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Description

Title of Invention: ELECTRONIC DEVICE FOR STABILIZING

[1]

[2]

[3]

[4]

[5]

[6]

IMAGE AND METHOD FOR OPERATING SAME
Technical Field

The disclosure relates generally to an electronic device for providing an image
capture function and, more particularly to an electronic device for stabilizing an image

using a hand-shaking prevention technique and a method for operating the same.

Background Art

With the development of information communication and semiconductor tech-
nologies, various types of electronic devices have been developed into multimedia
devices that provide various multimedia services. Forexample, electronic devices
provide various multimedia services such as a messenger service, a broadcast service, a
wireless internet service, a camera service, and a music playback service. Electronic
devices include high pixel camera modules, and thus can take still images and moving
images and can provide distinctive pictures to which various photographic effects are
applied.

Recently, a hand-shaking correction function has been provided to prevent a problem
related to an afterimage occurring on a captured image due to a user's hand shaking or
an unintentional motion in the case where a user takes a photograph using an electronic
device. Video digital image stabilization or digital image stabilization may be used as a
hand-shaking correction scheme.

In general, such a video digital image stabilization scheme may correct shaking of a
plurality of images (or image frames) based on the motion of an input image (e.g.,
motion of a subject or a background) and the motion of an electronic device. For
example, the electronic device may correct shaking of the image by digital image stabi-
lization which determines a part of an input image (e.g., 90% of a region of an input
image) as an output region based on a margin region (e.g., a correction range) and
moves an output region within the input image in a direction opposite the motion of the
electronic device.

In addition, the performance of a stabilization scheme may be determined by the size
ratio of an output image to an input image. The size ratio may be the size of a margin
region obtained by subtracting the output image from the input image. For example,
the wider the margin region, the wider the motion range of the output region, which
means that correction for a large motion is possible.

However, the size of an image that can be obtained by an electronic device requiring

consideration of the portability is limited. For this reason, the digital image stabi-
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lization scheme of an electronic device may be suitable for correction for a small
motion but may cause a problem of outputting an unnatural image if the correction is
performed on a large motion

Disclosure of Invention

Solution to Problem

The present disclosure has been made to address the above-mentioned problems and
disadvantages, and to provide at least the advantages described below.

In accordance with an aspect of the disclosure, an electronic device is provided that
includes a camera; a motion sensor; a memory; and at least one processor. The at least
one processor may be configured to acquire motion information of the electronic
device from the motion sensor according to executing an image acquisition mode;
determine an image stabilization scheme, based on at least one part of the motion in-
formation; and perform a stabilization operation on at least one image acquired through
the camera based on the determined image stabilization scheme. The image stabi-
lization scheme may include a first stabilization scheme for correcting shaking of the at
least one image based on a first margin region and a second stabilization scheme for
correcting shaking of the at least one image based on a second margin region larger
than the first margin region.

In accordance with another aspect of the disclosure, an electronic device is provided
that includes a camera; a display; a memory; and at least one processor. The at least
one processor may be configured to output a user interface to select one of a first stabi-
lization scheme or a second stabilization scheme, according to executing an image ac-
quisition mode; select one of the first stabilization scheme or the second stabilization
scheme based on an input; and perform a stabilization operation on at least one image
acquired through the camera, based on the selected image stabilization scheme.

In accordance with another aspect of the disclosure, a method for operating an
electronic device includes acquiring motion information of the electronic device
according to executing an image acquisition mode; determining an image stabilization
scheme based on at least a part of the motion information; and performing a stabi-
lization operation on at least one image acquired through the camera, based on the de-
termined image stabilization scheme. The image stabilization scheme may include a
first stabilization scheme for correcting shaking of the at least one image based on a
first margin region; and a second stabilization scheme for correcting shaking of the at

least one image based on a second margin region larger than the first margin region.
Brief Description of Drawings
The above and other aspects, features, and advantages of certain embodiments of the

disclosure will be more apparent from the following description taken in conjunction
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with the accompanying drawings, in which:

FIG. 1 is a block diagram of an electronic device in a network environment,
according to an embodiment;

FIG. 2 is a block diagram showing a camera module, according to an embodiment;

FIG. 3A is a block diagram showing the configuration of an electronic device,
according to an embodiment;

FIG. 3B is a block diagram showing the configuration of a shaking correction unit,
according to an embodiment;

FIG. 4 is a flowchart of an image stabilization operation performed by an electronic
device, according to an embodiment;

FIG. 5A illustrates a stabilization scheme of an electronic device, according to an
embodiment;

FIG. 5B illustrates a stabilization scheme of an electronic device, according to an em-
bodiment;

FIG. 6A is a flowchart of an image stabilization scheme, according to an em-
bodiment;

FIG. 6B illustrates a situation in which an image stabilization scheme is guided by an
electronic device, according to an embodiment;

FIG. 6C is a flowchart describing an operation of determining an image stabilization
scheme by an electronic device, according to an embodiment;

FIG. 7 is a flowchart describing an image stabilization operation by an electronic
device, according to an embodiment;

FIG. 8 is a flowchart describing an operation of correcting rolling shutter distortion
by an electronic device, according to an embodiment;

FIG. 9A illustrates an operation of processing motion information detected by an
electronic device, according to an embodiment;

FIG. 9B illustrates an operation of processing motion information detected by an
electronic device, according to an embodiment;

FIG. 10 is a flowchart describing an operation of determining a stabilization path by
an electronic device, according to an embodiment;

FIG. 11A illustrates a parameter used to determine a stabilization path by an
electronic device, according to an embodiment;

FIG. 11B illustrates a parameter used to determine a stabilization path by an
electronic device, according to an embodiment;

FIG. 12 is a flowchart describing an operation of correcting at least one image by an
electronic device, according to according to an embodiment;

FIG. 13A illustrates a situation in which notification information corresponding to a

stabilization level is output by an electronic device, according to an embodiment;
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FIG. 13B illustrates a situation in which notification information corresponding to a

stabilization level is output by an electronic device, according to an embodiment;
FIG. 14 is a flowchart for performing an image stabilization operation by an

electronic device, according to an embodiment; and
FIG. 15 illustrates a situation in which a stabilization scheme selection guide is

provided by an electronic device, according to an embodiment.

Best Mode for Carrying out the Invention

Various embodiments of the present disclosure are described with reference to the
accompanying drawings. However, various embodiments of the present disclosure are
not limited to particular embodiments, and it should be understood that modifications,
equivalents, and/or alternatives of the embodiments described herein can be variously
made. With regard to description of drawings, similar components may be marked by
similar reference numerals.

Various embodiments of the disclosure are to provide a method and an apparatus
which correct shaking of a large motion as well as shaking of a small motion by an
electronic device.

FIG. 1 is a block diagram illustrating an electronic device 101 in a network en-
vironment 100 according to various embodiments. Referring to FIG. 1, the electronic
device 101 in the network environment 100 may communicate with an electronic
device 102 via a first network 198 (e.g., a short-range wireless communication
network), or an electronic device 104 or a server 108 via a second network 199 (e.g., a
long-range wireless communication network). According to an embodiment, the
electronic device 101 may communicate with the electronic device 104 via the server
108. According to an embodiment, the electronic device 101 may include a processor
120, memory 130, an input device 150, a sound output device 155, a display device
160, an audio module 170, a sensor module 176, an interface 177, a haptic module
179, a camera module 180, a power management module 188, a battery 189, a commu-
nication module 190, a subscriber identification module (SIM) 196, or an antenna
module 197. In some embodiments, at least one (e.g., the display device 160 or the
camera module 180) of the components may be omitted from the electronic device
101, or one or more other components may be added in the electronic device 101. In
some embodiments, some of the components may be implemented as single integrated
circuitry. For example, the sensor module 176 (e.g., a fingerprint sensor, an iris sensor,
or an illuminance sensor) may be implemented as embedded in the display device 160
(e.g., a display).

The processor 120 may execute, for example, software (e.g., a program 140) to

control at least one other component (e.g., a hardware or software component) of the
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electronic device 101 coupled with the processor 120, and may perform various data
processing or computation. According to one embodiment, as at least part of the data
processing or computation, the processor 120 may load a command or data received
from another component (e.g., the sensor module 176 or the communication module
190) in volatile memory 132, process the command or the data stored in the volatile
memory 132, and store resulting data in non-volatile memory 134. According to an
embodiment, the processor 120 may include a main processor 121 (e.g., a central
processing unit (CPU) or an application processor (AP)), and an auxiliary processor
123 (e.g., a graphics processing unit (GPU), an image signal processor (ISP), a sensor
hub processor, or a communication processor (CP)) that is operable independently
from, or in conjunction with, the main processor 121. Additionally or alternatively, the
auxiliary processor 123 may be adapted to consume less power than the main
processor 121, or to be specific to a specified function. The auxiliary processor 123
may be implemented as separate from, or as part of the main processor 121.

The auxiliary processor 123 may control at least some of functions or states related to
at least one component (e.g., the display device 160, the sensor module 176, or the
communication module 190) among the components of the electronic device 101,
instead of the main processor 121 while the main processor 121 is in an inactive (e.g.,
sleep) state, or together with the main processor 121 while the main processor 121 is in
an active state (e.g., executing an application). According to an embodiment, the
auxiliary processor 123 (e.g., an ISP or a CP) may be implemented as part of another
component (e.g., the camera module 180 or the communication module 190) func-
tionally related to the auxiliary processor 123.

The memory 130 may store various data used by at least one component (e.g., the
processor 120 or the sensor module 176) of the electronic device 101. The various data
may include, for example, software (e.g., the program 140) and input data or output
data for a command related thereto. The memory 130 may include the volatile memory
132 or the non-volatile memory 134.

The program 140 may be stored in the memory 130 as software, and may include, for
example, an operating system (OS) 142, middleware 144, or an application 146.

The input device 150 may receive a command or data to be used by another
component (e.g., the processor 120) of the electronic device 101, from the outside
(e.g., a user) of the electronic device 101. The input device 150 may include, for
example, a microphone, a mouse, a keyboard, or a digital pen (e.g., a stylus pen).

The sound output device 155 may output sound signals to the outside of the
electronic device 101. The sound output device 155 may include, for example, a
speaker or a receiver. The speaker may be used for general purposes, such as playing

multimedia or playing a record, and the receiver may be used for an incoming calls.
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According to an embodiment, the receiver may be implemented as separate from, or as
part of the speaker.

The display device 160 may visually provide information to the outside (e.g., a user)
of the electronic device 101. The display device 160 may include, for example, a
display, a hologram device, or a projector and control circuitry to control a corre-
sponding one of the display, hologram device, and projector. According to an em-
bodiment, the display device 160 may include touch circuitry adapted to detect a touch,
or sensor circuitry (e.g., a pressure sensor) adapted to measure the intensity of force
incurred by the touch.

The audio module 170 may convert a sound into an electrical signal and vice versa.
According to an embodiment, the audio module 170 may obtain the sound via the input
device 150, or output the sound via the sound output device 155 or a headphone of an
external electronic device (e.g., an electronic device 102) directly (e.g., wiredly) or
wirelessly coupled with the electronic device 101.

The sensor module 176 may detect an operational state (e.g., power or temperature)
of the electronic device 101 or an environmental state (e.g., a state of a user) external
to the electronic device 101, and then generate an electrical signal or data value corre-
sponding to the detected state. According to an embodiment, the sensor module 176
may include, for example, a gesture sensor, a gyro sensor, an atmospheric pressure
sensor, a magnetic sensor, an acceleration sensor, a grip sensor, a proximity sensor, a
color sensor, an infrared (IR) sensor, a biometric sensor, a temperature sensor, a
humidity sensor, or an illuminance sensor.

The interface 177 may support one or more specified protocols to be used for the
electronic device 101 to be coupled with the external electronic device (e.g., the
electronic device 102) directly (e.g., wiredly) or wirelessly. According to an em-
bodiment, the interface 177 may include, for example, a high definition multimedia
interface (HDMI), a universal serial bus (USB) interface, a secure digital (SD) card
interface, or an audio interface.

A connecting terminal 178 may include a connector via which the electronic device
101 may be physically connected with the external electronic device (e.g., the
electronic device 102). According to an embodiment, the connecting terminal 178 may
include, for example, an HDMI connector, a USB connector, an SD card connector, or
an audio connector (e.g., a headphone connector).

The haptic module 179 may convert an electrical signal into a mechanical stimulus
(e.g., a vibration or a movement) or electrical stimulus which may be recognized by a
user via his tactile sensation or kinesthetic sensation. According to an embodiment, the
haptic module 179 may include, for example, a motor, a piezoelectric element, or an

electric stimulator.
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The camera module 180 may capture a still image or moving images. According to
an embodiment, the camera module 180 may include one or more lenses, image
sensors, ISPs, or flashes.

The power management module 188 may manage power supplied to the electronic
device 101. According to one embodiment, the power management module 188 may
be implemented as at least part of, for example, a power management integrated circuit
(PMIC).

The battery 189 may supply power to at least one component of the electronic device
101. According to an embodiment, the battery 189 may include, for example, a
primary cell which is not rechargeable, a secondary cell which is rechargeable, or a
fuel cell.

The communication module 190 may support establishing a direct (e.g., wired) com-
munication channel or a wireless communication channel between the electronic
device 101 and the external electronic device (e.g., the electronic device 102, the
electronic device 104, or the server 108) and performing communication via the es-
tablished communication channel. The communication module 190 may include one or
more CPs that are operable independently from the processor 120 (e.g., the AP) and
supports a direct (e.g., wired) communication or a wireless communication. According
to an embodiment, the communication module 190 may include a wireless commu-
nication module 192 (e.g., a cellular communication module, a short-range wireless
communication module, or a global navigation satellite system (GNSS) commu-
nication module) or a wired communication module 194 (e.g., a local area network
(LAN) communication module or a power line communication (PLC) module). A cor-
responding one of these communication modules may communicate with the external
electronic device via the first network 198 (e.g., a short-range communication network,
such as Bluetooth™, wireless-fidelity (Wi-Fi) direct, or Infrared Data Association
(IrDA)) or the second network 199 (e.g., a long-range communication network, such as
a cellular network, the Internet, or a computer network (e.g., LAN or wide area
network (WAN)). These various types of communication modules may be im-
plemented as a single component (e.g., a single chip), or may be implemented as multi
components (e.g., multi chips) separate from each other. The wireless communication
module 192 may identify and authenticate the electronic device 101 in a commu-
nication network, such as the first network 198 or the second network 199, using
subscriber information (e.g., international mobile subscriber identity (IMSI)) stored in
the subscriber identification module 196.

The antenna module 197 may transmit or receive a signal or power to or from the
outside (e.g., the external electronic device) of the electronic device 101. According to

an embodiment, the antenna module 197 may include an antenna including a radiating
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element composed of a conductive material or a conductive pattern formed in or on a
substrate (e.g., PCB). According to an embodiment, the antenna module 197 may
include a plurality of antennas. In such a case, at least one antenna appropriate for a
communication scheme used in the communication network, such as the first network
198 or the second network 199, may be selected, for example, by the communication
module 190 (e.g., the wireless communication module 192) from the plurality of
antennas. The signal or the power may then be transmitted or received between the
communication module 190 and the external electronic device via the selected at least
one antenna. According to an embodiment, another component (e.g., a radio frequency
integrated circuit (RFIC)) other than the radiating element may be additionally formed
as part of the antenna module 197.

At least some of the above-described components may be coupled mutually and com-
municate signals (e.g., commands or data) therebetween via an inter-peripheral com-
munication scheme (e.g., a bus, general purpose input and output (GPI1O), serial pe-
ripheral interface (SPI), or mobile industry processor interface (MIPI)).

According to an embodiment, commands or data may be transmitted or received
between the electronic device 101 and the external electronic device 104 via the server
108 coupled with the second network 199. Each of the electronic devices 102 and 104
may be a device of a same type as, or a different type, from the electronic device 101.
According to an embodiment, all or some of the operations to be executed at the
electronic device 101 may be executed at one or more of the external electronic
devices 102, 104, or 108. For example, if the electronic device 101 should perform a
function or a service automatically, or in response to a request from a user or another
device, the electronic device 101, instead of, or in addition to, executing the function or
the service, may request the one or more external electronic devices to perform at least
part of the function or the service. The one or more external electronic devices
receiving the request may perform the at least part of the function or the service
requested, or an additional function or an additional service related to the request, and
transfer an outcome of the performing to the electronic device 101. The electronic
device 101 may provide the outcome, with or without further processing of the
outcome, as at least part of a reply to the request. To that end, a cloud computing, dis-
tributed computing, or client-server computing technology may be used, for example.

FIG. 2 is a block diagram 200 illustrating the camera module 180 according to
various embodiments. Referring to Fig. 2, the camera module 180 may include a lens
assembly 210, a flash 220, an image sensor 230, an image stabilizer 240, memory 250
(e.g., buffer memory), or an ISP 260. The lens assembly 210 may collect light emitted
or reflected from an object whose image is to be taken. The lens assembly 210 may

include one or more lenses. According to an embodiment, the camera module 180 may
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include a plurality of lens assemblies 210. In such a case, the camera module 180 may
form, for example, a dual camera, a 360-degree camera, or a spherical camera. Some
of the plurality of lens assemblies 210 may have the same lens attribute (e.g., view
angle, focal length, auto-focusing, f number, or optical zoom), or at least one lens
assembly may have one or more lens attributes different from those of another lens
assembly. The lens assembly 210 may include, for example, a wide-angle lens or a
telephoto lens.

The flash 220 may emit light that is used to reinforce light reflected from an object.
According to an embodiment, the flash 220 may include one or more light emitting
diodes (LEDs) (e.g., a red-green-blue (RGB) LED, a white LED, an infrared (IR) LED,
or an ultraviolet (UV) LED) or a xenon lamp. The image sensor 230 may obtain an
image corresponding to an object by converting light emitted or reflected from the
object and transmitted via the lens assembly 210 into an electrical signal. According to
an embodiment, the image sensor 230 may include one selected from image sensors
having different attributes, such as a RGB sensor, a black-and-white (BW) sensor, an
IR sensor, or a UV sensor, a plurality of image sensors having the same attribute, or a
plurality of image sensors having different attributes. Each image sensor included in
the image sensor 230 may be implemented using, for example, a charged coupled
device (CCD) sensor or a complementary metal oxide semiconductor (CMOS) sensor.

The image stabilizer 240 may move the image sensor 230 or at least one lens
included in the lens assembly 210 in a particular direction, or control an operational
attribute (e.g., adjust the read-out timing) of the image sensor 230 in response to the
movement of the camera module 180 or the electronic device 101 including the camera
module 180. This allows compensating for at least part of a negative effect (e.g., image
blurring) by the movement on an image being captured. According to an embodiment,
the image stabilizer 240 may sense such a movement by the camera module 180 or the
electronic device 101 using a gyro sensor (not shown) or an acceleration sensor (not
shown) disposed inside or outside the camera module 180. According to an em-
bodiment, the image stabilizer 240 may be implemented, for example, as an optical
image stabilizer.

The memory 250 may store, at least temporarily, at least part of an image obtained
via the image sensor 230 for a subsequent image processing task. For example, if
image capturing is delayed due to shutter lag or multiple images are quickly captured,
a raw image obtained (e.g., a Bayer-patterned image, a high-resolution image) may be
stored in the memory 250, and its corresponding copy image (e.g., a low-resolution
image) may be previewed via the display device 160. Thereafter, if a specified
condition is met (e.g., by a user's input or system command), at least part of the raw

image stored in the memory 250 may be obtained and processed, for example, by the
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ISP 260. According to an embodiment, the memory 250 may be configured as at least
part of the memory 130 or as a separate memory that is operated independently from
the memory 130.

The ISP 260 may perform one or more image processing with respect to an image
obtained via the image sensor 230 or an image stored in the memory 250. The one or
more image processing may include, for example, depth map generation, three-
dimensional (3D) modeling, panorama generation, feature point extraction, image syn-
thesizing, or image compensation (e.g., noise reduction, resolution adjustment,
brightness adjustment, blurring, sharpening, or softening). Additionally or alter-
natively, the ISP 260 may perform control (e.g., exposure time control or read-out
timing control) with respect to at least one (e.g., the image sensor 230) of the
components included in the camera module 180. An image processed by the ISP 260
may be stored back in the memory 250 for further processing, or may be provided to
an external component (e.g., the memory 130, the display device 160, the electronic
device 102, the electronic device 104, or the server 108) outside the camera module
180. According to an embodiment, the ISP 260 may be configured as at least part of
the processor 120, or as a separate processor that is operated independently from the
processor 120. If the ISP 260 is configured as a separate processor from the processor
120, at least one image processed by the ISP 260 may be displayed, by the processor
120, via the display device 160 as it is or after being further processed.

According to an embodiment, the electronic device 101 may include a plurality of
camera modules 180 having different attributes or functions. In such a case, at least
one of the plurality of camera modules 180 may form, for example, a wide-angle
camera and at least another of the plurality of camera modules180 may form a
telephoto camera. Similarly, at least one of the plurality of camera modules 180 may
form, for example, a front camera and at least another of the plurality of camera
modules180 may form a rear camera.

FIG. 3A is a block diagram 300 showing the configuration of an electronic device.
according to an embodiment.

Referring to FIG. 3A, the electronic device includes a first camera 310, a second
camera 320, a motion sensor 330, a processor 340, a display 350, and a memory 360.

A first camera 310 and a second camera 320 may be a camera module 180, and may
capture (or obtain) an image (e.g., a photo or a video) viewed through a lens. For
example, the first camera 310 and the second camera 320 may capture an image re-
spectively or simultaneously. The first camera 310 and the second camera 320 may
have different angles of view. For example, one of the first camera 310 or the second
camera 320 may have an angle of view wider than that of the other camera. If the

second camera 320 has an angle of view wider than that of the first camera 310, the
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second camera 320 may capture an image of a wide angle of view, which includes an
image captured by the first camera 310. At least a part of the images captured by the
first camera 310 and the second camera 320 may be output as a preview image through
a display 350 (e.g., a display device 160), or may be stored in a memory 130.

A motion sensor 330 (e.g., a sensor module 176) may detect motion of the electronic
device. The motion sensor 330 may detect motion of the electronic device while an
image is being acquired through at least one of the first camera 310 or the second
camera 320. For example, the motion sensor 330 may be activated if at least one of the
first camera 310 or the second camera 320 is operated. The motion sensor 330 may
include a gyro sensor (or a gyroscope). Additionally or alternatively, the motion sensor
330 may be configured with various sensors capable of detecting motion of the
electronic device, such as an acceleration sensor.

A processor 340 may control the overall operation of the electronic device. The
processor 340 may include an ISP 342 and a shaking correction unit 344. Additionally
or alternatively, the ISP 342 and the shaking correction unit 344 may be configured as
a separate processor that is operated independently of the processor 340.

The processor 340 may determine a stabilization scheme for performing an image
stabilization operation. As described later with reference to FIGS. 5A and 5B, the sta-
bilization scheme may include a first stabilization scheme 334 for correcting shaking
of an image based on a first margin region (e.g., a correction range), and a second sta-
bilization scheme for correcting shaking of an image based on a second margin region
larger than the first margin region. The margin region is a region in which shaking can
be corrected, and may be obtained by subtracting an output region from an input
image.

The processor 340 may determine one of the first stabilization scheme or the second
stabilization scheme as a scheme for performing an image stabilization operation in
response to detection of an image acquisition event (e.g., video capturing mode
execution). The processor 340 may operate such that the scheme for performing the
image stabilization operation is changed to another scheme (e.g., the second stabi-
lization scheme) while the image stabilization operation is being performed using one
of the first stabilization scheme or the second stabilization scheme. The stabilization
scheme may be determined based on motion information of the electronic device (or
image). Additionally or alternatively, the stabilization scheme may be selected based
on user input as described with reference to FIGS. 14 and 15. For example, the
processor 340 may determine a stabilization scheme by providing a stabilization
scheme selection guide and sensing an input for the stabilization scheme selection
guide.

The processor 340 may stabilize the at least one image acquired through the first
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camera 310 or the second camera 320, based on the determined stabilization scheme,
to correct shaking of the image. The processor 340 may perform the stabilization
operation by controlling the ISP 342 and the shaking correction unit 344.

The ISP 342 may perform at least a part of a stabilization operation on a plurality of
images acquired using the first camera 310 and the second camera 320. For example,
the ISP 342 may crop a region from a plurality of images (or a plurality of input
images) acquired using the first camera 310 and the second camera 320. A cropped
image (e.g., an output region of an input image) may be output as a preview image
through the display 350 or stored in the memory 360. For example, the size of the
output region may be designated in advance. The ISP 342 may secure a first margin
region by cropping a designated output region in an image of a first size, acquired
through the first camera 310. The output region may be determined based on at least
one of the specified number of pixels, a designated field of view, or a designated angle
of view. In addition, the ISP 342 may secure a second margin region larger than the
first margin region by cropping an output region having a designated size in an image
of a second size, acquired through the second camera 320. The margin region is a
region, in which shaking can be corrected, and may be a region obtained by subtracting
the output region from the input image.

The shaking correction unit 344 may perform a stabilization operation on the
plurality of images based on the first stabilization scheme. The first stabilization
scheme may be a scheme for correcting shaking of a plurality of images of a first size
acquired through the first camera 310. The image of the first size may include a first
margin region as described above. In an embodiment, the shaking correction unit 344
may adjust the position of an output region in an input image acquired through the first
camera 310 based on motion information on the acquired image. The motion in-
formation may include first motion information on the motion of a subject or a
background within the image, and second motion information on the motion of the
electronic device. The first motion information may be acquired based on a result of
comparing (e.g., comparing feature points) a plurality of images, and the second
motion information may be acquired based on the motion sensor 330 of the electronic
device. In addition, the first motion information and the second motion information
may include translation component information and rotation component information.
The translation component information may be information associated with translation
coordinates, and the rotation component information may be information associated
with an angle of rotation or inclination. For example, the shaking correction unit 344
may adjust the position of an output region of a current input image in the direction in
which a subject has moved (or in the direction opposite the direction in which the

electronic device has moved) in the output region of the current input image (e.g., an n
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«» Input image) acquired through the first camera 310 based on an output region of a
previously input image (e.g., a n-1y, input image) acquired through the first camera
310. For example, the shaking correction unit 344 may perform shaking correction,
that is, the image stabilization operation, by adjusting the position of the output region
in the first margin region of the input image having the first size.

The shaking correction unit 344 may perform a stabilization operation on a plurality
of images based on the second stabilization scheme. The second stabilization scheme
may be a scheme for correcting shaking of a plurality of images of a second size
acquired through the second camera 320. The image of the second size may include a
second margin region that is larger than the first margin region as described above.

The shaking correction unit 344 may adjust the position of an output region in an
input image acquired through the second camera 320 based on motion information on
the acquired image. For example, the shaking correction unit 344 may adjust the
position of an output region for a current input image in the direction in which a
subject has moved (or in the direction opposite the direction in which the electronic
device has moved) in the output region of the current input image (e.g., an ny, input
image) acquired through the second camera 320 based on an output region of a
previously input image (e.g., a n-1,, input image) acquired through the second camera
320. The shaking correction unit 344 may perform shaking correction, that is, the
image stabilization operation, by adjusting the position of the output region in the
second margin region, having a size larger than that of the first margin region.

The processor 340 may correct rolling shutter distortion of at least one image based
on motion information of the electronic device (or the image) while correcting shaking
of a plurality of images.

FIG. 3B is a block diagram 380 showing the configuration of a shaking correction
unit, according to an embodiment.

Referring to FIG. 3B, the shaking correction unit 344 may include a frequency ad-
justment unit 382, a stabilization path determination unit 384, and a stabilization
processing unit 386.

The frequency adjustment unit 382 may determine the frequency of detection of
motion information. The detection frequency may include the frequency of detection
by the motion sensor 330. The frequency adjustment unit 382 may detect motion in-
formation based on a first specified frequency (e.g., approximately 100 hertz (Hz)) if
the motion of the electronic device (or the image) is included in a designated frequency
determination range (e.g., if the motion is small), and may increase the motion
detection frequency to a second frequency (e.g., approximately 400 Hz to 500 Hz) if
the motion is out of the designated frequency determination range (e.g., if the motion is

large), thereby improving the performance of the image stabilization operation and
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achieving efficient battery consumption.

The frequency adjustment unit 382 may determine the detection frequency based on
the number of acquired images (e.g., the frame rate). For example, the frequency ad-
justment unit 382 may detect motion information based on a first specified frequency
(e.g., approximately 100 Hz) if a frame rate is included in a designated frequency de-
termination range (e.g., if the frame rate does not exceed 60 frames per second (fps)),
and may increase the motion detection frequency to a second frequency (e.g., ap-
proximately 400 Hz to 500 Hz) if the motion is out of the designated frequency deter-
mination range (e.g., if exceeding 60 fps), thereby improving the performance of
shaking and rolling shutter distortion correction. The above-described numerical values
for the motion detection frequency are examples for better understanding, and the
disclosure is not limited thereto. For example, the numerical value or the numerical
range for the motion detection frequency may be changed by the designer and/or the
performance of the electronic device.

The stabilization path determination unit 384 may determine the stabilization path
such that a shaking correction region (e.g., an output region of an input image) is not
located outside of the original image. Determining a stabilization path may be also
referred to as camera path planning. The motion of the electronic device or the image
may be considered if the stabilization path determination unit 384 determines a stabi-
lization path. As described above, the motion information may be determined based on
a result of comparison of a plurality of images or sensor information acquired through
the motion sensor 330 of the electronic device. For example, as described below with
reference to FIG. 10, if the motion information is included in a first determination
range, the stabilization path determining 384 may determine a stabilization path based
on a first parameter. Additionally or alternatively, if the motion information of the
electronic device is included in a second determination range, the stabilization path de-
termination unit 384 may determine the stabilization path based on a second parameter.

The stabilization processing unit 386 may dynamically control a stabilization
operation, that is, the intensity of shaking correction. The stabilization processing unit
386 may reduce an image jitter phenomenon occurring due to the motion of the
electronic device by adjusting the correction intensity based on the motion of the
electronic device. For example, the stabilization processing unit 386 may prevent the
occurrence of image jitter by lowering a shutter speed to a first speed if the motion of
the electronic device (or the image) is included in a designated intensity adjustment
range (for example, if the motion is small enough to avoid image jitter) and increasing
the shutter speed to a second speed if the motion is out of the designated intensity ad-
justment range (e.g., if the motion is large enough to cause image jitter). The stabi-

lization processing unit 386 may reduce the image jitter phenomenon occurring due to
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the motion of the electronic device by adjusting the correction intensity, based on at
least one of motion information and ambient brightness information. For example, if
the ambient brightness and the motion are included in the designated intensity ad-
justment range (e.g., if the motion of the electronic device located in a room is large),
the stabilization processing unit 386 may lower the image stabilization performance to
a first level and increase the image jitter improvement performance to a second level.
Here, lowering the correction performance may mean lowering the correction intensity.

The shaking correction may be based on the position (or trajectory) of a camera
before a stabilization path determination and the position (or trajectory) of the camera
after the stabilization path determination. For example, the shaking correction amount
may be the difference between the position (or trajectory) of the camera before the sta-
bilization path determination and the position (or trajectory) of the camera after the sta-
bilization path determination. For example, the stabilization processing unit 360 may
lower the correction performance to the first level to correct only a part of the
correction amount. In addition, if the ambient brightness and the motion are out of the
designated intensity adjustment range (e.g., if the motion of the electronic device
located in a room is small), the stabilization processing unit 384 may also increase the
shaking correction performance to the second level and reduce the image jitter im-
provement performance to the first level. For example, the stabilization processing unit
360 may increase the correction performance to the second level to correct the entire
correction amount.

According to an embodiment, the electronic device may include a camera, a motion
sensor, a memory, and at least one processor. The at least one processor may be
configured to acquire motion information of the electronic device from the motion
sensor according to an image acquisition mode (i.e., upon executing an image ac-
quisition mode), determine an image stabilization scheme, based on at least a part of
the motion information, and perform a stabilization operation on at least one image
acquired through the camera, based on the determined image stabilization scheme. For
example, the image stabilization scheme may include a first stabilization scheme for
correcting shaking of the at least one image based on a first margin region and a
second stabilization scheme for correcting shaking of the at least one image based on a
second margin region larger than the first margin region.

The camera may include a first camera having a first angle of view and a second
camera having a second angle of view wider than the first angle of view. The processor
may be configured to operate the first camera in response to the determination of the
first stabilization scheme and operate the second camera in response to the deter-
mination of the second stabilization scheme.

The processor may be configured to determine an image acquisition speed for



16

WO 2020/171583 PCT/KR2020/002383

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

acquiring the plurality of images and determine a frequency of detection by the motion
sensor based on at least one of the image acquisition speed and the motion size.

The processor may be configured to process the acquired motion information if it is
impossible to change to the determined frequency of detection.

The processor may be configured to determine a parameter for determining a stabi-
lization path for correcting the at least one image based on the motion information of
the electronic device.

The processor may be configured to determine the ambient brightness of the
electronic device and determine the intensity of a stabilization operation based on at
least one of the ambient brightness or the size of the motion information of the
electronic device.

The electronic device may further include a display. The processor may be
configured to output notification information corresponding to the determined intensity
of the stabilization operation through the display.

The processor may be configured to detect the motion of the electronic device in the
state in which one of the first image stabilization scheme and the second image stabi-
lization scheme is selected and change the selected image stabilization scheme to
another image stabilization scheme if the detected motion satisfies a stabilization
scheme change condition.

The electronic device may further include a display. The processor may be
configured to output information notifying the changed image stabilization scheme
through the display.

According to an embodiment, the electronic device may include a camera, a display,
a memory, and at least one processor. The at least one processor may be configured to
output a user interface designated to select one of a first stabilization scheme or a
second stabilization scheme according to the execution at an image acquisition mode,
select one of the first stabilization scheme or the second stabilization scheme based on
input, and perform a stabilization operation on at least one image acquired through the
camera based on the selected image stabilization scheme.

The processor may be configured to acquire an image of a first size including a first
correction region in response to the selection of the first stabilization scheme, and
acquire an image of a second size, including a second correction region that is larger
than the first correction region, in response to the selection of the second stabilization
scheme.

FIG. 4 is a flowchart 400 for performing an image stabilization operation by an
electronic device, according to an embodiment. FIG. 5A is a view 500 illustrating a
stabilization scheme of an electronic device according to an embodiment. FIG. 5B is a

view 510 illustrating a stabilization scheme of an electronic device, according to an
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embodiment. The steps in FIG. 4 may be performed sequentially, but are not nec-
essarily performed sequentially. For example, the order of each step may be changed,
or at least two steps may be performed in parallel.

Referring to FIG. 4, the electronic device (e.g., the processor 340) performs an image
acquisition mode in step 410. The image acquisition mode may include a mode of
acquiring at least one image through at least one of the first camera 310 (or the first
image acquisition device) or the second camera 320 (or the second image acquisition
device). The first camera 310 may acquire an image having a first angle of view, and
the second camera 320 may acquire an image having a second angle of view larger
than the first angle of view.

The electronic device determines an image stabilization scheme, in step 420, based
on the motion information of the electronic device. The processor 340 may determine
one of the first stabilization scheme and the second stabilization scheme as a scheme
for performing an image stabilization operation. The first stabilization scheme may be
a scheme, as illustrated in FIG. 5A, for securing a first margin region (e.g., d1 and d2)
by cropping a designated output region 504 from a plurality of first-size images 502
acquired through the first camera 310. For example, the output region may be de-
termined based on at least one of the specified number of pixels, a designated field of
view, or a designated angle of view, as described above. In addition, the first stabi-
lization scheme may correct 508 shaking of an image by adjusting 506 the position of
the output region in the first margin region in the direction in which a subject has
moved (or the direction opposite the direction in which the electronic device has
moved). The second stabilization scheme may be a scheme, as illustrated in FIG. 5B,
for securing a second margin region (e.g., d3 and d4) by cropping the designated
output region 514 from a plurality of second-size images 512 acquired through the
second camera 320. The image of the second size may be a size larger than the image
of the first size. The second stabilization scheme may correct shaking of the image by
adjusting the position of the output region in the second margin region having a larger
size than the first margin region in a direction in which a subject has moved (or the
direction opposite the direction in which the electronic device has moved). The
processor 340 may determine the image stabilization scheme based on at least one of
motion information of the electronic device or user input.

The electronic device acquires at least one image in step 430 based on the determined
stabilization scheme. The processor may operate one of the first camera or the second
camera based on the determined stabilization scheme.

The electronic device performs stabilization on at least one acquired image in step
440. The processor 340 may correct shaking of the image using video digital image

stabilization technology.
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FIG. 6A is a flowchart 600 of an image stabilization scheme determined by an
electronic device, according to an embodiment. FIG. 6B is a view 370 illustrating the
situation in which an image stabilization scheme is guided in an electronic device,
according to an embodiment. The steps of FIGS. 6A to 6C, described below, may
represent various embodiments of steps 420 and 430. The steps may be performed se-
quentially, but are not necessarily performed sequentially. For example, the order of
each step may be changed, or at least two steps may be performed in parallel.

Referring to FIG. 6A, the electronic device (e.g., the processor 340) acquires at least
one image using the first camera 310 (or the first image acquisition device) in step 610.
As described above, the first camera 310 may acquire an image of a first size having a
first angle of view. The first angle of view may be within an approximate range of 50°
and 80°. If a small motion below the reference range is sensed, the processor 340 may
secure a first margin region by cropping the designated output region in the image of
the first size. In addition, the processor 340 may perform the shaking correction, that
is, the image stabilization operation by adjusting the position of an output region in the
first margin region of an input image.

The electronic device acquires motion information of the electronic device in step
620. The motion information may include translation component information and
rotation component information. The translation component information may be in-
formation associated with the translation coordinates, and the rotation component in-
formation may be information associated with an angle of rotation or inclination. The
processor 340 may acquire motion information through the motion sensor 330. Addi-
tionally or alternatively, the processor 340 may acquire motion information based on a
result of a comparison of images (e.g., feature point comparison) acquired through the
first camera 310.

The electronic device determines whether the motion information satisfies an image
stabilization condition in step 630. The image stabilization condition may be the
reference value for determining whether the shaking of an output image occurs due to
the motion of the electronic device. For example, the processor 340 may determine that
the image stabilization condition is satisfied if the motion of the electronic device is
greater than or equal to the reference motion. If the motion of the electronic device is
less than the reference motion, the processor 340 may determine that the image stabi-
lization condition is not satisfied.

If it is determined that the image stabilization condition is satisfied, the electronic
device acquires at least one image by using the second camera 320 (or the second
image acquisition device) in step 640. As described above, the second camera 320 may
acquire an image of a second size having a second angle of view that is wider than the

first angle of view. The second angle of view may be within the approximate range of
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70° and 130°. If a large motion beyond the reference range is sensed, the processor 340
may secure a second margin region by cropping a designated output region in the
image of the second size. In addition, the processor 340 may perform the shaking
correction, that is, the image stabilization operation by adjusting the position of the
output region in the second margin region of an input image. If it is determined that the
image stabilization condition is satisfied, the processor 340 may also output guide in-
formation for changing the image stabilization scheme.

As illustrated in FIG. 6B, the processor 340 may output, through a display 672, guide
information 674 reporting that the image stabilization scheme according to the motion
of the electronic device is executed. As illustrated in the drawing, the guide in-
formation 674 may include a menu for selecting or canceling a change to the image
stabilization scheme. The processor 340 may change an image stabilization scheme
corresponding to the motion of the electronic device or may control such that the
previous image stabilization scheme is maintained, based on an input of the guide in-
formation 674.

If it is determined that the image stabilization condition is not satisfied, the electronic
device maintains the operation of the first image acquisition device in steps 650.

In the above-described embodiment, a configuration of changing the camera for
acquiring an image from the first camera 310 to the second camera 320, based on the
motion information, has been described. In contrast to the above-described em-
bodiment, while an image is being acquired through the second camera 320, an image
may be acquired through the first camera 310 based on the motion information.

FIG. 6C is a flowchart 680 describing another operation of determining an image sta-
bilization scheme by an electronic device, according to an embodiment. The steps of
FIG. 6C described below may represent various embodiments of step 640 of FIG. 6A.
In the following embodiments, the steps may be performed sequentially, but are not
necessarily performed sequentially. For example, the order of each step may be
changed, or at least two steps may be performed in parallel.

Referring to FIG. 6C, the electronic device acquires at least one image using the
second camera 320 (or the second image acquisition device) in step 681. As described
above, the second camera 320 may acquire an image of a second size having a second
angle of view.

The electronic device acquires motion information of the electronic device in step
683. As described above, the motion information may include translation component
information and rotation component information. For example, the processor 340 may
acquire motion information through the motion sensor 330. Additionally or alter-
natively, the processor 340 may acquire motion information based on a result of a

comparison of images (e.g., feature point comparison) acquired through the second
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stabilization scheme change condition in step 685. The image stabilization scheme
change condition may be a reference value for determining whether an amount of
shaking less than the reference motion occurs due to the motion of the electronic
device. For example, if the motion of the electronic device is less than the reference
motion, the processor 340 may determine that the image stabilization scheme change
condition is satisfied. In addition, if the motion of the electronic device is greater than
or equal to the reference motion, the processor 340 may determine that the image stabi-
lization scheme change condition is not satisfied.

If the electronic device determines that the image stabilization scheme change
condition is satisfied (for example, if the motion of the electronic device is decreased
less than the reference motion), at least one image is acquired using the first camera
310 (or the first image acquisition device) in step 687. As described above, the first
camera 310 may acquire an image of a first size having a first angle of view that is
narrower than the second angle of view.

If the electronic device determines that the image stabilization condition is not
satisfied (for example, if the motion of the electronic device is maintained above the
reference motion), the operation of the second image acquisition device is maintained
in step 689.

FIG. 7 is a flowchart 700 for describing an image stabilization operation in an
electronic device, according to an embodiment. The steps of FIG. 7 described below
may represent various embodiments of step 640 of FIG. 6A. In the following em-
bodiments, the steps may be performed sequentially, but are not necessarily performed
sequentially. For example, the order of each step may be changed, or at least two steps
may be performed in parallel.

Referring to FIG. 7, according to various embodiments, the electronic device (e.g.,
the processor 340) acquires motion information on the acquired image (or motion in-
formation of the electronic device) in step 710. For example, the processor 340 may
periodically acquire motion information while the second-size image is acquired
through the second camera 320 (or the second image acquisition device).

The electronic device determines a stabilization path for the acquired image of a
second size in step 720, based on the acquired motion information. Determining the
stabilization path may be referred to as camera path planning. The processor 340 may
determine a stabilization path which positions an output region of an image (e.g., an
input image) in a direction corresponding to the motion of the image (e.g., the subject),
or opposite the motion of the electronic device, based on the motion information. For

example, if the electronic device 100 is shaken to the left and thus subjects included in
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input images are moved to the right, the processor 340 may determine the stabilization
path that positions the output region of the image in the left direction.

The electronic device corrects at least one image acquired through the second camera
320 (or the second image acquisition device) in step 730, based on the determined sta-
bilization path. For example, the processor 340 may adjust the position of an output
region within a margin region of an input image so that the output region is not located
outside of the input image. The processor 340 may correct rolling shutter distortion of
at least one image, based on motion information of the electronic device (or the image)
while correcting shaking of a plurality of images.

The electronic device outputs the corrected image through the display 350 (or the
display device 160) in step 740. The processor 340 may store the corrected image
inside the electronic device (e.g., the memory 360) or outside the electronic device.

FIG. 8 is a flowchart 800 for describing an operation of correcting rolling shutter
distortion by an electronic device, according to an embodiment. FIG. 9A and 9B are a
view 900 illustrating an operation of processing motion information detected by an
electronic device, according to various embodiments. The steps of FIG. 8 described
below may represent various embodiments of step 730. In the following embodiments,
the steps may be performed sequentially, but are not necessarily performed se-
quentially. For example, the order of each step may be changed, or at least two steps
may be performed in parallel.

Referring to FIG. 8, the electronic device (e.g., the processor 340) detects a motion
detection frequency change event in step 810. The motion detection frequency may be
associated with the performance of shaking correction and rolling shutter distortion
correction. For example, the higher the motion detection frequency, the better the
correction performance of the image. The processor 340 may sense, as a motion
detection frequency change event, a situation in which motion of the electronic device
exceeding the reference motion or a number of images (e.g., frame rate) exceeding the
reference frame rate is sensed.

The electronic device determines whether the motion detection frequency is
changeable, in response to the motion detection frequency change event, in step 820.
The processor 340 may determine whether the detection frequency is changed based on
state information of the electronic device. For example, state information of the
electronic device may include at least one of a heating state of the electronic device, a
remaining battery state of the electronic device, and a process operational capability
state of the electronic device.

If a motion detection frequency is changeable, the electronic device changes the
motion detection frequency and acquire motion information in step 830, based on the

changed detection frequency. The processor 340 may change the detection frequency
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of the motion information from a first frequency (e.g., 100 Hz) to a second frequency
(e.g. 500 Hz), which is higher than the first frequency, in response to the detection of a
detection frequency event. As described above, the processor 340 may increase the
amount of motion information used for shaking correction of an image by changing the
detection frequency, thereby improving image correction performance. In addition, the
electronic device may correct the image in step 840 based on the acquired motion in-
formation.

If the motion detection frequency is not changeable, the electronic device processes
the detected motion information in step 850. The processing of the motion information
may include increasing the amount of motion information used for shaking correction
on the image. The processor 340 may generate additional motion information by inter-
polating the detected motion information.

The graph of FIG. 9A shows the analysis of motion information in a frequency
domain according to a first detection frequency (e.g., 200 Hz), and the graph of FIG.
9B shows the analysis of motion information in a frequency domain according to a
second detection frequency (e.g., 500 Hz). In addition, the Y axis of the graph
represents a motion vector, the X axis thereof represents the number of frames in an
image, the dotted lines 902 and 912 represent first motion information (e.g., motion
with respect to a subject or background) obtained through the input image, and the
solid lines 904 and 914 represent second motion information obtained through a
motion sensor of the electronic device. The difference between the first motion in-
formation 902 and the second motion information 904 occurs in a part having many
changes in the graph of FIG. 9A. Almost no difference between the first motion in-
formation 912 and the second motion information 914 occurs in a part having many
changes in the graph of FIG. 9B. For example, the processor 340 may process the
motion information detected based on the first frequency so as to make the motion in-
formation the same as or similar to the motion information detected based on the
second frequency. In addition, the electronic device may correct the image in step 860
based on the processed motion information.

FIG. 10 is a flowchart 1000 describing an operation of determining a stabilization
path by an electronic device, according to an embodiment. FIG. 11A describes a
parameter used to determine a stabilization path in an electronic device, according to
an embodiment. FIG. 11B describes a parameter used to determine a stabilization path
in an electronic device, according to an embodiment. The steps of FIG. 10 described
below may represent various embodiments of step 720. In the following embodiments,
the steps may be performed sequentially, but are not necessarily performed se-
quentially. For example, the order of step operation may be changed, or at least two

steps may be performed in parallel.
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Referring to FIG. 10, the electronic device (e.g., the processor 340) changes a stabi-
lization path determination parameter in step 1010 based on the motion information of
the image (or the electronic device).

The processor 340 may determine a stabilization path by using different parameters
for the case in which motion escapes from a specified level (e.g., if there is a lot of
motion at a specified motion vector) and the case in which the motion does not escape
therefrom.

The graph 1110 and the graph 1120 of FIG. 11A show parameters (e.g., first pa-
rameters) corresponding to the case in which motion does not exceed a specified level
(e.g., the case in which motion is small, such as in the state in which an electronic
device is held in a user's hand). In addition, the Y axis of each graph represents a
motion vector, the X axis thereof represents the number of image frames, and the two-
dot chain line (c) and the one-dot chain line (d) represent the maximum value of a
correction range and the minimum value of the correction range, respectively. Further,
the solid line (a) represents the position (or trajectory) of a camera after the stabi-
lization path determination, and the dotted line (b) represents the position (or
trajectory) of the camera before the stabilization path determination.

As noted from the graph 1110 of FIG. 11A, if the stabilization path is determined
using the first parameter in a small-motion state, the propensity for the camera
position, after the stabilization path determination, to show a straight line increases.
This means that the amount of motion correction is determined by the difference
between the solid line (a) and the dotted line (b), and thus if the stabilization path is de-
termined using the first parameter in the small-motion state, the shaking of the image
has been corrected. On the other hand, as noted from the graph 1120 of FIG. 11A, if
the stabilization path is determined using the second parameter in a small-motion state,
there is a trend that the camera position after the stabilization path determination
becomes similar to the position of the camera before the stabilization path deter-
mination. This means that there is almost no difference between the solid line (a) and
the dotted line (b), and thus if the stabilization path is determined using the second
parameter in the small-motion state, the performance of image-shaking correction is
deteriorated. Specifically, if comparing the relationship between the small-motion
state, the large-motion state and the first parameter, in the small-motion state, as shown
in the graph 1130 of FIG. 11A, if the stabilization path is determined by the second
parameter, the camera position is parallel, as represented by the dotted line (b), to the
X axis regardless of changing the camera position before the stabilization path deter-
mination, which means that the performance of the image-shaking correction is
improved. On the other hand, in the large-motion state, if the stabilization path is de-

termined by the first parameter, the camera position is not parallel, as represented by
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the solid line (a), to the X axis along the changing camera position before the stabi-
lization path determination, and thus the performance of the image-shaking correction
is deteriorated.

The graph 1160 and the graph 1170 of FIG. 11B show parameters (e.g., second pa-
rameters) corresponding to the case in which motion exceeds a specified level (e.g., the
case of a large-motion state). In addition, the Y axis of each graph represents a motion
vector, the X axis thereof represents the number of image frames, and the solid line (a)
and the one-dot chain line (d) represent the maximum value of a correction range and
the minimum value of the correction range, respectively. Further, the dotted line (b)
represents the position (or trajectory) of a camera before the stabilization path deter-
mination, and the two-dot chain line (c) represents the position (or trajectory) of the
camera after the stabilization path determination. As noted from the graph 1160 of
FIG. 11B, if the stabilization path is determined using the second parameter in a large-
motion state, the camera position after the stabilization path determination has a
rugged form (e.g., a form in which the difference between the camera position before
the stabilization path determination and the camera position after the stabilization path
determination is small). On the other hand, as noted from the graph 1170 of FIG. 11B,
if the stabilization path is determined using the second parameter in a large-motion
state, the camera position after the stabilization path determination has a curved form
(e.g., the difference between the camera position before the stabilization path deter-
mination and the camera position after the stabilization path determination is relatively
large). Specifically, comparing the relationship, in a large-motion state, between the
small-motion state, the large-motion state and the second parameter, as shown in the
graph 1180 of FIG. 11B, if the stabilization path is determined by the first parameter
(e.g., dotted line (b)), the performance of the image-shaking correction is deteriorated.
On the other hand, in the large-motion state, if the stabilization path is determined by
the second parameter (e.g., solid line (a)), the performance of the image-shaking
correction is improved.

The electronic device (e.g., the processor 340) determines a stabilization path for a
plurality of images based on the changed parameter in step 1020. The image stabi-
lization path serves to calculate the shortest distance to a camera from an input image,
and the processor 340 may adjust the amount of the input image that is used to
determine the stabilization path, based on the motion of the image. For example, the
processor 340 may determine a stabilization path by using a greater number of input
images in the case in which motion escapes from a specified level (e.g., if the motion is
large at a specified motion vector) than the case in which the motion does not escape
therefrom (e.g., if the motion is small at the specified motion vector).

FIG. 12 is a flowchart 1200 describing an operation of correcting at least one image
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by an electronic device, according to an embodiment. FIG. 13A is a view 1300 il-
lustrating the situation in which the electronic device outputs notification information
corresponding to a stabilization level, according to an embodiment. FIG. 13B is a view
1300 illustrating the situation in which the electronic device outputs notification in-
formation corresponding to a stabilization level, according to an embodiment. The op-
erations of FIG. 12 described below may represent various embodiments of step 730.
In the following embodiments, the steps may be performed sequentially, but are not
necessarily performed sequentially. For example, the order of each step may be
changed, or at least two steps may be performed in parallel.

Referring to FIG. 12, the electronic device (e.g., the processor 340) acquires ad-
ditional information while correcting at least one image in step 1210. The additional
information may include ambient brightness information.

The electronic device determines a stabilization level (or correction intensity), in step
1220, based on at least one of additional information or motion information of an
image. For example, the processor 340 may adjust the correction intensity so as to
reduce an image jitter phenomenon that may occur during image stabilization. If the
ambient brightness and the motion satisfy the specified first level (e.g., if the motion of
the electronic device located in a room is large), the processor 340 may lower the
shaking correction performance to the first level and increase the image jitter im-
provement performance to the second level. In addition, if the ambient brightness and
the motion satisfy the specified second level (e.g., if the motion of the electronic
device located in a room is small), the processor 340 may also increase the shaking
correction performance to the second level and lower the image jitter improvement
performance to the first level. The processor 340 may prevent the occurrence of image
jitter by lowering a shutter speed to a first speed if motion of the electronic device (or
the image) satisfies the specified level (e.g., if the motion is small enough to avoid
image jitter) and increasing the shutter speed to a second speed if the motion is out of a
range that satisfies the specified level (e.g., the motion is large enough to cause image
jitter).

The electronic device corrects an image, in step 1230, based on the determined stabi-
lization level. The processor 340 may output notification information indicating the de-
termined stabilization level through a display device. For example, as shown in FIG.
13A, if the stabilization operation is performed on an input image 1310 having a small
motion, the processor 340 may output notification information 1312 corresponding to a
small motion (or a low stabilization level). In addition, as shown in FIG. 13B, if the
stabilization operation is performed on an input image 1320 having a large motion, the
processor 340 may output notification information 1322 corresponding to a large

motion (or a high stabilization level).
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FIG 14 is a flowchart 1400 of an image stabilization operation performed by an
electronic device, according to an embodiment. FIG. 15 is a diagram 1500 for de-
scribing a situation of providing a stabilization scheme selection guide in an electronic
device, according to an embodiment. In the following embodiments, the steps may be
performed sequentially, but are not necessarily performed sequentially. For example,
the order of each step may be changed, or at least two steps may be performed in
parallel.

Referring to FIG. 14, the electronic device (e.g., the processor 340) executes an
image acquisition mode in step 1410. As described above, the image acquisition mode
may include a mode which acquires at least one image through at least one of the first
camera 310 (or the first image acquisition device) or the second camera 320 (or the
second image acquisition device).

The electronic device outputs a stabilization scheme selection guide in step 1420.
The stabilization scheme selection guide may include a user interface designated to
select one of the first stabilization scheme or the second stabilization scheme. The first
stabilization scheme may be a scheme, as illustrated in FIG. 5A, for securing a first
margin region (e.g., d1 and d2) from a plurality of first-size images 502 acquired
through the first camera 310. In addition, the second stabilization scheme may be a
scheme, as illustrated in FIG. 5B, for securing a second margin region (e.g., d3 and d4)
from a plurality of second-size images 512 acquired through the second camera 320.
For example, as illustrated in FIG. 15, the processor 340 may visually output 1520 a
stabilization scheme selection guide in the state 1510 in which the image acquisition
mode is executed. Additionally or alternatively, the stabilization scheme selection
guide may be output in various ways, such as acoustically, tactually, or a combination
thereof.

The electronic device determines a stabilization scheme, in step 1430, based on
input. The processor 340 may determine one of the first stabilization scheme and the
second stabilization scheme, based on input sensed through the output stabilization
scheme selection guide.

The electronic device acquires at least one image, in step 1440, based on the de-
termined stabilization scheme. The processor 340 may operate a camera corresponding
to the determined stabilization scheme. For example, the processor 340 may operate
the first camera 310 in response to the selection of the first stabilization scheme. In
addition, the processor 340 may operate the second camera 320 in response to the
selection of the second stabilization scheme.

The electronic device performs stabilization on at least one acquired image in step
1450. The processor 340 may correct shaking of an image using video digital image

stabilization technology.
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According to an embodiment, a method for operating an electronic device may
include acquiring motion information of the electronic device according to an image
acquisition mode; determining an image stabilization scheme, based on at least a part
of the motion information; and performing a stabilization operation on at least one
image acquired through the camera, based on the determined image stabilization
scheme. The image stabilization scheme may include a first stabilization scheme for
correcting shaking of the at least one image based on a first margin region and a
second stabilization scheme for correcting shaking of the at least one image based on a
second margin region larger than the first margin region.

Performing the stabilization operation may include activating a first camera having a
first angle of view, in response to a determination of the first stabilization scheme; and
activating a second camera having a second angle of view wider than the first angle of
view, in response to a determination of the second stabilization scheme.

Performing the stabilization operation may include determining an image acquisition
speed at which the plurality of images are acquired; and determining a detection
frequency of the motion information of the electronic device based on at least one of
the image acquisition speed and the motion size.

Performing the stabilization operation may include processing the obtained motion
information if it is impossible to change to the determined detection frequency.

Performing the stabilization operation may include determining a parameter of a sta-
bilization path for correcting the at least one image based on motion information of the
electronic device.

Performing the stabilization operation may include determining an ambient
brightness of the electronic device; and determining an intensity of a stabilization
operation based on at least one of the ambient brightness or the size of the motion of
the electronic device.

Determining the intensity of the stabilization operation may include outputting noti-
fication information corresponding to the determined intensity.

Performing the stabilization operation may include detecting a motion of the
electronic device in a state in which one of the first image stabilization scheme and the
second image stabilization scheme is selected; and changing the selected image stabi-
lization scheme to another image stabilization scheme if the detected motion satisfies a
stabilization scheme change condition.

Changing the image stabilization scheme to another image stabilization scheme may
include outputting information providing notification of the changed image stabi-
lization scheme.

According to various embodiments, the electronic device is capable of improving

shaking correction performance of a large motion as well as a small motion by se-
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lectively using a first image stabilization scheme or a second image stabilization
scheme, based on at least a part of motion information. In addition, the electronic
device may enable a user to select a desired scheme among the first image stabilization
scheme or the second image stabilization scheme, and to correct an image by
outputting a user interface designated to select the first image stabilization scheme or
the second image stabilization scheme according to executing an image acquisition
mode.

The electronic device according to various embodiments may be one of various types
of electronic devices. The electronic devices may include, for example, a portable
communication device (e.g., a smartphone), a computer device, a portable multimedia
device, a portable medical device, a camera, a wearable device, or a home appliance.
According to an embodiment of the disclosure, the electronic devices are not limited to
those described above.

It should be appreciated that various embodiments of the present disclosure and the
terms used therein are not intended to limit the technological features set forth herein
to particular embodiments and include various changes, equivalents, or replacements
for a corresponding embodiment. With regard to the description of the drawings,
similar reference numerals may be used to refer to similar or related elements. It is to
be understood that a singular form of a noun corresponding to an item may include one
or more of the things, unless the relevant context clearly indicates otherwise.

As used herein, each of such phrases as "A or B," "at least one of A and B," "at least
one of A or B," "A, B, or C," "at least one of A, B, and C," and "at least one of A, B, or
C," may include any one of, or all possible combinations of the items enumerated
together in a corresponding one of the phrases. As used herein, such terms as "1st" and
"2nd," or "first” and "second" may be used to simply distinguish a corresponding
component from another, and does not limit the components in other aspect (e.g., im-
portance or order). It is to be understood that if an element (e.g., a first element) is
referred to, with or without the term "operatively"” or "communicatively”, as "coupled

"o

with," "coupled to," "connected with," or "connected to" another element (e.g., a
second element), it means that the element may be coupled with the other element
directly (e.g., wiredly), wirelessly, or via a third element.

As used herein, the term "module” may include a unit implemented in hardware,
software, or firmware, and may interchangeably be used with other terms, for example,
"logic," "logic block," "part," or "circuitry". A module may be a single integral
component, or a minimum unit or part thereof, adapted to perform one or more
functions. For example, according to an embodiment, the module may be implemented
in a form of an application-specific integrated circuit (ASIC).

Various embodiments as set forth herein may be implemented as software (e.g., the
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program 140) including one or more instructions that are stored in a storage medium
(e.g., internal memory 136 or external memory 138) that is readable by a machine
(e.g., the electronic device 101). For example, a processor (e.g., the processor 120) of
the machine (e.g., the electronic device 101) may invoke at least one of the one or
more instructions stored in the storage medium, and execute it, with or without using
one or more other components under the control of the processor. This allows the
machine to be operated to perform at least one function according to the at least one in-
struction invoked. The one or more instructions may include a code generated by a
complier or a code executable by an interpreter. The machine-readable storage medium
may be provided in the form of a non-transitory storage medium. Wherein, the term
"non-transitory" simply means that the storage medium is a tangible device, and does
not include a signal (e.g., an electromagnetic wave), but this term does not differentiate
between where data is semi-permanently stored in the storage medium and where the
data is temporarily stored in the storage medium.

A method according to various embodiments of the disclosure may be included and
provided in a computer program product. The computer program product may be
traded as a product between a seller and a buyer. The computer program product may
be distributed in the form of a machine-readable storage medium (e.g., compact disc
read only memory (CD-ROM)), or be distributed (e.g., downloaded or uploaded)
online via an application store (e.g., PlayStore™), or between two user devices (e.g.,
smart phones) directly. If distributed online, at least part of the computer program
product may be temporarily generated or at least temporarily stored in the machine-
readable storage medium, such as memory of the manufacturer's server, a server of the
application store, or a relay server.

According to various embodiments, each component (e.g., a module or a program) of
the above-described components may include a single entity or multiple entities.
According to various embodiments, one or more of the above-described components
may be omitted, or one or more other components may be added. Alternatively or addi-
tionally, a plurality of components (e.g., modules or programs) may be integrated into
a single component. In such a case, according to various embodiments, the integrated
component may still perform one or more functions of each of the plurality of
components in the same or similar manner as they are performed by a corresponding
one of the plurality of components before the integration. According to various em-
bodiments, operations performed by the module, the program, or another component
may be carried out sequentially, in parallel, repeatedly, or heuristically, or one or more
of the operations may be executed in a different order or omitted, or one or more other

operations may be added.
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Claims

An electronic device comprising:

a camera;

a motion sensor;

a memory; and

at least one processor configured to:

acquire motion information of the electronic device from the motion
sensor according to executing an image acquisition mode;

determine an image stabilization scheme, based on at least one part of
the motion information; and

perform a stabilization operation on at least one image acquired
through the camera, based on the determined image stabilization
scheme,

wherein the image stabilization scheme comprises a first stabilization
scheme for correcting shaking of the at least one image based on a first
margin region, and a second stabilization scheme for correcting shaking
of the at least one image based on a second margin region larger than
the first margin region.

The electronic device of claim 1, wherein the camera includes a first
camera having a first angle of view and a second camera having a
second angle of view wider than the first angle of view, and

the processor is further configured to:

operate the first camera in response to determining that the first stabi-
lization scheme is the image stabilization scheme; and

operate the second camera in response to determining that the second
stabilization scheme is the image stabilization scheme.

The electronic device of claim 1, wherein the processor is further
configured to:

determine an image acquisition speed at which a plurality of images are
acquired; and

determine a frequency of detection by the motion sensor based on at
least one of the image acquisition speed and a motion size.

The electronic device of claim 3, wherein the processor is further
configured to process the acquired motion information if a change to
the determined frequency of detection is not possible.

The electronic device of claim 1, wherein the processor is further

configured to determine a parameter for stabilization path deter-
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mination for correction of the at least one image, based on the motion
information of the electronic device.

The electronic device of claim 1, wherein the processor is further
configured to:

determine an ambient brightness of the electronic device; and
determine an intensity of a stabilization operation, based on at least one
of the ambient brightness and the motion size of the electronic device.
The electronic device of claim 3, further comprising a display,

wherein the processor is further configured to output notification in-
formation corresponding to a determined intensity of the stabilization
operation through the display.

The electronic device of claim 1, wherein the processor is further
configured to:

detect motion of the electronic device in a state in which one of the first
image stabilization scheme or the second image stabilization scheme is
selected; and

change the selected image stabilization scheme to another image stabi-
lization scheme if the detected motion satisfies a stabilization scheme
change condition.

The electronic device of claim 8, further comprising a display, and
wherein the processor is further configured to output, through the
display, information providing notification of the changed image stabi-
lization scheme.

A method for operating an electronic device, the method comprising:
acquiring motion information of the electronic device according to
executing an image acquisition mode;

determining an image stabilization scheme based on at least a part of
the motion information; and

performing a stabilization operation on at least one image acquired
through the camera, based on the determined image stabilization
scheme,

wherein the image stabilization scheme comprises:

a first stabilization scheme for correcting shaking of the at least one
image based on a first margin region; and

a second stabilization scheme for correcting shaking of the at least one
image based on a second margin region larger than the first margin
region.

The method of claim 10, wherein performing the stabilization operation
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further comprises:

activating a first camera having a first angle of view, in response to de-
termining that the first stabilization scheme is the image stabilization
scheme; and

activating a second camera having a second angle of view wider than
the first angle of view, in response to determining that the second stabi-
lization scheme is the image stabilization scheme.

The method of claim 10, wherein performing the stabilization operation
further comprises:

determining an image acquisition speed at which the plurality of
images are acquired; and

determining a detection frequency of the motion information of the
electronic device based on at least one of the image acquisition speed
and the motion size.

The method of claim 12, wherein performing the stabilization operation
further comprises processing the obtained motion information if it is
impossible to change to the determined detection frequency.

The method of claim 10, wherein performing the stabilization operation
further comprises determining a parameter of a stabilization path for
correcting the at least one image based on the motion information of
the electronic device.

The method of claim 10, wherein performing the stabilization operation
further comprises:

determining an ambient brightness of the electronic device; and
determining an intensity of a stabilization operation, based on at least
one of the ambient brightness or the size of the motion of the electronic

device.
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[Fig. 11A]
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[Fig. 11B]
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[Fig. 12]
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