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Description

Title of Invention: ELECTRONIC DEVICE FOR TAKING
MOVING PICTURE BY ADJUSTING THRESHOLD AS-

SOCIATED WITH MOVEMENT OF OBJECT IN REGION OF
INTEREST ACCORDING TO MOVEMENT OF ELECTRONIC

[1]

[2]

[3]

[4]

[5]

DEVICE AND METHOD FOR OPERATING SAME
Technical Field

Various embodiments relate to electronic devices for recording videos in super slow

motion and methods for operating the same.

Background Art

Recently, electronic devices have been providing more diversified services and ad-
ditional functions. Various applications executable on electronic devices are being
developed to meet the diverse demand of users and to raise the utility of electronic
devices.

Camera applications are among these various applications, and a user may take a
selfie or background using the camera of their electronic device. The electronic device
may include a camera module for capturing images. The camera module may typically
include a lens for collecting light, a photodiode for converting the collected light into
an electrical signal, and an analog-to-digital converter (ADC) for converting the
electrical signal, which is an analog signal, into a digital electrical signal. The process
of a camera module that converts electrical signals from multiple photodiodes into
digital electrical signals and outputs the digital electrical signals may be called ‘read-
out'.

The above information is presented as background information only to assist with an
understanding of the disclosure. No determination has been made, and no assertion is
made, as to whether any of the above might be applicable as prior art with regard to the

disclosure.
Disclosure of Invention

Technical Problem

Super slow motion video recording uses dedicated equipment with a superior
processing capability and large storage. Portable electronic devices are subject to sig-
nificant limitations in super slow motion video recording due to limitations of their
memory and processor. Upon recording video in super slow motion under the same
conditions without considering the state of the electronic device, the electronic device

would fail to produce a super slow motion video in the user's desired quality. When the
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electronic device is set to begin recording super slow motion video based on the
movement of an object in the region of interest (ROI), the electronic device may
determine its own movement as movement of the object in the ROI, erroneously
initiating super slow motion recording.

Solution to Problem

According to an embodiment, an electronic device may comprise a camera, a sensor
circuit, a memory, and a processor configured to obtain a plurality of first images
including a region of interest (ROI) based on a first frame rate using the camera, detect
the movement of the electronic device using the sensor circuit, identify a threshold
related to a movement of the ROI based on the movement of the electronic device,
wherein the threshold related to the movement of the ROI is identified as a first
threshold based on the movement of the electronic device meeting a first prede-
termined range, and the threshold related to the movement of the ROI is identified as a
second threshold larger than the first threshold based on the movement of the
electronic device meeting a second predetermined range larger than the first prede-
termined range, obtain a plurality of second images based on a second frame rate larger
than the first frame rate in response to an object moving at the first threshold or the
second threshold in the ROI, and provide a video related to the object using at least
some of the plurality of first images and at least some of the plurality of second
images.

According to an embodiment, an electronic device may comprise a camera, a
memory, and a processor configured to obtain a plurality of first images including an
ROI based on a first frame rate using the camera, obtain a first pixel variation in the
ROl in each first image, obtain a second pixel variation in at least one background
region in the each first image, obtain a plurality of second images based on a second
frame rate larger than the first frame rate in response to identifying the first pixel
variation exceeding a first threshold and the second pixel variation less than a second
threshold, and to provide a video related to the object using at least some of the
plurality of first images and at least some of the plurality of second images.

According to an embodiment, a method for operating an electronic device configured
to record a video may comprise obtaining a plurality of first images including an ROI
based on a first frame rate using a camera, detecting the movement of the electronic
device using a sensor circuit, identifying a threshold related to a movement of the ROI
based on the movement of the electronic device, wherein the threshold related to the
movement of the ROl is identified as a first threshold based on the movement of the
electronic device meeting a first predetermined range, and the threshold related to the

movement of the ROl is identified as a second threshold larger than the first threshold
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based on the movement of the electronic device meeting a second predetermined range
larger than the first predetermined range, obtaining a plurality of second images based
on a second frame rate larger than the first frame rate in response to an object moving
at the first threshold or the second threshold in the ROI, and providing the video
related to the object by using at least some of the plurality of first images and at least
some of the plurality of second images.

According to an embodiment, a method for operating an electronic device configured
to record a video may comprise obtaining a plurality of first images including an ROI
based on a first frame rate using a camera, obtaining a first pixel variation in the ROI
in each first image, obtaining a second pixel variation in at least one background
region in the each first image, obtaining a plurality of second images based on a second
frame rate larger than the first frame rate in response to identifying the first pixel
variation exceeding a first threshold and the second pixel variation less than a second
threshold, and providing the video related to the object by using at least some of the
plurality of first images and at least some of the plurality of second images.

Other aspects, advantages, and salient features of the disclosure will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the disclosure.

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent
document: the terms "include" and "comprise," as well as derivatives thereof, mean
inclusion without limitation; the term "or," is inclusive, meaning and/or; the phrases
"associated with" and "associated therewith," as well as derivatives thereof, may mean
to include, be included within, interconnect with, contain, be contained within, connect
to or with, couple to or with, be communicable with, cooperate with, interleave,
juxtapose, be proximate to, be bound to or with, have, have a property of, or the like;
and the term "controller" means any device, system or part thereof that controls at least
one operation, such a device may be implemented in hardware, firmware or software,
or some combination of at least two of the same. It should be noted that the func-
tionality associated with any particular controller may be centralized or distributed,
whether locally or remotely.

Moreover, various functions described below can be implemented or supported by
one or more computer programs, each of which is formed from computer readable
program code and embodied in a computer readable medium. The terms "application”
and "program" refer to one or more computer programs, software components, sets of
instructions, procedures, functions, objects, classes, instances, related data, or a portion
thereof adapted for implementation in a suitable computer readable program code. The

phrase "computer readable program code" includes any type of computer code,
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including source code, object code, and executable code. The phrase "computer
readable medium" includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A "non-transitory" computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a

rewritable optical disc or an erasable memory device.
Definitions for certain words and phrases are provided throughout this patent

document. Those of ordinary skill in the art should understand that in many, if not
most instances, such definitions apply to prior, as well as future uses of such defined

words and phrases.

Advantageous Effects of Invention

According to an embodiment, an electronic device may set the conditions for super
slow motion video recording based on illuminance information and movement in-
formation about the surroundings of the electronic device and perform super slow
motion video recording under the conditions. According to an embodiment, an
electronic device may identify the movement of an object in an ROI in an image frame
or an object in the background region outside the RIO and perform super slow motion
video recording.
Brief Description of Drawings

A more complete appreciation of the disclosure and many of the attendant aspects
thereof will be readily obtained as the same becomes better understood by reference to
the following detailed description when considered in connection with the ac-
companying drawings, wherein:

FIG. 1 is a view illustrating an electronic device in a network environment according
to an embodiment;

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

FIG. 3 is a block diagram illustrating a structure of an image sensor according to an
embodiment;

FIG. 4 is a block diagram illustrating a process for obtaining an image frame through
an image sensor according to an embodiment;

FIG. 5 is a block diagram illustrating components of an electronic device according
to an embodiment;

FIG. 6 is a view illustrating an example of recording a video in slow motion using an

electronic device according to an embodiment;
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FIG. 7A is a flowchart illustrating a method of recording a video in slow motion

using an electronic device according to an embodiment;
FIG. 7B is a view illustrating an example in which an electronic device records a

video in slow motion in response to a movement of an object in an ROI, according to
an embodiment;

FIG. 8 is a view illustrating an example of detecting a movement of an electronic
device using at least one background region or ROI in an image according to an em-
bodiment;

FIG. 9 is a graph illustrating a variation, over time, in pixel value in an ROI corre-
sponding to a movement of an electronic device according to an embodiment;

FIG. 10 is a table representing weights to identify a threshold related to an object
moving in an ROI based on at least of a movement or illuminance of an electronic
device or the size of the ROI according to an embodiment;

FIG. 11 is a flowchart illustrating a method for recording a video in slow motion
using an ROI and background region of an electronic device according to an em-
bodiment;

FIG. 12 is a view illustrating an example of recording a video in slow motion using
an ROI and at least one background region in an image according to an embodiment;
and

FIG. 13 is a flowchart illustrating a method for recording a video in slow motion
using an ROl in an image and a sensor circuit of an electronic device according to an
embodiment.

Throughout the drawings, like reference numerals will be understood to refer to like

parts, components, and structures.

Mode for the Invention

FIGS. 1 through 13, discussed below, and the various embodiments used to describe
the principles of the present disclosure in this patent document are by way of il-
lustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged system or 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
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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
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 image signal processor or a communication processor)
may be implemented as part of another component (e.g., the camera module 180 or the
communication module 190) functionally related to the auxiliary processor 123.

The memory 130 may store various data used by at least one component (e.g., the
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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 thererto. 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 other 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 mi-
crophone, a mouse, or a keyboard.

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 record, and the receiver may be used for an incoming calls.
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 provide 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
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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, a HDMI connector, a USB connector, a 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 motion) 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.

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, image signal processors, 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 communication processors that are operable independently from the processor
120 (e.g., the application processor (AP)) and supports a direct (e.g., wired) commu-
nication or a wireless communication. According to an embodiment, the commu-
nication module 190 may include a wireless communication module 192 (e.g., a
cellular communication module, a short-range wireless communication module, or a
global navigation satellite system (GNSS) communication module) or a wired commu-
nication module 194 (e.g., a local area network (LAN) communication module or a

power line communication (PLC) module). A corresponding one of these commu-
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nication 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 implemented 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 communication network, such as the first
network 198 or the second network 199, using subscriber information (e.g., inter-
national 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 one or more antennas, and,
therefrom, 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 com-
munication module 192). 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.

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 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
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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 280 (e.g., the camera
module 180 of FIG. 1) according to various embodiments. Referring to FIG. 2, the
camera module 280 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 image signal
processor 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 280 may include a plurality
of lens assemblies 210. In such a case, the camera module 280 may form, for example,
a dual camera, a 360-degree camera, or a spherical camera. Some of the plurality of
lens assemblies 210 may include the same lens attribute (e.g., view angle, focal length,
auto-focusing, f number, or optical zoom), or at least one lens assembly may include
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 280 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 detect such a movement by the camera module 280 or the
electronic device 101 using a gyro sensor (not shown) or an acceleration sensor (not

shown) disposed inside or outside the camera module 280. According to an em-
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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 image signal processor 260. According to an em-
bodiment, 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 image signal processor 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 ex-
traction, image synthesizing, or image compensation (e.g., noise reduction, resolution
adjustment, brightness adjustment, blurring, sharpening, or softening). Additionally or
alternatively, the image signal processor 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 280. An image processed by
the image signal processor 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 280. According to an embodiment, the image signal
processor 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 image signal
processor 260 is configured as a separate processor from the processor 120, at least one
image processed by the image signal processor 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 280 having different attributes or functions. In such a case, at least
one of the plurality of camera modules 280 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 280 may
form, for example, a front camera and at least another of the plurality of camera
modules180 may form a rear camera.

FIG. 3 is a block diagram illustrating a structure of an image sensor according to an
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embodiment of the disclosure.

According to an embodiment of the disclosure, an image sensor 300 may be a
component of a camera module (e.g., 180 or 280) in an electronic device (e.g., 101).

Referring to FIG. 3, according to an embodiment, the image sensor 300 (e.g., the
image sensor 230) may include at least one of a pixel array 310, a row-driver 320, a
column-readout circuit 330, a controller 340, a memory 350, or an interface 360.

The pixel array 310 may include a plurality of pixels 311 to 319. For example, the
pixel array 310 may include a structure in which the plurality of pixels 311 to 319 are
arrayed in an MxN matrix pattern (where M and N are positive integers). The pixel
array 310 where the plurality of pixels 311 to 319 are arrayed in a two-dimensional
(2D) MxN pattern may include M rows and N columns. The pixel array 310 may
include a plurality of photosensitive elements, e.g., photodiodes or pinned photodiodes.
The pixel array 310 may detect light by using the plurality of photosensitive elements
and convert the light into an analog electrical signal to provide an image signal.

The row-driver 320 may drive the pixel array 310 for each row. For example, the
row-driver 320 may output transmission control signals to the transmission transistors
of the plurality of pixels 311 to 319 in the pixel array 310, reset control signals to
control reset transistors, or selection control signals to control selection transistors to
the pixel array 310. The row-driver 320 may identify a row to be read out.

The column-readout circuit 330 may obtain analog electrical signals provided by the
pixel array 310. For example, the column-readout circuit 330 may obtain an analog
electrical signal from a column line selected among the plurality of columns con-
stituting the pixel array 310. The column-readout circuit 330 may include an analog-
digital converter (ADC) 331 that may convert the analog electrical signal obtained
from the selected column line into pixel data (or a digital signal) and output the pixel
data. Meanwhile, the column-readout circuit 330 that obtains an analog electrical
signal from the pixel array 310, converts the obtained analog electrical signal into pixel
data by using the ADC 331, and outputs the pixel data may be referred to as read-out.
The column-readout circuit 330 and the ADC 331 may identify a column to be read
out.

According to an embodiment of the disclosure, the column-readout circuit 330 of the
image sensor 300 that supports slow motion recording may include a plurality of
ADCs 331. Each of the plurality of ADCs 331 may be connected in parallel with a re-
spective one of the plurality of photodiodes in the pixel array 310, and analog electrical
signals simultaneously obtained from the plurality of photodiodes may quickly be
converted into pixel data based on the parallel structure. The column-readout circuit
330 of the image sensor 300 that supports slow motion recording may perform a read-

out at a high frame rate (e.g., 960 frames per second (fps)). For example, reading out at
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960 fps means that obtaining an analog electrical signal from the pixel array 310,
converting the obtained analog electrical signal into pixel data by using the ADC 331,
and outputting the pixel data are performed once every 1/960 seconds. In other words,
reading out at 960fps may mean that 960 image frames are outputted per second.

The controller 340 may obtain an image frame based on the pixel data obtained from
the column-readout circuit 330. The controller 340 may output the image frame
through the interface 360 to an external circuit 370 (e.g., an image signal processor
(ISP), processor, communication circuit, or external server). According to an em-
bodiment of the disclosure, the controller 340 may provide transmission control signals
to control the transmission transistors of the plurality of pixels 311 to 319, reset control
signals to control reset transistors, or selection control signals to control selection
transistors and provide the signals to the row-driver 320. The controller 340 may
provide a selection control signal to select at least one column line from among the
plurality of column lines constituting the pixel array 310 and provide the signal to the
column-readout circuit 330. For example, the column-readout circuit 330 may enable
some of the plurality of column lines and disable the other column lines based on
selection control signals provided from the controller 340. The controller 340 may be
implemented in a processor (e.g., 120) including a central processing unit (CPU) or ap-
plication processor (AP), a sort of block or module. When the controller 340 is im-
plemented as a block, the controller 340 may include a subtractor for detecting the
difference between, e.g., images, or a comparator for comparing images. According to
an embodiment of the disclosure, the controller 340 may downsize read-out images
and compare the plurality of downsized images to detect differences between the
images.

The memory 350 may include a volatile and/or non-volatile memory. The memory
350 is a storage device inside the image sensor 300. The memory 350 may include a
buffer memory. According to an embodiment of the disclosure, the memory 350 may
temporarily store digital signals output from the column-readout circuit 330 or the
controller 340. For example, the memory 350 may include at least one image frame
obtained based on light obtained by the pixel array 310. The memory 350 may store at
least one digital signal obtained from the external circuit 370 through the interface 360.

According to an embodiment of the disclosure, the memory 350 may store at least
one image frame read out at an Nth frame rate (e.g., 960 fps) or an Mth frame rate
(e.g., 120fps) from the column-readout circuit 330 and deliver at least one image frame
stored through the interface 360 to the external circuit 370 (e.g., an IPS, processor,
communication circuit, or external server). In other words, the memory 350 may store
at least one image frame read out once every 1/960 seconds or every 1/120 seconds

from the column-readout circuit 330, and the memory 350 may deliver at least one
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image frame stored through the interface 360 to the external circuit 370. The speed at
which the image frame is transferred to the external circuit 370 is not limited thereto.
According to an embodiment, the electronic device 101 may transfer immediately,
without storing, the read-out image frame through the interface 360 to the external
circuit 370.

Meanwhile, the controller 340 may store only some of N image frames read out
through the column-readout circuit 330 at the Nth frame rate (e.g., 960 fps) in the
memory 350, allowing for substantially the same effect as how M image frames are
obtained, which are read out at the Mth frame rate (e.g., 120 {ps). For example, the
controller 340 may store only one of eight image frames read out at 960{ps for 8/960
seconds in the memory 350. When a plurality of image frames read out at 960fps, only
image frames selected in a 1:8 ratio are stored in the memory 350, the image frames
stored in the memory 350 may be substantially the same image frames as those read
out at 120fps through the column-readout circuit 330. For example, when a video con-
stituted of only image frames obtained at the cycle of 1/120 seconds is defined as '120
fps video," a video constituted of only image frames selected in a 1:8 ratio from among
the plurality of image frames read out at 960fps may be defined as a 120fps video. A
video constituted of only image frames read out at 120fps through the column-readout
circuit 330 may also be defined as a 120fps video.

The interface 360 may include, e.g., the interface 177 or the communication module
190. The interface 360 may connect components of the image sensor 300, e.g., the
controller 340 or the memory 350, with the external circuit 370 in a wireless or wired
scheme. For example, the interface 360 may deliver at least one image frame stored in
the memory 350 of the image sensor 300 to the external circuit 370, e.g., the memory
(e.g., 130) of the electronic device (e.g., 101). The interface 360 may also deliver
control signals from the processor (e.g., 120) of the electronic device (e.g., 101) to the
controller 340 of the image sensor 300.

According to an embodiment of the disclosure, the image sensor 300 may com-
municate with the external circuit 370 through the interface 360, e.g., in a serial com-
munication scheme. For example, the memory 350 of the image sensor 300 may com-
municate with the processor (e.g., 120) of the electronic device (e.g., 101) in an inter-
integrated circuit (I?’C) scheme.

According to an embodiment of the disclosure, the image sensor 300 may connect
with the external circuit 370 through the interface 360, e.g., an interface as defined
based on the mobile industry processor interface (MIPI) protocol. For example, the
memory 350 of the image sensor 300 may communicate with the processor (e.g., 120)
of the electronic device (e.g., 101) based on the interface defined in the MIPI protocol.

The interface 360, e.g., the interface defined based on the MIPI protocol, may deliver
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pixel data corresponding to the image frames stored in the memory 350 to the external
circuit 370 at the cycle of 1/120 seconds.

Meanwhile, while the image frames stored in the memory 350 are delivered through
the interface 360 having an output speed of 240fps to the external circuit 370 once
every 1/120 seconds, at least some of the image frames read out in real-time through
the column-readout circuit 330 may be delivered to the external circuit 370 as preview
images once every 1/120 seconds. The processor 120 in the external circuit 370 may
display, through the display, all or some of the image frames output as preview images
from the image sensor 300 at 30{ps or 60fps.

All or some of the above-described components 310 to 360 may be included in the
image sensor 300, and each component may be configured in a single unit or multiple
units. The frame rates 120{ps, 240fps, and 960fps, used in the above embodiments may
vary depending on the settings of the electronic device or the performance of the
interface.

FIG. 4 is a block diagram illustrating a process for obtaining an image frame through
an image sensor according to an embodiment. An image sensor 400 may be a
component of a camera module (e.g., 180 or 280) in an electronic device (e.g., 101).

Referring to FIG. 4, the image sensor 400 may include at least one a pixel array 410,
a memory 450, and an interface 460. The image sensor 400 may include the whole or
part of the image sensor 300 of FIG. 3.

The pixel array 410 of the image sensor 400 may output an electrical signal corre-
sponding to light obtained from the outside. For example, the pixel array 410 may
include a plurality of pixels constituted of photodiodes. The photodiodes may obtain
light and provide analog electrical signals corresponding to the obtained light. Analog
electrical signals provided from the plurality of photodiodes constituting the plurality
of pixels may be converted into a plurality of pieces of pixel data through a column-
readout circuit (e.g., 330). In this case, each piece of pixel data may mean a pixel value
corresponding to its respective pixel. A set of a plurality of pieces of pixel data
obtained at a particular time may constitute at least one image frame.

According to an embodiment of the disclosure, the pixel array 410 of the image
sensor 400 may output a plurality of image frames 421 to 424 at a preset read-out
speed. For example, when the read-out speed is set to 960f{ps, the image sensor 400
may read-out 960 image frames every second based on light obtained by the pixel
array 410. According to an embodiment, the electronic device 101 may detect an event
of slow motion recording while recording in a normal mode, in which case the
electronic device 101 may turn the read-out rate from 120fps to 9501ps.

The plurality of image frames 421 to 424 read out may be stored in a memory 450

inside the image sensor 400. According to an embodiment of the disclosure, the
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memory 450 of the image sensor 400 may include a buffer memory 451. For example,
some of the plurality of image frames 421 to 424 read out at 960{ps may be stored in
the buffer memory 451. Among a plurality of image frames continuously read out, a
predetermined number of image frames may be stored in the buffer memory 451. The
processor (e.g., 120 or the controller 340) may repeat the operations of deleting the
image frame stored earliest from among the image frames stored in the buffer memory
451 and storing the image frame latest from among the image frames.

At least one image frame stored in the memory 450 of the image sensor 400 may be
delivered to an external circuit 470 through an interface 460 (e.g., 360). For example,
the processor (e.g., 120 or the controller 340) may control the interface 460 to deliver
at least one image frame stored in the memory 450 to the external circuit 470.

According to an embodiment, the image sensor 400 may exclude the buffer 451. The
image frames 421, 422, 423, and 424 from the pixel array 410 may directly be
transferred through the interface 460 to the external circuit 470.

FIG. 5 is a block diagram illustrating an electronic device 101 according to an em-
bodiment of the disclosure. An electronic device 101 may include a processor 510, a
display 520, a sensor circuit 530, a camera module 540, and a memory 550.

According to an embodiment, the processor 510 (e.g., the processor 120 of FIG. 1)
may control the display 520 (e.g., the display device 160), the sensor circuit 530 (e.g.,
the sensor module 176), the camera module 540 (e.g., the camera module 180 or 280),
and the memory 550 (e.g., the memory 130) connected with the processor 510 and
perform various types of data processing or computation. For example, the processor
510 may obtain sensor data from the sensor circuit 530 and identify a reference
threshold for slow motion recording using the sensor data. The processor 510 may
obtain a slow motion video in response to an object (e.g., one in an image) moving at
the threshold by using the camera module 540. The processor 510 may display on the
display 520, or store in the memory 550, a plurality of image frames constituting the
slow motion video.

According to an embodiment, the display 520 (e.g., the display device 160 of FIG. 1)
may display at least one image frame obtained through the image sensor 541 (e.g., the
image sensor 230 of FIG. 2). For example, the display 520 may display the preview
image provided through the image processor 542 or at least one video stored in the
memory 550.

According to an embodiment, the sensor circuit 530 (e.g., the sensor module 176 of
FIG. 1) may detect the movement of the electronic device 101 by using at least one
sensor (e.g., a gyro sensor or an acceleration sensor). The sensor circuit 530 may
transfer data regarding the movement of the electronic device 101 to the processor 510

or the camera module 540.
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According to an embodiment, the camera module 540 (e.g., the camera module 180
of FIG. 1 or the camera module 280 of FIG. 2) may include an image sensor 541 (e.g.,
the image sensor 230), an image processor 542 (e.g., the image signal processor 260),
and an encoder 543. Meanwhile, at least any one of the components 541, 542, and 543
in the camera module 540 may be designed in hardware, software, firmware, or in
other various forms, and each component may be termed with a different name.

According to an embodiment, the image processor 542 may obtain at least one piece
of pixel data output from the image sensor 541 and process or edit the obtained pixel
data for delivery to at least one component of the electronic device. The image
processor 542 may resize the image frame corresponding to the pixel data obtained
from the image sensor 541 to be displayed through the display 520. "Preview image"
means an image that is displayed on the display 520 when the user takes an image of at
least one object using the camera module 540 of the electronic device 101. At least one
image frame obtained through the image sensor 541 may be displayed in real-time on
the display 520 as a preview image, and the user of the electronic device may easily
take images of the external object through the preview image.

According to an embodiment, the encoder 543 may provide at least one video based
on the pixel data processed by the image processor 542. For example, the encoder 543
may compress an image frame corresponding to the pixel data obtained from the image
sensor 541 to be stored in the memory 550. Further, the encoder 543 may encode
image frames corresponding to a plurality of pieces of pixel data obtained from the
image sensor 541. The encoder 543 may array the plurality of image frames in the
order obtained through the image sensor 541 based on the plurality of pieces of pixel
data obtained from the image sensor 541. The processor 510 may store the video
encoded by the encoder 543 in the memory 550.

According to an embodiment, at least one of the image processor 542 or the encoder
543 may be included not in the camera module 540, but instead in the processor 510.

According to an embodiment, the memory 550 (e.g., the memory 130) may store at
least one image frame obtained through the image sensor 541 or at least one video
encoded through the encoder 543. Meanwhile, the image sensor 541 may include at
least one memory (e.g., 350) in which case the memory 550 may mean a different
storage space positioned in a place separated from the memory 350.

FIG. 6 is a view illustrating a method for performing slow motion recording using an
electronic device 101 according to an embodiment of the disclosure. According to an
embodiment, the electronic device 101 may include an image sensor 300, a processor
(e.g., 120), and a display (e.g., 160). Here, the image sensor may include at least one of
a pixel array 310, a row-driver 320, a column-readout circuit 330, a controller 340, a

memory 350, and an interface 360.
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Referring to FIG. 6, the processor may obtain a plurality of image frames for an
external object 601 through the image sensor 300, provide a video by using at least
some of the obtained plurality of image frames 610, and in response to receiving a
request to play video, display a video screen 600. The video may be configured as a
120fps video or 960fps video depending on the time when each of the image frames
constituting the video is obtained and the read-out speed of the image sensor. Here, the
120fps video means that the image frames constituting the video are obtained at the
cycle of 1/120 seconds, and the 960fps video means that the image frames constituting
the video are obtained at the cycle of 1/960 seconds. The video screen 600 may include
content 611 indicating the current position of playback.

According to an embodiment of the disclosure, the controller 340 included in the
image sensor may set the read-out speed, which is the output speed of the column-
readout circuit 330, as 120fps or 960fps, corresponding to a request related to the
execution of a slow motion recording mode. When the read-out speed is set to 120fps
or 960fps, the column-readout circuit 330 may read-out 120 or 960 image frames every
second based on light obtained by the pixel array 310.

The controller 340 may identify a pixel variation in the image frame by using at least
two of the plurality of image frames read out. For example, the controller 340 may
detect a pixel value variation in a particular region (e.g., at least one of the ROI or
background region) based on at least two of the plurality of image frames read out
through the column-readout circuit 330 before a first time 620. For example, the pixel
value variation sensible through the controller 340 may include a variation based on at
least one of the movement of the electronic device 101 between two image frames, the
illuminance of the outside of the electronic device 101, or the size of the ROI. The
controller 340 may identify a threshold for initiating slow motion recording based on
the detected pixel value variation. Specifically, as described below, the threshold may
be identified based on at least one of the movement of the electronic device 101, the il-
Iuminance of the outside of the electronic device 101, or the size of the ROI. The
controller 340 may select a first image frame and a second image frame from among
the plurality of image frames obtained through the column-readout circuit 330 before
the first time 620. Based on the difference between the pixel value of the ROI in the
selected first image frame and the pixel value of the ROI in the selected second image
frame exceeding a preset threshold, the processor 120 may identify that the object in
the ROI has moved between the time of obtaining the first image frame and the time of
obtaining the second image frame. In this case, the controller 340 may set the time of
obtaining the second image frame to the first time 620 and automatically start
automatic slow motion recording from the first time 620.

Meanwhile, the controller 340 may deliver, through the interface 360 to the external
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circuit 370, a plurality of first image frames read out at 120fps from the column-
readout circuit 330 before the first time 620. For example, when the output speed of
the interface 360 is 240fps, the controller 340 may deliver, in real-time, the plurality of
first image frames, which are read out at 120fps, to the external circuit 370 without the
need for storing the image frames in the memory 350. Since the interface with an
output speed of 240fps may deliver one image frame every 1/240 seconds, the
controller 340 may deliver image frames used to provide a 120fps video once every
1/120 seconds (e.g., 0 sec, 2/240 sec, 4/240 sec,...) while simultaneously delivering
preview images once every 1/120 seconds (e.g., 1/240 sec, 3/240 sec, 5/240 sec,...).
The processor in the external circuit 370 may provide a 120{ps video by using the
plurality of first image frames output through the interface of the image sensor. The
processor in the external circuit 370 may provide a preview by using the plurality of
image frames output through the interface of the image sensor.

According to an embodiment, the controller 340 may raise the read-out speed of the
column-readout circuit 330 to, e.g., 960fps, to perform automatic slow motion
recording from the first time 620 when the object in the ROI moves. When the read-out
speed rises from 120fps to 960fps, the number of image frames obtained increases
from 120 per second to 960 per second, and thus, the movement of the object in the
ROI may accurately be observed. The controller 340 may deliver, through the interface
360 to the external circuit 370, a plurality of second image frames read out at 960fps
from the column-readout circuit 330 right after the first time 620. For example, when
the output speed of the interface 360 is 960fps, the controller 340 may deliver, in real-
time, the plurality of second image frames, which are read out at 960fps, to the external
circuit 370 without the need for storing the image frames in the memory 350.

Meanwhile, when the output speed of the interface 360 is lower than 960fps, the
controller 340 may store the plurality of second image frames read out at 960{ps in the
memory 350 and may then deliver the plurality of second image frames stored in the
memory to the external circuit 370 depending on the output speed of the interface 360.
For example, the controller 340 may store all of the plurality of second image frames
read out at 960fps in the memory 350. The controller 340 may deliver the plurality of
second image frames stored through the interface 360 to the external circuit 370. For
example, when the output speed of the interface 360 is 240fps, the controller 340 may
output a preview image at 120fps while simultaneously outputting, at 120{ps, the
plurality of second image frames stored in the memory 350. The processor in the
external circuit 370 may provide a 960{ps video by using the plurality of second image
frames output through the interface of the image sensor 300. The controller 340 may
store the plurality of second image frames read out at 960fps in the memory 350 while

simultaneously outputting the plurality of second image frames stored in the memory
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350 through the interface 360 at 120fps. Alternatively, the controller 340 may output
the plurality of second image frames stored in the memory 350 through the interface
360 at 120fps from the moment that the storage of the memory 350 is full of the
plurality of second image frames read out at 960{ps.

According to an embodiment of the disclosure, based on the storage of the memory
350 being filled up based on a second time 621, the controller 340 may pause
automatic slow motion recording. The controller 340 may lower the read-out speed of
the column-readout circuit 330 corresponding to pausing automatic slow motion
recording. For example, the controller 340 may lower the read-out speed from 960fps
to 120fps to deliver the read-out image frames, in real-time, to the external circuit 370
without the need for storing the image frames in the memory 350. The column-readout
circuit 330 may read-out a plurality of third image frames at 120fps from the second
time 621.

Meanwhile, the controller 340 may store the plurality of second image frames read
out at 960fps from the first time 620 until the storage of the memory 350 is full, and
the controller 340 may output the plurality of second image frames stored in the
memory 350 from the second time 621 when the storage of the memory 350 is full. For
example, when the output speed of the interface 360 is 240fps, the controller 340 may
output the plurality of second image frames stored in the memory 350 at 120fps while
simultaneously outputting, at 120fps, a plurality of third image frames read out in real-
time. The processor in the external circuit 370 may provide a 960fps video by using the
plurality of second image frames output through the interface of the image sensor.
Further, the processor in the external circuit 370 may provide a 120fps video by using
the plurality of third image frames output through the interface of the image sensor.

According to an embodiment of the disclosure, the controller 340 may obtain a signal
related to starting manual slow motion recording from the user at a third time 622. The
controller 340 may raise the read-out speed of the column-readout circuit 330 to
960fpls corresponding to the obtained signal related to starting manual slow motion
recording. The column-readout circuit 330 may read-out a plurality of fourth image
frames at 960fps from the third time 622. The processor in the external circuit 370 may
provide a 960fps video by using the plurality of fourth image frames output through
the interface of the image sensor.

According to an embodiment, based on the storage of the memory 350 being filled
up at a fourth time 623, the controller 340 may pause manual slow motion recording.
The controller 340 may lower the read-out speed of the column-readout circuit 330
corresponding to pausing manual slow motion recording. For example, the controller
340 may lower the read-out speed from 960fps to 120fps to deliver the read-out image

frames, in real-time, to the external circuit 370 without the need for storing the image
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frames in the memory 350. The column-readout circuit 330 may read-out a plurality of
fifth image frames at 120fps from the fourth time 623. The processor in the external
circuit 370 may provide a 120fps video by using the plurality of fifth image frames
output through the interface of the image sensor.

According to an embodiment of the disclosure, the controller 340 included in the
image sensor may set the read-out speed, which is the output speed of the column-
readout circuit 330, as 960fps corresponding to a request related to the execution of a
slow motion recording mode. When the read-out speed is set to 960fps, the column-
readout circuit 330 may read-out 960 image frames per second based on light obtained
by the pixel array 310.

Meanwhile, the controller 340 may select some of the plurality of image frames read
out at 960fps in a 1:8 ratio. In other words, the controller 340 may store one out of
every eight read-out image frames in the memory 350. The controller 340 may deliver
the image frames stored in the memory 350 to the external circuit 370, and the
processor in the external circuit 370 may provide a 120fps video by using the delivered
image frames.

Or, the controller 340 may store all of the plurality of image frames read out at
960fps in the memory 350. The controller 340 may deliver the image frames stored in
the memory 350 to the external circuit 370, and the processor 120 in the external
circuit 370 may provide a 960fps video by using the delivered image frames.

In the above embodiments, the 960{ps video obtained between the first time 620 and
the second time 621 is described as an outcome of automatic slow motion recording,
and the 960fps obtained between the third time 622 and the fourth time 623 is
described as an outcome of the manual slow motion recording. However, this does not
intend to limit the order of automatic slow motion recording and manual slow motion
recording. Automatic slow motion recording and manual slow motion recording may
selectively be performed, and they may be performed three or more times.

In the above embodiments, the controller 340 in the image sensor 300 has been
described as the entity for all the operations. However, this is merely an example for
one or more processors in the electronic device, and the operations based on the em-
bodiments may also be performed by other various processors in the electronic device
101, as well as by the controller 340. For example, in various embodiments set forth
herein, the controller 340 may be referred to as a first processor, and the processor 120
or 510 in the external circuit 370 may be referred to as a second processor. The frame
rates, e.g., 120fps or 9601ps, used in the above embodiments may vary depending on
the settings of the electronic device or the performance of the interface.

FIG. 7A is a flowchart illustrating a method of recording a video in slow motion

using an electronic device 101 according to an embodiment. The embodiment of FIG.
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7A is described in detail with reference to Figs. 7B, 8, and 9. FIG. 7B is a view il-
lustrating an example in which an electronic device 101 records a video in slow motion
in response to the movement of an object in an ROI 810, according to an embodiment.
FIG. 8 is a view illustrating an example of detecting the movement of an electronic
device by using at least one background region 831, 832, 833, and 834 or ROI 820 in
an image according to an embodiment. FIG. 9 is a graph illustrating a variation, over
time, in pixel value in an ROI corresponding to the movement of an electronic device
101 according to an embodiment.

According to an embodiment, in operation 701, an electronic device 101 (e.g., the
processor 120) may obtain a plurality of first images including an ROI based on a first
frame rate by using the camera module 180. For example, in response to receiving an
input regarding video recording from the user, the electronic device 101 may obtain the
plurality of first images based on the first frame rate (e.g., 30fps or 60fps). The
plurality of first images each may include an ROI. The electronic device 101 may set a
range of interest of an object or subject to identify to initiate slow motion recording
through the ROI.

According to an embodiment, the electronic device 101 may identify the movement
of the electronic device 101 during a predetermined time by using the sensor module
176. According to an embodiment, the electronic device 101 may identify sensor data
through the sensor module 176 during the predetermined time, and based on the sensor
data being less than a threshold, the electronic device 101 may identify that there is no
movement of the electronic device 101. According to an embodiment, based on there
being no movement of the electronic device 101 during the predetermined time, the
electronic device 101 may operate in slow motion recording standby mode. According
to an embodiment, the slow motion recording standby mode may mean a state to
initiate slow motion recording, as a state to identify the movement of an object in the
ROI 810.

According to an embodiment, the electronic device 101 may identify the reception of
a user input related to the slow motion recording standby mode. For example, as shown
in <710> and <720> of FIG. 7B, the electronic device 101 may operate in the slow
motion recording standby mode in response to the reception of a user input through a
slow motion recording-related user interface 722.

According to an embodiment, the electronic device 101 may abstain from displaying,
or may deactivate, the ROI 810 until before operating in the slow motion recording
standby mode. For example, as shown in <710> of FIG. 7B, the electronic device 101
may abstain from displaying, or may deactivate, the ROI 810 until before operating in
the slow motion recording standby mode. According to an embodiment, in response to

operating in the slow motion recording standby mode, the electronic device 101 may
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display or activate the ROI 810. For example, as shown in <720> of FIG. 7B, in
response to operating in the slow motion recording standby mode, the electronic device
101 may display or activate the ROI 810.

In operation 703, according to an embodiment, the electronic device 101 may detect
the movement of the electronic device 101 by using the sensor module 176 in the slow
motion recording standby mode. According to an embodiment, the electronic device
101 may detect the movement of the electronic device 101 based on at least one of a
gyro sensor or an acceleration sensor. As a sensor to detect the movement of the
electronic device 101, the gyro sensor or the acceleration sensor is merely an example,
but is not limited thereto.

According to an embodiment, the electronic device 101 may detect the movement of
the electronic device 101 based on at least one of the movement of an object in the
background regions 831, 832, 833, and 834 of the first images or the movement of an
object in the ROI 820. For example, as shown in FIG. 8, the plurality of first images
may include at least one background region 831, 832, 833, and 834 or the ROI 820.
The electronic device 101 may identify the movement of an object in the background
region 831 based on a pixel variation in the background region and may identify the
movement of an object in the ROI 820 based on the pixel variation in the ROI §20.

According to an embodiment, the electronic device 101 may set at least one
background region 831, 832, 833, and 834 based on at least some of image regions
displayed on the display device 160 or set a background region in an external region
(e.g., the margin region of the image sensor 230) other than the image regions not
displayed on the display device 160. According to an embodiment, the background
regions 831, 832, 833, and 834 may be set as ones away by a preset distance from the
ROI 820 set by the user or as ones including the object corresponding to the focal
distance of the image sensor 230. According to an embodiment, the background
regions 831, 832, 833, and 834 may be set as ones including objects positioned in the
same distance as the distance between the electronic device 101 and the object in the
ROI 820 or positioned within a predetermined distance range. According to an em-
bodiment, the electronic device 101 may identify the pixel variation in the background
regions whose contrast value exceeds a preset value from among the background
regions 831, 832, 833, and 834 while excluding the background regions whose contrast
value is not more than the preset value from among the background regions 831, 832,
833, and 834.

According to an embodiment, in operation 705, based on the movement of the
electronic device 101 meeting a first predetermined range, the electronic device 101
may identify a threshold related to the movement of the ROI as a first threshold.

According to an embodiment, the electronic device 101 may identify whether the
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movement of the electronic device 101 meets the first predetermined range. For
example, the electronic device 101 may identify whether a sensor data value obtained
through the sensor module 176 meets the first predetermined value. As another
example, the electronic device 101 may identify a pixel variation corresponding to the
movement of an object in the background regions in the plurality of first images or a
pixel variation corresponding to the movement of an object in the ROI and identify
whether the pixel variation meets a second predetermined range.

According to an embodiment, based on the movement of the electronic device 101
meeting the first predetermined range, the electronic device 101 may identify the first
threshold based on the pixel variation identified while the electronic device 101 moves.
For example, referring to FIG. 9, the electronic device 101 may display a preview
image 901 for the object being captured on the display device 160 from time t0 or from
before tO. In this case, the electronic device 101 may obtain a plurality of first images
read out (902) at 60fps through the image sensor 230 and provide a 60fps video 903 by
using at least some of the plurality of first images. During video recording, the
electronic device 101 may store the plurality of read-out first images in the memory
130, and during a time period from tl to t2, the electronic device 101 may enter a
mode for slow motion video recording based on the moving state of the electronic
device 101 or by receiving a touch input for slow motion video recording from the user
through a user interface. After t2, the electronic device 101 may change the read-out
speed of the image sensor 230 from a first speed (60{ps) to a second speed (960{ps)
and obtain a plurality of images. The time period from (2 to (3 relates to a standby
mode in which the electronic device 101 records video in slow motion. The electronic
device 101 may obtain a plurality of images read out (902) at 960{ps and provide a
60fps video 903 by using at least some of the plurality of images. The electronic device
101 may identify a pixel variation in the ROI 820 due to the movement of the
electronic device 101 and identify the maximum value 910, the mean value 911, or the
second maximum value of the pixel variation. The electronic device 101 may identify a
threshold that is a pixel value less than a preset value to exclude pixel values due to a
sensor malfunction. The electronic device 101 may apply a weight 920 to one corre-
sponding value (e.g., the mean value 911 or the maximum value 910) of the pixel
variation and identify a first threshold 930. According to an embodiment, the electronic
device 101 may identify a pixel variation in each ROI 820 or identify a variation in the
mean value of all the pixels of the ROI 820, but embodiments of the disclosure are not
limited thereto. According to an embodiment, the electronic device 101 may identify
the first threshold 930 by using at least one of the processor 120, the image signal
processor 260 in the camera module 280, or the controller 340 in the image sensor 300.

According to an embodiment, based on the reception of a signal related to video
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recording being a user's input received through the user interface while obtaining the
plurality of first images, the electronic device 101 may identify, as the first threshold, a
threshold related to the movement of the ROI based on the movement of the electronic
device 101 measured after a preset period since the signal is obtained. For example, as
shown in FIG. 9, the electronic device 101 may receive a touch input for slow motion
video recording from the user at t1, and to disregard the movement of the electronic
device 101 while the touch input occurs, the electronic device 101 may identify, as the
first threshold, a threshold related to the movement of the ROI based on the movement
of the electronic device 101 measured from t2 which is a time after a preset period
since t1 when the touch input occurs. The video recording-related signal may include,
but is not limited to, €.g., a signal for entering the super slow motion video recording
standby mode based on the movement of the electronic device 101 or a user input for
initiating video recording or super slow motion video recording.

According to an embodiment, the electronic device 101 may identify a threshold
related to the movement of the ROI as the identified first threshold. For example, the
electronic device 101 may identify a threshold related to an object moving in the ROI
820 as the identified first threshold. According to an embodiment, the threshold related
to the movement of the ROI 820 may mean a reference value for slow motion video
recording, based on the pixel variation due to the movement of the object in the ROI
820 being not less than the threshold. For example, as shown in FIG. 9, the electronic
device 101 may identify the threshold related to the movement of the ROI 820 at (3 as
the identified first threshold and identify whether the pixel variation due to the
movement of the object in the ROI 820 exceeds the first threshold 930.

According to an embodiment, in operation 707, based on the movement of the
electronic device 101 meeting a second predetermined range larger than the first prede-
termined range, the electronic device 101 may identify a threshold related to the
movement of the ROI as a second threshold 940 larger than the first threshold 930.

According to an embodiment, the electronic device 101 may identify whether the
movement of the electronic device 101 meets the second predetermined range. For
example, the electronic device 101 may identify whether a sensor data value obtained
through the sensor module 176 meets the second predetermined range larger than the
first predetermined value. As another example, the electronic device 101 may identify
a pixel variation corresponding to the movement of an object in the background
regions in the plurality of first images or a pixel variation corresponding to the
movement of an object in the ROI and identify whether the pixel variation meets the
second predetermined range larger than the first predetermined range.

According to an embodiment, based on the movement of the electronic device 101

meeting the second predetermined range larger than the first predetermined range, the
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electronic device 101 may identify the second threshold 940 based on the pixel
variation identified while the electronic device 101 moves. The method of identifying
the second threshold 940 may adopt the method of identifying the first threshold 930
described above in connection with operation 705. According to an embodiment, the
electronic device 101 may identify the second threshold 940 by using at least one of
the processor 120, the image signal processor 260 in the camera module 280, or the
controller 340 in the image sensor 300. According to an embodiment, the electronic
device 101 may identify the threshold related to the movement of the ROI as the
second threshold 940 based on the movement of the electronic device measured, after a
preset period since a video recording-related signal while obtaining the plurality of first
images. For example, referring to FIG. 9, the electronic device 101 may identify the
second threshold 940 based on the movement of the electronic device 101 measured,
from (2 which is a time after a preset period since t1 when a touch input occurs and
may identify a threshold related to the movement of the ROI as the identified second
threshold 940.

According to an embodiment, the electronic device 101 may identify the illuminance
of the outside of the electronic device 101 by using the sensor module 176 (e.g., an il-
luminance sensor). According to an embodiment, the electronic device 101 may
identify illuminance information about the outside of the electronic device 101 by
using exposure information or gain information identified through the image sensor
230. According to an embodiment, the electronic device 101 may identify the threshold
related to a movement of the ROI based on the movement of the electronic device and
illuminance information about an outside of the electronic device obtained by using the
sensor module 176.. For example, the electronic device 101 may identify a pixel
variation in the ROI 820 based on the movement of the electronic device 101 and the
ambient illuminance about the outside of the electronic device 101 during a preset time
period (e.g., the time period from (2 to t3 as shown in FIG. 9) and identify the
maximum value or mean value of the pixel variation. The electronic device 101 may
apply a weight to one value corresponding to the pixel variation, identifying the
threshold. Based on the illuminance information meeting a third predetermined range,
the electronic device 101 may identify the threshold related to the movement of the
ROI 820 as a third threshold. Based on the illuminance information meeting a fourth
predetermined range smaller than the third predetermined range, the electronic device
101 may identify the threshold related to the movement of the ROI 820 as a fourth
threshold larger or different than the third threshold. According to an embodiment, the
electronic device 101 may identify the third threshold or the fourth threshold by using
at least one of the processor 120, the image signal processor 260 in the camera module

280, or the controller 340 in the image sensor 300.
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According to an embodiment, the electronic device 101 may receive an input
regarding the settings of the ROI 820 from the user through a user interface. For
example, the electronic device 101 may receive an input regarding a position setting of
the ROI 820 or an input regarding a size setting of the ROI 820 from the user.
According to an embodiment, the electronic device 101 may identify a threshold
related to the movement of the ROI as a fifth threshold based on the setting of the ROI
820. For example, based on the size of a first ROI being 320*320 pixels, the electronic
device 101 may identify the threshold related to the movement of the first ROI to the
first ROI as A value. As another example, based on the size of the second ROI being
80*80 pixels smaller than the first ROI, the electronic device 101 may identify the
threshold related to the movement of the second ROI to the second ROI as B value
which is larger than the A value.

According to an embodiment, in operation 709, the electronic device 101 may obtain
a plurality of second images based on a second frame rate larger than the first frame
rate, in response to an object moving at a corresponding one of the first threshold 930
and the second threshold 940 in the ROI set by the electronic device 101. For example,
as shown in <730> of FIG. 7B, the electronic device 101 may initiate slow motion
recording to obtain the plurality of second images based on the second frame rate in
response to the object 721 moving at a corresponding one of the first threshold 930 and
the second threshold 940. According to an embodiment, based on the pixel variation in
the ROI 820 being larger than a corresponding one of the first threshold 930 and the
second threshold 940, the electronic device 101 may obtain the plurality of second
images based on the second frame rate. For example, as shown in FIG. 9, based on the
threshold related to the movement of the ROI 820 being identified to the first threshold
930 or the second threshold 940 or based on the pixel variation due to the movement of
the object in the ROI 820 being larger than the threshold related to the movement of
the ROI 820 at t4, the electronic device 101 may obtain the plurality of second images
(e.g., a video 903) based on the second frame rate (e.g., 960fps). According to an em-
bodiment, the electronic device 101 may identify the threshold related to a movement
of the ROI 820 based on the movement of the electronic device and illuminance in-
formation about an outside of the electronic device obtained, and may obtain the
plurality of second images based on the second frame rate larger than the first frame
rate in response to the object moving at the threshold, identified based on the
movement of the electronic device and the illuminance information about an outside of
the electronic device, in the ROI 820. According to an embodiment, the electronic
device 101 may identify the threshold related to the movement of the ROI 820 as the
third threshold or the fourth threshold larger than the third threshold based on the

identified illuminance information about the outside of the electronic device 101 and
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may obtain the plurality of second images based on the second frame rate larger than
the first frame rate in response to the object moving at the third threshold or the fourth
threshold in the ROI 820. For example, based on the pixel variation in the ROI 8§20
being larger than a corresponding one of the third threshold and the fourth threshold,
the electronic device 101 may obtain the plurality of second images based on the
second frame rate.

According to an embodiment, the electronic device 101 may identify the threshold
related to the movement of the ROI 820 as the fifth threshold based on the size setting
of the ROI 820 and obtain the second images based on the second frame rate in
response to the object moving at the fifth threshold identified based on the setting of
the ROI 820 in the ROI 820. For example, based on the pixel variation in the ROI 820
being larger than the fifth threshold, the electronic device 101 may obtain the plurality
of second images based on the second frame rate.

According to an embodiment, based on the electronic device 101 obtaining the
plurality of second images based on the second frame rate, the electronic device 101
may alter the interface related to the ROI 810 or the user interface 722 related to slow
motion recording. For example, as shown in <730> of FIG. 7B, the electronic device
101 may gradually enlarge or shrink the user interface displaying the ROI 810 while
obtaining the plurality of second images based on the second frame rate. As another
example, as shown in <730> of FIG. 7B, the electronic device 101 may indicate that
the slow motion recording-related user interface 722 is being activated while obtaining
the plurality of second images based on the second frame rate.

According to an embodiment, when a predetermined time elapses from the time
when the plurality of second images begin obtaining, the electronic device 101 may
pause the acquisition of the plurality of second images and obtain the plurality of first
images at the first frame rate. For example, as shown in <740> of FIG. 7B, when a pre-
determined time elapses since the slow motion recording begins, the electronic device
101 may terminate the slow motion recording by pausing the acquisition of the
plurality of second images. According to an embodiment, when the electronic device
101 stores as many second images as a predetermined number of image frames or a
predetermined capacity, the electronic device 101 may pause the acquisition of the
plurality of second images and obtain the plurality of first images at the first frame
rate. According to an embodiment, in response to identifying the reception of a user
input through a user interface (not shown) related to the termination of slow motion
recording, the electronic device 101 may pause the acquisition of the plurality of
second images and obtain the plurality of first images at the first frame rate.

According to an embodiment, in response to pausing the acquisition of the plurality

of second images, the electronic device 101 may alter the slow motion recording-
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related user interface 722. For example, based on the acquisition of the plurality of
second images pausing as shown in <740> of FIG. 7B, the electronic device 101 may
indicate that the slow motion recording-related user interface 722 is being deactivated.
According to an embodiment, in operation 711, the electronic device 101 may provide
a video related to the moving object by using at least some of the plurality of first
images and at least some of the plurality of second images. For example, as shown in
FIG. 9, the electronic device 101 may provide a 60fps video 903 during a time period
from tO to t4 and a 960fps video after t4. According to an embodiment, the electronic
device 101 may perform operations 701 to 711 by using at least one of the processor
120, the image signal processor 260 in the camera module 280, or the controller 340 in
the image sensor 300. According to an embodiment, the electronic device 101 may
provide the video related to the moving object using at least some of the plurality of
first images and at least some of the plurality of second images obtained in response to
the object moving at the threshold identified based on the movement of the electronic
device and the illuminance information about an outside of the electronic device

FIG. 10 is a table representing weights to identify a threshold related to an object
moving in an ROI 820 based on at least of the movement or illuminance of an
electronic device 101 or the size of the ROI 820 according to an embodiment.

According to an embodiment, it is assumed that the electronic device 101 remains the
same condition regarding the external illuminance of the electronic device 101 and the
size of the ROI 820 but is subject to differences in movement. According to an em-
bodiment, based on the outside of the electronic device 101 being a high illuminance,
the size of the ROI 820 being 320*320 pixels, and the electronic device 101 being held
in the user's hand so that the movement of the electronic device 101 due to the user's
handshaking can be detected, the electronic device 101 may apply a preset first weight
1011 and a preset second weight 1012 to one corresponding value (e.g., the maximum
value) among the pixel values in the ROI 820 which is varied by at least one of the
movement of the electronic device 101, ambient illuminance, or the size of the ROI
820, thereby identifying a threshold. For example, the electronic device 101 may
multiply one corresponding value (e.g., the maximum value) among the pixel values in
the ROI 820 by the preset second weight 1012 (Coeff), e.g., 1.8, and then add the
preset first weight 1011 (Offset), e.g., 0. According to an embodiment, based on the
outside of the electronic device 101 including a high illuminance, the size of the ROI
820 being 320*320 pixels, and the electronic device 101 being mounted on a tripod,
the electronic device 101 may apply a preset third weight 1031 and a preset fourth
weight 1032 to one corresponding value (e.g., the maximum value) among the pixel
values in the ROI 820 which is varied by at least one of the movement of the electronic

device 101, ambient illuminance, or the size of the ROI 820, thereby identifying a
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threshold. For example, the electronic device 101 may multiply one corresponding
value (e.g., the maximum value) among the pixel values in the ROI 820 by the preset
fourth weight 1032 (Coeff), e.g., 1.1, and then add the preset third weight 1031
(Offset), e.g., 1.

According to an embodiment, it is assumed that the electronic device 101 remains the
same condition regarding the external illuminance of the electronic device 101and the
movement of the electronic device 101 but is subject to differences in the size of the
ROI 820. According to an embodiment, based on the outside of the electronic device
101 being a relatively high illuminance, the electronic device 101 being mounted on a
tripod, and the size of the ROI 820 being 320*320 pixels, the electronic device 101
may apply the preset third weight 1031 and the preset fourth weight 1032 to one corre-
sponding value (e.g., the maximum value) among the pixel values in the ROI 820
varied by at least one of the movement of the electronic device 101, ambient il-
luminance, or the size of the ROI 820, thereby identifying a threshold. For example,
the electronic device 101 may multiply one corresponding value (e.g., the maximum
value) among the pixel values in the ROI 820 by the preset fourth weight 1032 (Coeff),
e.g., 1.1, and then add the preset third weight 1031 (Offset), e.g., 1. According to an
embodiment, based on the outside of the electronic device 101 being a high il-
luminance, the electronic device 101 being mounted on a tripod, and the size of the
ROI 820 being 80*80 pixels, the electronic device 101 may apply a preset fifth weight
1021 and a preset sixth weight 1022 to one corresponding value (e.g., the maximum
value) among the pixel values in the ROI 820 varied by at least one of the movement
of the electronic device 101, ambient illuminance, or the size of the ROI 8§20, thereby
identifying a threshold. For example, the electronic device 101 may multiply one cor-
responding value (e.g., the maximum value) among the pixel values in the ROI 8§20 by
the preset sixth weight 1022 (Coefl), e.g., 1.3, and then add the preset fifth weight
1021 (Offset), e.g., 4.

Although a threshold is identified by multiplying weight by a predetermined co-
efficient and then adding an offset above, it is appreciated by a skilled artisan that this
is merely an example and identifying a threshold is not limited thereto.

FIG. 11 is a flowchart illustrating a method for recording a video in slow motion
using an ROI 820 and background regions 831, 832, 833, and 834 of an electronic
device 101 according to an embodiment. The embodiment related to FIG. 11 is
described in greater detail with reference to FIG. 12. FIG. 12 is a view illustrating an
example of recording a video in slow motion using an ROI 820 and at least one
background region 831, 832, 833, and 834 in an image according to an embodiment.

According to an embodiment, in operation 1101, an electronic device 101 (e.g., the

processor 120) may obtain a plurality of first images including an ROI 820 and at least
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one background region 831, 832, 833, and 834 at a first frame rate by using the camera
180. For example, the electronic device 101 may obtain images read out at 60fps in
response to a video recording start signal and store the images, as a video, in the
memory 130.

According to an embodiment, in operation 1103, the electronic device 101 may
obtain a first pixel variation in the ROI 820 in each of the plurality of first images.
According to an embodiment, the electronic device 101 may obtain pixel variations in
the ROI 820 in the Nth image frame and the ROI 820 in the N+1th image frame

According to an embodiment, in operation 1105, the electronic device 101 may
obtain a second pixel variation in at least one background region 831, 832, 833, and
834 in each of the plurality of first images. According to an embodiment, the electronic
device 101 may obtain pixel variations in at least one background region 831, 832,
833, and 834 in the Nth image frame and at least one background region 831, 832, 833,
and 834 in the N+1th image frame.

According to an embodiment, the electronic device 101 may receive an input
regarding the settings of the ROI 820 from the user through a user interface, and based
on at least a portion of the ROI 820 overlapping at least a portion of the at least one
background region, identify the second pixel variation by using the rest of the
background region other than the overlapping portion. For example, the electronic
device 101 may receive an input regarding the settings of the position or size of the
ROI 820 from the user through the user interface. Based on at least a portion of the
ROI 820 overlapping at least a portion of the background region 831, 832, 833, and
834, the electronic device 101 may identify the second pixel variation by using the rest
of the background region other than the overlapping portion to prevent a malfunction
due to the movement of the object in the overlapping portion.

According to an embodiment, the electronic device 101 may set at least one
background region 831, 832, 833, and 834 based on at least some of image regions
displayed on the display device 160 or set a background region in an external region
(e.g., the margin region of the image sensor 230) other than the image regions not
displayed on the display device 160. According to an embodiment, the background
regions 831, 832, 833, and 834 may be set as ones away by a preset distance from the
ROI 820 set by the user or as ones including the object corresponding to the focal
distance of the image sensor 230. According to an embodiment, the background
regions 831, 832, 833, and 834 may be set as ones including objects positioned in the
same distance as the distance between the electronic device 101 and the object in the
ROI 820 or positioned within a predetermined distance range. According to an em-
bodiment, the electronic device 101 may identify the pixel variation in the background

regions whose contrast value exceeds a preset value from among the background
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regions 831, 832, 833, and 834 while excluding the background regions whose contrast
value is not more than the preset value from among the background regions 831, 832,
833, and 834.

According to an embodiment, in operation 1107, the electronic device 101 may
identify whether the first pixel variation exceeds the first threshold. For example, as
shown in FIG. 12, the electronic device 101 may identify whether the first pixel
variation due to the movement of the object in the ROI 820 exceeds the first threshold
which is a threshold related to the object moving in the ROI 820.

According to an embodiment, in operation 1109, the electronic device 101 may
identify whether the second pixel variation is less than the second threshold. To
prevent it from being identified that the object in the ROI 820 is moved as the
electronic device 101 shakes, the electronic device 101 may identify whether the pixel
variation in the ROI 820 comes from the electronic device 101 shaking or the
movement of the object by using the background regions 831, 832, 833, and 834. For
example, as shown in FIG. 12, the electronic device 101 may identify whether the
second pixel variation due to the movement of the object in the background regions
831, 832, 833, and 834 corresponding to the movement of the electronic device 101 is
less than the second threshold which is a threshold related to the object moving in the
background regions 831, 832, 833, and 834. According to an embodiment, the second
threshold may be the same or different from the first threshold.

According to an embodiment, in operation 1111, in response to identifying the first
pixel variation exceeding the first threshold and the second pixel variation less than the
second threshold, the electronic device 101 may obtain a plurality of second images
based on the second frame rate larger than the first frame rate. For example, as shown
in FIG. 12, based on the object in the ROI 820 moving at a preset speed or faster, and
the object in the background regions 831, 832, 833, and 834 moving slower than the
preset speed, the electronic device 101 may obtain the plurality of second images based
on the second frame rate (e.g., 960fps) larger than the first frame rate (e.g., 60fps).
According to an embodiment, based on the difference between the first pixel variation
in the ROI 820 and the second pixel variation in the background regions 831, 832, 833,
and 834 being not less than a first predetermined value, the electronic device 101 may
identify the plurality of second images based on the second frame rate larger than the
first frame rate.

According to an embodiment, in operation 1113, the electronic device 101 may
provide a video related to the moving object by using at least some of the plurality of
first images and at least some of the plurality of second images. The method of
providing the video may adopt the operations of FIG. 6 and operation 711 of FIG. 7A.

FIG. 13 is a flowchart illustrating a method for recording a video in slow motion
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using an ROI 820 in an image and a sensor module 176 of an electronic device 101
according to an embodiment.

According to an embodiment, in operation 1301, an electronic device 101 (e.g., the
processor 120) may obtain a plurality of first images including an ROI 820 based on a
first frame rate. For example, the electronic device 101 may obtain images read out at
60fps in response to a video recording start signal and store the images, as a video, in
the memory 130.

According to an embodiment, in operation 1303, the electronic device 101 may
identify whether first movement information related to the movement of an object in
the ROI 820 meets a first predetermined condition. According to an embodiment, the
electronic device 101 may identify whether a pixel variation due to the movement of
the object in the ROI 820 exceeds a threshold related to the object moving in the ROI
820. Based on the pixel variation due to the movement of the object in the ROI 820
exceeding the threshold moving in the ROI 820, the electronic device 101 may identify
that the first movement information related to the movement of the object meets the
first predetermined condition.

According to an embodiment, in operation 1305, the electronic device 101 may
identify whether second movement information related to the movement of the
electronic device 101 obtained through the sensor module 176 meets a second prede-
termined condition. According to an embodiment, the electronic device 101 may
identify whether a variation in sensor data obtained from the sensor module 176 (e.g.,
an acceleration sensor or gyro sensor) is less than a preset range. Based on the
variation in sensor data obtained from the sensor module 176 being less than the preset
range, the electronic device 101 may identify that the second movement information
related to the movement of the electronic device meets the second predetermined
condition.

According to an embodiment, in operation 1307, based on the first movement in-
formation meeting the first predetermined condition, and the second movement in-
formation meets the second predetermined condition, the electronic device 101 may
obtain the plurality of second images based on the second frame rate larger than the
first frame rate. According to an embodiment, based on the object in the ROI 8§20
moving at a preset speed or faster, and the electronic device 101 moving slower than
the preset speed, the electronic device 101 may obtain the plurality of second images
based on the second frame rate (e.g., 960{ps) larger than the first frame rate (e.g.,
601fps).

According to an embodiment, in operation 1309, the electronic device 101 may
provide a video related to the moving object by using at least some of the plurality of

first images and at least some of the plurality of second images. The method of
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providing the video may adopt the operations of FIG. 6 and operation 711 of FIG. 7A.

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 smart phone), 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 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 un-
derstood 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 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., importance or order). It is to be

understood that if an element (e.g., a first element) is referred to, with or without the

"o "o

term "operatively" or "communicatively", as "coupled 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
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
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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 provided 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.

According to an embodiment, a method according to various embodiments of the
disclosure may be included and provided in a computer program product. The
computer program products may be traded as commodities between sellers and buyers.
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., Play StoreTM), or
between two user devices (e.g., smart phones) directly. If distributed online, at least
part of the computer program product may be temporarily provided or at least tem-
porarily stored in the machine-readable storage medium, such as memory of the manu-
facturer'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.

According to an embodiment, an electronic device 101 may comprise a camera 180,
a sensor module 176, a memory 130, and a processor 120 configured to obtain a
plurality of first images including a region of interest (ROI) based on a first frame rate
by using the camera 180, detect the movement of the electronic device by using the
sensor module 176, identify a threshold related to a movement of the ROI based on the
movement of the electronic device, wherein the threshold related to a movement of the

ROl is identified as a first threshold based on the movement of the electronic device
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meeting a first predetermined range, and the threshold related to the movement of the
ROl is identified as a second threshold larger than the first threshold based on the
movement of the electronic device meeting a second predetermined range larger than
the first predetermined range, obtain a plurality of second images based on a second
frame rate larger than the first frame rate in response to an object moving at the first
threshold or the second threshold in the ROI, and provide a video related to the object
by using at least some of the plurality of first images and at least some of the plurality
of second images.

According to an embodiment, the processor 120 may be configured to detect the
movement of the electronic device based on at least one of a gyro sensor or an ac-
celeration sensor included in the sensor module 176.

According to an embodiment, the processor 120 may be configured to detect the
movement of the electronic device based on at least one of a movement of an object in
a background region of the plurality of first images or the movement of the object in
the ROI.

According to an embodiment, the processor 120 may be configured to identify the
threshold related to the movement of the ROI as the first threshold or the second
threshold based on a pixel variation identified while the electronic device moves.

According to an embodiment, the processor 120 may be configured to, based on a
signal related to video recording being a user's input received through a user interface
while obtaining the plurality of first images, identifying the threshold related to the
movement of the ROI as the first threshold or the second threshold based on the
movement of the electronic device measured, after a preset period since the signal is
obtained.

According to an embodiment, the processor 120 may be configured to identify the
threshold related to a movement of the ROI based on the movement of the electronic
device and illuminance information about an outside of the electronic device obtained
by using the sensor circuit, obtain the plurality of second images based on the second
frame rate larger than the first frame rate in response to the object moving at the
threshold, identified based on the movement of the electronic device and the il-
luminance information about an outside of the electronic device, in the ROI, and
provide the video related to the object using at least some of the plurality of first
images and at least some of the plurality of second images obtained in response to the
object moving at the threshold identified based on the movement of the electronic
device and the illuminance information about an outside of the electronic device.

According to an embodiment, the processor 120 may be configured to receive an
input related to the settings of the ROI from the user through a user interface, identify
the threshold related to the movement of the ROI based on the setting of the ROI, and
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obtain the plurality of second images based on the second frame rate in response to the
object moving at the threshold identified based on the setting of the ROI, in the ROI.

According to an embodiment, the processor 120 may be configured to obtain the
plurality of second images at the second frame rate based on a pixel variation in the
ROI being larger than the first threshold or the second threshold.

According to an embodiment, an electronic device 101 may comprise a camera 180,
a memory 130, and a processor 120 configured to obtain a plurality of first images
including an ROI based on a first frame rate by using the camera 180, obtain a first
pixel variation in the ROI in each first image, obtain a second pixel variation in at least
one background region in the each first image, obtain a plurality of second images
based on a second frame rate larger than the first frame rate in response to identifying
the first pixel variation exceeding a first threshold and the second pixel variation less
than a second threshold, and provide a video related to the moving object by using at
least some of the plurality of first images and at least some of the plurality of second
images.

According to an embodiment, the processor 120 may be configured to receive an
input related to the settings of the ROI from the user through a user interface, and
based on at least a portion of the ROI overlapping at least a portion of the at least one
background region, identify the second pixel variation by using the background region
other than the overlapping portion.

According to an embodiment, a method for operating an electronic device configured
to record a video may comprise obtaining a plurality of first images including an ROI
based on a first frame rate by using a camera, detecting the movement of the electronic
device using a sensor circuit, identifying a threshold related to a movement of the ROI
based on the movement of the electronic device, wherein the threshold related to a
movement of the ROl is identified as a first threshold based on the movement of the
electronic device meeting a first predetermined range, and the threshold related to the
movement of the ROl is identified as a second threshold larger than the first threshold
based on the movement of the electronic device meeting a second predetermined range
larger than the first predetermined range, obtaining a plurality of second images based
on a second frame rate larger than the first frame rate in response to an object moving
at the first threshold or the second threshold in the ROI, and providing the video
related to the object by using at least some of the plurality of first images and at least
some of the plurality of second images.

According to an embodiment, detecting the movement of the electronic device may
include detecting the movement of the electronic device based on at least one of a gyro
sensor or an acceleration sensor included in the sensor circuit.

According to an embodiment, detecting the movement of the electronic device may
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include detecting the movement of the electronic device based on at least one of the
movement of an object in a background region of the plurality of first images or the
movement of the object in the ROI.

According to an embodiment, identifying the threshold related to the movement of
the ROI as the first threshold or the second threshold may include identifying the
threshold related to the movement of the ROI as the first threshold or the second
threshold based on a pixel variation identified while the electronic device moves.

According to an embodiment, identifying the threshold related to the movement of
the ROI as the first threshold or the second threshold may include, based on a signal
related to video recording being a user's input received through a user interface while
obtaining the plurality of first images, identifying the threshold related to the
movement of the ROI as the first threshold or the second threshold based on the
movement of the electronic device measured, after a preset period since the signal is
obtained.

According to an embodiment, the method may further comprise identifying the
threshold related to a movement of the ROI based on the movement of the electronic
device and illuminance information about an outside of the electronic device obtained
by using the sensor circuit, obtaining the plurality of second images based on the
second frame rate larger than the first frame rate in response to the object moving at
the threshold, identified based on the movement of the electronic device and the il-
luminance information about an outside of the electronic device, in the ROI, and
providing the video related to the object using at least some of the plurality of first
images and at least some of the plurality of second images obtained in response to the
object moving at the threshold identified based on the movement of the electronic
device and the illuminance information about an outside of the electronic device.

According to an embodiment, the method may further comprise receiving an input
related to the settings of the ROI from the user through a user interface, identifying the
threshold related to the movement of the ROI based on the setting of the ROI, and
obtaining the plurality of second images based on the second frame rate in response to
the object moving at the threshold identified based on the setting of the ROI in the
ROL

According to an embodiment, obtaining the plurality of second images may include
obtaining the plurality of second images at the second frame rate based on a pixel
variation in the ROI being larger than the first threshold or the second threshold.

According to an embodiment, a method for operating an electronic device configured
to record a video may comprise obtaining a plurality of first images including an ROI
based on a first frame rate by using a camera, obtaining a first pixel variation in the

ROl in each first image, obtaining a second pixel variation in at least one background
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region in the each first image, obtaining a plurality of second images based on a second
frame rate larger than the first frame rate in response to identifying the first pixel
variation exceeding a first threshold and the second pixel variation less than a second
threshold, and providing the video related to the object by using at least some of the
plurality of first images and at least some of the plurality of second images.

According to an embodiment, obtaining the second pixel variation may include
receiving an input related to the settings of the ROI from the user through a user
interface, and based on at least a portion of the ROI overlapping at least a portion of
the at least one background region, identifying the second pixel variation by using the
background region other than the overlapping portion.

As is apparent from the foregoing description, according to various embodiments, an
electronic device may perform super slow motion video recording under a condition
appropriate for the state of the electronic device at the time of video recording given
movement or ambient illuminance information about the electronic device and may
obtain a super slow motion video in the user's desired quality. According to various
embodiments, there may be provided a method for allowing an electronic device to
begin super slow motion video recording at the user's desired time considering the
movement of an object in an ROI in an image {rame or the movement of an object
outside the ROI.

While the disclosure has been shown and described with reference to certain em-
bodiments thereof, it will be understood by those skilled in the art that various changes
in form and details may be made therein without departing from the spirit and scope of
the disclosure as defined by the appended claims and their equivalents.

Although the present disclosure has been described with various embodiments,
various changes and modifications may be suggested to one skilled in the art. It is
intended that the present disclosure encompass such changes and modifications as fall

within the scope of the appended claims.
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Claims

An electronic device, comprising:

a camera;

a sensor circuit;

a memory; and

a processor configured to:

obtain a plurality of first images including a region of interest (ROI)
based on a first frame rate using the camera,

detect a movement of the electronic device using the sensor circuit,
identify a threshold related to a movement of the ROI based on the
movement of the electronic device, wherein:

the threshold related to a movement of the ROI is identified as a first
threshold based on the movement of the electronic device meeting a
first predetermined range, and

the threshold related to the movement of the ROI is identified as a
second threshold that is larger than the first threshold based on the
movement of the electronic device meeting a second predetermined
range that is larger than the first predetermined range,

obtain a plurality of second images based on a second frame rate that is
larger than the first frame rate in response to an object moving at the
first threshold or the second threshold in the ROI, and

provide a video related to the object using at least some of the plurality
of first images and at least some of the plurality of second images.

The electronic device of claim 1, wherein the processor is configured to
detect the movement of the electronic device based on at least one of a
gyro sensor or an acceleration sensor included in the sensor circuit.
The electronic device of claim 1, wherein the processor is configured to
detect the movement of the electronic device based on at least one of a
movement of an object in a background region of the plurality of first
images or the movement of the object in the ROI.

The electronic device of claim 1, wherein the processor is configured to
identify the threshold related to the movement of the ROI as the first
threshold or the second threshold based on a pixel variation identified
while the electronic device moves.

The electronic device of claim 1, wherein the processor is configured
to, based on a signal related to video recording being a user's input

received through a user interface while obtaining the plurality of first
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images, identify the threshold related to the movement of the ROI as
the first threshold or the second threshold based on the movement of
the electronic device measured after a preset period since the signal is
obtained.

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

identify the threshold related to a movement of the ROI based on the
movement of the electronic device and illuminance information about
an outside of the electronic device obtained by using the sensor circuit,
obtain the plurality of second images based on the second frame rate
being larger than the first frame rate in response to the object moving at
the threshold which is identified based on the movement of the
electronic device and the illuminance information about an outside of
the electronic device, in the ROI, and

provide the video related to the object using at least some of the
plurality of first images and at least some of the plurality of second
images obtained in response to the object moving at the threshold
identified based on the movement of the electronic device and the il-
luminance information about an outside of the electronic device.

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

receive an input related to a setting of the ROI from a user through a
user interface,

identify the threshold related to the movement of the ROI based on the
setting of the ROI, and

obtain the plurality of second images based on the second frame rate in
response to the object moving in the ROI at the threshold identified
based on the setting of the ROI.

The electronic device of claim 1, wherein the processor is configured to
obtain the plurality of second images at the second frame rate based on
a pixel variation in the ROI being larger than the first threshold or the
second threshold.

A method for operating an electronic device configured to record a
video, the method comprising:

obtaining a plurality of first images including an ROI based on a first
frame rate using a camera;

detecting a movement of the electronic device using a sensor circuit;

identifying a threshold related to a movement of the ROI based on the
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movement of the electronic device, wherein:

the threshold related to a movement of the ROI is identified as a first
threshold based on the movement of the electronic device meeting a
first predetermined range, and

the threshold related to the movement of the ROI is identified as a
second threshold that is larger than the first threshold based on the
movement of the electronic device meeting a second predetermined
range that is larger than the first predetermined range;

obtaining a plurality of second images based on a second frame rate
that is larger than the first frame rate in response to an object moving at
the first threshold or the second threshold in the ROI; and

providing the video related to the object using at least some of the
plurality of first images and at least some of the plurality of second
images.

The method of claim 9, wherein detecting the movement of the
electronic device includes detecting the movement of the electronic
device based on at least one of a gyro sensor or an acceleration sensor
included in the sensor circuit.

The method of claim 9, wherein detecting the movement of the
electronic device includes detecting the movement of the electronic
device based on at least one of a movement of an object in a
background region of the plurality of first images or the movement of
the object in the ROL

The method of claim 9, wherein identifying the threshold related to the
movement of the ROI as the first threshold or the second threshold
includes identifying the threshold related to the movement of the ROI
as the first threshold or the second threshold based on a pixel variation
identified while the electronic device moves.

The method of claim 9, wherein identifying the threshold related to the
movement of the ROI as the first threshold or the second threshold
includes, based on a signal related to video recording being a user's
input received through a user interface while obtaining the plurality of
first images, identifying the threshold related to the movement of the
ROV as the first threshold or the second threshold based on the
movement of the electronic device measured after a preset period since
the signal is obtained.

The method of claim 9, further comprising:

identifying the threshold related to a movement of the ROI based on the
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movement of the electronic device and illuminance information about
an outside of the electronic device obtained by using the sensor circuit;
obtaining the plurality of second images based on the second frame rate
being larger than the first frame rate in response to the object moving at
the threshold which is identified based on the movement of the
electronic device and the illuminance information about an outside of
the electronic device, in the ROI; and

providing the video related to the object using at least some of the
plurality of first images and at least some of the plurality of second
images obtained in response to the object moving at the threshold
identified based on the movement of the electronic device and the il-
luminance information about an outside of the electronic device.

The method of claim 9, further comprising:

receiving an input related to a setting of the ROI from a user through a
user interface;

identifying the threshold related to the movement of the ROI based on
the setting of the ROI; and

obtaining the plurality of second images based on the second frame rate
in response to the object moving in the ROI at the threshold identified
based on the setting of the ROI.
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