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(57) Abstract: An image is remotely processed over a network. An electron-
ic device is characterized based on a unique identifier associated therewith
and properties data, which relate to display related properties of the device.
Local data is collected from the device in relation to real-time conditions and
control data and, which correspond to the device in relation to the character-
izing. The image is remotely generated for download to the device and in-
cludes processing data. The processing data are based on the properties data
and the local data.
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REMOTE DISPLAY RENDERING FOR ELECTRONIC DEVICES

TECHNOLOGY
[0001] Embodiments of the present invention relate generally to power management in an
electronic device, e.g., a mobile device. More particularly, an example embodiment of

the present invention relates to remote display rendering for mobile devices.

BACKGROUND

[0002] Mobile devices are in almost ubiquitous use in contemporary social, industrial and
commercial endeavors. Mobile devices include familiar portable electronic computing
and communicating devices such as cellular and "smart" telephones, personal digital
assistants (PDA), laptop, "pad" style and handheld computers, calculators, and gaming
devices. These and somewhat more specialized mobile devices, such as geo-
locating/navigating and surveying equipment, electrical, electronic, test, calibration,
scientific, medical, forensic/military and other instrumentation packages, have or
provide a wide range and spectrum of utility.

[0003] In addition to networks, databases, and other communicative, computing and data
storage and access infrastructures with which they operate, the utility of mobile devices
is allowed, in no small part, by their components and related aspects and features of
their function and interoperability. For example, a display component presents
graphical information to users; often interactively, with a graphical user interface (GUI)
and keyboard, haptic/voice activated and/or other inputs. A battery component
comprises an electrochemical power source, which allows mobile devices to operate
independently of outside power sources.

[0004] Of all mobile device components, the display typically consumes available battery
power at the fastest rate and thus, contributes the most significant portion of power
drain. During most use time and in most usage scenarios, display related computation
remains fairly minor. Where display related computation may intensify, such as when a

movie is viewed, increased computational load is typically handled quite efficiently with
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graphical processor unit (GPU) operations or the function of other dedicated
components and circuits. Rather, the power demanded by its backlight subcomponent
typically dominates the display's power drain.

[0005] An approach to reducing power drain and enhance mobile device effective battery
life attempts to produce a visually equivalent image at lower display backlight
intensities. For example, a lower power equivalent image version with a dimmed
backlight may be rendered using a lightened (e.g., more transparent) liquid crystal
display (LCD) subcomponent instance of the image. Equivalence of the low power
image instance may thus be maintained, up to a point at which picture elements (e.qg.,
pixels) in the image content may not be rendered without greater lightness or increased
backlight emission.

[0006] Dynamic range compression (DRC; also referred to as contrast ratio compression)
can maintain image instance equivalence beyond the point at which greater lightness or
increased power is called for. For example, values stored in a look-up table (LUT)
and/or a global or other tone mapping operator (TMO) may be used for DRC. DRC
may also allow computation of local tone mapping (and/or color gamut related) changes
to be computed over each image portion independently of (e.g., differently than) the
other image portions, based on local contrast ratios.

[0007] DRC lowers overall dynamic range while preserving most of the image appearance.
DRC is also useful for rendering high dynamic range (HDR) imagery and can improve
image quality at lower backlight power levels, or can make the display usable with
greater amounts of ambient light. However, computing DRC over each pixel of an
image based on TMOs adds complexity and latency. In relation to TMO based DRC,
LUT based approaches are simple to implement.

[0008] While the LUT-based approach may be simpler to implement, it is limited as to how
much lightening may be reduced to conserve power before image modifications
become visible. For example, excess reduction of backlight illumination for a mobile
device flat panel display may cross a threshold related to a just noticeable difference
(JND) or another visibility related metric. Thus, the image modification may likely cause

an objectionable appearance to a significant number of viewers.
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[0009] Approaches described in this section could, but have not necessarily been
conceived or pursued previously. Unless otherwise indicated, neither approaches
described in this section, nor issues identified in relation thereto are to be assumed as

recognized in any prior art merely by inclusion therein.

SUMMARY

[0010] Anexample embodiment of the present invention relates to a computer
implemented method of processing an image remotely over a network. An electronic
device is characterized based on a unique identifier associated therewith and properties
data, which relate to display related properties of the device. Local data is collected
from the device in relation to real-time conditions and control data and, which
correspond to the device in relation to the characterizing. The image is remotely
generated for download to the device and includes processing data, which are based
on the properties data and the local data.

[0011] An example embodiment may be implemented wherein the properties data are
collected and associated with the unique identifier.

[0012] Anexample embodiment may be implemented wherein the real-time conditions
comprise lighting conditions of an environment of the device.

[0013] An example embodiment may be implemented wherein the generated image and
the processing data are forwarded to the device. The forwarded image is rendered on
the device based on the forwarded processing data, which may comprise controlling a
display component of the device. The display component may comprises a backlight
sub-component. Thus, the controlling may relate to varying a brightness (e.g., intensity)
setting of the backlight sub-component based on the collection of the local data. For
example, the display related properties may comprise metadata, which relate to varying
(e.g., modulating) the backlight sub-component brightness.

[0014] An example embodiment may be implemented wherein the control data may relate

to (a) user input(s).
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[0015] An example embodiment may be implemented wherein the display related
properties may relate to optical, electro-optical, photographic, photometric, colorimetric,
videographic, and/or cinematic characteristics of the device.

[0016] An example embodiment may be implemented wherein a source of the image
comprises a server of the network and the mobile device may comprise a first of at least
two (2) mobile devices. For example, a number N of mobile devices may
communicatively couple with the network and exchange data therewith and the device
may comprise one of the N multiple devices. The number N may comprise a positive
integer greater than or equal to two (2). Thus, in an example embodiment, the
characterization of the device and the collecting of local data are performed in relation
to the at least second device. Moreover, the generation of the processing data may be
performed based on the collection of local data in relation to the at least second mobile
device and its characterization.

[0017] An example embodiment of the present invention relates to a computer based
system for remotely processing an image. The system comprises a communication
network and a mobile device operable for exchanging data over the communication
network. The system also comprises a server system for characterizing the mobile
device based on a unique identifier associated therewith and properties data, which
relate to one or more display related properties of the mobile device. Further, the
system comprises a local display data collecting stage for collecting local data from the
mobile device in relation to one or more real-time conditions and control data and,
which correspond to the device in relation to the characterizing. The system further
comprises an image processing stage for remotely generating the image and
processing data for download to the mobile device, wherein the processing data are
based on the properties data and the local data. The display component of the mobile
device is controlled, based on the processing data, to render an instance of the image.

[0018] An example embodiment of the present invention relates to an apparatus for
displaying an image. For example, the apparatus may comprise a mobile computing
device such as a telephone, pad style or laptop computer, personal digital assistant
(PDA), camera, video camera/recorder and/or a portable game controller, entertainment
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console or the like. The apparatus comprises a display component for presenting an
instance of a remotely processed image on a mobile device communicatively coupled to
a network. The apparatus also comprises a processor and a computer readable
memory comprising instructions, which when executed with the processor, cause a
method for generating an image. The method comprises, upon communicatively
coupling with the network, uploading characterizing data thereto. The characterizing
data relate to characterizing the mobile device based on a unique identifier associated
therewith and properties data, which relate to one or more display related properties of
the mobile device. Upon initiating an image related transaction with the network, local
data are collected and uploaded to the network. The local data relate to one or more
real-time conditions, and control data and, which correspond to the mobile device in
relation to the characterizing. Upon receiving the image and processing data from the
network, the display component is controlled based on the properties data. The image
is rendered based on the controlling.

[0019] The network comprises a server. Upon the initiation of the image related transaction
with the network, the image and the processing data are received from the network
server. The network server is operable to remotely generate the image and the
processing data based on one or more of the properties data or the local data.

[0020] An example embodiment may be implemented wherein the mobile device comprises
a first of at least two mobile devices. The apparatus may thus comprise a second of the
at least two mobile devices. In an example embodiment, the uploading of the
characterizing data and/or the collecting and uploading the local data may thus be
performed in relation to the at least second mobile device.

[0021] Itis to be understood that both the foregoing general description and the following
somewhat more detailed description are provided by way of example and explanation
(and not in any way by limitation) and are intended to provide further explanation of
example embodiments of the invention, such as claimed herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] The accompanying drawings below comprise a part of the specification herein of

example embodiments of the present invention and are used for explaining features,
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elements and attributes thereof. Principles of example embodiments are described
herein in relation to each figure of these drawings, in which like numbers are used to
reference like items, and in which:

[0023] FIG. 1 depicts a typical mobile device display control system, with which an
embodiment of the present invention may function;

[0024] FIG. 2 depicts an example mobile device characterization stage, according to an
embodiment of the present invention.

[0025] FIG. 3 depicts an example control input stage, according to an embodiment of the
present invention.

[0026] FIG. 4 depicts an example image output stage, according to an embodiment of the
present invention.

[0027] FIG. 5 depicts an example computer and/or network based system for remote
display rendering for mobile devices, according to an example embodiment of the
present invention.

[0028] FIG. 6 depicts an example computer based remote rendering system and
network/cloud based platform; and;

[0029] FIG. 7 depicts a flowchart for an example computer implemented process, according
to an embodiment of the present invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0030] Example embodiments of the present invention are described herein in the context
of and in relation to remote display rendering for electronic devices. Reference will now
be made in detail to implementations of the example embodiments as illustrated in the
accompanying drawings. The same reference numbers will be used to the extent
possible throughout the drawings and the following description to refer to the same or
like items. It will be apparent to artisans of ordinary skill in technologies that relate to
imaging, displays, networks, computers and mobile devices however, that example
embodiments of the present invention may be practiced without some of these
specifically described details.

[0031] For focus, clarity and brevity, as well as to avoid unnecessarily occluding, obscuring,

obstructing or obfuscating features that may be somewhat more germane to, or
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significant in explaining example embodiments of the present invention, this description
may avoid describing some well-known processes, structures, components and devices
in exhaustive detail. Ordinarily skilled artisans in these technologies should realize that
the following description is made for purposes of explanation and illustration and is not
intended to be limiting in any way. Other embodiments should readily suggest
themselves to artisans of such skill in relation to the features and corresponding benefit
of this disclosure. An example embodiment of the present invention is described in
relation to remote display rendering for mobile devices.

[0032] An example embodiment of the present invention relates to a computer
implemented method of processing an image remotely over a network. An electronic
device is characterized based on a unique identifier associated therewith and properties
data, which relate to display related properties of the device. Local data is collected
from the device in relation to real-time conditions and control data and, which
correspond to the device in relation to the characterizing. The image is remotely
generated for download to the device and includes processing data, which are based
on the properties data and the local data.

[0033] FIG. 1 depicts a typical mobile device display control system 10, with which an
embodiment of the present invention may function. Animage 11, e.g., captured or
being rendered with the mobile device 10, is modified by image processing 12 before
being displayed by display 13 and seen by the user 14. Display 13 is illuminated by its
backlight subcomponent 15, which can be controlled by processing 12 according to
content characteristics (e.g., pixel luma or luminance and/or chroma or chrominance) of
the image 11.

[0034] User 14 may set controls and settings 16 to enable or disable the dynamic display
dimming or parameters associated therewith, such as maximum tolerable image loss
(e.q., aggressiveness). System 10 can also be adaptive to the ambient illumination 17,
as detected with a photocell or similar sensor 18, so that the same techniques can be
used to show acceptable images in high amounts with ambient illumination. However,
power savings may be sacrificed to achieve acceptable image rendering in high
ambient light milieu.
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[0035] An embodiment of the present invention saves power in mobile devices and
improves the quality of images rendered therewith using remote processing of the
images. An example embodiment may be implemented wherein the processing is
performed in a network such as a wide area network (WAN) or distributed over a
communicatively coupled group of networks such as the internet or a cloud network,
e.g., a network as a service (NaaS). For example, an embodiment may be
implemented wherein the processing is performed on a server or in a system of servers.

[0036] The images themselves may comprise image or video content that is sent fo the
mobile device and viewed therewith, e.g., from a remote server associated with the
network. The images may also (or alternatively) comprise image or video content that
is captured with the mobile device, e.g., with a camera apparatus, component or
functionality thereof.

[0037] An example embodiment leverages the significant degree to which image and video
content viewed, which is viewed in mobile devices (but not captured therewith), is
created remotely and streamed or otherwise sent to the device for real time playback
(or still picture display). For example, mobile devices allow users to participate in
network based (e.g., online) games and to view movies streaming from services like
Netflix™ that prevent, inhibit or do not allow local storage or caching of the image
content. For image content including still images (e.g., photographs), video and movies
from such online services, an embodiment is implemented wherein image processing
and modifications are applied to the image content in the network server, before the
content is streamed.

[0038] An embodiment may be implemented wherein the server processes and modifies
the image content based on ambient illumination (e.g., brightness and color) sensed in
local proximity to the mobile device, user settings applied to the mobile device, system
calibration and other information that relate to the mobile device. These data are
uploaded from the mobile viewing devices to the server via the network.

[0039] Ambient light levels sensed at a mobile device and user controls thereto typically

change somewhat slowly over time. Thus, an example embodiment encodes the
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ambient light levels and user settings economically in relation to data usage and
bandwidth.

[0040] Moreover, frame rates associated with online games and video streams are typically
high and, an example embodiment synchronizes modifications to backlight levels, used
in improving image appearance, with the remote image changes. Thus, latency that
may be added by the server side rendering remains substantially imperceptible.

[0041] An example embodiment may thus function with other content that is generated
remotely and viewed locally, such as remote desktops from Splashtop™. An example
embodiment synchronizes the remote image rendering with the local backlight
adjustment and may thus lower power use and/or improve the quality of an image
displayed on a mobile device over a variety of online viewing scenarios.

[0042] Moreover, an example embodiment may be implemented wherein remote image
rendering for mobile devices extends to aspects of the display that include color,
gamma and/or linearization adjustment or correction (e.g., with RGB content for
displays that use XYZ, YCbCr or other non-sRGB compliant color spaces), scaling,
sharpening, persistence-of-vision (POV) rendering and other aspects.

[0043] Anexample embodiment may be implemented wherein a mobile device is
characterized. Characterizing the device allows remote processing to consider specific
device properties. For instance, a mobile device with a non-sRGB display may
correctly output RGB image content, where the server pre-modifies the content to
account for the specific device display’s non-sRGB colorimetry. Characterization may
be omitted, optional or performed initially or occasionally, or may be performed
regularly.

[0044] FIG. 2 depicts an example mobile device characterization mobile device
characterization stage 20, according to an embodiment of the present invention
Performance characteristics and design attributes 21 of a mobile device 10 may be
measured upon original design, bring-up or factory assembly, calibration or repair, or an
action or update initiated by a user or agent.

[0045] These characteristic data 21 may be gathered using laboratory or special

instrumentation such as spectro-radiometers, colorimeters and the like. An example
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embodiment may be implemented wherein particular users or groups of users are
identified and like devices, e.g., same make, model and version, are characterized
thereafter. An example embodiment may be implemented wherein every mobile device
is characterized upon manufacture or issue, e.g., at the factory.

[0046] The device specific data 22 are stored along with an identifier (ID) 29, which
identifies a mobile device uniquely on a characterization database and/or server 23, as
indexed device data 24. Device data 24 is available for access and subsequent
retrieval, e.g., as called for image processing.

[0047] Upon its characterization, the same device 10 (or another instance of a like device
model), may be used to display an image that is generated or processed remotely. For
example, mobile device 10 may display a frame for an online video game, a frame for
streaming movie, or a still image such as a photograph or graphic that is generated or
processed (e.g., and/or modified, transcoded or altered) remotely. An example
embodiment may be implemented wherein mobile device 10 also displays an image or
video frame that it generates or captures locally, e.g., with a camera or video recording
feature or component thereof, and wherein the image it displays is processed remotely.

[0048] FIG. 3 depicts an example control input stage 30, according to an embodiment of
the present invention. Information input 37 relates to the ambient light conditions 37
and may be gathered by a sensor such as photocell 18 (FIG. 1). Information input 34
relates to user settings (e.g., user settings 16; FIG. 1), such as photographic application
settings, joystick game commands, etc. Information input 34 and 37 are uploaded, e.g.,
in a small, thin or light data format, along with specific device identification related data
(e.g., ID data 24; FIG. 2), which may include a model number, a serial number, or a
globally unique identifier (GUID) in ID, control and ambient settings 39. These data are
gathered by device 10 and sent to a remote display processor, display database and/or
display server 35 and associated with the device based on the unique identifier.

[0049] Remote processor/server 35 organizes the image processing by fetching the correct
device characterization 24. Remote processor 35 prepares and makes accessible or

exports image processing settings 33, which relate to optimizing the display
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characteristics of mobile device 10 based on ID, control and ambient settings 39, which
are based in turn, e.g., on data input 34 and data input 37.

[0050] FIG. 4 depicts an example image output stage 40, according to an embodiment of
the present invention. The settings 33 (generated e.qg., per FIG. 3) are used by a
display image signal processor (ISP) 43 to process an image 42. Image 42 may
comprise an image instance that is accessed, streamed, sent or transmitted
from a remote image database or other image repository 41. Image 42 may also
comprise an image instance that is uploaded from device 10 for remote processing with
one or more of image repository 41, using metadata 39 uploaded with the image
therefrom, or ISP 43. Image 42 comprises image content and the associated metadata
39, which ISP 43 processes so as to render a new image instance 44.

[0051] New image instance 44 comprises image processing output data that has control
settings corresponding thereto, which relate to the backlight intensity and/or other
commands or data specifically tailored to device 10 at that moment in time with the
ambient lighting milieu 37 (e.g., FIG. 3), to display an output image 45 therewith. The
display of device 10 thus presents the output image 45 to the user with corrections and
other processing thereto. These corrections optimize the image in real time (or
effectively so in near real time) under the then temporally current light condition 37.

[0052] An example embodiment provides for interruptions or pauses of video content and
other image streams. For instance, upon an interruption in an image stream, an
example embodiment is implemented wherein the last available instance of image 44
may be processed or modified further, as may optimize its appearance in then current
ambient light 37. In an example embodiment, local logic components of device 10 may
exert control over the backlight of its display as described with reference to FIG. 1
above, to provide a perceptually seamless experience for its users despite a stream
interruption. Not dissimilarly, in the case wherein the stream was paused, an example
embodiment is implemented wherein a full range frame is sent to be manipulated by
device 10 local logic until the stream resumes.

[0053] Example embodiments are described herein in relation to display of videos, images
and game content for simplicity, brevity and clarity and not in any way to imply or

11
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express a limitation thereto. On the contrary: example embodiments are well suited to
provide utility over a wide spectrum and deep variety of interactive remote viewing
sessions, including (but not limited to) browsing, remote desktops, applications, games,
photography, video, cinema, and graphics. An example embodiment may be
implemented in relation to a system that comprises, in addition to output stage 40, one
or more elements, components or features, which are described above with reference
to characterization feature 20 (FIG. 2) and/or input stage 30 (FIG. 3).

[0054] FIG. 5 depicts an example computer and/or network based system 500 for remote
display rendering for mobile devices, according to an example embodiment of the
present invention. An example embodiment may be implemented wherein
measurement feature 21 and device characteristic server 23 respectively gather and
store/serve data 22, which is specific to device 10 and thus comprise a device display
characterizer 51. In an example embodiment, measurement feature 21 may function
individually or uniquely with respect to device 10. An example embodiment may thus
be implemented wherein measurement feature 21 functions upon device 10's design,
prototyping, assembly, calibration and/or repair, and wherein measurement function 21
functions or is performed once, other than regularly, other than in real time or near real
time (e.g., in relation to subsequent image capture, processing, rendering or display
functions), or occasionally.

[0055] In an example embodiment, the measurement 21 and/or rendering and storage of
device specific data 22 corresponds to or is recorded at or in relation to a temporally
and/or contextually relevant time/instance 56. Device characteristic server 23 outputs
device data 24, which is indexed according to an identifier such as a serial number,
model number or the like, or otherwise makes device specific data 24 available to other
components of system 500. Device specific data 24 may comprise data related to
time/instance 56, such as a time stamp and/or metadata or other descriptors, tags, flags
or links related to context, e.g., that may be relevant thereto. Device data 24 is
accessible, e.g., available, sent, streamed or transmitted to other components of

system 500.
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[0056] An example embodiment may be implemented wherein display server 35 receives
or accesses data 24, which is uniquely indexed by an identifier of device 10, and
identity/control settings 39 from device 10, which comprise light and color data 37 that
has current relevance to time/instance 58. Display server 35 computes processing over
data 24 and settings 39 to output image processing settings 33 for device 10, which are
relevant to time/instance 58. Thus at time/instance 58, during which image 42 may be
streamed as video content to device 10 from image repository 41 (or captured/uploaded
from device 10), display server 35 and device 10 function together too perform image
data collection 52. Display server 35 may receive, access or collect device specific
data 24 on a function on an access, pull or demand (e.g., by device 10) basis or
occasionally and/or periodically be updated therewith, e.g., on a push, subscription or
not dissimilar basis.

[0057] On a push basis for example, device data 24 may change, e.g., dynamically and/or
based on a passage of time relative to time/instance 56 and/or time/instance 58. Upon
changing, device data may be pushed or upon, e.g., crawling, collection, indexing,
storage, access, linking or query request, updated data 24 may be pushed or pulled to
display server 35. Moreover, display server 35 may receive, access or collect device
specific data 24 upon an access, query or demand (e.g., by device 10) basis or
occasionally and/or periodically. Display processing and data collector 52 may thus
function to update display server 35 d therewith, e.g., on the push, a subscription or not
dissimilar basis.

[0058] An example embodiment may be implemented wherein image 42, which comprises
content streamed from image repository 41 or uploaded from device 10 with metadata
(e.g., metadata 39; FIG. 3), which has relevance to time/instance 58. Time/instance 58
and time instance 56 may be independent. For example, light and color data 37 may
be captured locally or proximately in relation to device 10 at time/instance 58, which
may thus represent a time and context corresponding to the capture, upload and/or
streaming of image instance 42.

[0059] The metadata may also comprise light and color information for reproducing,
rendering and displaying an image on device 10 or various other devices in such a way

13
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as to preserve a scenic intent. For example, a film director may capture an original
instance of the image certain light and color conditions. In this case, the director may
have an artistic intent to render that scene as closely as possible to the captured scene
for as many types or models that device 10 and display components thereof may
reproduce. The metadata may also comprise motion vectors, codec
(compression/decompression, etc.) and/or scalability information. Scalability data may
function to optimize rendering image 42 for display over a wide variety of devices as in
the Scalable Video Codec (SVC) extension to the H.264/MPEG4 codec.

[0060] Data 37 may be gathered or captured by photocell 18 (FIG. 1) or an analogous
electro-optical sensor component of device 10. Thus, photocell 10 may represent
herein any photosensitive or optical sensor such as a charge coupled device (CCD),
photodiode or any of a variety of detectors that work with quantum based effects and
useful detection sensitivities.

[0061] In contrast, measurement 21 may be performed at time/instance 56. In this example,
time/instance 56 thus represents a time that may be significantly earlier than that of
time/instance 58 and in a context that relates to factory or laboratory data collection.
Additionally and/or alternatively, time/instance 58 and time instance 56 may each
comprise the same time and/or context. Thus, an example embodiment may be
implemented wherein measurement 21 is collected contemporaneously, simultaneously
or in real time or near real time in relation to capture, upload and/or streaming of image
instance 42. In this example, measurement 21 may be gathered by photocell 18.
Further, measurement 21 may comprise additional data gathered by laboratory or
factory instrumentation, with which data gathered by photocell component 18 may be
compared, calibrated and/or adjusted.

[0062] An example embodiment may be implemented wherein display ISP 43 receives or
accesses image 42 and image processing settings 33 for device 10. Image 42 may be
streamed, sent or transmitted to ISP 43 by imaged repository 41 or uploaded directly
thereto by device 10 or an intermediary repository (e.g., 41). Display ISP 43 performs
server side image processing over image 42 based on its metadata and importantly,
based on image processing settings 33 for device 10. Based on the server side
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processing, display ISP 43 renders an image instance 44 that comprises an instance of
image 42 and settings or commands, which exert control over the backlight unit of
device 10's display (e.g., backlight unit 15, display 13; FIG. 1). Image instance 44 and
its control settings are specifically optimized for presentation with the display of device
10 under light conditions 37, which remain then current in relation to time/instance 58.
In an example embodiment, display ISP 43 thus functions as a remote image processor
and display controller 53 over device 10.

[0063] An example embodiment may thus be implemented wherein display data collector 52
and remote image processor/display controller 53 function together to remotely process
images and data for mobile device 10. In an example embodiment, remote image
processing system 500 further comprises device display characterizer 51.

[0064] An example embodiment may thus be implemented wherein image repository 41
comprises a non-transitory (e.g., tangible) data storage entity such as may be
associated with a Web based service such as Google Images™, an image and video
database or data warehouse, such as may be associated with streaming content from a
server, multiple servers or a server farm such as streaming services such as Netflix™
or YouTube™ and/or within a network, NaaS or cloud based infrastructure, platform,
configuration or geometry . An example embodiment may thus be implemented remote
rendering system 500 is disposed within or deployed upon, or comprises a feature,
function or element of a network based platform (e.g., network, infrastructure,
environment, milieu, backbone, architecture, system, database) and/or a network/cloud
based platform.

[0065] FIG. 6 depicts example remote rendering system 500 and an example network/cloud
based platform 600, according to an embodiment of the present invention. An example
embodiment is implemented wherein system 500 comprises a network based
functionality, which is disposed in, distributed over, communicatively coupled through
and/or exchanging data with one or more components (e.g., features, elements) of
network platform 600.

[0066] Network/cloud based platform 600 is represented herein with reference to an example

first network 61, an example second network 62, an example third network 63 and an
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example fourth network 64. It should be appreciated that any number of networks may
comprise components of network/cloud platform 600. One or more of networks 61-64,
inclusive, represents a network that provides communication, computing, data
exchange and processing, image, video, music, movie, online game related and/or data
streaming, NaaS and/or other cloud-based network services. One or more of the
network of platform 600 may comprise a packet switched network. For example,
platform 600 may comprise one or more packet switched WANs and/or the Internet.

[0067] Device instances 10A, 10B and 10C may represent any number, model and type of
device 10, which may be accommodated for communication and data exchange with
system 500 and network/cloud platform 600. Example device instances 10A may
represent cellular telephones, smart phones, pad computers, personal digital assistants
(PDA) or the like. Devices 10A may communicatively couple and exchange data with
features and elements of network/cloud based platform 600 and/or remote processing
system 500 via network 62, which may comprise a wireless (e.g., and/or wire line)
telephone network, or via network 61 or another network of platform 600.

[0068] Example device instance 10B may represent personal computers (PCs),
workstations, laptops, pad computers, or other computer devices, communicating
devices, calculators, telephones or other devices. Example device instances 10C may
represent cameras, video camera-recorders, cell phone or smart phone based cameras
or the like. Device instances 10B and 10C may communicatively couple and exchange
data with features and elements of network/cloud based platform 600 and/or remote

processing system 500 via network 61, network 62, or another network of platform 600.

[0069] The networks of image platform 600 comprise hardware, such as may include
servers, routers, switches and entities for storing, retrieving, accessing and processing
data. Features, elements, components and functions of remote processing system 500
may be disposed within, distributed over or function with these hardware. Thus, image
repository 41 may function for example within, or be accessible through network 63,

which may be associated with a streaming service.
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[0070] Display server 35 and/or display ISP 43 may function with, or be accessible through
network 61, or through another network of platform 600. Or for example, device
characteristic server 23 may function within, or be accessible through network 64, which
may be a wireless and/or wire line local area network (LAN), WAN or another network,
database or application associated with a factory or laboratory that designs, develops,
tests, manufactures, assembles and/or calibrates one or more of device instances 10A,
10B or 10C. In an example embodiment, system 500 comprises device characteristic
server 23 and/or network 64, which may thus also be controlled, programmed or
configured with system controller 65. For example, controller 65 may represent a
switching and/or routing hub for a wireless telephone network, another communication
entity or a computing or database entity.

[0071] An example embodiment may be implemented wherein system controller 65
controls, coordinates, synchronizes and sequences system 500 and/or the remote
processing of images therewith. An example embodiment may be implemented
wherein system controller 65 controls, coordinates, synchronizes and sequences
platform 600, or the networking and intercommunication between two or more of the
networks, components, elements, features and functions thereof, such as to achieve or
promote remote processing of images therewith.

[0072] Image 42 may be streamed to device instance 10A, 10B and/or 10C from image
repository 41 (or one or more of the other device instances) for remote processing with
system 500 and/or network platform 600. Image 42 may also, optionally or alternatively
be uploaded from one or more of devices 10A, 10B and 10C for remote processing with
system 500 and/or network platform 600.

[0073] One or more of image repository 41, characteristic server 23, display server 35
and/or display ISP 43 may comprise one or more physical and/or logical instances of a
server, processor, computer, database, production or post-processing facility, image
repository, server farm, data warehouse, storage area network (SAN), network area
storage (NAS), or a business intelligence (Bl) or other data library. One or more of the
networks of platform 600 may comprise one or more physical and/or logical instances of

a router, switch (e.g., for packet-switched data), server, processor, computer, database,
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image repository, production or post-processing facility, server farm, data warehouse,
SAN, NAS or Bl or other data library.

[0074] System 500 and/or network platform 600 remotely process images streamed to, or
uploaded from one or more of device instances 10A-10C, inclusive. Device instances
10A-10C, inclusive, represent any number of instances of a mobile device 10. Network
61 and one or more of networks 62-64, inclusive, of network platform 600 represent any
number, configuration or geometry of communication, packet switched, computing,
imaging, and/or data exchange networks.

[0075] One or more of the instances 10A, 10B and 10C of mobile device 10 may upload
locally captured instances of image content somewhat more frequently than they may
receive or access remotely processed mages. For example, device instance 10C may
be associated with apparatus such as a digital camera or a video camcorder
(camera/recorder), which is designed to record images to a degree that is somewhat
more significant thereto than, e.g., receiving streamed images from network 61 network
63, etc. For an example contrast, images may be streamed through network/cloud
platform 600 more frequently, and with more significant remote processing therein, from
image depository 41 to device instance 10A or to device instance 10B. Device instance
10B may also download one or more instances of image 42 from a particular instance
of device 10A, or of device 10C.

[0076] System 500 and network/cloud platform 600 function together to provide remote
image processing in various configurations, scenarios and applications. For example,
the remote processing optimizes streaming or uploaded instances of image 42 for
rendering or presentation with the display components of two or more instances of
device 10 (e.g., devices10A, 10B and/or 10C). As the various device instances may be
located at different geographical locations, they may have (e.g., be set in) different or
independent time zones, meteorological, astronomical or other conditions. Thus,
light/color conditions 37 (FIG. 3, 4, and 5) may differ for rendering optimally each of the
instances, as well.

[0077] However, an embodiment is implemented wherein the light conditions 37 of each
device instance are measured or sampled independently in relation to each other; e.g.,
with their individual photocells 10 (FIG. 1). One or more physical or logical instances of
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character server 23 may store, index, catalog, file and provide access independently to
individual instances of device data 22 and device identifier 29, each of which
corresponds uniquely to one of devices 10A, 10B or 10C.

[0078] One or more physical or logical instances of display server 35 may store, index,
catalog, file, process, update and provide access independently to individual instances
of device identified control and ambient settings 39, each of which corresponds
uniquely to one of devices 10A, 10B or 10C at each time/instance 58 and thus, to the
specific light conditions 37 independently measured/sampled therewith. Moreover,
display ISP 43 remotely processes instances of image 42 uploaded from one or more of
the device instances 10A, 10B or 10C or streamed from image repository 41 based, at
least in part, on each of the devices' light/color data 37 and settings 34, which are
gathered or collected locally in relation each thereto at each time/instance 58. Thus,
one or more physical or logical instances of display ISP 43 may render independent
instances of image 42 and corresponding image control settings 44 for rendering image
instance optimally at each individual device instance 10A, 10B and 10C.

[0079] System 500 and/or network/cloud platform 600 may represent remote image
processing for various applications, scenarios and situations. For example, system 500
and network/cloud platform 600 may represent a remote image processing platform for
typical individual, commercial and industrial users, such as in a home, business or
school. However, system 500 and network/cloud platform 600 may represent a more
specialized or sophisticated remote image processing platform.

[0080] Animplementation of an example embodiment may thus be represented wherein
system 500 and network 600 relate to video, cinematic or photographic production.
Devices 10C may thus represent one or more cameras, which perhaps provide more
image frames to network 600 than remotely processed frames that they receive
therefrom. The operation of the camera devices 10C may thus be coordinated or
controlled by lighting technicians and engineers, who may use devices 10A to view
remotely processed instances of the images captured with devices 10C. In fact, one
instance of device 10A may display an image instance that is rendered optimally for the
ambient associated with devices 10A and another instance of device 10A may display

an image instance that is rendered optimally for the ambient associated with devices
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10C. A director may use device 10B, which may render either or both image instances,
or which may provide color timing or other inputs, with which to control or affect remote
processing in display ISP 43.

[0081] An implementation of an example embodiment may thus be represented wherein
system 500 and network 600 relate to a medical application. One of device instances
10C may thus represent medical imagers, for example a hospital based imager for X-
Ray, CT (computerized tomography), MRI (magnetic resonance imager), ultrasound or
nuclear diagnostics such as a PET (positron emission tomography) scanner. Another
instance of device instance 10C may be deployed by an emergency medical asset such
as an ambulance, a remote clinic or a military combat medicine unit. The operation of
the imager device instances 10C may thus be coordinated or controlled by a physician
or surgeon, who may use device instances 10A to view remotely processed instances
of the images captured with each of device instances 10C. An instance of device 10A
may thus display an image instance gathered by one or more of device instances 10C,
but processed remotely so as to render that image instance with control settings 44 for
optimal display 45 in the current local light conditions 37 and settings 34 local to each of
device instances 10A. Contemporaneously, consulting physicians and/or surgeons
may view an independently remotely processed and rendered instance of that image
with control settings 44 for optimal display 45 in the current local light conditions 37 and
user settings 34 local to each of device instances 10B.

[0082] An implementation of an example embodiment may thus be represented wherein
system 500 and network 600 relate to a military application. Device instances 10C may
thus represent cameras, for example one on a manned or unmanned aircraft or
reconnaissance satellite and another deployed by a forward combat asset such as a
special warfare operative or an artillery observer or forward air controller. The
operation of the camera devices 10C may thus be coordinated or controlled by field,
company, platoon commanders or squad leaders, who may use devices 10A to view
remotely processed instances of the images captured with devices 10C. An instance of
device 10A may thus display an image instance gathered by one or more of device
instances 10C, but processed remotely so as to render that image instance with control
settings 44 for optimal display 45 in the current local light conditions 37 and settings 34
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local to each of device instances 10A. Contemporaneously, a battlefield or battalion
commander may view an independently remotely processed and rendered instance of
that image with control settings 44 for optimal display 45 in the current local light
conditions 37 and user settings 34 local to each of device instances 10B.

[0083] Thus, an example embodiment may be implemented wherein remote processing is
provided for multiple mobile devices 10 independently, and based on each of the
devices' control settings and corresponding ambient light/color conditions and user
settings.

[0084] An example embodiment of the present invention may thus relate to a computer
based system for remotely processing an image. The system comprises a
communication network and a mobile device operable for exchanging data over the
communication network. The system also comprises a server system for characterizing
the mobile device based on a unique identifier associated therewith and properties
data, which relate to one or more display related properties of the mobile device.

[0085] Further, the system comprises a local display data collecting stage for collecting local
data from the mobile device in relation to one or more real-time conditions and control
data and, which correspond to the device in relation to the characterizing. The system
further comprises an image processing stage for remotely generating the image and
processing data for download to the mobile device, wherein the processing data are
based on the properties data and the local data. The display component of the mobile
device is controlled, based on the processing data, to render an instance of the image.

[0086] Moreover device 6A, 6B and/or 6B may comprise an apparatus. For example, an
embodiment of the present invention relates to an apparatus for displaying an image.
The apparatus may comprise a mobile computing device such as a telephone, pad style
or laptop computer, personal digital assistant (PDA), camera, video camera/recorder
and/or a portable game controller, entertainment console or the like.

[0087] The apparatus comprises a display component for presenting an instance of a
remotely processed image on a mobile device communicatively coupled to a network.
The apparatus also comprises a processor and a computer readable memory
comprising instructions, which when executed with the processor, cause a method for

generating an image.
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[0088] In an example embodiment, the method comprises uploading characterizing data to a
network upon communicatively coupling thereto. The characterizing data relate to
characterizing the mobile device based on a unique identifier associated therewith and
properties data, which relate to one or more display related properties of the mobile
device. Upon initiating an image related transaction with the network, local data are
collected and uploaded to the network. The local data relate to one or more real-time
conditions, and control data and, which correspond to the mobile device in relation to
the characterizing. Upon receiving the image and processing data from the network,
the display component is controlled based on the properties data. The image is
rendered based on the controlling.

[0089] FIG. 7 depicts a flowchart for an example computer implemented and/or network
based process 70, according to an embodiment of the present invention. A mobile
device is characterized (71). For example, upon inputting or determining its identity,
optical and/or photographic characteristics of the device are determined and stored
according to an identifier of the device, such as a unique identifier, model or type.
Characterization 71 may comprise a function of the network or an initial or other input
thereto.

[0090] Real-time data that correspond to an environment of the device and control settings
(e.q., user inputs) are collected (72). The real-time data may be based, for example, on
ambient light and color conditions and user settings local to the device, The collected
local data and control data may be stored in correspondence with the identity and
characteristics of the device.

[0091] Animage and related processing data are generated remotely for download to the
device (73). Such remote processing may be performed over a streaming or uploaded
image based on the local data and control data.

[0092] A display component of the device is controlled (74) based on the processing data.
The display component of the device may output a rendered instance of the image (75)
based on such control.

[0093] An example embodiment of the present invention thus relates to a computer
implemented method (70) of processing an image remotely over a network. An

electronic device is characterized based on a unique identifier associated therewith and
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properties data, which relate to display related properties of the device. Local data is
collected from the device in relation to real-time conditions and control data and, which
correspond to the device in relation to the characterizing. The image is remotely
generated for download to the device and includes processing data, which are based
on the properties data and the local data.

[0094] Aninput display setting, based for example on ambient light and color conditions
and user settings local to the device, are input (72) in correspondence with the identity
and characteristics of the device. Remote processing is performed (73) over a
streaming or uploaded image based on the input display settings, wherein control data
settings are added to an image stream and sent (74) to the mobile device.

[0095] Upon receiving or accessing the streamed or uploaded image and control settings,
the mobile device outputs (75) the remotely processed rendered image with its
component display component. The backlight unit of the device display component is
controlled so as to optimize the output display for light and/or color conditions, then
current locally in relation to the mobile device.

[0096] An example embodiment may be implemented wherein the properties data are
collected and associated with the unique identifier.

[0097] An example embodiment may be implemented wherein the real-time conditions
comprise lighting conditions of an environment of the device.

[0098] An example embodiment may be implemented wherein the generated image and
the processing data are forwarded to the device. The forwarded image is rendered on the
device based on the forwarded processing data, which may comprise controlling a display
component of the device. The display component may comprises a backlight sub-
component. Thus, the controlling may relate to varying a brightness (e.g., intensity) setting
of the backlight sub-component based on the collection of the local data. For example, the
display related properties may comprise metadata, which relate to varying (e.g.,
modulating) the backlight sub-component brightness. An example embodiment may be
implemented wherein the control data may relate to one or more user inputs.

[0099] An example embodiment may be implemented wherein the display related
properties may relate to optical, electro-optical, photographic, photometric, colorimetric,
videographic, and/or cinematic characteristics of the device.
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[0100] An example embodiment may be implemented wherein a source of the image
comprises a server of the network and the mobile device may comprise a first of at least
two (2) mobile devices. For example, a number N of mobile devices may communicatively
couple with the network and exchange data therewith and the device may comprise one of
the N multiple devices. The number N may comprise a positive integer greater than or
equal to two (2).

[0101] Thus, in an example embodiment, the characterization of the device and the
collecting of local data are performed in relation to the at least second device. Moreover,
the generation of the processing data may be performed based on the collection of local
data in relation to the at least second mobile device and its characterization.

[0102] Example embodiments of the present invention are thus described in relation to
remote display rendering for mobile devices. An example embodiment of the present
invention thus remotely processes an image over a network, to be rendered with a display
component of a mobile device communicatively coupled to the network.

[0103] Example embodiments are described in relation to remote display rendering for
mobile devices. In the foregoing specification, example embodiments of the present
invention are described with reference to numerous specific details that may vary between
implementations. Thus, the sole and exclusive indicator of that, which embodies the
invention, and is intended by the Applicants to comprise an embodiment thereof, is the set
of claims that issue from this application, in the specific form in which such claims issue,
including any subsequent correction.

[0104] Definitions that are expressly set forth in each or any claim specifically or by way of
example herein, for terms contained in relation to features of such claims are intended to
govern the meaning of such terms. Thus, no limitation, element, property, feature,
advantage or attribute that is not expressly recited in a claim should limit the scope of such
claim in any way. The specification and drawings are, accordingly, to be regarded in an

illustrative rather than a restrictive sense.
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CLAIMS

What is claimed is:

1. A computer implemented method of generating an image over a network, the
method comprising:
characterizing an electronic device based on a unique identifier associated therewith
and properties data, which relate to one or more display related properties of the device;
collecting local data from the device in relation to one or more real-time conditions
and control data and, which correspond to the device in relation to the characterizing; and
remotely generating the image and processing data for download to the device,

wherein the processing data are based on the properties data and the local data.

2. The method as recited in Claim 1, further comprising collecting the properties data

and associating the properties data with the unique identifier.

3. The method as recited in Claim 1 wherein the one or more real-time conditions

comprise lighting conditions of an environment of the device.

4. The method as recited in Claim 1, further comprising:
forwarding the generated image and processing data to the device; and

rendering the forwarded image on the device based on the processing data.

5. The method as recited in Claim 4 wherein the rendering comprises controlling a

display component of the device.

0. The method as recited in Claim 5 wherein the display component comprises a
backlight sub-component and wherein the controlling relates to varying a brightness of the

backlight sub-component based on the collecting the local data.

7. The method as recited in Claim 6 wherein the display related properties comprises

metadata, which relate to varying the backlight sub-component brightness.
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8. The method as recited in Claim 1 wherein the control data relate to one or more

real-time user inputs.

9. The method as recited in Claim 1 wherein the display related properties relate to
one or more optical, electro-optical, photographic, photometric, colorimetric, videographic,

or cinematic characteristics of the device.

10. The method as recited in Claim 1 wherein a source of the image comprises a server

of the network.

11.  The method as recited in Claim 10 wherein the device comprises a mobile

computing device.

12. The method as recited in Claim 1 wherein the device comprises a first of at least
two mobile devices and wherein the method further comprises:

performing the characterizing and the collecting in relation to the at least second
device, wherein the generating the processing data is based on the performing the

collecting in relation to the at least second mobile device.

13. A computer based system for remotely processing an image, the system
comprising:

a communication network; and

a mobile device operable for exchanging data over the communication network,

a server system for characterizing the mobile device based on a unigue identifier
associated therewith and properties data, which relate to one or more display related
properties of the mobile device;

a local display data collecting stage for collecting local data from the mobile device
in relation to one or more real-time conditions and control data and, which correspond to

the device in relation to the characterizing; and
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an image processing stage for remotely generating the image and processing data
for download to the mobile device, wherein the processing data are based on the
properties data and the local data;

wherein the display component of the mobile device is controlled, based on the

processing data, to render an instance of the image.

14.  The system as recited in Claim 13 wherein the one or more real-time conditions
comprise local lighting conditions of an environment of the mobile device and wherein the

control data relate to one or more real-time user inputs.

15.  The system as recited in Claim 13 wherein a source of the image comprises the
server system, wherein the server system is operable to stream the image to the mobile

device.

16.  The system as recited in Claim 13 wherein a source of the image comprises the
mobile device wherein the mobile device uploads the image to the server system and
wherein the server system is operable to control the image processing stage for performing

the remotely generating the image and the processing data.

17.  The system as recited in Claim 13 wherein the mobile device comprises a first of at
least two mobile devices, wherein the network further comprises the second mobile device,
wherein the characterizing stage performs the characterizing function in relation to the at
least second mobile device and wherein the collecting stage performs the collecting

function in relation to the at least second mobile device.
18.  The system as recited in Claim 17 wherein the generating the processing data is
based on the performing the collecting function in relation to the at least second mobile

device.

19.  An apparatus for displaying an image, the apparatus comprising:
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a display component for presenting an instance of a remotely processed image on a
mobile device communicatively coupled to a network,

a processor; and

a computer readable memory comprising instructions, which when executed with the
processor, cause a method for generating an image, the method comprising:

upon communicatively coupling with the network, uploading characterizing data
thereto wherein the characterizing data relate to characterizing the mobile device based on
a unique identifier associated therewith and properties data, which relate to one or more
display related properties of the mobile device;

upon initiating an image related transaction with the network, collecting and
uploading to the network local data, wherein the local data relate to one or more real-time
conditions, and control data and, which correspond to the mobile device in relation to the
characterizing; and

upon receiving the image and processing data from the network, controlling the
display component based on the properties data; and

rendering the image based on the controlling.

20. The apparatus as recited in Claim 19, wherein the one or more real-time conditions
comprise local lighting conditions of an environment of the mobile device and wherein the

control data relate to one or more real-time user inputs.

21.  The apparatus as recited in Claim 19, wherein the one or more display related
properties of the mobile device comprise one or more optical, electro-optical, photographic,

photometric, colorimetric, videographic, or cinematic characteristics of the device.

22.  The apparatus as recited in Claim 19, wherein:

the network comprises a server;

the receiving the image and the processing data from the network comprises, upon
the initiating an image related transaction with the network, receiving the image and the

processing data from the network server; and
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the network server is operable to remotely generate the image and the processing

data based on one or more of the properties data or the local data.

23. The apparatus as recited in Claim 19, wherein the mobile device comprises a first of
at least two mobile devices, wherein the apparatus comprises a second of the at least two
mobile devices, and wherein one or more of:

the uploading the characterizing data, or

the collecting and uploading the local data,

is performed in relation to the at least second mobile device.
24. The apparatus as recited in Claim 23 wherein the generating the processing data is

based on the performing the collecting function in relation to the at least second mobile

device.
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