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FIG. 1

more settings are adjusted based on an indication of motion detected using
at least one measurement performed by a sensor device. The apparatus fur-
ther includes a processing device configured to execute a camera applica-
tion to initialize the camera after adjustment of the one or more settings.
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SENSOR-BASED CAMERA INITIALIZATION

CLAIM OF PRIORITY

[0001] The present application claims priority from U.S. Application No. 14/815,517,
filed July 31, 2015, entitled “SENSOR-BASED CAMERA INITIALIZATION,” the

content of which is incorporated by reference in its entirety.

[0002] This disclosure is generally related to electronic devices and more particularly to

electronic devices that include a camera.
L Description of Related Art

[0003] Electronic devices may include cameras to enable users to capture images. For
example, a mobile device may include a camera, and the mobile device may execute a
camera application to enable a user to control the camera (e.g., by displaying a graphical
interface with which the user may control the camera). The mobile device may
deactivate the camera and the camera application while no images are being captured in

order to reduce power consumption of the mobile device.

[0004] In some circumstances, initialization of the camera and the camera application
(e.g., “waking” up the camera and loading the camera application from memory) may
consume time, costing the user the opportunity to capture an image of a scene of interest
or an interesting event. For example, initializing the camera may include calibrating
one or more of a focus of the camera, an exposure compensation of the camera, or a
white balance of the camera. After the camera is initialized, a target object may have

moved out of focus (resulting in a blurry image) or an event of interest may have ended.
y/A Summary

[0005] In a particular example, an apparatus includes an initializer configured to adjust
one or more settings of a camera prior to initialization of the camera. The one or more
settings are adjusted based on an indication of motion detected using at least one

measurement performed by a sensor device. The apparatus further includes a
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processing device configured to execute a camera application to initialize the camera

after adjustment of the one or more settings.

[0006] In another example, a method includes generating an indication of motion
associated with an electronic device prior to initializing a camera application of a
camera of the electronic device. The method further includes performing at least one
measurement using one or more sensors of the electronic device. The one or more
sensors include one or more of a depth sensor, an illuminance sensor, or a spectral
sensor. The at least one measurement is performed based on the indication. The
method further includes adjusting one or more settings of the camera based on the at
least one measurement and initializing the camera application after adjusting the one or

more settings.

[0007] In another example, an apparatus includes means for generating, prior to
initializing a camera application of a camera of an electronic device, an indication of
motion associated with the electronic device. The apparatus further includes means for
performing, based on the indication and prior to initializing the camera application, one
or more measurements. The one or more measurements include one or more of a depth
measurement, an illuminance measurement, or a spectral measurement. The apparatus
further includes means for adjusting one or more settings of the camera based on the one
or more measurements prior to initializing the camera application and means for

initializing the camera application after adjustment of the one or more settings.

[0008] In another example, a computer-readable medium stores instructions executable
by a processor to perform operations. The operations include adjusting one or more
settings of a camera of an electronic device prior to initialization of the camera. The
one or more settings are adjusted based on an indication of motion of the electronic
device. The operations further include executing a camera application to initialize the

camera after adjustment of the one or more settings.
III.  Brief Description of the Drawings

[0009] FIG. 1 is a block diagram of an illustrative example of an electronic device that

is configured to perform sensor-based camera initialization.
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[0010] FIG. 2 is a flow chart that illustrates an example of a method of operation of an

electronic device, such as the electronic device of FIG. 1.

[0011] FIG. 3 is a block diagram of an illustrative example an electronic device that is

configured to perform sensor-based camera initialization.
1V.  Detailed Description

[0012] FIG. 1 illustrates an electronic device 100. For example, the electronic device
100 may correspond to or be integrated within a mobile device (e.g., a cellular
telephone) or a wearable device (e.g., a personal camera, a head mounted display, or a

watch), or another electronic device, as illustrative examples.

[0013] The electronic device 100 may include an initializer 102, a camera 104, a
processing device 106, a memory 108, and a sensor device 110. The sensor device 110
may include one or more sensors (e.g., a sensor array). For example, the sensor device
110 may include one or more of a depth sensor 112, an illuminance sensor 114, or a

spectral sensor 116.

[0014] The sensor device 110 may further include one or more motion sensors 118. For
example, the one or more motion sensors 118 may include one or more of a gyroscopic
sensor configured to detect one or more of an orientation or a rotation of the electronic
device 100, an accelerometer configured to measure an acceleration of the electronic
device 100, alaser configured to generate an EM signal and/or a receiver configured to
detect a reflection of the EM signal, a time-of-flight sensor (e.g., a lidar-based sensor),
or arange finder (e.g., a device configured to measure a distance from the electronic

device to a target object).

[0015] The camera 104 may include one or more image sensors. For example, the
camera 104 may include one or more of a charge-coupled device (CCD) image sensor
or a complementary metal-oxide-semiconductor (CMOS) image sensor. Further,
although FIG. 1 illustrates a single camera for convenience of description, it should be
appreciated that the electronic device 100 may include multiple cameras, and each
camera may include a plurality of image sensors (e.g., an image sensor array). In some

implementations, a camera may function as a sensor of the sensor device 110. For
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example, in a multi-camera implementation, a camera (e.g., the camera 104) may be
configured to pre-initialize one or more other cameras of the electronic device 100. As
an illustrative example, the camera 104 may function as a front camera (e.g., a lower
power camera) that is configured to pre-initialize a rear camera (e.g., a higher power
camera) of the electronic device 100 in response to the camera 104 detecting motion of

the electronic device 100.

[0016] The processing device 106 may include a central processing unit (CPU) or a
controller (e.g., a camera controller or microcontroller configured to control operations
of the camera 104), as illustrative examples. Depending on the particular
implementation, the initializer 102 may include hardware, instructions executable by a

processor (e.g., by the processing device 106), or a combination thereof.

[0017] During operation, the camera 104 may capture images, such as in response to
input received from a user of the electronic device 100. For example, operations of the
camera 104 may be controlled by the processing device 106 by executing a camera
application 120 retrieved from the memory 108. To further illustrate, the camera 104
may operate using one or more of an autofocus (AF) function, an auto-exposure control
(AEC) function, or an automatic white balance (AWB) function. In this example, the
camera application 120 may include one or more of AF instructions 142 executable by
the processing device 106 to control the AF function, AEC instructions 144 executable
by the processing device 106 to control the AEC function, or AWB instructions 146
executable by the processing device 106 to control the AWB function.

[0018] The electronic device 100 may initiate a camera standby mode (or sleep mode) if
no images are being captured using the camera 104 (e.g., in response to a threshold time
duration during which no images are captured using the camera 104, or as a default state
upon power up of the electronic device 100 or when a user exits the camera application
120). Initiation of the camera standby mode may include reducing power supplied to
the camera 104, deactivating the camera 104, ceasing to execute the camera application
120, or a combination thereof. The electronic device 100 may operate according to the
camera standby mode until the camera 104 is initialized or “woken” and the camera
application 120 is loaded from the memory 108 (e.g., in response to input received from

a user of the electronic device 100).
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[0019] During operation according to the camera standby mode, one or more of the
depth sensor 112, the illuminance sensor 114, or the spectral sensor 116 may be
configured to generate “rough” or approximate values used by the electronic device 100
to control the AF function, the AEC function, and the AWB function. For example, use
of “rough” or approximate values may enable the camera 104 to operate according to
the camera standby mode (to save power) while also facilitating fast initialization of the
camera 104 (because functions of the camera 104 may be “pre-configured” so that one

or more images may be captured prior to performing a “full” configuration process).

[0020] To further reduce power consumption of the electronic device 100, operation of
one or more of the depth sensor 112, the illuminance sensor 114, or the spectral sensor
116 may be controlled based on an amount of motion of the electronic device 100. For
example, if the electronic device 100 is relatively stationary (e.g., when the electronic
device 100 is at rest on a surface or contained in a pocket or purse of a user), then a user
is less likely to use the camera 104 to capture one or more images. In this case, one or
more of the depth sensor 112, the illuminance sensor 114, or the spectral sensor 116

may be operated using a “low resolution” mode of operation.

[0021] To further illustrate, the sensor device 110 may be configured to generate an
indication 124, such as an indication of an amount of motion of the electronic device
100 (e.g., an acceleration or a velocity) or an indication of whether the electronic device
100 is in motion or is stationary (e.g., a logic one value to indicate that motion is
detected or a logic zero value otherwise). For example, depending on the particular
implementation, the indication 124 may include a value (e.g., a current magnitude or a
voltage) associated with an analog or digital signal generated by the one or more motion
sensors 118. The indication 124 may indicate a low amount of motion, such as when
the electronic device 100 is relatively stationary with respect to an object (e.g., when the
electronic device 100 is at rest on a surface or contained in a pocket or purse of a user).
Alternatively, the indication 124 may indicate that the electronic device 100 is in motion
relative to an object (e.g., when a user of the electronic device 100 is positioning the
electronic device 100). Depending on the particular implementation, the indication 124
may be generated by the depth sensor 112, the illuminance sensor 114, or the spectral

sensor 116, or the one or more motion sensors 118.
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[0022] The sensor device 110 may be configured to control operation of one or more of
the depth sensor 112, the illuminance sensor 114, or the spectral sensor 116 based on
the indication 124. As an example, in some implementations, the electronic device 100
is configured to power down (e.g., deactivate) one or more of the depth sensor 112, the
illuminance sensor 114, or the spectral sensor 116 if the electronic device 100 is
relatively stationary. In this example, the depth sensor 112, the illuminance sensor 114,
or the spectral sensor 116 may remain powered down until the motion sensor 118
detects motion of the electronic device 100 or until occurrence of another event (e.g.,
receiving user input from a user of the electronic device 100). The electronic device
100 may be configured to power up one or more sensors of the sensor device 110 in
response to motion of the electronic device 100 (or in response to at least a threshold

amount of motion of the electronic device 100).

[0023] As another example, the sensor device 110 may be configured to adjust a duty
cycle (also referred to herein as “‘sampling rate™) associated with one or more of the
depth sensor 112, the illuminance sensor 114, or the spectral sensor 116 by increasing or
decreasing a number of samples per second. A duty cycle of any of the depth sensor
112, the illuminance sensor 114, or the spectral sensor 116 may be increased or
decreased in response to the one or more motion sensors 118 indicating motion or a
change of motion of the electronic device 100 (e.g., an increase in speed of the
electronic device 100). As anon-limiting illustrative example, a duty cycle of any of
the depth sensor 112, the illuminance sensor 114, or the spectral sensor 116 may be
reduced to approximately one sample per second (e.g., from two samples per second, or
from another sampling rate) in response to the amount of motion of the electronic
device 100 identified by the indication 124 failing to satisfy a threshold (e.g., in

response to a decrease in speed of the electronic device 100).

[0024] The sensor device 110 may be configured generate one or more values 126
based on the indication 124. For example, the sensor device 110 may perform at least
one measurement to generate the one or more values 126 using any of the depth sensor

112, the illuminance sensor 114, or the spectral sensor 116.

[0025] To illustrate, the one or more values 126 may include a depth parameter

measured by the depth sensor 112. The depth parameter may indicate a distance
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between the electronic device 100 and an object that is proximate to the electronic
device 100. For example, in some implementations, the depth sensor may include a
transceiver (or transmitter and receiver) configured to generate an electromagnetic (EM)
signal (e.g., an infrared signal, a laser signal, or another signal) and to receive a
reflection of the EM signal from an object that is proximate to the electronic device 100
(if any). In this example, the depth parameter may correspond to a time interval
between transmitting the EM signal and receiving the EM signal. As another example,
in some implementations, the depth sensor may include a transceiver (or transmitter and
receiver) configured to generate an acoustic signal (e.g., an ultrasonic signal, or another
signal) and to receive a reflection of the acoustic signal from an object that is proximate
to the electronic device 100 (if any). In this example, the depth parameter may
correspond to a time interval between transmitting the acoustic signal and receiving the

acoustic signal.

[0026] Alternatively or in addition, the one or more values 126 may include an
illuminance parameter measured by the illuminance sensor 114. The illuminance
parameter may indicate a magnitude of ambient light proximate to the electronic device
100. To illustrate, the illuminance sensor 114 may be configured to detect an amount
(e.g., magnitude) of EM radiation incident to the electronic device 100. In some
implementations, the illuminance sensor 114 may be configured to “weight”
wavelengths (or frequencies) associated with the amount of light based on a luminosity
function that represents certain human vision characteristics. For example, the
luminosity function may weight one or more wavelengths or ranges of wavelengths that
are perceivable by human vision (e.g., a wavelength of approximately 500 nanometers
(nm), which corresponds to a green color) more than one or more or more wavelengths
or ranges of wavelengths that are not perceivable by human vision (e.g., a wavelength of
approximately 200 nm, which corresponds to an ultraviolet characteristic). In this
example, the illuminance parameter may indicate an amount of EM radiation proximate
to the electronic device 100 that is perceivable by human vision. In other cases, the
illuminance sensor 114 may not be configured based on the luminosity function (e.g., in
order to capture information representing infrared wavelengths, ultraviolet wavelengths,

or one or more other wavelengths). In this example, the illuminance parameter may
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indicate a “total” amount of EM radiation proximate to the electronic device 100 (which

may include EM radiation that is not perceivable by human vision).

[0027] Alternatively or in addition, the one or more values 126 may include a spectral
parameter measured by the spectral sensor 116. The spectral parameter may indicate a
spectrum of ambient light proximate to the electronic device 100. To illustrate, the
spectral parameter may indicate a magnitude of each of a plurality of wavelengths (or
frequencies) or a plurality of ranges of wavelengths (or frequencies). In an illustrative
implementation, the spectral parameter may indicate an amount of EM radiation
associated with one or more of a violet range (e.g., approximately 380-450 nm), a blue
range (e.g., approximately 450-495 nm), a green range (e.g., approximately 495-570
nm), a yellow range (e.g., approximately 570-590 nm), an orange range (e.g.,
approximately 590-620 nm), and a red range (e.g., approximately 620-750 nm). In
some cases, the spectral parameter may indicate one or more other wavelengths or
ranges or wavelengths, such as an infrared range or an ultraviolet range. In some
implementations, the spectral sensor 116 may include an optical spectrometer
configured to generate data indicating intensity of EM radiation proximate to the
electronic device 100 as a function of wavelength (or frequency) of the EM radiation,

and the spectral parameter may include the data.

[0028] The electronic device 100 may adjust or “pre-configure” (prior to initializing the
camera application 120) one or more settings 128 of the camera 104 based on the one or
more values 126. For example, adjusting the one or more settings 128 may include at
least one of adjusting an AF setting (e.g., a lens position of a lens of the camera 104)
based on the depth parameter, adjusting an AEC setting (e.g., an amount of gain applied
to images captured using the camera 104) based on the illuminance parameter, or
adjusting an AWB setting (e.g., a color temperature associated with images captured
using the camera 104) based on the spectral parameter. In some cases, one or more of
the settings may be pre-configured using non-sensor information, such as by selecting a
daylight mode, a “cloudy” mode, or a fluorescent mode for the AWB setting based on
date and time information stored at the electronic device 100 or provided to the

electronic device 100 (e.g., by a cellular service provider, as an illustrative example).
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[0029] To further illustrate, pre-configuring the camera 104 may include adjusting a
lens focal position of a lens of the camera 104 based on a depth parameter indicated by
the one or more values 126. In this example, if an object is detected by the depth sensor
112 at a particular distance from the depth sensor 112, a value associated with the
indication 124 may correspond to the particular distance. The lens of the camera 104
may be adjusted based on the particular distance (prior to initialization of the camera
104 by executing the camera application 120). After initialization of the camera 104 by
executing the camera application 120, AF convergence may occur more rapidly
(because the lens position is “pre-adjusted”). Alternatively, when no object is detected
by the depth sensor 112, then one or more objects near the electronic device 100 (if any)
may be out of range of the depth sensor 112. In this case, the value of the indication
124 may indicate that no object is detected, and the lens of the camera 104 may be
adjusted to a particular position (e.g., a hyperfocal position) in case a user of the
electronic device 100 initiates capturing of an image of a distant object or scene. As an
example, a landmark may be out of range of the depth sensor 112. In this case, the lens
of the camera 104 may be adjusted to the hyperfocal position in case a user of the
electronic device 100 initiates capturing of an image of the landmark (to reduce a time
associated with the AF convergence process spent “searching” for a lens position). In
this example, the initializer 102 may include circuitry configured to receive the
indication 124 from the sensor device 110 and to generate one or more lens position

control signals to control the lens of the camera 104.

[0030] In certain implementations, the one or more values 126 include each of the depth
parameter, the illuminance parameter, and the spectral parameter. In this case, the
electronic device 100 is configured to perform a “3A” pre-adjustment process in which
each of the AF setting, the AEC setting, and the AWB setting are pre-adjusted prior to
initialization of the camera 104. In other implementations, use of one or more of the
parameters may be omitted in connection with pre-adjustment of the camera 104. For
example, AEC processing and/or AWB processing may be performed after image
capture (e.g., during post-processing of an image). To illustrate, in some cases, AEC
processing may be performed during post-processing (or may be performed “offline”)
using a post-processing gain adjustment process. In this example, use of the

illuminance sensor 114 and/or the spectral sensor 116 may be omitted during pre-
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adjustment operations of the electronic device 100. In some implementations, the
camera application 120 may enable rapid image capture (or a “quick start” feature). For
example, the camera application 120 may enable a user of the electronic device 100 to
capture images without loading a “full” camera application of the electronic device 100.
In other implementations, the camera application 120 may correspond to a “full” camera
application (e.g., a camera utility included in an operating system of the electronic
device 100). In some cases, the camera application 120 may be pre-initialized based on
input from the sensor device 110. For example, in some cases, the camera application
120 may be loaded in response to the sensor device 110 generating the indication 124

(e.g., prior to receiving user input to load the camera application 120).

[0031] After adjusting the one or more settings 128, the electronic device 100 may
initialize (or configure) the camera 104. For example, a user may provide an indication
to cause the electronic device 100 to activate the camera application 120 (e.g., by
pressing a hard key or a soft key of the electronic device 100, or by selecting an icon
associated with the camera application 120 using a touchscreen of the electronic device
100). Initializing the camera 104 may include retrieving the camera application 120
from the memory 108 after adjustment of the one or more settings 128 and executing the
camera application 120 by the processing device 106 (e.g., to initiate a 3A adjustment

process).

[0032] After activating the camera application 120 (and prior to completion of the 3A
adjustment process), the user may capture one or more images (e.g., a first image 132)
using the camera 104. When the camera application 120 is initialized, the one or more
settings 128 have been adjusted based on the one or more values 126 (e.g., before a
“full” 3A adjustment process is performed). Adjusting the one or more settings 128
using the one or more values 126 may enable pre-configuring of the camera 104 to
reduce latency at the electronic device 100 when activating the camera application 120
(as compared to “waiting” to adjust the settings 128 until the 3A adjustment process is

complete).

[0033] In some cases, the electronic device 100 may perform a “bracketing” (or “burst
mode™) process while capturing the first image 132. For example, in response to user

input indicating capture of a single image, multiple images may be captured using a
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range of settings 130 (e.g., in case one or more of the AF function, the AEC function, or
the AWB function are not “fully” calibrated prior to completion of the 3 A adjustment
process). To illustrate, if the user input causes the camera to capture the first image 132
based on a first value of the one or more values 126, the camera 104 may capture a
second image 134 using a second value (e.g., the first value plus a delta value) and may

capture a third image 136 using a third value (e.g., the first value minus the delta value).

[0034] To illustrate, a bracketing process may include using multiple lens focal
positions of the camera 104 to obtain multiple images associated with different foci. In
this case, the first image 132 may be captured using a first focal position of the camera
104, the second image 134 may be captured using a second focal position (e.g., the first
focal position plus a delta value), and the third image 136 may be captured using a third
focal position (e.g., the first focal position minus the delta value). Alternatively or in
addition, a bracketing process may include capturing multiple images (e.g., the images
132, 134, and 136) using a range of AEC settings of the camera 104, a range of AWB

settings of the camera 104, or a combination thereof.

[0035] A particular one of the images 132, 134, and 136 may be selected (e.g., in
connection with a post-processing operation). To illustrate, the first image 132 may be
selected as being the “best” image during post-processing of the images and/or based on
input from a user of the electronic device 100. In some cases, one or more of the
images 134, 136 may be discarded (e.g., deleted or flagged for deletion) in response to
selecting the first image 132.

[0036] It is noted that in some implementations, post-processing operations may include
performing AEC adjustment and/or performing AWB adjustment. In these
implementations, the one or more values 126 may correspond to depth parameters
generated by the depth sensor 112, and the one or more settings 128 may correspond to
settings for the AF function of the camera 104. In these implementations, one or more
of the illuminance sensor 114, the spectral sensor 116, or the one or more motion
sensors 118 may be omitted from the electronic device 100 or may not be used during

pre-adjustment operations.

[0037] Capturing one or more images (e.g., the first image 132) based on the one or

more values 126 may enable fast initialization of the camera 104 while also reducing



WO 2017/023415 PCT/US2016/036398

12 -

power consumption of the electronic device 100 (e.g., by enabling the camera 104 to
operate according to a camera standby mode while images are not being captured).
When the camera application 120 is initialized, the one or more settings 128 have been
adjusted based on the one or more values 126 (e.g., before a “full” 3A adjustment
process is performed). Adjusting the one or more settings 128 using the one or more
values 126 may enable pre-configuring of the camera 104 to reduce latency at the
electronic device 100 when activating the camera application 120 (as compared to
“waiting” to adjust the settings 128 until the 3A adjustment process is complete). Thus,
a user may be able to more quickly capture an image of a scene of interest. Further,
sensor power consumption may be controlled by determining a duty cycle of one or
more sensors of the sensor device 110 using an amount of motion of the electronic
device 100 (e.g., so that the sensor device 110 may be less active when images are less
likely to be captured, such as when the electronic device 100 is contained within a purse

or pocket of a user).

[0038] Referring to FIG. 2, a particular illustrative example of a method is depicted and
generally designated 200. The method may be performed at an electronic device (e.g.,

at the electronic device 100 of FIG. 1).

[0039] The method 200 may include generating an indication of motion associated with
an electronic device prior to initializing a camera application of a camera of the
electronic device, at 210. The motion may be detected using a first measurement
performed by a sensor device (e.g., the sensor device 110). For example, the indication
may correspond to the indication 124, and the camera application may correspond to the
camera application 120. The indication may be generated by a sensor of the sensor
device 110. For example, the indication may be generated using the one or more motion
sensors 118, which may include one or more of a gyroscopic sensor, an accelerometer, a
laser, a time-of-flight sensor, or a range finder, as illustrative examples. In another
implementation, the indication is generated using a depth sensor (e.g., the depth sensor
112), an illuminance sensor (e.g., the illuminance sensor 114), or a spectral sensor (e.g.,

the spectral sensor 116).

[0040] In some implementations, the method 200 includes initiating a low power mode

of operation based on the indication by deactivating the one or more sensors or by
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reducing a sample rate of the one or more sensors. Alternatively or in addition, the
method 200 may include terminating a low power mode of operation based on the
indication by activating the one or more sensors or by increasing a sample rate of the

one or more Sensors.

[0041] The method 200 may further include performing at least a second measurement
based on the indication using one or more sensors of the electronic device prior to
initializing the camera application, at 220. For example, the sensor device 110 of FIG. 1
may be configured to perform the second measurement (e.g., to generate the one or
more values 126). The one or more sensors may include one or more of a depth sensor
(e.g., the depth sensor 112), an illuminance sensor (e.g., the illuminance sensor 114), or

a spectral sensor (e.g., the spectral sensor 116).

[0042] In an illustrative implementation, the second measurement is performed based
on a duty cycle. In this case, the method 200 may further include adjusting the duty
cycle based on the indication (e.g., to increase or decrease a sampling rate based on the
indication). To illustrate, the duty cycle may be increased in response to the indication
specifying that the electronic device is in motion relative to an object, or the duty cycle
may be decreased in response to the indication specifying that the electronic device is

stationary.

[0043] The method 200 may further include adjusting one or more settings of the
camera based on the second measurement prior to initializing the camera application, at
230. For example, the one or more settings may correspond to the one or more settings
128. To illustrate, adjusting the one or more settings of the camera may include
adjusting an AF setting of the camera based on a depth parameter. In another
implementation, adjusting the one or more settings of the camera includes adjusting an
AEC setting of the camera based on an illuminance parameter. In another example,
adjusting the one or more settings of the camera includes adjusting an AWB setting of
the camera based on a spectral parameter. In another implementation, adjusting the one
or more settings of the camera includes one or more of adjusting the AF setting of the
camera based on the depth parameter, adjusting the AEC setting of the camera based on
the illuminance parameter, and adjusting the AWB setting of the camera based on the

spectral parameter.
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[0044] The method 200 may further include initializing the camera application after
adjusting the one or more settings, at 240. For example, initializing the camera
application may include configuring the camera application by loading the camera
application from a memory (e.g., the memory 108) of the electronic device to a
processor (e.g., the processing device 106) of the electronic device to launch the camera

application.

[0045] The method 200 may optionally include capturing a first image (e.g., the first
image 132) using the camera based on the adjusted one or more settings after initializing
the camera application and readjusting, after capturing the first image, the one or more
settings. The method 200 may also include capturing at least one second image (e.g.,
the second image 134, the third image 136, or a combination thereof) using the
readjusted one or more settings and selecting (or receiving a selection of) one of the first
image and the at least one second image. As an example, one of the images 132, 134,
and 136 may be selected, and the others of the images 132, 134, and 136 may be
discarded (e.g., deleted or flagged for deletion). In an illustrative implementation, the
one or more settings are readjusted in connection with a bracketing operation that
includes modifying a particular setting of the one or more settings to within a particular
range of settings (e.g., the range of settings 130), such as by modifying a focal position

within a range of focal positions, as an illustrative example.

[0046] In some implementations, the method 200 includes performing one or more
post-processing operations after capturing an image. For example, the one or more

post-processing operations include adjusting an AWB setting associated with the image.

[0047] The method 200 may enable an electronic device to perform fast camera
initialization while also enabling low power consumption of the electronic device. For
example, one or more sensors may be used to initialize a camera (enabling the camera to
remain in a low power or standby mode), and an amount of motion of the electronic
device may be used to control operation of the one or more sensors (e.g., by reducing a

duty cycle associated with the one or more sensors when the amount of motion is low).

[0048] FIG. 3 is a block diagram of an illustrative example of an electronic device 300
(e.g., the electronic device 100 of FIG. 1). For example, the electronic device 300 may

correspond to or be integrated within a mobile device (e.g., a cellular telephone) or a
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wearable device (e.g., a personal camera, a head mounted display, or a watch), or

another electronic device, as illustrative examples.

[0049] The electronic device 300 may include the processing device 106 of FIG. 1. For
example, the processing device 106 may include a CPU, a camera controller, another
processing device, or a combination thereof. In the example of FIG. 3, the processing
device 106 includes the initializer 102. For example, the initializer 102 may include
instructions executable by the processing device 106. Alternatively or in addition, the
initializer 102 may include one or more hardware components of the processing device
106. In one or more other implementations, the initializer 102 may be external to the
processing device 106. For example, the initializer 102 may include hardware and/or
instructions integrated within a camera controller or other device that is coupled to the

processing device 106.

[0050] The electronic device 300 may further include the memory 108. The memory
108 may include a non-transitory computer-readable medium that stores instructions
executable by the processing device 106. For example, the instructions may include
instructions of the camera application 120 of FIG. 1. A non-transitory computer-
readable medium may include a memory device, such as a random access memory
(RAM), magnetoresistive random access memory (MRAM), spin-torque transfer
MRAM (STT-MRAM), flash memory, read-only memory (ROM), programmable read-
only memory (PROM), erasable programmable read-only memory (EPROM),
electrically erasable programmable read-only memory (EEPROM), registers, hard disk,
a removable disk, a compact disc read-only memory (CD-ROM), another memory

device, or a combination thereof.

[0051] The electronic device 300 may further include a coder/decoder (CODEC) 334.
The CODEC 334 may be coupled to the processing device 106. The CODEC 334 may
be coupled to one or more of a speaker 336 or a microphone 338. The CODEC 334
may include a memory, such as a memory storing instructions executable by a

processing unit of the CODEC 334,

[0052] The electronic device 300 may also include a digital signal processor (DSP) 396.
The DSP 396 may be coupled to the processing device 106 and to the CODEC 334.
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The DSP 396 may execute instructions, such as instructions retrieved from the memory

108.

[0053] FIG. 3 also shows a display controller 326 that is coupled to the processing
device 106 and to a display 328. FIG. 3 also indicates that a wireless controller 340 can

be coupled to the processing device 106 and to an antenna 342.

[0054] In a particular example, the processing device 106, the display controller 326,
the memory 108, the CODEC 334, the wireless controller 340, and the DSP 396 are
included in a system-in-package or system-on-chip device 322. An input device 330,
such as a touchscreen and/or keypad, and a power supply 344 may be coupled to the
system-on-chip device 322. Moreover, as illustrated in FIG. 3, the display 328, the
input device 330, the speaker 336, the microphone 338, the antenna 342, and the power
supply 344 may be external to the system-on-chip device 322. However, each of the
display 328, the input device 330, the speaker 336, the microphone 338, the antenna
342, and the power supply 344 can be coupled to a component of the system-on-chip

device 322, such as to an interface or a controller.

[0055] An apparatus may include means (e.g., the one or more motion sensors 118) for
generating, prior to initializing a camera application (e.g., the camera application 120)
of a camera (e.g., the camera 104) of an electronic device (e.g., one or more of the
electronic device 100 or the electronic device 300), an indication (e.g., the indication
124) of motion associated with the electronic device. The apparatus further includes
means (e.g., one or more of the depth sensor 112, the illuminance sensor 114, or the
spectral sensor 116) for performing, based on the indication and prior to initializing the
camera application, one or more measurements. The one or more measurements include
one or more of a depth measurement, an illuminance measurement, or a spectral

measurement.

[0056] The apparatus further includes means for adjusting one or more settings (e.g., the
one or more settings 128) of the camera based on the one or more measurements prior to
initializing the camera application and means (e.g., the processing device 106) for
initializing the camera application after adjustment of the one or more settings. The
apparatus may further include a sensor device (e.g., the sensor device 110) configured to

determine a duty cycle based on the indication, and the one or more measurements may
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be performed based on the duty cycle. For example, the sensor device 110 may be
configured to increase the duty cycle in response to an indication that the electronic
device is in motion. As another example, the sensor device 110 may be configured to
decrease the duty cycle in response to an indication that the electronic device is
stationary. In an illustrative implementation, the apparatus further includes means for
storing (e.g., the memory 108) the camera application. The means for initializing the
camera application includes a processing device (e.g., the processing device 106)

configured to access the camera application from the means for storing,

[0057] A computer-readable medium (e.g., the memory 108) may store instructions
(e.g., instructions of the camera application 120) executable by a processor to perform
operations. The operations may include adjusting one or more settings (e.g., the one or
more settings 128) of a camera (e.g., the camera 104) of an electronic device (e.g., any
of the electronic devices 100, 300) prior to initialization of the camera. The one or more
settings are adjusted based on an indication of motion of the electronic device (e.g.,
based on the indication 124). The operations may further include executing a camera
application (e.g., the camera application 120) to initialize the camera after adjustment of

the one or more settings.

[0058] In the foregoing description, various functions and operations have been
described as being implemented or performed by certain components or modules. It is
noted that in some implementations, a function or operation described as being
implemented or performed by a particular component or module may instead be
implemented or performed using multiple components or modules. Moreover, in some
implementations, two or more components or modules described herein may be
integrated into a single component or module. One or more components or modules
described herein may be implemented using hardware (e.g., a field-programmable gate
array (FPGA) device, an application-specific integrated circuit (ASIC), a DSP, and/or a
controller, as illustrative examples), instructions executable by a processor, or any

combination thereof.

[0059] Those of skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and algorithm steps described in connection

with the aspects disclosed herein may be implemented as electronic hardware, computer
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software executed by a processing device such as a hardware processor, or combinations
of both. Various illustrative components, blocks, configurations, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or executable software depends upon the
particular application and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as causing a

departure from the scope of the disclosure.

[0060] One or more operations of a method or algorithm described herein may be
embodied directly in hardware, in a software module executed by a processor, or in a
combination of the two. A software module may reside in a memory device, such as
random access memory (RAM), magnetoresistive random access memory (MRAM),
spin-torque transfer MRAM (STT-MRAM), flash memory, read-only memory (ROM),
programmable read-only memory (PROM), erasable programmable read-only memory
(EPROM), electrically erasable programmable read-only memory (EEPROM), registers,
hard disk, a removable disk, or a compact disc read-only memory (CD-ROM). An
exemplary memory device is coupled to the processor such that the processor can read
information from, and write information to, the memory device. In the alterative, the
memory device may be integral to the processor. The processor and the storage medium
may reside in an ASIC. The ASIC may reside in a computing device or a user terminal.
In the alternative, the processor and the storage medium may reside as discrete

components in a computing device or a user terminal.

[0061] The previous description of the disclosed aspects is provided to enable a person
skilled in the art to make or use the disclosed aspects. Various modifications to these
aspects will be readily apparent to those skilled in the art, and the principles defined
herein may be applied to other aspects without departing from the scope of the
disclosure. Thus, the present disclosure is not intended to be limited to the aspects
shown herein but is to be accorded the widest scope possible consistent with the

principles and novel features as defined by the following claims.
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CLAIMS:

1. An apparatus comprising:

an initializer configured to adjust one or more settings of a camera prior to
initialization of the camera, the one or more settings adjusted based on an
indication of motion detected using one or more measurements
performed by a sensor device; and

a processing device configured to execute a camera application to initialize the

camera after adjustment of the one or more settings.

2. The apparatus of claim 1, further comprising the sensor device, wherein the
sensor device is configured to adjust a sample rate associated with one or more sensors

of the sensor device based on the indication.

3. The apparatus of claim 1, wherein the sensor device includes one or more of

a depth sensor, an illuminance sensor, or a spectral sensor.

4. The apparatus of claim 3, wherein one or more of the depth sensor, the

illuminance sensor, or the spectral sensor are configured to generate the indication.

5. The apparatus of claim 1, wherein the sensor device includes a motion sensor
configured to generate the indication, and wherein the motion sensor includes one or
more of a gyroscopic sensor, an accelerometer, a laser, a time-of-flight sensor, or a

range finder.

6. The apparatus of claim 1, further comprising a memory, wherein the
processing device is further configured to retrieve the camera application from the

memory after adjustment of the one or more settings to initialize the camera.
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7. A method of operation of an electronic device, the method comprising:
prior to initializing a camera application of a camera of an electronic device:
generating an indication of motion associated with the electronic device,
the motion detected using a first measurement performed by a
sensor device;
performing at least a second measurement using one or more sensors of
the electronic device, the one or more sensors including one or
more of a depth sensor, an illuminance sensor, or a spectral
sensor, wherein the second measurement is performed based on
the indication; and
based on the second measurement, adjusting one or more settings of the
camera; and

after adjusting the one or more settings, initializing the camera application.

8. The method of claim 7, wherein the second measurement is performed based

on a duty cycle, and further comprising adjusting the duty cycle based on the indication.

9. The method of claim 8, wherein the duty cycle is increased in response to the

indication specifying that the electronic device is in motion relative to an object.

10. The method of claim 8, wherein the duty cycle is decreased in response to

the indication specifying that the electronic device is stationary.

11. The method of claim 7, wherein the indication is generated using one or
more of a gyroscopic sensor, an accelerometer, a laser, a time-of-flight sensor, a range

finder, the depth sensor, the illuminance sensor, or the spectral sensor.

12. The method of claim 7, further comprising:

capturing a first image using the camera based on the adjusted one or more
settings after initializing the camera application;

after capturing the first image, readjusting the one or more settings;

capturing at least one second image using the readjusted one or more settings;
and

selecting one of the first image and the at least one second image.
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13. The method of claim 12, wherein the one or more settings are readjusted in
connection with a bracketing operation that includes modifying a particular setting of

the one or more settings to within a particular range of settings.

14. The method of claim 7, wherein adjusting the one or more settings of the
camera includes adjusting an autofocus (AF) setting of the camera based on a depth

parameter.

15. The method of claim 14, further comprising:

after initializing the camera application, capturing an image using the camera
based on the adjusted one or more settings; and

performing one or more post-processing operations after capturing the image,
wherein the one or more post-processing operations include adjusting an

auto-white balance (AWB) associated with the image.

16. The method of claim 7, wherein adjusting the one or more settings of the
camera includes adjusting an auto-exposure control (AEC) setting of the camera based

on an illuminance parameter.

17. The method of claim 7, wherein adjusting the one or more settings of the
camera includes adjusting an auto-white balance (AWB) setting of the camera based on

a spectral parameter.

18. The method of claim 7, wherein adjusting the one or more settings of the
camera includes one or more of adjusting an autofocus (AF) setting of the camera based
on a depth parameter, adjusting an auto-exposure control (AEC) setting of the camera
based on an illuminance parameter, or adjusting an auto-white balance (AWB) setting of

the camera based on a spectral parameter.

19. The method of claim 7, further comprising initiating a low power mode of
operation of the electronic device based on the indication by deactivating the one or

more sensors or by reducing a sample rate of the one or more sensors.
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20. The method of claim 7, further comprising terminating a low power mode of
operation of the electronic device based on the indication by activating the one or more

sensors or by increasing a sample rate of the one or more sensors.

21. The method of claim 7, wherein initializing the camera application includes
configuring the camera application by loading the camera application from a memory of
the electronic device to a processor of the electronic device to launch the camera

application.

22. An apparatus comprising:

means for generating, prior to initializing a camera application of a camera of an
electronic device, an indication of motion associated with the electronic
device;

means for performing, based on the indication and prior to initializing the
camera application, one or more measurements, the one or more
measurements including one or more of a depth measurement, an
illuminance measurement, or a spectral measurement;

means for adjusting one or more settings of the camera based on the one or more
measurements prior to initializing the camera application; and

means for initializing the camera application after adjustment of the one or more

settings.

23. The apparatus of claim 22, further comprising a sensor device configured to
determine a duty cycle based on the indication, wherein the one or more measurements

are performed based on the duty cycle.

24. The apparatus of claim 23, wherein the sensor device is configured to
increase the duty cycle in response to the indication indicating that the electronic device

1S 1In motion.

25. The apparatus of claim 23, wherein the sensor device is configured to
decrease the duty cycle in response to the indication indicating that the electronic device

is stationary.
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26. The apparatus of claim 22, further comprising means for storing the camera
application, wherein the means for initializing the camera application includes a
processing device configured to access the camera application from the means for

storing.

27. A computer-readable medium storing instructions executable by a processor
to perform operations comprising:
adjusting one or more settings of a camera of an electronic device prior to
initialization of the camera, the one or more settings adjusted based on an
indication of motion of the electronic device; and
after adjustment of the one or more settings, executing a camera application to

initialize the camera.

28. The computer-readable medium of claim 27, wherein the operations further
include loading the camera application from a memory of the electronic device to

launch the camera application.

29. The computer-readable medium of claim 27, wherein the operations further
include adjusting a duty cycle of one or more sensors of a sensor device based on an

indication of motion of the electronic device.

30. The computer-readable medium of claim 29, wherein either the duty cycle is
increased in response to the indication specifying that the electronic device is in motion
relative to an object or the duty cycle is decreased in response to the indication

specifying that the electronic device is stationary.
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