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BOKEH EFFECT
IN VARIABLE APERTURE (VA) CAMERA SYSTEMS

TECHNICAL FIELD
[0001] Aspects of the present disclosure relate generally to image processing, and more
particularly, to applying effects to captured image data, such as background blurring that
replicates a bokeh effect. Some features may enable and provide improved image
processing, including improved appearance of photographs of subjects and objects in a

scene with objects at multiple depths.

INTRODUCTION

[0002] Image capture devices are devices that can capture one or more digital images, whether
still image for photos or sequences of images for videos. Capture devices can be
incorporated into a wide variety of devices. By way of example, image capture devices
may comprise stand-alone digital cameras or digital video camcorders, camera-equipped
wireless communication device handsets, such as mobile telephones, cellular or satellite
radio telephones, personal digital assistants (PDAs), panels or tablets, gaming devices,
computer devices such as webcams, video surveillance cameras, or other devices with
digital imaging or video capabilities.

[0003] In certain scenes, a photographer may desire to direct the viewer’s focus to one portion
of the scene. For example, in a portrait photograph of a person, the photographer may
desire for the viewer to focus on the person, rather than other scenery. The photographer
may choose a low aperture lens for such a photograph, because the low aperture results
in objects at different depths than the person to be significantly blurred. Lower aperture
lenses produce higher blurring than higher aperture lenses. However, lower aperture

lenses generally are larger in size and made from higher-cost materials.

BRIEF SUMMARY OF SOME EXAMPLES
[0004] The following summarizes some aspects of the present disclosure to provide a basic
understanding of the discussed technology. This summary is not an extensive overview
of all contemplated features of the disclosure and is intended neither to identify key or
critical elements of all aspects of the disclosure nor to delineate the scope of any or all

aspects of the disclosure. Its sole purpose is to present some concepts of one or more
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aspects of the disclosure in summary form as a prelude to the more detailed description
that is presented later.

[0005] Computational photography may be used to process image data and apply effects to
scenes, such as the application of a bokeh effect that mimics the blur that conventionally
occurs with low aperture lenses. In a variable aperture (VA) camera system, blurring at
a different aperture size than available in the VA camera system may be desired. Image
processing may be applied to obtain a different aperture size than is available in the VA
camera system or different than was used to capture image data. A visual effect on a
photograph, such as blurring that replicates a bokeh effect, may be applied through image
processing based on image data captured at multiple aperture sizes by controlling an
aperture of the VA camera system.

[0006] In one aspect of the disclosure, a method for image processing includes receiving first
image data captured at a first aperture size and second image data captured at a second
aperture size, each of the first image data and the second image data representing a first
scene; determining a depth map corresponding to the first scene based on the first image
data and the second image data, the depth map comprising first values indicating distances
between an image sensor recording the first image data and objects in the first scene;
determining a focus map based on the depth map and a simulated aperture size different
from the first aperture size and the second aperture size, the focus map comprising second
values indicating an amount of blur at the simulated aperture size for the corresponding
distances between the image sensor recording the first image data and the objects in the
first scene; and determining an output image frame based on the focus map, the firstimage
data, and the second image data.

[0007] In an additional aspect of the disclosure, an apparatus includes at least one processor and
a memory coupled to the at least one processor. The at least one processor is configured
to perform operations including receiving first image data captured at a first aperture size
and second image data captured at a second aperture size, each of the first image data and
the second image data representing a first scene; determining a depth map corresponding
to the first scene based on the first image data and the second image data, the depth map
comprising first values indicating distances between an image sensor recording the first
image data and objects in the first scene; determining a focus map based on the depth map
and a simulated aperture size different from the first aperture size and the second aperture
size, the focus map comprising second values indicating an amount of blur at the

simulated aperture size for the corresponding distances between the image sensor
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recording the first image data and the objects in the first scene; and determining an output
image frame based on the focus map, the first image data, and the second image data.

[0008] In an additional aspect of the disclosure, an apparatus includes means for receiving first
image data captured at a first aperture size and second image data captured at a second
aperture size, each of the first image data and the second image data representing a first
scene; means for determining a depth map corresponding to the first scene based on the
first image data and the second image data, the depth map comprising first values
indicating distances between an image sensor recording the first image data and objects
in the first scene; means for determining a focus map based on the depth map and a
simulated aperture size different from the first aperture size and the second aperture size,
the focus map comprising second values indicating an amount of blur at the simulated
aperture size for the corresponding distances between the image sensor recording the first
image data and the objects in the first scene; and means for determining an output image
frame based on the focus map, the first image data, and the second image data.

[0009] In an additional aspect of the disclosure, a non-transitory computer-readable medium
stores instructions that, when executed by a processor, cause the processor to perform
operations. The operations include receiving first image data captured at a first aperture
size and second image data captured at a second aperture size, each of the first image data
and the second image data representing a first scene; determining a depth map
corresponding to the first scene based on the first image data and the second image data,
the depth map comprising first values indicating distances between an image sensor
recording the first image data and objects in the first scene; determining a focus map
based on the depth map and a simulated aperture size different from the first aperture size
and the second aperture size, the focus map comprising second values indicating an
amount of blur at the simulated aperture size for the corresponding distances between the
image sensor recording the first image data and the objects in the first scene; and
determining an output image frame based on the focus map, the first image data, and the
second image data.

[0010] Image capture devices, devices that can capture one or more digital images whether still
image photos or sequences of images for videos, can be incorporated into a wide variety
of devices. By way of example, image capture devices may comprise stand-alone digital
cameras or digital video camcorders, camera-equipped wireless communication device

handsets, such as mobile telephones, cellular or satellite radio telephones, personal digital
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assistants (PDAs), panels or tablets, gaming devices, computer devices such as webcams,
video surveillance cameras, or other devices with digital imaging or video capabilities.

[0011] In general, this disclosure describes image processing techniques involving digital
cameras having image sensors and image signal processors (ISPs). The ISP may be
configured to control the capture of image frames from one or more image sensors and
process one or more image frames from the one or more image sensors to generate a view
of a scene in a corrected image frame. A corrected image frame may be part of a sequence
of image frames forming a video sequence. The video sequence may include other image
frames received from the image sensor or other images sensors and/or other corrected
image frames based on input from the image sensor or another image sensor. In some
embodiments, the processing of one or more image frames may be performed within the
image sensor, such as in a binning module. The image processing techniques described
in embodiments disclosed herein may be performed by circuitry, such as a binning
module, in the image sensor, in the image signal processor (ISP), in the application
processor (AP), or a combination or two or all of these components.

[0012] In an example, the image signal processor may receive an instruction to capture a
sequence of image frames in response to the loading of software, such as a camera
application, to produce a preview display from the image capture device. The image
signal processor may be configured to produce a single flow of output frames, based on
images frames received from one or more image sensors. The single flow of output
frames may include raw image data from an image sensor, binned image data from an
image sensor, or corrected image frames processed by one or more algorithms, such as in
a binning module, within the image signal processor. For example, an image frame
obtained from an image sensor, which may have performed some processing on the data
before output to the image signal processor may be processed in the image signal
processor by processing the image frame through an image post-processing engine (IPE)
and/or other image processing circuitry for performing one or more of tone mapping,
portrait lighting, contrast enhancement, gamma correction, etc.

[0013] After an output frame representing the scene is determined by the image signal processor
using the image correction, such as binning described in various embodiments herein, the
output frame may be displayed on a device display as a single still image and/or as part
of a video sequence, saved to a storage device as a picture or a video sequence, transmitted
over a network, and/or printed to an output medium. For example, the image signal

processor may be configured to obtain input frames of image data (e.g., pixel values) from



WO 2023/183743 PCT/US2023/064445

the different image sensors, and in turn, produce corresponding output frames of image
data (e.g., preview display frames, still-image captures, frames for video, frames for
object tracking, etc.). In other examples, the image signal processor may output frames
of the image data to various output devices and/or camera modules for further processing,
such as for 3A parameter synchronization (e.g., automatic focus (AF), automatic white
balance (AWB), and automatic exposure control (AEC)), producing a video file via the
output frames, configuring frames for display, configuring frames for storage,
transmitting the frames through a network connection, etc. That is, the image signal
processor may obtain incoming frames from one or more image sensors, each coupled to
one or more camera lenses, and, in turn, may produce and output a flow of output frames
to various output destinations.

[0014] In some aspects, the corrected image frame may be produced by combining aspects of the
image correction of this disclosure with other computational photography techniques such
as high dynamic range (HDR) photography or multi-frame noise reduction (MFNR).
With HDR photography, a first image frame and a second image frame are captured using
different exposure times, different apertures, different lenses, and/or other characteristics
that may result in improved dynamic range of a fused image when the two image frames
are combined. In some aspects, the method may be performed for MFNR photography
in which the first image frame and a second image frame are captured using the same or
different exposure times and fused to generate a corrected first image frame with reduced
noise compared to the captured first image frame.

[0015] In some aspects, a device may include an image signal processor or a processor (e.g., an
application processor) including specific functionality for camera controls and/or
processing, such as enabling or disabling the binning module or otherwise controlling
aspects of the image correction. The methods and techniques described herein may be
entirely performed by the image signal processor or a processor, or various operations
may be split between the image signal processor and a processor, and in some aspects
split across additional processors.

[0016] The apparatus may include one, two, or more image sensors, such as including a first
image sensor. When multiple image sensors are present, the first image sensor may have
a larger field of view (FOV) than the second image sensor or the first image sensor may
have different sensitivity or different dynamic range than the second image sensor. In
one example, the first image sensor may be a wide-angle image sensor, and the second

image sensor may be a tele image sensor. In another example, the first sensor is
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configured to obtain an image through a first lens with a first optical axis and the second
sensor is configured to obtain an image through a second lens with a second optical axis
different from the first optical axis. Additionally or alternatively, the first lens may have
a first magnification, and the second lens may have a second magnification different from
the first magnification. This configuration may occur with a lens cluster on a mobile
device, such as where multiple image sensors and associated lenses are located in offset
locations on a frontside or a backside of the mobile device. Additional image sensors
may be included with larger, smaller, or same field of views. The image correction
techniques described herein may be applied to image frames captured from any of the
image sensors in a multi-sensor device.

[0017] In an additional aspect of the disclosure, a device configured for image processing and/or
image capture is disclosed. The apparatus includes means for capturing image frames.
The apparatus further includes one or more means for capturing data representative of a
scene, such as image sensors (including charge-coupled devices (CCDs), Bayer-filter
sensors, infrared (IR) detectors, ultraviolet (UV) detectors, complimentary metal-oxide-
semiconductor (CMOS) sensors), time of flight detectors. The apparatus may further
include one or more means for accumulating and/or focusing light rays into the one or
more image sensors (including simple lenses, compound lenses, spherical lenses, and
non-spherical lenses). These components may be controlled to capture the first and/or
second image frames input to the image processing techniques described herein.

[0018] Other aspects, features, and implementations will become apparent to those of ordinary
skill in the art, upon reviewing the following description of specific, exemplary aspects
in conjunction with the accompanying figures. While features may be discussed relative
to certain aspects and figures below, various aspects may include one or more of the
advantageous features discussed herein. In other words, while one or more aspects may
be discussed as having certain advantageous features, one or more of such features may
also be used in accordance with the various aspects. In similar fashion, while exemplary
aspects may be discussed below as device, system, or method aspects, the exemplary
aspects may be implemented in various devices, systems, and methods.

[0019] The method may be embedded in a computer-readable medium as computer program code
comprising instructions that cause a processor to perform the steps of the method. In
some embodiments, the processor may be part of a mobile device including a first network
adaptor configured to transmit data, such as images or videos in as a recording or as

streaming data, over a first network connection of a plurality of network connections; and
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a processor coupled to the first network adaptor, and the memory. The processor may
cause the transmission of corrected image frames described herein over a wireless
communications network such as a SG NR communication network.

[0020] The foregoing has outlined rather broadly the features and technical advantages of
examples according to the disclosure in order that the detailed description that follows
may be better understood. Additional features and advantages will be described
hereinafter. The conception and specific examples disclosed may be readily utilized as a
basis for modifying or designing other structures for carrying out the same purposes of
the present disclosure. Such equivalent constructions do not depart from the scope of the
appended claims. Characteristics of the concepts disclosed herein, both their organization
and method of operation, together with associated advantages will be better understood
from the following description when considered in connection with the accompanying
figures. Each of the figures is provided for the purposes of illustration and description,
and not as a definition of the limits of the claims.

[0021] While aspects and implementations are described in this application by illustration to
some examples, those skilled in the art will understand that additional implementations
and use cases may come about in many different arrangements and scenarios. Innovations
described herein may be implemented across many differing platform types, devices,
systems, shapes, sizes, packaging arrangements. For example, aspects and/or uses may
come about via integrated chip implementations and other non-module-component based
devices (e.g., end-user devices, vehicles, communication devices, computing devices,
industrial equipment, retail/purchasing devices, medical devices, artificial intelligence
(Al)-enabled devices, etc.). While some examples may or may not be specifically
directed to use cases or applications, a wide assortment of applicability of described
innovations may occur. Implementations may range in spectrum from chip-level or
modular components to non-modular, non-chip-level implementations and further to
aggregate, distributed, or original equipment manufacturer (OEM) devices or systems
incorporating one or more aspects of the described innovations. In some practical
settings, devices incorporating described aspects and features may also necessarily
include additional components and features for implementation and practice of claimed
and described aspects. For example, transmission and reception of wireless signals
necessarily includes a number of components for analog and digital purposes (e.g.,
hardware components including antenna, radio frequency (RF)-chains, power amplifiers,

modulators, buffer, processor(s), interleaver, adders/summers, etc.). It is intended that
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innovations described herein may be practiced in a wide variety of devices, chip-level
components, systems, distributed arrangements, end-user devices, etc. of varying sizes,

shapes, and constitution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] A further understanding of the nature and advantages of the present disclosure may be
realized by reference to the following drawings. In the appended figures, similar
components or features may have the same reference label. Further, various components
of the same type may be distinguished by following the reference label by a dash and a
second label that distinguishes among the similar components. If just the first reference
label is used in the specification, the description is applicable to any one of the similar
components having the same first reference label irrespective of the second reference
label.

[0023] Figure 1 shows a block diagram of an example device for performing image capture from
one or more image sensors according to one or more aspects of the disclosure.

[0024] Figure 2 shows a block diagram of an example processing configuration for applying a
bokeh effect according to one or more aspects of the disclosure.

[0025] Figure 3 shows a flow chart of an example method for applying a bokeh effect with a
variable aperture (VA) camera system according to one or more aspects of the disclosure.

[0026] Figure 4 shows a flow chart of an example method for applying a bokeh effect using
sharpness values according to one or more aspects of the disclosure.

[0027] Figure 5 shows a block diagram of an example processing configuration for applying a
bokeh effect using sharpness values according to one or more aspects of the disclosure.

[0028] Figure 6 shows a flow chart of an example method for applying a bokeh effect with a
variable aperture (VA) camera system using machine learning according to one or more
aspects of the disclosure.

[0029] Figure 7 shows a block diagram of an example processing configuration for applying a
bokeh effect using machine learning according to one or more aspects of the disclosure.

[0030] Like reference numbers and designations in the various drawings indicate like elements.

DETAILED DESCRIPTION
[0031] The detailed description set forth below, in connection with the appended drawings, is
intended as a description of various configurations and is not intended to limit the scope

of the disclosure. Rather, the detailed description includes specific details for the purpose
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of providing a thorough understanding of the inventive subject matter. It will be apparent
to those skilled in the art that these specific details are not required in every case and that,
in some instances, well-known structures and components are shown in block diagram
form for clarity of presentation.

[0032] The present disclosure provides systems, apparatus, methods, and computer-readable
media that support improved image processing for applying effects to image data captured
by a camera system, such as a variable aperture (VA) camera system. The improved
image processing may use image data captured at two (or more) different aperture sizes
to generate a focus map that may be combined with predetermined relationships for
aperture sizes to apply bokeh to a scene captured by the image data from multiple aperture
sizes.

[0033] Particular implementations of the subject matter described in this disclosure may be
implemented to realize one or more of the following potential advantages or benefits. In
some aspects, the present disclosure provides techniques for improving image appearance
by producing more natural effects, such as the bokeh effect, which provides appearances
more similar to natural effects obtained through optical systems. This may allow a camera
system with smaller available aperture sizes to replicate the photographic effect available
to camera systems with larger available aperture sizes that are generally more expensive
and less portable.

[0034] An example device for capturing image frames using one or more image sensors, such as
a smartphone, may include a configuration of two, three, four, or more cameras on a
backside (e.g., a side opposite a user display) or a front side (e.g., a same side as a user
display) of the device. Devices with multiple image sensors include one or more image
signal processors (ISPs), Computer Vision Processors (CVPs) (e.g., Al engines), or other
suitable circuitry for processing images captured by the image sensors. The one or more
image signal processors may provide processed image frames to a memory and/or a
processor (such as an application processor, an image front end (IFE), an image
processing engine (IPE), or other suitable processing circuitry) for further processing,
such as for encoding, storage, transmission, or other manipulation.

[0035] As used herein, image sensor may refer to the image sensor itself and any certain other
components coupled to the image sensor used to generate an image frame for processing
by the image signal processor or other logic circuitry or storage in memory, whether a
short-term buffer or longer-term non-volatile memory. For example, an image sensor

may include other components of a camera, including a shutter, buffer, or other readout
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circuitry for accessing individual pixels of an image sensor. The image sensor may
further refer to an analog front end or other circuitry for converting analog signals to
digital representations for the image frame that are provided to digital circuitry coupled
to the image sensor.

[0036] In the following description, numerous specific details are set forth, such as examples of
specific components, circuits, and processes to provide a thorough understanding of the
present disclosure. The term “coupled” as used herein means connected directly to or
connected through one or more intervening components or circuits. Also, in the following
description and for purposes of explanation, specific nomenclature is set forth to provide
a thorough understanding of the present disclosure. However, it will be apparent to one
skilled in the art that these specific details may not be required to practice the teachings
disclosed herein. In other instances, well known circuits and devices are shown in block
diagram form to avoid obscuring teachings of the present disclosure.

[0037] Some portions of the detailed descriptions which follow are presented in terms of
procedures, logic blocks, processing, and other symbolic representations of operations on
data bits within a computer memory. In the present disclosure, a procedure, logic block,
process, or the like, is conceived to be a self-consistent sequence of steps or instructions
leading to a desired result. The steps are those requiring physical manipulations of
physical quantities. Usually, although not necessarily, these quantities take the form of
electrical or magnetic signals capable of being stored, transferred, combined, compared,
and otherwise manipulated in a computer system.

[0038] In the figures, a single block may be described as performing a function or functions. The
function or functions performed by that block may be performed in a single component
or across multiple components, and/or may be performed using hardware, software, or a
combination of hardware and software. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps are described below generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure. Also, the example devices may include components other

than those shown, including well-known components such as a processor, memory, and

the like.
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[0039] Aspects of the present disclosure are applicable to any electronic device including or
coupled to two or more image sensors capable of capturing image frames (or “frames”).
Further, aspects of the present disclosure may be implemented in devices having or
coupled to image sensors of the same or different capabilities and characteristics (such as
resolution, shutter speed, sensor type, and so on). Further, aspects of the present
disclosure may be implemented in devices for processing image frames, whether or not
the device includes or is coupled to the image sensors, such as processing devices that
may retrieve stored images for processing, including processing devices present in a cloud
computing system.

[0040] Unless specifically stated otherwise as apparent from the following discussions, it is

appreciated that throughout the present application, discussions utilizing the terms such

as “accessing,” “receiving,” “sending,” “using,” “selecting,” “determining,”
“normalizing,” “multiplying,” “averaging,” “monitoring,” “comparing,” “applying,”
“updating,” “measuring,” “deriving,” “settling,” “generating” or the like, refer to the

actions and processes of a computer system, or similar electronic computing device, that
manipulates and transforms data represented as physical (electronic) quantities within the
computer system’s registers and memories into other data similarly represented as
physical quantities within the computer system’s registers, memories, or other such
information storage, transmission, or display devices.

[0041] Theterms “device” and “apparatus” are not limited to one or a specific number of physical
objects (such as one smartphone, one camera controller, one processing system, and so
on). As used herein, a device may be any electronic device with one or more parts that
may implement at least some portions of the disclosure. While the below description and
examples use the term “device” to describe various aspects of the disclosure, the term
“device” is not limited to a specific configuration, type, or number of objects. As used
herein, an apparatus may include a device or a portion of the device for performing the
described operations.

[0042] Figure 1 shows a block diagram of an example device 100 for performing image capture
from one or more image sensors. The device 100 may include, or otherwise be coupled
to, an image signal processor 112 for processing image frames from one or more image
sensors, such as a first image sensor 101, a second image sensor 102, and a depth sensor
140. In some implementations, the device 100 also includes or is coupled to a processor
104 and a memory 106 storing instructions 108. The device 100 may also include or be

coupled to a display 114 and input/output (I/O) components 116. /O components 116
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may be used for interacting with a user, such as a touch screen interface and/or physical
buttons. I/O components 116 may also include network interfaces for communicating
with other devices, including a wide area network (WAN) adaptor 152, a local area
network (LAN) adaptor 153, and/or a personal area network (PAN) adaptor 154. An
example WAN adaptor is a 4G LTE or a 5G NR wireless network adaptor. An example
LAN adaptor 153 is an IEEE 802.11 WiFi wireless network adapter. An example PAN
adaptor 154 is a Bluetooth wireless network adaptor. Each of the adaptors 152, 153,
and/or 154 may be coupled to an antenna, including multiple antennas configured for
primary and diversity reception and/or configured for receiving specific frequency bands.
The device 100 may further include or be coupled to a power supply 118 for the device
100, such as a battery or a component to couple the device 100 to an energy source. The
device 100 may also include or be coupled to additional features or components that are
not shown in Figure 1. In one example, a wireless interface, which may include a number
of transceivers and a baseband processor, may be coupled to or included in WAN adaptor
152 for a wireless communication device. In a further example, an analog front end
(AFE) to convert analog image frame data to digital image frame data may be coupled
between the image sensors 101 and 102 and the image signal processor 112.

[0043] The device may include or be coupled to a sensor hub 150 for interfacing with sensors to
receive data regarding movement of the device 100, data regarding an environment
around the device 100, and/or other non-camera sensor data. One example non-camera
sensor is a gyroscope, a device configured for measuring rotation, orientation, and/or
angular velocity to generate motion data. Another example non-camera sensor is an
accelerometer, a device configured for measuring acceleration, which may also be used
to determine velocity and distance traveled by appropriately integrating the measured
acceleration, and one or more of the acceleration, velocity, and or distance may be
included in generated motion data. In some aspects, a gyroscope in an electronic image
stabilization system (EIS) may be coupled to the sensor hub or coupled directly to the
image signal processor 112. In another example, a non-camera sensor may be a global
positioning system (GPS) receiver.

[0044] The image signal processor 112 may receive image data, such as used to form image
frames. In one embodiment, a local bus connection couples the image signal processor
112 to image sensors 101 and 102 of a first and second camera, respectively. In another

embodiment, a wire interface couples the image signal processor 112 to an external image
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sensor. In a further embodiment, a wireless interface couples the image signal processor
112 to the image sensor 101, 102.

[0045] The first camera may include the first image sensor 101 and a corresponding first lens
131. The second camera may include the second image sensor 102 and a corresponding
second lens 132. Each of the lenses 131 and 132 may be controlled by an associated
autofocus (AF) algorithm 133 executing in the ISP 112, which adjust the lenses 131 and
132 to focus on a particular focal plane at a certain scene depth from the image sensors
101 and 102. The AF algorithm 133 may be assisted by depth sensor 140.

[0046] The first image sensor 101 and the second image sensor 102 are configured to capture
one or more image frames. Lenses 131 and 132 focus light at the image sensors 101 and
102, respectively, through one or more apertures for receiving light, one or more shutters
for blocking light when outside an exposure window, one or more color filter arrays
(CFAs) for filtering light outside of specific frequency ranges, one or more analog front
ends for converting analog measurements to digital information, and/or other suitable
components for imaging. The first lens 131 and second lens 132 may have different field
of views to capture different representations of a scene. For example, the first lens 131
may be an ultra-wide (UW) lens and the second lens 132 may be a wide (W) lens. The
multiple image sensors may include a combination of ultra-wide (high field-of-view
(FOV)), wide, tele, and ultra-tele (low FOV) sensors. That is, each image sensor may be
configured through hardware configuration and/or software settings to obtain different,
but overlapping, field of views. In one configuration, the image sensors are configured
with different lenses with different magnification ratios that result in different fields of
view. The sensors may be configured such that a UW sensor has a larger FOV than a W
sensor, which has a larger FOV than a T sensor, which has a larger FOV than a UT sensor.
For example, a sensor configured for wide FOV may capture fields of view in the range
of 64-84 degrees, a sensor configured for ultra-side FOV may capture fields of view in
the range of 100-140 degrees, a sensor configured for tele FOV may capture fields of
view in the range of 10-30 degrees, and a sensor configured for ultra-tele FOV may
capture fields of view in the range of 1-8 degrees.

[0047] The image signal processor 112 processes image frames captured by the image sensors
101 and 102. While Figure 1 illustrates the device 100 as including two image sensors
101 and 102 coupled to the image signal processor 112, any number (e.g., one, two, three,
four, five, six, etc.) of image sensors may be coupled to the image signal processor 112.

In some aspects, depth sensors such as depth sensor 140 may be coupled to the image
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signal processor 112 and output from the depth sensors processed in a similar manner to
that of image sensors 101 and 102. In addition, any number of additional image sensors
or image signal processors may exist for the device 100.

[0048] In some embodiments, the image signal processor 112 may execute instructions from a
memory, such as instructions 108 from the memory 106, instructions stored in a separate
memory coupled to or included in the image signal processor 112, or instructions provided
by the processor 104. In addition, or in the alternative, the image signal processor 112
may include specific hardware (such as one or more integrated circuits (ICs)) configured
to perform one or more operations described in the present disclosure. For example, the
image signal processor 112 may include one or more image front ends (IFEs) 135, one or
more image post-processing engines 136 (IPEs), and/or one or more auto exposure
compensation (AEC) 134 engines. The AF 133, AEC 134, AFE 135, APE 136 may cach
include application-specific circuitry, be embodied as software code executed by the ISP
112, and/or a combination of hardware within and software code executing on the ISP
112. The ISP 112 may additionally execute an automatic white balancing (AWB) engine
for performing white balancing operations. The AWB engine may execute in, for
example, the image front ends (IFEs) 135 or other dedicated or general processing
circuitry within the ISP 112 or the image capture device 100, such as on a digital signal
processor (DSP).

[0049] In some implementations, the memory 106 may include a non-transient or non-transitory
computer readable medium storing computer-executable instructions 108 to perform all
or a portion of one or more operations described in this disclosure. In some
implementations, the instructions 108 include a camera application (or other suitable
application) to be executed by the device 100 for generating images or videos. The
instructions 108 may also include other applications or programs executed by the device
100, such as an operating system and specific applications other than for image or video
generation. Execution of the camera application, such as by the processor 104, may cause
the device 100 to generate images using the image sensors 101 and 102 and the image
signal processor 112. The memory 106 may also be accessed by the image signal
processor 112 to store processed frames or may be accessed by the processor 104 to obtain
the processed frames. In some embodiments, the device 100 does not include the memory
106. For example, the device 100 may be a circuit including the image signal processor
112, and the memory may be outside the device 100. The device 100 may be coupled to

an external memory and configured to access the memory for writing output frames for
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display or long-term storage. In some embodiments, the device 100 is a system on chip
(SoC) that incorporates the image signal processor 112, the processor 104, the sensor hub
150, the memory 106, and input/output components 116 into a single package.

[0050] In some embodiments, at least one of the image signal processor 112 or the processor 104
executes instructions to perform various operations described herein, including noise
reduction operations. For example, execution of the instructions can instruct the image
signal processor 112 to begin or end capturing an image frame or a sequence of image
frames, in which the capture includes noise reduction as described in embodiments herein.
In some embodiments, the processor 104 may include one or more general-purpose
processor cores 104A capable of executing scripts or instructions of one or more software
programs, such as instructions 108 stored within the memory 106. For example, the
processor 104 may include one or more application processors configured to execute the
camera application (or other suitable application for generating images or video) stored
in the memory 106.

[0051] In executing the camera application, the processor 104 may be configured to instruct the
image signal processor 112 to perform one or more operations with reference to the image
sensors 101 or 102. For example, the camera application may receive a command to
begin a video preview display upon which a video comprising a sequence of image frames
is captured and processed from one or more image sensors 101 or 102. Image correction,
such as with cascaded IPEs, may be applied to one or more image frames in the sequence.
Execution of instructions 108 outside of the camera application by the processor 104 may
also cause the device 100 to perform any number of functions or operations. In some
embodiments, the processor 104 may include ICs or other hardware (e.g., an artificial
intelligence (AI) engine 124) in addition to the ability to execute software to cause the
device 100 to perform a number of functions or operations, such as the operations
described herein. In some other embodiments, the device 100 does not include the
processor 104, such as when all of the described functionality is configured in the image
signal processor 112.

[0052] In some embodiments, the display 114 may include one or more suitable displays or
screens allowing for user interaction and/or to present items to the user, such as a preview
of the image frames being captured by the image sensors 101 and 102. In some
embodiments, the display 114 is a touch-sensitive display. The I/O components 116 may
be or include any suitable mechanism, interface, or device to receive input (such as

commands) from the user and to provide output to the user through the display 114. For
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example, the I/O components 116 may include (but are not limited to) a graphical user
interface (GUI), a keyboard, a mouse, a microphone, speakers, a squeezable bezel, one or
more buttons (such as a power button), a slider, a switch, and so on.

[0053] While shown to be coupled to each other via the processor 104, components (such as the
processor 104, the memory 106, the image signal processor 112, the display 114, and the
I/O components 116) may be coupled to each another in other various arrangements, such
as via one or more local buses, which are not shown for simplicity. While the image
signal processor 112 is illustrated as separate from the processor 104, the image signal
processor 112 may be a core of a processor 104 that is an application processor unit
(APU), included in a system on chip (SoC), or otherwise included with the processor 104.
While the device 100 is referred to in the examples herein for performing aspects of the
present disclosure, some device components may not be shown in Figure 1 to prevent
obscuring aspects of the present disclosure. Additionally, other components, numbers of
components, or combinations of components may be included in a suitable device for
performing aspects of the present disclosure. As such, the present disclosure is not limited
to a specific device or configuration of components, including the device 100.

[0054] Figure 2 shows a block diagram of an example processing configuration for applying a
bokeh effect according to one or more aspects of the disclosure. A processor 104 of
system 200 may communicate with image signal processor (ISP) 112 through a bi-
directional bus and/or separate control and data lines. The processor 104 may control
camera 202 through a camera control block 212 of the ISP 112 to obtain first image data
at a first aperture size and second image data at a second aperture size. For example,
when camera 202 is a variable aperture (VA) camera system, the processor 104 may
execute a camera application to instruct camera 202 to configure to a first aperture size,
obtain first image data from the camera 202, instruct camera 202 to configure to a second
aperture size, and obtain second image data from the camera 202. The reconfiguration of
the aperture and obtaining of the first and second image data may occur with little or no
change in the scene captured at the first aperture size and the second aperture size.
Example aperture sizes are /2.0, {/2.8, /3.2, {/8.0, etc. Larger aperture values correspond
to smaller aperture sizes, and smaller aperture values correspond to larger aperture sizes.
That is £/2.0 is a larger aperture size than {/8.0.

[0055] The image data received from camera 202 may be processed in one or more blocks 214
of the ISP 112 and provided to the processor 104. The processor 104 may further process

the image data to apply effects based on image data captured at multiple aperture sizes.
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In some embodiments, a bokeh effect may be applied using image data captured at
multiple aperture sizes to provide a more realistic bokeh effect that more closely
resembles the bokeh effect obtained by camera lenses with a desired aperture size. For
example, first image data captured at a first aperture size of £/2.0 and second image data
captured at a second aperture size of /2.4 may be used to apply a bokeh effect of a
simulated aperture size of /1.4 than obtainable with image data from a single aperture
size.

[0056] The processor 104 may include a focus map generator 222 and a bokeh applicator 224.
The focus map generator 222 may determine a desired focus amount for portions of a
scene, wherein the focus amount is determined to match a bokeh effect for a desired
aperture size. The focus map may be based on a depth map describing the distance of
objects in a scene from the camera 202. The depth map may be determined from image
data obtained at two or more aperture sizes. The focus map generator 222 provides the
focus map to the bokeh applicator 224, which also receives the image data collected at
two or more aperture sizes. The bokeh applicator 224 determines output image frames
204 based on the focus map and the image data obtained at various aperture sizes. The
output image frames may be stored in memory 106, which may be later recorded to
another memory, such as a non-volatile memory, transmitted through a network adaptor,
and/or output to a display device. Although not shown, other logic and memory circuitry
may be present in the system 200. For example, a buffer may be present between the
processor 104 and the ISP 112 or between the ISP 112 and the camera 202. As another
example, additional processing circuitry may be present in processor 104 for applying
additional effects (e.g., lighting, color casting, high dynamic range (HDR) merge) to the
image data. In some embodiments, the processing circuitry that provides the functionality
of the bokeh applicator 224 may be reconfigured to provide the functionality of the
additional effects. In some embodiments, the processing circuitry that provides the
functionality of focus map generator 222 and/or bokeh applicator 224 may be embedded
in a different component, such as the ISP 112, a DSP, a ASIC, or other custom logic
circuit.

[0057] The system 200 of Figure 2 may be configured to perform the operations described with
reference to Figure 3 to determine output image frames. Figure 3 shows a flow chart of
an example method for applying a bokeh effect with a variable aperture (VA) camera
system according to one or more aspects of the disclosure. A method 300 includes, at

block 302, receiving first image data and second image data captured at a first aperture
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size and a second aperture size, respectively. The first and second image data may
represent the same scene such as by being captured near in time, such as sequentially,
from a same or similar viewpoint, such that the objects in the scene are in identical or
similar locations in the first image data and in the second image data.

[0058] The first and second image data may be captured by a variable aperture (VA) camera
system. In a variable aperture (VA) camera system, block 302 may include configuring
the camera 202 with the first aperture size to obtain first image data and subsequently
configuring the camera 202 with the second aperture size to obtain second image data. In
other camera systems with multiple fixed aperture sizes, block 302 may include capture
image data from multiple cameras, each with different aperture sizes. Capturing image
data from a single camera system with variable aperture (VA) capability, or other
techniques for adjusting an amount of light reaching the image sensor, may be desirable
over multiple camera systems. For example, multiple camera systems may have different
fields of view, different alignment, and different light and color sensitivities. These
differences may need to be compensated prior to merging image data from the multiple
camera systems. When image data is obtained from a single camera system, these
alignment and other challenges may be reduced or avoided.

[0059] At block 304, a depth map is determined. The depth map may be a set of values, such as
arranged in an array or multiple arrays (e.g., a matrix or table), with each value
representing a portion of a scene and the pixel or pixels in that portion of the scene. Thus,
image data organized in image frames of N x M pixels may have a corresponding depth
map of K x L values, in which N is an integer multiple of K and M is an integer multiple
of L. The values indicate distances between an image sensor recording the image data
and objects in the first scene. The depth map may be determined from the first image
data and the second image data received at block 302, such as described with reference to
Figure 4, Figure 5, Figure 6, or Figure 7. For example, the depth map may be a blur map
indicating an amount of blur for a corresponding portion of the scene. Depth maps as
described with respect to block 304 may include any representation of depth, regardless
of whether the units of the values in the depth maps are distances.

[0060] At block 306, a focus map may be determined based on the depth map and a simulated
aperture size. The simulated aperture size may be the desired aperture size for
representing the scene, and may be input by a user into a camera application executing on
the processor 104. The focus map may use predetermined information regarding a camera

system at the simulated aperture size that reflects a sharpness of an image at various
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depths. The values in the depth map may be combined with the predetermined
information to determine focus map values indicating an amount of blur at the simulated
aperture size for the corresponding distances in the depth map between the image sensor
and the objects in the scene.

[0061] At block 308, output image frames are determined from the focus map and the first image
data. For example, the output image frames may be determined by applying a blurring
algorithm to the first image data with a blur strength based on the corresponding portion
of the focus map. In some embodiments, the output image frames are also based on the
second image data. For example, output image frames may be determined by blending
the first image data with corresponding data of the second image data based on the focus
map, in which the weights assigned to the first image data and the second image data in
the blending are based on the focus map. The resulting output image frame comprises a
portion blurred based on the focus map to obtain a photograph corresponding to the
simulated aperture size. The blurred portions may provide an appearance to the
photograph that reflects the bokeh generated by a lens with a different aperture size than
either of the first aperture size or the second aperture size of block 402. The larger
aperture size may be larger than that available with the camera system that obtained the
first and second image data, allowing obtaining image characteristics similar to a more
expensive, larger camera system without the added expense and size of the higher aperture
camera system.

[0062] Some embodiments for the image processing described in Figure 3 are based on image-
based contrast calculations as described with reference to Figure 4. Figure 4 shows a flow
chart of an example method for applying a bokeh effect using sharpness values according
to one or more aspects of the disclosure. A block diagram illustrating the image data
processing of Figure 4 is shown in Figure 5. Figure 5 shows a block diagram of an
example processing configuration for applying a bokeh effect using sharpness values
according to one or more aspects of the disclosure.

[0063] A method 400 includes, at block 402, receiving first image data 502 captured at a first
aperture size and second image data 504 captured at a second aperture size. The first and
second image data may be received after capture as described with reference to block 302
of Figure 3. The processing of method 400 may be performed in real-time with capture
of the first and second image data to generate, for example, a preview image on a display.
The processing of method 400 may also or alternatively be performed after capture of the

first and second image data on the image capture device and/or by a remote device.
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[0064] At block 404, a blurriness map is determined based on a first sharpness of the first image
data and a second sharpness of the second image data. The blurriness map may indicate
a depth of an object from the camera. The first sharpness may be a first sharpness map
512 determined from the first image data 502, and the second sharpness may be a second
sharpness map 514 determined from the second image data 504. Like the depth map
described above, image data organized in image frames of N x M pixels may have a
corresponding sharpness map of K x L values, in which N is an integer multiple of K and
M is an integer multiple of L. The values in the sharpness map may indicate distances
between an image sensor recording the image data and objects in the first scene because
portions of the scene closer to a focus point of the camera are sharper. Sharpness may
measure the clarity level of detail of an image. In some embodiments, sharpness may be
determined as a function of its Laplacian, normalized by the local average luminance in
surrounding pixels according to the following equation:

o = z LP(x,y) LP(x,y) = 0%L N 0%L
- Hey ©Y " B dy?
Xy

wherein ., denotes an average luminance around the pixel (x,y). In some embodiments,
the blurriness map may be normalized, such as to values between 0 and 100 with a higher
value indicating less blurriness. In some embodiments, blurriness map values may be
calculated from sharpness map values according to the following equation:

Blurriness = 100 — abs(SH1 — SH2),

wherein SH1 is the sharpness value for the small aperture image data and SH2 is the
sharpness value for the corresponding large aperture image data. Due to the shallow DOF
with larger aperture sizes, the image data obtained at the larger aperture size may be sharp
in the portions of the desired subject, while in contrast the image data obtained at the
smaller aperture size would have a larger portion with high sharpness. A blurriness
analyzer determines the blurriness map 516 from the first sharpness map 512 and the
second sharpness map 514.

[0065] Atblock 406, a focus map may be determined based on the blurriness map and a blurriness
look-up table. A focus map generator 224 may receive the blurriness map 516 and a
blurriness look-up table (LUT) 518 (or other predetermined relationship between aperture
size and depth). The LUT 518 may provide relationships 518A and 518B mapping
blurriness to depth for different aperture sizes. Relationship S18A may correspond to a

smaller aperture size that the relationship 518B, based on its lower blurriness at higher
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depths. The LUT 518 may include one or more relationships, which may be stored as a
table, but predetermined relationships may alternatively or additionally be stored as
representative equations. The focus map generator 224 determines focus map 520 by
mapping the blurriness map to the focus map using a relationship in the LUT 518
corresponding to the simulated aperture size. In some embodiments, the relationship for
the simulated aperture size may not be present in LUT 518 and the relationship may
instead be interpolated, or otherwise estimated, from other relationships present in LUT
518.

[0066] At block 408, the first image data 502 and second image data 504 may be blended by the
bokeh applicator 222 based on the focus map 520 to determine an output image frame.
The output image frames 204 may be photographs or a video sequence with a background
(e.g., bokeh) blur corresponding to the simulated aperture size. The blending may apply
heavier weights to the large aperture image data for the background portions based on
larger focus map scores, and the blending may apply heavier weights to the small aperture
image data for the foreground (or subject) portions based on smaller focus map scores.
Although the processing of two image data at two aperture sizes is described for
generating individual output image frames, the processing may similarly involve three or
more image data at additional aperture sizes.

[0067] Some embodiments for the image processing described in Figure 3 are based on machine
learning-based calculations as described with reference to Figure 6. Figure 6 shows a
flow chart of an example method for applying a bokeh effect with a variable aperture
(VA) camera system using machine learning according to one or more aspects of the
disclosure. A block diagram illustrating the image data processing of Figure 6 is shown
in Figure 7. Figure 7 shows a block diagram of an example processing configuration for
applying a bokeh effect using machine learning according to one or more aspects of the
disclosure.

[0068] A method 600 includes, at block 602, receiving first image data 502 captured at a first
aperture size and second image data 504 captured at a second aperture size. The first and
second image data may be received as streaming data during capture from the camera
system as described with reference to block 302 of Figure 3. The processing of method
600 may be performed in real-time with capture of the first and second image data to
generate, for example, a preview image on a display. The processing of method 600 may
also or alternatively be performed after capture of the first and second image data on the

image capture device and/or by a remote device.
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[0069] At block 604, a blur kernel size map is determined based on machine learning analysis in
a pre-trained artificial intelligence (AI) model 710 of the first image data 502 and the
second image data 504. The blur kernel size map may indicate a depth of an object from
the camera. A blur kernel may be a small matrix of values representative of blurring
applied to a portion of image data. An Al model may be trained using images captured
at different aperture sizes to prepare an offline model. That model may be applied to the
image data 502 and 504 to determine a representative blur kernel size for different
portions of the image data. Like the depth map described above, image data organized in
image frames of N x M pixels may have a corresponding blur kernel size map of K x L
values, in which N is an integer multiple of K and M is an integer multiple of L. The
values in the blur kernel size map may indicate distances between an image sensor
recording the image data and objects in the first scene because portions of the scene closer
to a focus point of the camera have a smaller blur kernel size. In some embodiments, the
Al model 710 is a Resnet-34 model.

[0070] At block 606, a focus map may be determined based on the blur kernel size map and a
blur kernel size look-up table. A focus map generator 224 may receive the blur kernel
size map 716 and a blur kernel size look-up table (LUT) 718 (or other predetermined
relationship between aperture size and depth). The LUT 718 may provide relationships
718A and 718B mapping blur kernel size to depth for different aperture sizes.
Relationship 718 A may correspond to a smaller aperture size that the relationship 718B,
based on its smaller blur kernel size at higher depths. The LUT 718 may include one or
more relationships, which may be stored as a table, but predetermined relationships may
alternatively or additionally be stored as representative equations. The focus map
generator 224 determines focus map 520 by mapping the blur kernel size map 716 to the
focus map 520 using a relationship in the LUT 718 corresponding to the simulated
aperture size. In some embodiments, the relationship for the simulated aperture size may
not be present in LUT 718 and the relationship may instead be interpolated, or otherwise
estimated, from other relationships presentin LUT 718. For example, predetermined data
may be available for aperture sizes of £/2.0 and {/2.4, and when a simulated aperture size
of f/1.4 is selected by the user the predetermined data for /2.0 and f/2.4 may be
interpolated to obtain a relationship for £/1.4.

[0071] At block 608, the first image data 502 and second image data 504 may be blended by the
bokeh applicator 222 based on the focus map 520 to determine an output image frame.

The output image frames 204 may be photographs or a video sequence with a background
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(e.g., bokeh) blur corresponding to the simulated aperture size. The blending may apply
heavier weights to the large aperture image data for the background portions based on
larger focus map scores, and the blending may apply heavier weights to the small aperture
image data for the foreground (or subject) portions based on smaller focus map scores.
Although the processing of two image data at two aperture sizes is described for
generating individual output image frames, the processing may similarly involve three or
more image data at additional aperture sizes.

[0072] The bokeh effect applied according to embodiments describe above using a focus map
520 and a predefined relationship, such as the look-up tables 518 and 718, provide a more
natural looking bokeh. The bokeh will appear closer to that generated naturally by an
optical lens with large aperture, in part, based on the predefined relationships.
Conventional bokeh effects may assume a linear relationship between blur and depth from
a focus point of the camera. However, optical lenses generally have non-linear behavior,
as shown in the relationships 518A, 518B, 718A, and 718B. Thus, the predefined data
provide more realistic natural bokeh effect. Further, the focus map generated from image
data captured at two different aperture sizes provides a more accurate representation of
the depths of objects in the scene allowing for a more realistic application of the bokeh
effect.

[0073] In one or more aspects, techniques for supporting image processing may include
additional aspects, such as any single aspect or any combination of aspects described
below or in connection with one or more other processes or devices described elsewhere
herein. In a first aspect, supporting image processing may include an apparatus
configured to perform operations including receiving first image data captured at a first
aperture size and second image data captured at a second aperture size, each of the first
image data and the second image data representing a first scene; determining a depth map
corresponding to the first scene based on the first image data and the second image data,
the depth map comprising first values indicating distances between an image sensor
recording the first image data and objects in the first scene; determining a focus map
based on the depth map and a simulated aperture size different from the first aperture size
and the second aperture size, the focus map comprising second values indicating an
amount of blur at the simulated aperture size for corresponding distances between the
image sensor recording the first image data and the objects in the first scene; and
determining an output image frame based on the focus map, the first image data, and the

second image data. Additionally, the apparatus may perform or operate according to one
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or more aspects as described below. In some implementations, the apparatus includes a
wireless device, such as a UE or BS. In some implementations, the apparatus may include
at least one processor, and a memory coupled to the processor. The processor may be
configured to perform operations described herein with respect to the apparatus. In some
other implementations, the apparatus may include a non-transitory computer-readable
medium having program code recorded thereon and the program code may be executable
by a computer for causing the computer to perform operations described herein with
reference to the apparatus. In some implementations, the apparatus may include one or
more means configured to perform operations described herein. In some
implementations, a method of wireless communication may include one or more
operations described herein with reference to the apparatus.

[0074] In a second aspect, in combination with the first aspect, determining the depth map
comprises determining a blur map corresponding to the first scene based on the firstimage
data and the second image data.

[0075] In a third aspect, in combination with one or more of the first aspect or the second aspect,
determining the blur map comprises determining first sharpness values for the first image
data and determining second sharpness values for the second image data, wherein the blur
map comprises blur values based on the first sharpness values and the second sharpness
values.

[0076] In a fourth aspect, in combination with one or more of the first aspect through the third
aspect, determining the blur map comprises determining, based on supervised machine
learning, blur kernel size values corresponding to the distances between the image sensor
recording the first image data and the objects in the first scene.

[0077] In a fifth aspect, in combination with one or more of the first aspect through the fourth
aspect, determining the focus map comprises determining the second values based on the
depth map and a predetermined relationship between depth and blur.

[0078] In a sixth aspect, in combination with one or more of the first aspect through the fifth
aspect, the image sensor is configured as a variable aperture (VA) camera system.

[0079] In a seventh aspect, in combination with one or more of the first aspect through the sixth
aspect, the image sensor captured the first image data and the second image data.

[0080] In an eighth aspect, in combination with one or more of the first aspect through the seventh
aspect, determining the depth map comprises determining a blurriness map comprises

determining first sharpness values for the first image data and determining second
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sharpness values for the second image data, wherein the blur map comprises blur values
based on the first sharpness values and the second sharpness values.

[0081] In a ninth aspect, in combination with one or more of the first aspect through the eighth
aspect, determining the focus map comprises determining the focus map based on the
blurriness map and a predetermined relationship between aperture size and depth.

[0082] In a tenth aspect, in combination with one or more of the first aspect through the ninth
aspect, determining the output image frame comprises blending the first image data with
corresponding data of the second image data based on the focus map.

[0083] In an eleventh aspect, in combination with one or more of the first aspect through the
tenth aspect, determining the output image frame comprises determining the output image
frame comprising a portion blurred based on the focus map to obtain a photograph
corresponding to the simulated aperture size.

[0084] In a twelfth aspect, in combination with one or more of the first aspect through the
eleventh aspect, determining the depth map comprises determining, based on supervised
machine learning, blur kernel size values.

[0085] In a thirteenth aspect, in combination with one or more of the first aspect through the
twelfth aspect, determining the focus map comprises determining the focus map based on
the blur kernel size values and predetermined relationship between blur kernel size and
depth.

[0086] In a fourteenth aspect, in combination with one or more of the first aspect through the
thirteenth aspect, determining the output image frame comprises blending the first image
data with corresponding data of the second image data based on the focus map.

[0087] In a fifteenth aspect, in combination with one or more of the first aspect through the
fourteenth aspect, determining the output image frame comprises determining the output
image frame comprising a portion blurred based on the focus map to obtain a photograph
corresponding to the simulated aperture size.

[0088] In a sixteenth aspect, in combination with one or more of the first aspect through the
fifteenth aspect, the operations are performed by an image capture device comprising a
variable aperture (VA) camera system configured to capture the first image data at the
first aperture size and the second image data at the second aperture size.

[0089] Those of skill in the art would understand that information and signals may be represented
using any of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be

referenced throughout the above description may be represented by voltages, currents,
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electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[0090] Components, the functional blocks, and the modules described herein with respect to
FIGs. 1-5 include processors, electronics devices, hardware devices, electronics
components, logical circuits, memories, software codes, firmware codes, among other
examples, or any combination thereof. Software shall be construed broadly to mean
instructions, instruction sets, code, code segments, program code, programs,
subprograms, software modules, application, software applications, software packages,
routines, subroutines, objects, executables, threads of execution, procedures, and/or
functions, among other examples, whether referred to as software, firmware, middleware,
microcode, hardware description language or otherwise. In addition, features discussed
herein may be implemented via specialized processor circuitry, via executable
instructions, or combinations thereof.

[0091] Those of skill would further appreciate that the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the disclosure herein
may be implemented as electronic hardware, computer software, or combinations of both.
To clearly illustrate this interchangeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as hardware or
software depends upon the particular application and design constraints imposed on the
overall system. Skilled artisans may implement the described functionality in varying
ways for each particular application, but such implementation decisions should not be
interpreted as causing a departure from the scope of the present disclosure. Skilled
artisans will also readily recognize that the order or combination of components, methods,
or interactions that are described herein are merely examples and that the components,
methods, or interactions of the various aspects of the present disclosure may be combined
or performed in ways other than those illustrated and described herein.

[0092] The various illustrative logics, logical blocks, modules, circuits and algorithm processes
described in connection with the implementations disclosed herein may be implemented
as electronic hardware, computer software, or combinations of both. The
interchangeability of hardware and software has been described generally, in terms of
functionality, and illustrated in the various illustrative components, blocks, modules,

circuits and processes described above. Whether such functionality is implemented in
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hardware or software depends upon the particular application and design constraints
imposed on the overall system.

[0093] The hardware and data processing apparatus used to implement the various illustrative
logics, logical blocks, modules and circuits described in connection with the aspects
disclosed herein may be implemented or performed with a general purpose single- or
multi-chip processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general
purpose processor may be a microprocessor, or, any conventional processor, controller,
microcontroller, or state machine. In some implementations, a processor may be
implemented as a combination of computing devices, such as a combination of a DSP and
a microprocessor, a plurality of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configuration. In some implementations,
particular processes and methods may be performed by circuitry that is specific to a given
function.

[0094] In one or more aspects, the functions described may be implemented in hardware, digital
electronic circuitry, computer software, firmware, including the structures disclosed in
this specification and their structural equivalents thereof, or in any combination thereof.
Implementations of the subject matter described in this specification also may be
implemented as one or more computer programs, that is one or more modules of computer
program instructions, encoded on a computer storage media for execution by, or to control
the operation of, data processing apparatus.

[0095] If implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. The processes of a method
or algorithm disclosed herein may be implemented in a processor-executable software
module which may reside on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that may be enabled to transfer a computer program from one place to another. A storage
media may be any available media that may be accessed by a computer. By way of
example, and not limitation, such computer-readable media may include random-access
memory (RAM), read-only memory (ROM), electrically erasable programmable read-
only memory (EEPROM), CD-ROM or other optical disk storage, magnetic disk storage

or other magnetic storage devices, or any other medium that may be used to store desired
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program code in the form of instructions or data structures and that may be accessed by a
computer. Also, any connection may be properly termed a computer-readable medium.
Disk and disc, as used herein, includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and Blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with lasers. Combinations of the above
should also be included within the scope of computer-readable media. Additionally, the
operations of a method or algorithm may reside as one or any combination or set of codes
and instructions on a machine readable medium and computer-readable medium, which
may be incorporated into a computer program product.

[0096] Various modifications to the implementations described in this disclosure may be readily
apparent to those skilled in the art, and the generic principles defined herein may be
applied to some other implementations without departing from the spirit or scope of this
disclosure. Thus, the claims are not intended to be limited to the implementations shown
herein, but are to be accorded the widest scope consistent with this disclosure, the
principles and the novel features disclosed herein.

[0097] Additionally, a person having ordinary skill in the art will readily appreciate, the terms
“upper” and “lower” are sometimes used for ease of describing the figures, and indicate
relative positions corresponding to the orientation of the figure on a properly oriented
page, and may not reflect the proper orientation of any device as implemented.

[0098] Certain features that are described in this specification in the context of separate
implementations also may be implemented in combination in a single implementation.
Conversely, various features that are described in the context of a single implementation
also may be implemented in multiple implementations separately or in any suitable
subcombination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination may in some cases be excised from the combination, and the claimed
combination may be directed to a subcombination or variation of a subcombination.

[0099] Similarly, while operations are depicted in the drawings in a particular order, this should
not be understood as requiring that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations be performed, to achieve
desirable results. Further, the drawings may schematically depict one more example
processes in the form of a flow diagram. However, other operations that are not depicted
may be incorporated in the example processes that are schematically illustrated. For

example, one or more additional operations may be performed before, after,
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simultaneously, or between any of the illustrated operations. In certain circumstances,
multitasking and parallel processing may be advantageous. Moreover, the separation of
various system components in the implementations described above should not be
understood as requiring such separation in all implementations, and it should be
understood that the described program components and systems may generally be
integrated together in a single software product or packaged into multiple software
products. Additionally, some other implementations are within the scope of the following
claims. In some cases, the actions recited in the claims may be performed in a different
order and still achieve desirable results.

[0100] As used herein, including in the claims, the term “or,” when used in a list of two or more
items, means that any one of the listed items may be employed by itself, or any
combination of two or more of the listed items may be employed. For example, if a
composition is described as containing components A, B, or C, the composition may
contain A alone; B alone; C alone; A and B in combination; A and C in combination; B
and C in combination; or A, B, and C in combination. Also, as used herein, including in
the claims, “or” as used in a list of items prefaced by “at least one of” indicates a
disjunctive list such that, for example, a list of “at least one of A, B, or C” means A or B
or C or AB or AC or BC or ABC (that is A and B and C) or any of these in any
combination thereof. The term “substantially” is defined as largely but not necessarily
wholly what is specified (and includes what is specified; for example, substantially 90
degrees includes 90 degrees and substantially parallel includes parallel), as understood by
a person of ordinary skill in the art. In any disclosed implementations, the term
“substantially” may be substituted with “within [a percentage] of” what is specified,
where the percentage includes .1, 1, 5, or 10 percent.

[0101] The previous description of the disclosure is provided to enable any person skilled in the
art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles defined herein may be
applied to other variations without departing from the spirit or scope of the disclosure.
Thus, the disclosure is not intended to be limited to the examples and designs described
herein but is to be accorded the widest scope consistent with the principles and novel

features disclosed herein.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method, comprising:

receiving first image data captured at a first aperture size and second image data
captured at a second aperture size, each of the first image data and the second image
data representing a first scene;

determining a depth map corresponding to the first scene based on the first
image data and the second image data, the depth map comprising first values indicating
distances between an image sensor recording the first image data and objects in the first
scene;

determining a focus map based on the depth map and a simulated aperture size
different from the first aperture size and the second aperture size, the focus map
comprising second values indicating an amount of blur at the simulated aperture size for
corresponding distances between the image sensor recording the first image data and the
objects in the first scene; and

determining an output image frame based on the focus map, the first image data,

and the second image data.

2. The method of claim 1, wherein determining the depth map comprises
determining a blur map corresponding to the first scene based on the first image data and

the second image data.

3. The method of claim 2, wherein determining the blur map comprises
determining first sharpness values for the first image data and determining second
sharpness values for the second image data, wherein the blur map comprises blur values

based on the first sharpness values and the second sharpness values.

4. The method of claim 2, wherein determining the blur map comprises
determining, based on supervised machine learning, blur kernel size values corresponding
to the distances between the image sensor recording the first image data and the objects

in the first scene.
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5. The method of claim 2, wherein determining the focus map comprises
determining the second values based on the depth map and a predetermined relationship

between depth and blur.

6. The method of claim 1, wherein the image sensor captured the first image data
and the second image data, and wherein the image sensor is configured as a variable

aperture (VA) camera system.

7. The method of claim 6, wherein:

determining the depth map comprises determining a blurriness map comprises
determining first sharpness values for the first image data and determining second
sharpness values for the second image data, wherein the blur map comprises blur values
based on the first sharpness values and the second sharpness values;

determining the focus map comprises determining the focus map based on the
blurriness map and a predetermined relationship between aperture size and depth; and

determining the output image frame comprises blending the first image data with

corresponding data of the second image data based on the focus map.

8. The method of claim 7, wherein determining the output image frame comprises
determining the output image frame comprising a portion blurred based on the focus map

to obtain a photograph corresponding to the simulated aperture size.

9. The method of claim 6, wherein:

determining the depth map comprises determining, based on supervised machine
learning, blur kernel size values;

determining the focus map comprises determining the focus map based on the blur
kernel size values and predetermined relationship between blur kernel size and depth; and

determining the output image frame comprises blending the first image data with

corresponding data of the second image data based on the focus map.

10. The method of claim 9, wherein determining the output image frame
comprises determining the output image frame comprising a portion blurred based on the

focus map to obtain a photograph corresponding to the simulated aperture size.
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11. An apparatus, comprising:
a memory storing processor-readable code; and
at least one processor coupled to the memory, the at least one processor configured
to execute the processor-readable code to cause the at least one processor to perform
operations including:
receiving first image data captured at a first aperture size and second
image data captured at a second aperture size, each of the first image data and the
second image data representing a first scene;
determining a depth map corresponding to the first scene based on the
first image data and the second image data, the depth map comprising first values
indicating distances between an image sensor recording the first image data and objects
in the first scene;
determining a focus map based on the depth map and a simulated
aperture size different from the first aperture size and the second aperture size, the focus
map comprising second values indicating an amount of blur at the simulated aperture
size for corresponding distances between the image sensor recording the first image data
and the objects in the first scene; and
determining an output image frame based on the focus map, the first

image data, and the second image data.

12. The apparatus of claim 11, wherein determining the depth map comprises
determining a blur map corresponding to the first scene based on the first image data

and the second image data.

13. The apparatus of claim 12, wherein determining the blur map comprises
determining first sharpness values for the first image data and determining second
sharpness values for the second image data, wherein the blur map comprises blur values

based on the first sharpness values and the second sharpness values.

14. The apparatus of claim 12, wherein determining the blur map comprises
determining, based on supervised machine learning, blur kernel size values
corresponding to the distances between the image sensor recording the first image data

and the objects in the first scene.
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15. The apparatus of claim 12, wherein determining the focus map comprises
determining the second values based on the depth map and a predetermined relationship

between depth and blur.

16. The apparatus of claim 11, further comprising a variable aperture (VA)
camera system configured to capture the first image data at the first aperture size and the

second image data at the second aperture size.

17. The apparatus of claim 16, wherein:

determining the depth map comprises determining a blurriness map comprises
determining first sharpness values for the first image data and determining second
sharpness values for the second image data, wherein the blur map comprises blur values
based on the first sharpness values and the second sharpness values;

determining the focus map comprises determining the focus map based on the
blurriness map and a predetermined relationship between aperture size and depth; and

determining the output image frame comprises blending the first image data with

corresponding data of the second image data based on the focus map.

18. The apparatus of claim 17, wherein determining the output image frame
comprises determining the output image frame comprising a portion blurred based on

the focus map to obtain a photograph corresponding to the simulated aperture size.

19. The apparatus of claim 16, wherein:

determining the depth map comprises determining, based on supervised machine
learning, blur kernel size values;

determining the focus map comprises determining the focus map based on the blur
kernel size values and predetermined relationship between blur kernel size and depth; and

determining the output image frame comprises blending the first image data with

corresponding data of the second image data based on the focus map.

20. The apparatus of claim 19, wherein determining the output image frame
comprises determining the output image frame comprising a portion blurred based on the

focus map to obtain a photograph corresponding to the simulated aperture size.
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21. A non-transitory computer-readable medium storing instructions that, when
executed by a processor, cause the processor to perform operations comprising:

receiving first image data captured at a first aperture size and second image data
captured at a second aperture size, each of the first image data and the second image
data representing a first scene;

determining a depth map corresponding to the first scene based on the first
image data and the second image data, the depth map comprising first values indicating
distances between an image sensor recording the first image data and objects in the first
scene;

determining a focus map based on the depth map and a simulated aperture size
different from the first aperture size and the second aperture size, the focus map
comprising second values indicating an amount of blur at the simulated aperture size for
corresponding distances between the image sensor recording the first image data and the
objects in the first scene; and

determining an output image frame based on the focus map, the first image data,

and the second image data.

22. The non-transitory computer-readable medium of claim 21, wherein
determining the depth map comprises determining a blur map corresponding to the first

scene based on the first image data and the second image data.

23. The non-transitory computer-readable medium of claim 22, wherein
determining the blur map comprises determining first sharpness values for the first
image data and determining second sharpness values for the second image data, wherein
the blur map comprises blur values based on the first sharpness values and the second

sharpness values.

24. The non-transitory computer-readable medium of claim 22, wherein
determining the blur map comprises determining, based on supervised machine
learning, blur kernel size values corresponding to the distances between the image

sensor recording the first image data and the objects in the first scene.
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25. The non-transitory computer-readable medium of claim 22, wherein
determining the focus map comprises determining the second values based on the depth

map and a predetermined relationship between depth and blur.

26. The non-transitory computer-readable medium of claim 21, wherein the
image sensor captured the first image data and the second image data, and wherein the

image sensor is configured as a variable aperture (VA) camera system.

27. The non-transitory computer-readable medium of claim 26, wherein:

determining the depth map comprises determining a blurriness map comprises
determining first sharpness values for the first image data and determining second
sharpness values for the second image data, wherein the blur map comprises blur values
based on the first sharpness values and the second sharpness values;

determining the focus map comprises determining the focus map based on the
blurriness map and a predetermined relationship between aperture size and depth; and

determining the output image frame comprises blending the first image data with

corresponding data of the second image data based on the focus map.

28. The non-transitory computer-readable medium of claim 27, wherein
determining the output image frame comprises determining the output image frame
comprising a portion blurred based on the focus map to obtain a photograph

corresponding to the simulated aperture size.

29. The non-transitory computer-readable medium of claim 26, wherein:

determining the depth map comprises determining, based on supervised machine
learning, blur kernel size values;

determining the focus map comprises determining the focus map based on the blur
kernel size values and predetermined relationship between blur kernel size and depth; and

determining the output image frame comprises blending the first image data with

corresponding data of the second image data based on the focus map.

30. The non-transitory computer-readable medium of claim 29, wherein

determining the output image frame comprises determining the output image frame
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comprising a portion blurred based on the focus map to obtain a photograph

corresponding to the simulated aperture size.



PCT/US2023/064445

WO 2023/183743

1/7

vl
feidsiqg

8l
Alddng
Jamod

orl
Josuag yidag

201
10suag

abew| puodag

eel
SU97 puo9eg

elawe) puodss

} Ol4
051
wr || &7 || Z=7 QnH Josuag
Nvd || NVT || NvM 44
v v
TN ﬂ ocr ||| GEV
3ANION3
syusuodwo) > v adl ||| 34
ndinoandu) T r
Yol vel ||| €€
3400 oav ||| v
801 suononisu| ' — T
Dl 552001
907 Aowd
901 i 105592014 puBIS SBew)
00T 2a1neQ

101
Josuag abew Jsui4

1€l
susTisil4

eJoWe?) Jsiiq




PCT/US2023/064445

WO 2023/183743

2/7

AJOWNEN

¢ 9l

90l

HO1vH3INIO
/ dVIN SNQ04
222
SINVHA v
JOVII
1Nd1NO
HO1V2IddY
H3aMo4g
’
véC  y0sSS3D0OMd
¥0Z 14
¥0l

-
\ vivd
vz JOVINI
VH3INVO
q 11D q 1SHdI4
NV 371S/4
\
cle
(dsI)
d40SS300dd \
TYNODIS ADVINI c0¢
4
cll w_

00¢




WO 2023/183743 PCT/US2023/064445
3/7

300
4

302

RECEIVE FIRST IMAGE DATA AND SECOND IMAGE DATA /
CAPTURED AT AFIRST APERTURE SIZE AND A SECOND
APERTURE SIZE, RESPECTIVELY

l 304

DETERMINE A DEPTH MAP CORRESPONDING TO A SCENE /
REPRESENTED BY THE FIRST IMAGE DATA AND THE
SECOND IMAGE DATA

l 306

DETERMINE A FOCUS MAP BASED ON THE DEPTH MAP J
AND A SIMULATED APERTURE SIZE

l 308
DETERMINE AN OUTPUT IMAGE FRAME WITH A BOKEH J

EFFECT APPLIED TO THE FIRST IMAGE DATA BASED ON
THE FOCUS MAP

FIG. 3



WO 2023/183743 PCT/US2023/064445
4/7

400
~x

402

RECEIVE FIRST IMAGE DATA AND SECOND IMAGE DATA j

CAPTURED AT AFIRST APERTURE SIZE AND A SECOND
APERTURE SIZE, RESPECTIVELY

l

DETERMINE A BLURRINESS MAP BASED ON A FIRST

SHARPNESS OF THE FIRST IMAGE DATA AND A SECOND | 404

SHARPNESS OF THE SECOND IMAGE DATA, WHEREIN THE j

BLURRINESS INDICATES ADEPTH OF AN OBJECT FROM
THE CAMERA

l 406

DETERMINE A FOCUS MAP BASED ON THE BLURRINESS J
MAP AND A BLURRINESS LOOK-UP TABLE (LUT)

l 408

BLEND FIRST IMAGE DATA AND SECOND IMAGE DATA J
ACCORDING TO THE FOCUS MAP TO DETERMINE AN
OUTPUT IMAGE FRAME AS A PHOTOGRAPH WITH A
BACKGROUND BLUR CORRESPONDING TO A SIMULATED
APERTURE SIZE

FIG. 4



WO 2023/183743

204

57

PCT/US2023/064445

OUTPUT
IMAGE
FRAMES
A
599 FOCUS MAP 520
./ 25 48 38 24
BOKEH - 32 36 31 28
APPLICATOR 181 1716
1 1 1 1
Iy A
BLURRINESS |
LOOK-UP TABLE
(LUT) v
518B
\ 5188 \/
\ v
o / FOCUS MAP
|t ™ GENERATOR
A
502 512
FIRST /
RS VAGE |l SHARPNESS /516
MAP
BLURRINESS
MAP
504 514
SECOND IMAGE M/ S:EQF?NNEDSS )
DATA —> VAP

FIG. 5

224



WO 2023/183743 PCT/US2023/064445
6/7

600
~x

602

RECEIVE FIRST IMAGE DATA AND SECOND IMAGE DATA j

CAPTURED AT AFIRST APERTURE SIZE AND A SECOND
APERTURE SIZE, RESPECTIVELY

l

DETERMINE A BLUR KERNEL SIZE MAP BASED ON
MACHINE LEARNING ANALYSIS OF THE FIRST IMAGE 604
DATA AND THE SECOND IMAGE DATA, WHEREIN THE j
BLUR KERNEL SIZE MAP INDICATES A DEPTH OF AN

OBJECT FROM THE CAMERA

l 606

DETERMINE A FOCUS MAP BASED ON THE BLUR KERNEL J
SIZE MAP AND A BLUR KERNEL LOOK-UP TABLE (LUT)

l 608

BLEND FIRST IMAGE DATA AND SECOND IMAGE DATA J
ACCORDING TO THE FOCUS MAP TO DETERMINE AN
OUTPUT IMAGE FRAME AS A PHOTOGRAPH WITH A
BACKGROUND BLUR CORRESPONDING TO A SIMULATED
APERTURE SIZE

FIG. 6



WO 2023/183743

204

717

PCT/US2023/064445

OUTPUT
IMAGE
FRAMES
A
222 FOCUS MAP
|/ 25 48 38 24
BOKEH - 32 36 31 28
APPLICATOR 18 1 1 16
11 1 1
A A
BLUR KERNEL |
LOOK-UP TABLE
(LUT) v
7188
\ 718A y/
A / Focusmap P/
| R ™ GENERATOR
A
502
) 710
FIRST IMAGE v 716
DATA ™ )
PRE-TRAINED
ARTIFICIAL BLUR KERNEL
INTELLIGENCE (Al) > SIZE MAP
504 MODEL
SECOND IMAGE V
DATA —»

FIG. 7

520

224



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/064445
A. CLASSIFICATION OF SUBJECT MATTER
INV. HO04N5/222 G06T5/00 H04N5/262 HO4N23/67 H04N23/951
H04N23/958 G06T7/55 HO04N23/743 H04N23/80
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO4N GO6T

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014/152886 Al (MORGAN-MAR DAVID PETER 1-30
[AU] ET AL) 5 June 2014 (2014-06-05)
the whole document
X US 2011/122287 Al (KUNISHIGE KEIJI [JP] ET 1-3,6,
AL) 26 May 2011 (2011-05-26) 11-13,
1e,
21-23,26
paragraph [0038] - paragraph [0201];
claims 1-24
X US 2019/253593 Al (LI JIANGWEI [CN]) 1,11,21
15 August 2019 (2019-08-15)
paragraph [0055] - paragraph [0093]
A EP 3 038 055 Bl (SONY CORP [JP]) 1-30
13 March 2019 (2019-03-13)
paragraph [0017] - paragraph [0187]
-/—
|__K| Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified)

* Special categories of cited documents :

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
23 June 2023 04/07/2023
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Gil Zamorano, Gunnar

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/064445

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A MANNAN FAHIM ET AL: "What is a Good Model
for Depth from Defocus?",

2016 13TH CONFERENCE ON COMPUTER AND ROBOT
VISION (CRV), IEEE,

1 June 2016 (2016-06-01), pages 273-280,
XP033033014,

DOI: 10.1109/CRV.2016.61

[retrieved on 2016-12-28]

the whole document

A US 2016/241780 Al (SHUSTER GARY STEPHEN
[US]) 18 August 2016 (2016-08-18)
paragraph [0017] - paragraph [0067]

1-30

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2023/064445
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2014152886 Al 05-06-2014 AU 2012258467 Al 19-06-2014
Us 2014152886 Al 05-06-2014

US 2011122287 Al 26-05-2011 CN 102075687 A 25-05-2011
JP 5478215 B2 23-04-2014
JP 2011114450 A 09-06-2011
Us 2011122287 Al 26-05-2011

US 2019253593 Al 15-08-2019 CN 109906599 A 18-06-2019
EP 3525447 A1l 14-08-2019
JP 6802372 B2 16-12-2020
JP 2019533957 A 21-11-2019
KR 20190068618 A 18-06-2019
Us 2019253593 Al 15-08-2019
WO 2018076460 Al 03-05-2018

EP 3038055 Bl 13-03-2019 CN 105678736 A 15-06-2016
EP 3038055 A1l 29-06-2016
Us 2016163055 Al 09-06-2016

US 2016241780 Al 18-08-2016 Us 2012242867 Al 27-09-2012
Us 2014078376 Al 20-03-2014
Us 2015085166 Al 26-03-2015
Us 2016241780 Al 18-08-2016

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report

