wo 2212/@18517 A1 I 0O 00 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

TP A AN 0
(10) International Publication Number

Wo 20mes17 AT

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
9 February 2012 (09.02.2012)

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HO4N 5/232 (2006.01) kind d national protection available): AE, AG, AL, AM,

(21) International Application Number: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/US201 1/044462 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(22) I nternational F|||ng Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
19 July 201 1(19.07.201 1) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, 8K, 8L, SM, ST, SV, SY, TH, TJ, T™M, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

12/843,275 26 JUly 2010 (26072010) us (84) D_esignated_ States (Unl.e$ othe_rwise indicated, for every

kind d regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated Sates except US): EAST- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
MAN KODAK COMPANY [US/US]; 343 State Street, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Rochester, NY 14650-2201 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

[USUS]; 343 State Street, Rochester, NY 14650-2201 (S;'\\;Iv TMRB' ,\OA';P'N(EBFé,\?J'TgF'Tg?' Cl, CM, GA, GN, GQ,
(US). PILLMAN, Bruce, Harold [USUS]; 343 State ’ ' o T ’

Street, Rochester, NY 14650-2201 (US). PARULSKI,  Published:

Kenneth, Alan [US/US]; 343 State Street, Rochester, NY
14650-2201 (US).

(74) Common Representativee EASTMAN KODAK COM-
PANY; 343 State Street, Rochester, NY 14650-2201
Us).

(72) Inventors;, and
(75) Inventord Applicants (for US only): RAZAVI, Frank

— with international search report (Art. 21(3))

(54) Title: AUTOMATIC DIGITAL CAMERA PHOTOGRAPHY MODE SELECTION

ACTIVATION

305

NO

300
\] DETECT POWER CONTROL ‘

TURN CAMERA OFF

315
\‘ TURN CAMERA ON ‘

|

320
DETERMINE CURRENT
DIGITAL CAMERA CONTEXT

CURRENT DIGITAL
CAMERA CONTEXT
330
SIMILAR
CONTEXTS?

NO

325

SET PREVIOUSLY SELECTED
PHOTOGRAPHY MODE

PREVIOUS DIGITAL
CAMERA CONTEXTS

345
SET DEFAULT
PHOTOGRAPHY MODE

FIG. 3

(57) Abstract: A digital camera having a plurality of photography modes, comprising: an image sensor; an optical system for
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AUTOMATIC DIGITAL CAMERA PHOTOGRAPHY
MODE SELECTION

FIELD OF THE INVENTION
5 This invention pertains to the field of digital cameras and more

particularly to the automatic selection of a photography mode.

BACKGROUND OF THE INVENTION
Digital cameras with a multitude of operational features including
10 but not limited to exposure control, white balance, auto focus, etc. have been a
consumer staple for decades. As camera complexity has increased, required
actions by the user to operate digital cameras have increased.
Most digital cameras have avariety of photography modes that can
be selected by the user to control various elements of the image capture process,
15 andtheimage processing chain. Examples of typical photography modes include
smart capture, portrait, sport, landscape, close-up, sunset, backlight, children,
bright, self-portrait, night portrait, night landscape, high-1SO and panorama.
Various methods have been described to select an appropriate photography mode
and control other digital camera functions. Some digital cameras include
20 mechanica dials that can be used to select the photography mode. However, this
adds expense to the digital camera and limits the number of choices that can be
offered.
In other digital camera models, the photography mode can be
selected by navigating a series of menus on a soft-copy display on the back of the
25 digital camera. Often it can be alengthy process for the user to navigate through
several levels of menus to choose the desired photography mode. Then, if the user
turns the camera off and back on again, it is generally necessary to repeat those
time-consuming steps again in order to return to the same photography mode. This
can be afrustrating experience for the user.
30 In some digital camera models, a photography mode can
automatically be selected based on context, such as scene brightness, scene motion.
For example, the KODAK EASY SHARE Z915 Digital Cameraincludes a
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"Smart Capture" feature which automatically adjusts the camera settings. The
camera detects and analyzes scene conditions, and then automatically sets camera
settings including exposure, focus and 1SO speed based on these conditions. This
selection can be convenient, since it does not require user intervention. However, it
islimited because the user has no simple way to influence the selection of the
photography mode, aside from simply overriding the automatic photography mode
selection. Because automatic selection of photographic modeis imperfect, there
remains aneed for user control, but there is also aneed to easily get the camerato
operate in a user-selected mode a power-up.

U.S. patent 7,646,297 to Aaron, entitled " Context-detected auto-
mode switching" describes amethod for self configuration of a communication
deviceto adjust to the user's environmental circumstances. At predetermined
intervals, a suite of environmental sensors integral to the device, which can
include a camera, periodically samplesthe user's environment. A derived set of
environmental circumstances may then be compared to mode templates to
determine a matching template. The operational settings of the device, such asthe
audio level and display screen contrast, are changed based on the matching
template.

U.S. Patent 6,571,066 to Tsai, entitled "Camera with multimode
power button," describes amethod for using the power button to either turn on the
camera or to select the camera operation mode. This scheme requires multiple
pushes of the power button to first turn on the camerathen select the operating
mode.

U.S. Patent 7,721,227 to Ronkainen, entitled "Method for
describing alternative actions caused by pushing a single button," describes a user
interface for making a choice between two different actions dependent on how
long a button is depressed. If the button is released immediately, afirst action is
taken. If the button is held for alonger period of time, amessage is displayed
indicating that if the button is continued to be held a second action will be taken.
If the button is not released within a specified time interval, the second action is
then taken.
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U.S. Patent 6,727,830 to Lui, entitled "Time based hardware button
for application launch," teaches the use of atime dependent press of an
"application” button to select between various functions. Multiple button presses
can also be used to select different functions.

5 U.S. Patent 6,976,215 to Roderick et ah, entitled "Pushbutton user
interface with functionality preview," teaches a user-interface that uses a pressure-
sensitive multi-state button. If the button is pushed with afirst pressure a preview
isprovided of the effect that will be produced if the button is pressed using a
higher pressure.

10 These approaches ail rely on a user interface to control the
selection of aphotography mode when the camera is powered on. In some
instances, photography of a particular event may occur over an extended period of
time, such as during aconcert or ceremony, during a day of skiing, or during a
soccer game. During such extended events, the camera is likely to be powered

15  down occasionally between shots. This generally requires that the user manually
navigate the user interface at each power up to return the digital camera to the
appropriate photography mode.

There remains aneed for amethod to automatically return a digital
camerato a previously-selected photography mode while photographing a

20  particular event, without adding the cost of additional buttons or the

inconvenience of needing to navigate complex user-interface menus.

SUMMARY OF THE INVENTION

The present invention represents a digital camera having aplurality
25  of photography modes, comprising:

an image sensor;

an optical system for imaging a scene onto the image sensor;

an image capture control for initiating an image capture operation;

a photography mode user interface for enabling a user to select
30 between aplurality of photography modes, the photography modes having

associated image capture and image processing settings;



WO 2012/018517 PCT/US2011/044462

amemory for storing captured digital images, and for storing one
or more previous digital camera contexts and corresponding user-selected
photography modes; and

apower control for powering up or powering down the digital

5 camesg

wherein when the power control is activated to power up the digita
camera, adigital camera context is determined and compared to the stored
previous digital camera contexts, and if the digital camera context is determined to
be sufficiently similar to one of the stored previous digital camera contexts, the

10 digital camerais set to operate inthe corresponding user-selected photography
mode, otherwise the digital camerais set to operate in a default photography
mode.

The present invention has the advantage that it simplifies camera
operation by automatically returning to a previously selected photography mode

15  whenthe digital camerais powered on and the current picture-taking context is
sufficiently similar to a previous picture-taking context.

It has the additional advantage that consistency of camera behavior
is enhanced during photography in a particular context. Because the previously
selected mode is automatically selected if the context is the same, there isno need

20  torely onthe user to maintain consistency of the photography mode. At the same
time, user control is preserved, since the normal user-interface for controlling
photography mode is preserved.

It has the further advantage that no additional user interface
controls are required to provide the added functionality.

25
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. lisahigh-level diagram showing the components of a system
for capturing digital images according to an embodiment of the present invention;

FIG. 2is aflow diagram depicting typical image processing

30  operations used to process digital imagesin adigital camera;
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FIG. 3isaflowchart illustrating a method for selecting a
photography mode in adigital camera at power on according to an embodiment of
the present invention;

FIG. 4 is aflowchart depicting photography mode selection ina
digital camera according to an embodiment of the present invention; and

FIG. 5is aflowchart depicting apower down sequence in a digital

camera according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In the following description, a preferred embodiment of the present
invention will be described in terms that would ordinarily be implemented asa
software program. Those skilled in the art will readily recognize that the
equivalent of such software can also be constructed in hardware. Because image
manipulation algorithms and systems are well known, the present description will
be directed in particular to algorithms and systems forming part of, or cooperating
more directly with, the system and method in accordance with the present
invention. Other aspects of such agorithms and systems, and hardware or
software for producing and otherwise processing the image signals involved
therewith, not specifically shown or described herein, can be selected from such
systems, algorithms, components and elements known in the art. Given the system
as described according to the invention in the following materias, software not
specifically shown, suggested or described herein that is useful for
implementation of the invention is conventional and within the ordinary skill in
such arts.

Still further, as used herein, a computer program for performing the
method of the present invention can be stored in acomputer readable storage
medium, which can include, for example; magnetic storage media such as a
magnetic disk (such asahard drive or afloppy disk) or magnetic tape; optical
storage media such as an optical disc, optical tape, or machine readable bar code;
solid state electronic storage devices such as random access memory (RAM), or

read only memory (ROM); or any other physical device or medium employed to
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store a computer program having instructions for controlling one or more
computers to practice the method according to the present invention.

The invention is inclusive of combinations of the embodiments
described herein. Referencesto "a particular embodiment” and the like refer to

5 featuresthat are present in at least one embodiment of the invention. Separate
references to "an embodiment" or "particular embodiments" or the like do not
necessarily refer to the same embodiment or embodiments; however, such
embodiments are not mutually exclusive, unless so indicated or as are readily
apparent to one of skill in the art. The use of singular or plural in referring to the

10 "method" or "methods" and the like is not limiting. It should be noted that, unless
otherwise explicitly noted or required by context, the word "or" isused in this
disclosure in anon-exclusive sense.

Because digital cameras employing imaging devices and related
circuitry for signal capture and processing, and display are well known, the

15  present description will be directed in particular to elements forming part of, or
cooperating more directly with, the method and apparatus in accordance with the
present invention. Elements not specifically shown or described herein are
selected from those known inthe art. Certain aspects of the embodiments to be
described are provided in software. Given the system as shown and described

20 according to the invention in the following materials, software not specifically
shown, described or suggested herein that is useful for implementation of the
invention is conventional and within the ordinary skill in such arts.

The following description of adigital camerawill be familiar to
one skilled in the art. It will be obvious that there are many variations of this

25 embodiment that are possible and are selected to reduce the cost, add features or
improve the performance of the camera.

FIG. 1depicts ablock diagram of adigital photography system,
including a digital camera 10 in accordance with the present invention. Preferably,
the digital camera 10 is a portable battery operated device, small enough to be

30 easily handheld by a user when capturing and reviewing images. The digital
camera 10 produces digital images that are stored as digital image files using
image memory 30. The phrase "digital image" or "digital image file", as used
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herein, refersto any digital image file, such as a digital still image or a digital
video file.

In some embodiments, the digital camera 10 captures both motion
video images and still images. The digital camera 10 can aso include other
functions, including, but not limited to, the functions of adigital music player (e.g.
an MP3 player), amobile telephone, a GPS receiver, or a programmable digital
assistant (PDA).

The digital camera 10 includes alens 4 having an adjustable
aperture and adjustable shutter 6. In apreferred embodiment, the lens 4 is azoom
lens and is controlled by zoom and focus motor drivers 8. The lens 4 focuses light
from a scene (not shown) onto an image sensor 14, for example, asingle-chip
color CCD or CMOS image sensor. The lens 4 is one type optical system for
forming an image of the scene on the image sensor 14. In other embodiments, the
optical system may use afixed focal length lenswith either variable or fixed
focus.

The output of the image sensor 14 is converted to digital form by
Analog Signal Processor (ASP) and Analog-to-Digital (A/D) converter 16, and
temporarily stored in buffer memory 18. The image data stored in buffer memory
18 is subsequently manipulated by aprocessor 20, using embedded software
programs (e.g. firmware) stored in firmware memory 28. In some embodiments,
the software program is permanently stored in firmware memory 28 using a read
only memory (ROM). In other embodiments, the firmware memory 28 can be
modified by using, for example, Flash EPROM memory. In such embodiments, an
external device can update the software programs stored in firmware memory 28
using the wired interface 38 or the wireless modem 50. In such embodiments, the
firmware memory 28 can also be used to store image sensor calibration data, user
setting selections and other data which must be preserved when the camerais
turned off. In some embodiments, the processor 20 includes a program memory
(not shown), and the software programs stored in the firmware memory 28 are
copied into the program memory before being executed by the processor 20.

It will be understood that the functions of processor 20 can be

provided using a single programmable processor or by using multiple
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programmable processors, including one or more digital signal processor (DSP)
devices. Alternatively, the processor 20 can be provided by custom circuitry (e.g.,
by one or more custom integrated circuits (ICs) designed specifically for use in
digital cameras), or by acombination of programmable processors) and custom

3 circuits. It will be understood that connectors between the processor 20 from some
or al of the various components shown in FIG. 1can be made using a common
data bus. For example, in some embodiments the connection between the
processor 20, the buffer memory 18, the image memory 30, and the firmware
memory 28 can be made using a common data bus.

10 The processed images are then stored using the image memory 30.
It is understood that the image memory 30 can be any form of memory known to
those skilled in the art including, but not limited to, aremovable Flash memory
card, internal Flash memory chips, magnetic memory, or optical memory. In some
embodiments, the image memory 30 can include both internal Flash memory

15 chipsand a standard interface to aremovable Flash memory card, such asa
Secure Digital (SD) card. Alternatively, adifferent memory card format can be
used, such as amicro SD card, Compact Flash (CF) card, MultiMedia Card
(MMC), xD card or Memory Stick.

The image sensor 14 is controlled by atiming generator 12, which

20  produces various clocking signals to select rows and pixels and synchronizes the
operation of the ASP and A/D converter 16. The image sensor 14 can have, for
example, 12.4 megapixels (4088x3040 pixels) in order to provide a still image file
of approximately 4000x3000 pixels. To provide a color image, the image sensor is
generally overlaid with acolor filter array, which provides an image sensor having

25 anarray of pixelsthat include different colored pixels. The different color pixels
can be arranged in many different patterns. As one example, the different color
pixels can be arranged using the well-known Bayer color filter array, as described
in commonly assigned U.S. Patent 3,971,065, "Color imaging array” to Bayer, the
disclosure of which is incorporated herein by reference. As asecond example, the

30 different color pixels can be arranged as described in commonly assigned U.S.
Patent Application Publication 2007/0024931 to Compton and Hamilton, entitled
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"Image sensor with improved light sensitivity". These examples are not limiting,
and many other color patterns may be used.

It will be understood that the image sensor 14, timing generator 12,
and ASP and A/D converter 16 can be separately fabricated integrated circuits, or
they can be fabricated as a single integrated circuit asis commonly done with
CMOS image sensors. In some embodiments, this single integrated circuit can
perform some of the other functions shown in FIG. 1, including some of the
functions provided by processor 20.

The image sensor 14 is effective when actuated in a first mode by
timing generator 12 for providing a motion sequence of lower resolution sensor
image data, which is used when capturing video images and also when previewing
adtill image to be captured, in order to compose the image. This preview mode
sensor image data can be provided as HD resolution image data, for example, with
1280x720 pixels, or as VGA resolution image data, for example, with 640x480
pixels, or using other resolutions which have significantly fewer columns and
rows of data, compared to the resolution of the image sensor.

The preview mode sensor image data can be provided by
combining values of adjacent pixels having the same color, or by eliminating
some of the pixel values, or by combining some color pixel valueswhile
eliminating other color pixel values. The preview mode image data can be
processed as described in commonly assighed U.S. Patent 6,292,218 to Parulski,
et a., entitled "Electronic camerafor initiating capture of still images while
previewing motion images'.

The image sensor 14 is aso effective when actuated in a second
mode by timing generator 12 for providing high resolution still image data. This
final mode sensor image data is provided as high resolution output image data,
which for scenes having ahigh illumination level includes al of the pixels of the
image sensor, and can be, for example, a 12 megapixel final image data having
4000x3000 pixels. At lower illumination levels, the final sensor image data can be
provided by "binning" some number of like-colored pixels on the image sensor, in

order to increase the signal level and thus the "1SO speed” of the sensor.
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The zoom and focus motor drivers 8 are controlled by control
signals supplied by the processor 20, to provide the appropriate focal length
setting and to focus the scene onto the image sensor 14. The exposure level of the
image sensor 14 is controlled by controlling the f/number and exposure time of
the adjustable aperture and adjustable shutter 6, the exposure period of the image
sensor 14 viathe timing generator 12, and the gain (i.e., 1SO speed) setting of the
ASP and A/D converter 16. The processor 20 also controls aflash 2 which can
illuminate the scene.

The lens 4 of the digital camera t0 can be focused in the first mode
by using "through-the-lens" autofocus, as described in commonly-assigned U.S.
Patent 5,668,597, entitled "Electronic Camerawith Rapid Automatic Focus of an
Image upon a Progressive Scan Image Sensor" to Parulski e al.. Thisis
accomplished by using the zoom and focus motor drivers 8 to adjust the focus
position of the lens 4 to anumber of positions ranging between a near focus
position to an infinity focus position, while the processor 20 determines the
closest focus position which provides apesk sharpness value for a central portion
of the image captured by the image sensor 14. The focus distance which
corresponds to the closest focus position can then be utilized for several purposes,
such as automatically setting an appropriate scene mode, and can be stored as
metadata in the image file, along with other lens and camera settings.

The processor 20 produces menus and low resolution color images
that are temporarily stored in display memory 36 and are displayed on the image
display 32. The image display 32 istypically an active matrix color liquid crystal
display (LCD), although other types of displays, such as organic light emitting
diode (OLED) displays, can be used. A video interface 44 provides avideo output
signal from the digital camera 10 to a video display 46, such as aflat panel HDTV
display. In preview mode, or video mode, the digital image data from buffer
memory 18 is manipulated by processor 20 to form a series of motion preview
images that are displayed, typically as color images, on the image display 32. In
review mode, the images displayed on the image display 32 are produced using
the image data from the digital image files stored in image memory 30.
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The graphical user interface displayed on the image display 32 is
controlled in response to user input provided by user controls 34. The user
controls 34 are used to select various cameramodes, such as video capture mode,
still capture mode, and review mode, and to initiate capture of still images and

5 recording of motion images. User controls 34 typically include some combination
of buttons, rocker switches, joysticks, or rotary dials. In some embodiments, some
of the user controls 34 are provided by using atouch screen overlay on the image
display 32. In other embodiments, additional status displays or images displays
can be used. In apreferred embodiment, the user controls 34 include a power

10  control 35 (e.g., a power button) which is used to turn on or off the camera, as
well as other controls such as a lens control to control the lens 4, and an image
capture control (e.g., a shutter button) to initiate an image capture operation. In
some embodiments, the still preview mode is initiated when the user partially
depresses the shutter button, and the still image capture mode is initiated when the

15  user fully depresses the shutter button.

The camera modes that can be selected using the user controls 34
include a"timer" mode. When the "timer" mode is selected, a short delay (e.g., 10
seconds) occurs after the user fully presses the shutter button, before the processor
20 initiates the capture of astill image.

20 An audio codec 22 connected to the processor 20 receives an audio
signal from amicrophone 24 and provides an audio signal to a speaker 26. These
components can be to record and playback an audio track, along with a video
sequence or still image. If the digital camera 10 isamulti-function device such as
acombination camera and mobile phone, the microphone 24 and the speaker 26

25  canbe used for telephone conversation.

In some embodiments, the speaker 26 can be used as part of the
user interface, for example to provide various audible signals which indicate that a
user control has been depressed, or that a particular mode has been selected. In
some embodiments, the microphone 24, the audio codec 22, and the processor 20

30 can be usedto provide voice recognition, so that the user can provide a user input
to the processor 20 by using voice commands, rather than user controls 34. The

speaker 26 can also be used to inform the user of an incoming phone call. This can
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be done using a standard ring tone stored in firmware memory 28, or by using a
custom ring-tone downloaded from awireless network 58 and stored in the image
memory 30. In addition, a vibration device (not shown) can be used to provide a
silent (e.g., non audible) notification of an incoming phone call.

The processor 20 also provides additional processing of the image
data from the image sensor 14, in order to produce rendered SRGB image data
which is compressed and stored within a"finished" image file, such asawell-
known Exif-JPEG image file, in the image memory 30.

The digital camera 10 can be connected viathe wired interface 38
to an interface/recharger 48, which is connected to a computer 40, which can be a
desktop computer or portable computer located in ahome or office. The wired
interface 38 can conform to, for example, the well-known USB 2.0 interface
specification. The interface/recharger 48 can provide power via the wired
interface 38 to a set of rechargeable batteries (not shown) in the digital camera 10.

The digital camera 10 can include awireless modem 50, which
interfaces over aradio frequency band 52 with the wireless network 58. The
wireless modem 50 can use various wireless interface protocols, such asthe well-
known Bluetooth wireless interface or the well-known 802.1 1 wireless interface.
The computer 40 can upload images viathe Internet 70 to a photo service provider
72, such asthe Kodak Easy Share Gallery. Other devices (not shown) can access
the images stored by the photo service provider 72.

In alternative embodiments, the wireless modem 50 communicates
over aradio frequency (e.g. wireless) link with amobile phone network (not
shown), such as a 3GSM network, which connects with the Internet 70 in order to
upload digital image files from the digital camera 10. These digital image files can
be provided to the computer 40 or the photo service provider 72.

FIG. 2is aflow diagram depicting image processing operations
that can be performed by the processor 20 in the digital camera 10 (FIG. ) in
order to process color sensor data 100 from the image sensor 14 output by the
ASP and A/D converter 16. In some embodiments, the processing parameters used

by the processor 20 to manipulate the color sensor data 100 for aparticular digital
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image are determined by various user settings 175, which can be selected viathe
user controls 34 in response to menus displayed on the image display 32.

The color sensor data 100 which has been digitally converted by
the ASP and A/D converter 16 is manipulated by a white balance step 95. In some
embodiments, this processing can be performed using the methods described in
commonly-assigned U.S. patent 7,542,077 to Miki, entitled "White balance
adjustment device and color identification device'. The white balance can be
adjusted in response to awhite balance setting 90, which can be manually set by a
user, or which can be automatically set by the camera.

The color image data is then manipulated by anoise reduction step
105 in order to reduce noise from the image sensor 14. In some embodiments, this
processing can be performed using the methods described in commonly-assigned
U.S. patent 6,934,056 to Gindele et al., entitled "Noise cleaning and interpolating
sparsely populated color digital image using a variable noise cleaning kernel". The
level of noise reduction can be adjusted in response to an 1SO setting 110, so that
more filtering is performed at higher 1SO exposure index setting.

The color image data is then manipulated by a demosaicing step
115, in order to provide red, green and blue (RGB) image data values at each pixel
location. Algorithms for performing the demosaicing step 115 are commonly
known ascolor filter array (CFA) interpolation algorithms or "deBayering"
algorithms. In one embodiment of the present invention, the demosaicing step 115
can use the luminance CFA interpolation method described in commonly-assigned
U.S. Patent 5,652,621, entitled "Adaptive color plane interpolation in single
sensor color electronic camera,” to Adams et a. The demosaicing step 115 can
also use the chrominance CFA interpolation method described in commonly-
assigned U.S. Patent 4,642,678, entitled "Signal processing method and apparatus
for producing interpolated chrominance values in a sampled color image signal”,
to Cok.

In some embodiments, the user can select between different pixel
resolution modes, so that the digital camera can produce a smaller size image file.
Multiple pixel resolutions can be provided as described in commonly-assigned
U.S. Patent 5,493,335, entitled "Single sensor color camera with user selectable

PCT/US2011/044462
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image record size," to Parulski et al. In some embodiments, a resolution mode
setting 120 can be selected by the user to be full size (e.g. 3,000x2,000 pixels),
medium size (e.g. 1,500x1000 pixels) or small size (750x500 pixels).

The color image data is color corrected in color correction step
125. In some embodiments, the color correction is provided using a 3x3 linear
space color correction matrix, as described in commonly-assigned U.S. Patent
5,189,511, entitled "Method and apparatus for improving the color rendition of
hardcopy images from electronic cameras' to Parulski, et a. In some
embodiments, different user-selectable color modes can be provided by storing
different color matrix coefficients in firmware memory 28 of the digital camera
10. For example, four different color modes can be provided, so that the color

mode setting 130 is used to select one of the following color correction matrices:

Setting 1 (normal color reproduction)

Row| [ 150 -030 -0.20 |[Rin
Gout - '0.40 1.80 = 0.40 Gi'n O )
BOUt -0.20 -0.20 1.40 Bip

Setting 2 (saturated color reproduction)

Rout | [ 200 -0.60 —0.407[Ry,
Gout |=|-080 260 —0.80||Gip ©
Bouwt | |-040 —040 1.80 ||Bj,

Setting 3 (de-saturated color reproduction)

Rog] [ 125 -015 -010 I[Ri
Gou |=[-020 140 -020 [|Gy, €)
Bout | [-010 010 120 ||By,

Setting 4 (monochrome)

Rout| [0.30 060 0.10][Ry,
Gou [=]030 060 0.10]|Gy, @
Byt (030 060 0.10]| B,
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In other embodiments, athree-dimensional |ookup table can be
used to perform the color correction step 125.

The color image data isaso manipulated by atone scale correction
step 135. In some embodiments, the tone scale correction step 135 can be
performed using a one-dimensiona look-up table as described in U.S. Patent No.
5,189,51 1, cited earlier. In some embodiments, aplurality of tone scale correction
look-up tables is stored inthe firmware memory 28in the digital camera 10.
These can include look-up tables which provide a"normal” tone scale correction
curve, a"high contrast” tone scale correction curve, and a"low contrast” tone
scale correction curve. A user selected contrast setting 140 is used by the
processor 20 to determine which of the tone scale correction look-up tables to use
when performing the tone scale correction step 135.

The color image data is al'so manipulated by an image sharpening
step 145. In some embodiments, this can be provided using the methods described
in commonly-assigned U.S. Patent 6,192,162 entitled "Edge enhancing colored
digital images' to Hamilton, et al. In some embodiments, the user can select
between various sharpening settings, including a "normal sharpness’ setting, a
"high sharpness’ setting, and a"low sharpness’ setting. In this example, the
processor 20 uses one of three different edge boost multiplier values, for example
2.0 for "high sharpness’, 1.0 for "normal sharpness’, and 0.5 for "low sharpness’
levels, responsive to a sharpening setting 150 selected by the user of the digital
camera 10.

The color image data is also manipulated by an image compression
step 155. In some embodiments, the image compression step 155 can be provided
using the methods described in commonly-assigned U.S. Patent 4,774,574,
entitled "Adaptive block transform image coding method and apparatus’ to Daly
et a. In some embodiments, the user can select between various compression
settings. This can be implemented by storing aplurality of quantization tables, for
example, three different tables, in the firmware memory 28 of the digital camera
10. These tables provide different quality levels and average file sizes for the

compressed digital image file 180 to be stored in the image memory 30 of the

PCT/US2011/044462
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digital camera 10. A user selected compression mode setting 160 is used by the
processor 20 to select the particular quantization table to be used for the image
compression step 155 for a particular image.
The compressed color image data is stored in adigital image file
5 180 using afile formatting step 165. The image file can include various metadata
170. Metadata 170 is any type of information that relates to the digital image, such
asthe model of the camera that captured the image, the size of the image, the date
and time the image was captured, and various camera settings, such asthe lens
focal length, the exposure time and f-number of the lens, and whether or not the
16 camera flash fired. In apreferred embodiment, al of this metadata 170 is stored
using standardized tags within the well-known Exif-JPEG still image file format.
In a preferred embodiment of the present invention, the metadata 170 includes
information -about camera settings 185.
The present invention will now be described with reference to
15  FIG. 3, which isaflowchart illustrating a method for using the power control 35
(FIG. 1) on adigital camera 10 (FIG. 1) to select a photography mode according
to an embodiment of the present invention. In FIG. 3, a detect power control
activation step 300 detects a press of the power control 35 (FIG. 1). A power on
test 305 checks whether the power isaready on and makes a decision. If the
20  power isaready on, aturn camera off step 310 is executed, turning the camera
power off. (Note that when the digital camera 10 (FIG. 1) isin the power off
mode, the digital camera 1) may not betotally powered down, but may bein a
sleep mode which uses aminimal level of power consumption.) If the power on
test 305 determines that the power is not aready on, the process continues to a
25  turn camera on step 315, turning the camera power on. A determine current digital
camera context step 320 is next used to determine acurrent digital camera context
325. The digital camera context is a set of information characterizing the picture-
taking environment. Aswill be discussed in more detail later, the digital camera
context can include information such as a date/time, a camera location, sensed
30  scene characteristics, sensed audio signals, and event calendar entries. One or
more previous digital camera context(s) 335 are stored in a persistent memory,

together with information specifying corresponding previously selected
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photography modes that the digital camera user had selected to use with the
previous digital camera contexts) 335. A similar contexts test 330 determines
whether the current digital camera context 325 is sufficiently similar to one of the
previous digital cameracontexts) 335. If the current digital camera context 325 is
sufficiently similar to one of the previous digital camera contexts) 335, then a set
previously selected photography mode step 340 is used to set the digital camera
10 to operate in the corresponding previously selected photography mode.
Otherwise, a set default photography mode step 345 is executed, setting the digital
camera 10 to operate in adefault photography mode. In this way, the previous
user-selected photography mode is respected when the digital camera 10 is
powered up, but only if the digital camera context is sufficiently similar.

In some embodiments of the present invention, the power control
35 isapressure-sensitive button, or some other form of touch-sensitive surface.
There are avariety of different types of pressure-sensitive buttons. Some pressure-
sensitive buttons are spring-loaded mechanical buttons that depress to different
positions depending on the depress pressure. When the button is depressed with a
light pressure, the button depresses to afirst position and gives afirst signal (Sl);
and when the button is depressed with a heavy pressure, the button depresses to a
second position and gives a second signal (S2). Other types of pressure-sensitive
buttons use electronic pressure sensors which produce avariable electrical signal
according to the applied pressure. There are avariety of different electronic
pressure sensors known in the art, including piezoresistive pressure sensors,
piezoelectric pressure sensors, electromagnetic pressure sensors or capacitive
pressure sensors.

Digital cameras typically provide a variety of photography modes
that the user can select from according to the photography conditions and their
persona preferences. A wide variety of photography modes are known in the art.
Examples of typical photography modes include smart capture, portrait, sport,
landscape, close-up, sunset, backlight, children, bright, self-portrait, night portrait,
night landscape, high-1SO, panorama, color boost, grayscale, sepiatone, aperture
priority and shutter priority. Typically the photography mode can be selected

using interactive menus provided as part of the user controls 34. Often it may be
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necessary to navigate through severa levels of menus in order to select a
particular photography mode.
In apreferred embodiment, the default photography mode selected

by the set default photography mode step 345 is an automatic mode which is

5  designed to produce good results under awide variety of photography conditions.
Such automatic modes go by avariety of different names such as "auto mode,"
"default mode," "smart capture mode" or "program mode." Inthis automatic
mode, the digital camera 10 typically analyzes the photography conditions to
automatically determine various image capture settings such as the exposure

10 index, the lens F/#, the exposure time and the electronic flash setting, aswell as
other user settings 175, such as those discussed with reference to FIG. 2. In other
embodiments, some other photography mode can be used asthe default
photography mode. In some embodiments, the user can be alowed to designate a
preferred photography mode to be the default photography mode.

15 As an example of a scenario where the method of the present
invention is valuable, consider the case where a user is capturing images at a
soccer game, and has manually set the camera to operate in a sport photography
mode. The sport photography mode would generally choose appropriate image
capture settings to minimize the motion blur associated with moving subjects. The

20  user may then choose to power down the digital camera 10 to save the battery life
(or the digital camera 10 may automatically power itself down after a period of
inactivity). If the user then desires to resume capturing additional images &t the
soccer game, they would typically desire to power the camera back on directly
into the sport photography mode rather than the default photography mode in

25  order to save the trouble of navigating through the various user control menus to
select the appropriate photography mode. According to the method of the present
invention, this is done automatically at power on by comparing the current digital
camera context 325 with the previous digital camera context 335 when the sport
photography mode was previously selected. If the digital camera contexts are

30 sufficiently similar, the digital camera 10 is automatically returned to the
previously selected sport photography mode.
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As was discussed earlier, according to the method of the present
invention, the similar contexts test 330 compares the current digital camera
context 325 to one or more previous digital camera contexts 335. The previous
digital camera contexts 335 are recorded in a persistent memory, together with

5 indications of the corresponding user-selected photography mode.

In some embodiments, only a single previous digital camera
context 335 is stored corresponding to the most recent user-selected photography
mode.

In other embodiments, provision is made for storing aplurality of

10 previous digital camera contexts 335. For example, the previous digital camera
contexts 335 can be stored corresponding to the five most recent user-selected
photography modes. Alternately, the previous digital camera contexts and the
corresponding user-selected photography modes are stored for a predefined period
of time (e.g., 48 hours). Storing a plurality of digital camera contexts can provide

15 anumber of advantages, especialy with recurring events. For example, the sports
photography mode can be selected while at a soccer game, then the portrait mode
selected during a family party. When the camerais powered up again for another
soccer game, the current digital camera context can be determined to be similar to
the previous digital camera context associated with the sport photography mode

20  andthis mode can be automatically selected even though it was not the most
recent user-selected photography mode.

In some embodiments, the digital camera context and the
corresponding photography mode are stored at the time when a user selects a
particular photography mode as illustrated in FIG. 4. An interactive photography

25 mode selection process 400 is used by a user to select a photography mode 405.
The interactive photography mode selection process 400 can use any method
known in the art for selection of a photography mode using the user controls 34 of
the digital camera 10. For example, the user can select the photography mode 405
by navigating aseries of interactive menus, or by using a photography mode dial.

30 A set photography mode step 410 is used to set the digital camera 10to operate in
the selected photography mode 405. A determine current digital camera context
step 415 isthen used to determine a current digital camera context 420. An
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indication of the photography mode 405 and the current digital camera context
420 are then stored in a persistent memory using arecord photography mode and
current digital camera context step 425. In some implementations, the current
digital camera context 420 is stored only a the time that the user first selects the
photography mode. In other implementations, the current digital camera context
420 is updated and stored every time adigital image is captured using the user-
selected photography mode. In this case, the stored current digital camera context
420 will correspond to the most recent image capture. When the digital camera
context information includes atime/date factor, this approach may be preferable to
ensure that the stored previous digital camera context 335 is most relevant for
comparison with the current digital camera context 325 using the similar contexts
test 330.

In some embodiments, the digital camera context and the
corresponding user-selected photography mode are updated and stored at the time
that the digital camera 10 is powered off. In this case, the process of storing the
digital camera context and the corresponding photography mode can be
incorporated into the turn camera off step 310 (FIG. 3). Additiona details for a
version of the turn camera off step 310 adapted for this purpose are illustrated in
FIG. 5. When the process of turning the digital camera 10 to an OFF state is
initiated, a user selected photography modetest 505 determines whether or not the
current photography mode 500 was user-selected. If not, execution proceedsto a
power down camera step 510, which executes a power down procedure to put the
digital camera 10 into an OFF state. Otherwise, the determine current digital
camera context step 415 is used to determine the current digital camera context
420. An indication of the current photography mode 500 and the current digital
camera context 420 are then stored in a persistent memory using the record
photography mode and current digital camera context step 425. Finaly, the power
down camera step 510 is executed to complete the process of putting the digital
camera 10 into an OFF state. In some embodiments, only one digital camera
context is stored corresponding to the user-selected photography mode that was

active when the digital camera was most recently powered down. In other
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embodiments, multiple digital camera contexts can be stored as was discussed
above.

The process shown in FIG. 5 makes the assumption that the user
would only be concerned with returning to the previous photography mode if it is
one that was manually user-selected. In alternate embodiments, indications of the
current photography mode 500 and the current digital camera context 420 are then
stored in memory whether or not the current photography mode 500 was user-
selected.

It should be noted that the processes for storing the digital camera
context described in FIGS. 4 and 5 are not mutually exclusive. In some
embodiments, the photography mode and the digital camera context could be
recorded both when a photography mode is manually user-selected and also at the
time when the digital camera 10 is powered down. The digital camera context and
the photography mode could also be recorded at other times aswell. For example,
they could be recorded a fixed time intervals (e.g., every 10 minutes) during an
extended photography session, or they could be recorded if a substantial change in
the digital camera context is detected (e.g., a significant change in the lighting
level).

According to the present invention, the current digital camera
context 325 associated with a photography mode selection includes one or more
context factors characterizing the picture-taking environment. One skilled in the
art will recognize that there are many different context factors that can be useful
for characterizing the digital camera context. For example, useful context factors
would include atime/date factor, a camera location factor, a scene similarity
factor, a scene information factor, an audio similarity factor and a scheduled event
factor. Each of these types of factorswill be described in more detail below.

In some embodiments, the similar contexts test 330 (FIG. 3)
considers only one type of context factor (e.g., time/date) in order to determine
whether the current digital camera context 325 is sufficiently similar to one of
previous digital camera contexts 335. In other cases, the similar contexts test 330
uses a plurality of independent context factors (e.g., both the camera location as
well asthe time/date).
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In a preferred embodiment of the present invention, one context
factor that is used by the similar contexts test 330 is the time/date. Generally, if a
short length of time has transpired between the time that the digital camera 10 was
operated in the previous photography mode and the current time, then it is

5  reasonable to assume that the user would desire to return to the previously
selected photography mode. For example, if the digital camera 10 was powered
down for 5 minutes, the probability is high that the photography environment
would be similar to the previous photography environment, and therefore that it
would be appropriate to set the digital camera 10 to operate in the previously

10 selected photography mode.

According to one embodiment of the present invention, the similar
contexts test 330 determines that the current digital camera context 325 is
sufficiently similar to a previous digital camera context 335 by determining atime
interval between the current time/date and the time/date associated with the

15 previous digital camera context and comparing it to a predetermined threshold
(e.g., one hour). If the time interva is lessthan the predetermined threshold, then
the digital camera 10 is set to operate in the previously selected photography
mode, otherwise it is set to operate in the default photography mode.

In some embodiments, the similar contexts test 330 considers a

20  cameralocation factor in the process of comparing the digital camera contexts. In
this case, the digital camera context includes a camera location value. If a distance
between cameralocations is less than a predetermined threshold (e.g., 100
meters), then the digital camera can be set to operate in the previously selected
photography mode. In some implementations, the cameralocation is a geographic

25 location (e.g., longitude and latitude) determined using aglobal positioning
system (GPS) sensor. In aternate implementations, the camera location is a
relative location determined using an inertial sensing system including one or
more accelerometers or gyroscopes. While such inertial sensing systems can not
determine an absolute geographic location (unless they are provided with aknown

30 reference location), they can be used to effectively determine distances between

two locations.
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In some embodiments, the scene itself, as sensed by the image
sensor 14 (FIG. 1), can also be used to provide context information. If acurrently
sensed scene is sufficiently similar to a previously captured scene, then this can
provide avaluable clue that the digital camerais being operated in a similar image
capture environment. For example, consider the case where the user was
previously capturing images of a soccer game and then powered down the digital
camera. When the user powersthe digital camera back on and captures a preview
image of the current scene, if the user is still a the soccer game then the currently
sensed image will generally have avery similar appearance to the previously
captured scene.

To provide the scene context information for the previously
captured scene, a context image, preferably of low resolution, such asthe same
size as apreview image or smaller, can be stored as part of the previous digital
camera context 335 and can be compared with a currently sensed context image,
generated from a currently sensed preview image. In some embodiments, a
captured full-resolution digital image that was captured using the previous user-
selected photography mode can be used to provide the scene context information.

Any method for assessing image similarity known in the art can be
used to assess the similarity between the sensed scenes. In some embodiments,
scene similarity can be assessed by determining a difference image between the
currently sensed scene and apreviously captured scene. If the average difference
signal is less than a predetermined threshold, then the digital camera contexts can
be designated as being similar.

Directly comparing the previously captured scene to the currently
sensed scene will often show differences dueto differences in the camera
orientation or changes in the scene content To improve the scene comparison,
some embodiments can use motion compensation to compensate for small
differences in the camera orientation before computing the difference image
signal.

Because image differences, even with motion compensation, will
often be significant even with subtle scene changes, it will generally be preferable

to utilize more sophisticated image similarity algorithms to assess scene
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similarity. Such agorithms typically assess scene similarity by analyzing the
scene to determine feature vectors representing various scene attributes (e.g., color
histograms, scene texture features and scene motion features). An example of an
algorithm that can be used to determine a scene similarity value according to the

§  present invention isthe scale-invariant features (SIFT) algorithm described by
Lowe in the article "Distinctive image features from scale invariant keypoints"
(Intl. Journal of Computer Vision, Vol. 60, pp. 91-1 10, 2004), which is
incorporated herein by reference.

In other embodiments, a semantic scene classification agorithm

10 can be used to analyze the sensed scene and classify it into one of a set of
predetermined scene classification categories. For example, the scenes can be
classified according to scene type (e.g., beach, sunset), event type (e.g., birthday,
wedding), location (e.g., museum, playground) or object type (e.g., animal, boat).
One such classification agorithm that can be used in accordance with the present

15  invention is disclosed in commonly-assigned, co-pending U.S. Patent Application
Publication 2009/0297032, to Loui et al., entitled "Semantic event detection for
digital content records,". A current digital camera context 325 can be designated
to be similar to a previous digital camera context 335 if it is classified according
to the same classification category.

20 In some embodiments, the similar contexts test 330 assesses digital
camera context similarity by considering one or more scene information factors
related to sensed information about the scene. For example, the sensed scene
information can include a scene brightaess level, a scene color balance and a focus
distance. If the currently sensed scene has asimilar brightaess level, asimilar

25  color balance, and a similar focus distance to the previously sensed scene, it can
be inferred that the current digital camera context is similar to the previous digital
camera context. In some embodiments, a scene brightness difference, a scene
color balance difference and a scene focus distance difference are determined. A
total difference isthen determined by performing aweighted sum of these

30  difference values. If thetotal difference islessthan a predetermined threshold,
then the current digital camera context 325 can be designated to be sufficiently

similar to the previous digital camera context. In other embodiments, only a subset
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of these scene information attributes are considered, or aternately other pieces of
information can be included.

Audio signals associated with an image-capture environment can
provide important clues about the digital camera context. For example, beach

5  scenes, or sporting event scenes or birthday party scenes are typically associated
with very different sound characteristics. In some embodiments, the similar
contexts test 330 assesses digital camera context similarity by considering an
audio similarity factor. Any techniques known in the art for comparing audio
signals can be used to assess a similarity of the digital camera context. Such

10 techniques often involve computing frequency spectrum representations of the
audio signals and computing differences between the frequency spectrums. In
some embodiments, frequency spectrum associated with the previous digital
camera contexts are determined and are stored as part of the digital camera
context representation. The frequency spectrum of an audio signal captured inthe
15  current environment can then be determined for comparison.

Another type of factor that can be considered by the similar
contexts test 330 is a scheduled event factor. Scheduled event factors are useful
for digital cameras 10 that have accessto an event calendar used to store
scheduled events associated with the digital camera user. In some embodiments,

20  theevent calendar can be stored locally within the digital camera 10. Thisis
commonly the case for applications such as smart phones, PDAS or laptop
computers that include digital cameras. In other embodiments, the digital camera
10 can access an externally stored event calendar through a communications
network, either wired or wireless. As described in commonly assigned U.S. Patent

25  Application Publication 2007/0008321 entitled "ldentifying collection images
with special events' to Gallagher et al., an event calendar can be used to associate
digital images with events on an event calendar.

In some embodiments, the current digital camera context 325 is
determined to be sufficiently similar to the previous digital camera context 335 if

30 both the current time/date and atime/date associated with the previous digital
camera context fall within atime interval associated with a stored scheduled

event. For example, if the event calendar shows a soccer game being scheduled
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between 6-8 PM on aparticular date, and if both digital camera contexts have
time/dates that fall within this range, then it can be inferred that they have similar
digital camera contexts. Therefore, if a user-selected sport photography mode was
associated with the previous digital camera context, the same photography mode
can be automatically selected.

In some implementations, the digital camera context can be
designated to be sufficiently similar to one of the stored previous digital camera
contexts if the current time/date corresponds to a current scheduled event on the
event calendar that is of a same event type as a scheduled event corresponding to a
time/date associated with one of the stored previous digital camera contexts. For
example, if aprevious digital camera context is associated with atime/date
corresponding to a soccer game, and the current time/date also correspondsto a
soccer game, then the same photography mode can be automatically selected.

In some cases, an event type can be associated with a previously
captured digital image, or set of digital images. The associated event type can then
be associated with the digital camera context. The event type can be determined
using an event calendar, or aternatively can be manually user-designated or can
be determined by automatically analyzing the captured digital images. In some
cases, it may be possible to infer an event type from the user-selected photography
mode (e.g., if asport photography mode is selected, it can be assumed that the
digital camerais being used to photograph a sporting event). In such cases, the
digital camera context can be designated to be sufficiently similar to a previous
digital camera context if the current time/date corresponds to a current scheduled
event that is of a same event type as the event type associated with the previous

digital camera context.

Asmentioned earlier, the similar contexts test 330 can be based on
asingle context factor (e.g., atime/date factor), or alternately can consider a
plurality of context factors. In such cases, the plurality of context factors can be
combined using any method known in the art to determine acombined context
similarity value that is representative of the differences between the current digital

camera context and the previous digital camera context. In some embodiments,
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factor similarity values can be determined for a plurality of different context
factors (e.g., atime/date similarity value and a location similarity value). The
factor similarity values can then be combined using an appropriate mathematical
relationship to determine the combined context similarity value. For example, the

5  combined context similarity value can be computed using aweighted summation
of the individual factor similarity values. Alternately, the combined context
similarity value can be determined based on the individual factor similarity value
indicating the highest degree of similarity. In thisway, the digital camera contexts
would be indicated to be similar if the time/date is similar or the location is

10 similar, even if both the time/date and location attributes are not similar.
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2 flash
4 lens
6 adjixstable aperture and adjustable shutter
8 zoom and focus motor drives
10 digital camera
12 timing generator
14 image sensor
16 ASP and A/D Converter
18 buffer memory
20 processor
22 audio codec
24 microphone
26 speaker
28 firmware memory
30 image memory
32 image display
34 user controls
35 power control
36 display memory
38 wired interface
40 computer
44 video interface
46 video display
48 interface/recharger
50 wireless modem
52 radio frequency band
58 wireless network
70 Internet
72 photo service provider
90 white balance setting
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white balance step

color sensor data

noise reduction step

ISO setting

demosaicing step

resolution mode setting

color correction step

color mode setting

tone scale correction step

contrast setting

image sharpening step

sharpening setting

image compression step
compression mode setting

file formatting step

metadata

user settings

digital imagefile

camera settings

detect power control activation step
power on test '

turn camera off step

turn camera on step

determine current digital camera context step
current digital camera context
similar contexts test

previous digital camera contexts
set previously selected photography mode step
set default photography mode step
interactive photography mode selection process step
photography mode

set photography mode step

PCT/US2011/044462



WO 2012/018517 PCT/US2011/044462
30

410  set photography mode step

415  determine current digital cameracontext step

420  current digital camera context

425  record photography mode and current digital camera context step
500  current photography mode

505  user selected photography mode test

510  power down camerastep
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CLAIMS:

i A digital camera having aplurality of photography modes,
comprising:

an image sensor;

an optical system for imaging a scene onto the image sensor;

an image capture control for initiating an image capture operation;

a photography mode user interface for enabling a user to select
between aplurality of photography modes, the photography modes having
associated image capture and image processing settings;

amemory for storing captured digital images, and for storing one
or more previous digital camera contexts and corresponding user-sel ected
photography modes; and

apower control for powering up or powering down the digital
camera;

wherein when the power control is activated to power up the digital
camera, adigital camera context is determined and compared to the stored one or
more previous digital camera contexts, and if the digital camera context is
determined to be sufficiently similar to one of the stored previous digital camera
contexts, the digital camera is set to operate in the corresponding user-selected
photography mode, otherwise the digital camerais set to operate in adefault
photography mode.

2. The digital camera of claim 1wherein the memory stores
only one previous digital camera context and a corresponding user-selected
photography mode corresponding to the user-selected photography mode that was

active when the digital camerawas most recently powered down.

3. Thedigital cameraof claim 1wherein the user-sel ected
photography mode and the current digital camera context are stored in the

memory at the time that the user selects the user-selected photography mode.
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4, The digital camera of claim 1wherein the user-sel ected
photography mode and the current digital camera context are stored in the

memory when a substantial change in the digital camera context is detected.

5 5. The digital camera of claim 1wherein the user-selected
photography mode and the current digital camera context are stored in the

memory at predefined time intervals.

6. The digital cameraof claim 1wherein the memory stores a
10  plurality of previous digital camera contexts and corresponding user-sel ected

photography modes.

7. The digital camera of claim 1wherein the digital camera
context includes atime/date, and wherein the digital camera context is determined
15 tobesufficiently similar tothe most-recently stored digital camera context if a
time interval between the associated time/date values i s less than a predetermined
threshold.

8. The digital camera of claim 1wherein the digital camera
20  context includes a cameralocation, and wherein the digital camera context is
determined to be sufficiently similar to one of the stored previous digital camera
contexts if a distance between the cameralocations is less than a predetermined
threshold.

25 0. The digital camera of claim 8 wherein the camera location

is a geographic location determined using a global positioning system sensor.

10. Thedigital cameraof claim 8 wherein the camera location
isarelative camera location determined using an inertial sensing system including

30  oneor more accelerometers or gyroscopes.
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11.  Thedigital cameraof claim 1wherein the digital camera
context is determined to be sufficiently similar to one of the stored previous
digital camera contexts if acurrently sensed sceneis sufficiently similar to a

previously captured scene.

12. Thedigita cameraof clam 11wherein the previously

captured scene is a stored digital image.

13. The digital cameraof claim 11wherein the previously
10 captured scene is represented as a set of features related to a previously captured
digital image.

14.  Thedigita cameraof claim 1 1wherein a scene
classification algorithm is used to analyze the sensed scenes to determine one or
15  more scene classification categories, and wherein the previously captured scene
and the currently sensed scene are determined to be sufficiently similar if they are

classified in the same scene classification category.

15.  Thedigital cameraof claim 1wherein the digital camera
20 context is determined to be sufficiently similar to one of the stored previous
digital camera contexts if sensed information about the scene is sufficiently

similar to sensed information about apreviously captured scene.

16.  Thedigita cameraof claim 15 wherein the sensed
25 information about the scene includes a scene brightness level, a scene color

balance or afocus distance.

17. The digital camera of claim 1wherein the digital camera
further includes a microphone for capturing audio signals, and wherein the digital
30  camera context is determined to be sufficiently similar to one of the stored
previous digital camera contexts if acurrent audio signal is sufficiently similar to

apreviously captured audio signal.
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18. Thedigita cameraof claim 1wherein the digital camera
has access to an event calendar for storing scheduled events associated with the
digital camera user, and wherein the digital camera context is determined to be

5  sufficiently similar to one of the stored previous digital camera contexts

responsive to scheduled events stored on the event calendar.

19. The digital camera of claim 18 wherein the digital camera
context is determined to be sufficiently similar to the previous digital camera
10 context if both the current time/date and a time/date associated with the previous
digital camera context fatl within atime interval associated with a stored
scheduled event.

20. The digital camera of claim 18 wherein the digital camera
15  context is determined to be sufficiently similar to one of the stored previous
digital camera contexts if the current time/date correspondsto a current scheduled
event that is of a same event type as a scheduled event corresponding to a

time/date associated with one of the stored previous digital camera contexts.

20 21.  Thedigital cameraof claim 18 wherein the digital camera
context includes an associated event type, and wherein digital camera context is
determined to be sufficiently similar to one of the stored previous digital camera
contexts if the current time/date correspondsto a current scheduled event that is of
a same event type as one of the stored previous digital camera contexts.

25

22, Thedigital camera of claim 1wherein the digital camera
context is determined to be sufficiently similar to one of the stored previous

digital camera contexts by considering a plurality of context factors.
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15

20

35

23.  Thedigital cameraof claim 22 wherein the context factors
include two or more of atime/date factor, alocation factor, a scene similarity
factor, a scene information factor, a audio similarity factor, or a scheduled event

factor.

24, The digital cameraof claim 1wherein the power control is

apower button.

25. The digital cameraof claim 24 wherein the power button is

amechanical power button.

26. The digital cameraof claim 24 wherein the power button is

atouch sensitive surface.

27. The digital camera of claim 1further including:

adata processing system;

aprogram memory system communicatively connected to the data
processing system and storing instructions configured to cause the data processing
system to:

capture adigital image with the image sensor in response to an
activation of the image capture control; and

process the captured digital image according to the selected
photography mode.

PCT/US2011/044462
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