on the target exposure
value and the first shooting parameter set by the user, and

the display unit displays exposure guide information
including the first shooting parameter set by the user,
information representing the first suitable range, and the
calculated second shooting parameter.

2. The imaging apparatus according to claim 1, wherein

the controller determines a first unsuitable range which is a
range of the first shooting parameter where the target
exposure value is not obtained, and

the exposure guide information further includes informa-
tion representing the first unsuitable range, and the infor-
mation representing the first unsuitable range is dis-
played to be discriminated from the information
representing the first suitable range.

3. The imaging apparatus according to claim 1, wherein

the controller determines an unsettable range of the first
shooting parameter,

the exposure guide information includes information rep-
resenting the unsettable range of the first shooting
parameter, and the information representing the unset-
table range of the first shooting parameter is displayed to
be discriminated from the information representing the
first suitable range.

4. The imaging apparatus according to claim 1, wherein

the controller determines an unsettable range of the second
shooting parameter, and

the exposure guide information includes information rep-
resenting the unsettable range of the second shooting
parameter.

5. The imaging apparatus according to claim 1, wherein

the controller calculates a camera shake range which is a
range of the first shooting parameter where camera
shake possibly occurs,

the exposure guide information further includes informa-
tion representing the camera shake range, and the infor-
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mation representing the camera shake range is displayed
to be discriminated from the first suitable range.

6. The imaging apparatus according to claim 5, wherein the
controller calculates the camera shake range based on a focal
distance of an optical system for forming the subject image.

7. The imaging apparatus according to claim 1, wherein the
exposure guide information includes a first numerical line on
which the value of the first shooting parameter set by the user
is shown together with values before and after the first shoot-
ing parameter, and a second numerical line on which the value
of the second shooting parameter is shown.

8. The imaging apparatus according to claim 7, wherein the
first numerical line and the second numerical line are
arranged adjacently so that a pair of the value of the first
shooting parameter and the value of the second shooting
parameter for providing the target exposure value is displayed
adjacently.

9. The imaging apparatus according to claim 1, wherein
backgrounds of the first shooting parameter and the first suit-
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able range in the exposure guide information to be displayed
by the display unit are opaque.

10. The imaging apparatus according to claim 1, wherein

one kind of set value can be selectively set, as the first

shooting parameter, from plural kinds of set values relat-
ing to the exposure,

the first shooting parameter set by the user and a plurality of

first shooting parameters included in the first suitable
range are arranged one-dimensionally, and

the first shooting parameters are arranged so that the expo-

sure given by the respective first shooting parameters
decreases as the first shooting parameter goes in a pre-
determined direction regardless of the kinds of the set
values.

11. The imaging apparatus according to claim 1, wherein
the first shooting parameter is either one of an aperture value
and a shutter speed, and the second shooting parameter is the
other of the aperture value and the shutter speed.
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