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BIT DEPTH REMAPPING BASED ON VIEWING PARAMETERS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a non-provisional filing of, and claims benefit under 35
U.S.C. §119(e) from, U.S. Provisional Patent Application Serial No. 62/336,458, entitled “Bit
Depth Remapping Based on Viewing Parameters,” filed May 13,2016, and U.S. Provisional Patent
Application Serial No. 62/336,459, entitled “Bit Depth Selection Based on Viewing Parameters,”
filed May 13, 2016, the entirety of which are incorporated herein by reference.

BACKGROUND

[0002] Video streaming services may be constrained by multiple factors in using a bit depth
for displaying images to an end user. In many video distribution systems, a source image is
captured at a high bit depth, such as 10-16 bits per sample (bps) and is converted to a lower bit
depth, such as 8 bps before the source is delivered to a display. At 16 bps, a sample can have over
65,000 different values, but at 8 bps, the sample can only have 256 different values. This

conversion, or remapping, reduces bitrate but may result in a reduction in video quality.

[0003] Some user displays have contrast and brightness buttons to adjust visibility of the
image. These buttons adjust the entire image, not just a particular region of interest. Also, these
buttons use the down-converted low dynamic range (LDR) signal without knowledge of the source

high dynamic range (HDR) signal.

[0004] It would be desirable to improve video quality without incurring substantial increases
in video distribution bitrate. These constraints force a high source bit depth to be converted to a
lower bit depth for displaying images at the client. In a traditional distribution, the source image
is converted to 8 bps before the video is delivered to a display. This methodology may cause

banding and loss of detail.

[0005] It would be desirable to improve video quality without unnecessarily increasing the

bitrate requirements.

SUMMARY

[0006] This specification discloses in an exemplary embodiment the ability to perform
multiple bit-depth remappings at the encoder which are then encoded for adaptive bit rate (ABR)
distribution. The multiple bit-depth remappings may correspond to different conversion functions.
Information indicating availability of additional remapped profiles is sent down in a manifest file

for a client to use and to interpret for display to the user. The multiple alternative bit-depth
-1-
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remappings may be designed for (e.g., optimized for) different regions of interest in the image or
video content, different display technologies which may be used to view the content, or different

viewing conditions.

[0007] Some embodiments are based on Dynamic Adaptive Streaming over HTTP (DASH).
In some such embodiments, multiple depth mappings are performed at the encoder, and ABR-
encoding is performed for distribution. The manifest file containing information indicating
availability of additional remapping profiles is sent down to a client to use and interpret for display
to the user. The additional remapping profiles contain information regarding the multiple
transformation functions or conversion functions used to convert from a higher bit-depth to a lower

bit-depth.

[0008] The client uses the video stream’s generation conditions to provide the end user with a
better viewing experience. Within the DASH protocol, a Media Presentation Description (MPD)
manifest file contains bit depth profiles that provide the client with options to select optimal

viewing parameters under multiple viewing conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 depicts two graphs showing linear and non-linear HDR to LDR conversions, in

accordance with an embodiment.

[0010] FIG. 2 is a block diagram of a system architecture for converting HDR to LDR for

ABR distribution, in accordance with an embodiment.

[0011] FIG. 3A depicts a first system architecture for distributing media content to a display

device, in accordance with an embodiment.

[0012] FIG. 3B depicts a second system architecture for distributing media content to a display

device, in accordance with an embodiment.

[0013] FIG. 4 is a schematic illustration illustrating selection of different bit depth remappings

for different regions of interest, in accordance with an embodiment.

[0014] FIG. 5 is a system flow diagram for a streaming video session in which multiple bit

depth remappings are available, in accordance with an embodiment.

[0015] FIG. 6 illustrates an exemplary wireless transmit/receive unit (WTRU) that may be

employed as a streaming video client in some embodiments.

[0016] FIG. 7 illustrates an exemplary network entity that may be employed as a streaming

server and/or video encoding or transcoding server in some embodiments.
-
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DETAILED DESCRIPTION

[0017] Note that various hardware elements of one or more of the described embodiments are
referred to as “modules” that carry out (i.e., perform, execute, and the like) various functions that
are described herein in connection with the respective modules. As used herein, a module includes
hardware (e.g., one or more processors, one Or MmOre mMmiCroprocessors, one Or more
microcontrollers, one or more microchips, one or more application-specific integrated circuits
(ASICs), one or more field programmable gate arrays (FPGAs), one or more memory devices)
deemed suitable by those of skill in the relevant art for a given implementation. Each described
module may also include instructions executable for carrying out the one or more functions
described as being carried out by the respective module, and it is noted that those instructions may
take the form of or include hardware (i.e., hardwired) instructions, firmware instructions, software
instructions, and/or the like, and may be stored in any suitable non-transitory computer-readable

medium or media, such as commonly referred to as RAM, ROM, etc.

[0018] In an exemplary embodiment, the system performs several steps. Other embodiments
may reverse these steps or skip one or more of these steps. In addition to the standard ABR stream,
the encoder creates additional streams that are created by different remappings. The end user
requests a service and receives a manifest file that identifies high bit depth streams that are
available in addition to containing traditional information about the ABR profiles for the default
stream. The user interface (UI) informs the user about the availability of additional streams that
represent different remappings for different device types and/or different viewing conditions. An
exemplary embodiment provides three stream selection types at the client: automatic, manual, and
visual. For automatic stream selection, the end client automatically detects the viewing conditions,
such as level of ambient light, and the type of display, and requests an appropriate stream. For
manual stream selection, the UI presents the end user with an array of options from which to
choose a variety of remappings representing different viewing device types or viewing conditions.
For visual stream selection, the client requests regions/objects for further highlighting in a video
scene. Alternative remappings for specific regions may be presented. Based on end user choices,

scenes may be selected and replayed with different bit depth(s).

[0019] In some embodiments, tracking of objects of interest may be performed, providing the
user the opportunity to track those objects at the highest capture resolution and get this delivered
on request with alternative stream delivery. For example, a 4K resolution camera at the source
normally may be scaled by 2 down to HD resolution for transmission. However, when zooming

on a portion of the scene, the native 4K resolution may be used fully.
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[0020] In addition to creating additional streams by using increased native resolutions, viewing
quality may be enhanced by creating streams with a higher dynamic range (HDR) (or high pixel
bit depth). In some scenarios, a camera captures between 8 to 16 bits per pixel (bpp). The higher

the bit depth, the greater the detail or quality of picture that may be produced.

[0021] Consumer devices including HDTVs, mobile devices, or computers are generally
equipped to receive video pixel bit depths of 8 bpp. Current consumer display technology such as
LCD, LED, and Plasma, find their sweet spot for cost effectiveness around 8bpp. Higher bit depth
displays (known as High Dynamic Range or HDR) exist, but these displays have a high cost.

[0022] One TV distribution scenario uses a camera which captures video at a high bit depth
(such as 10-16 bpp). This signal is converted to a low dynamic range (LDR), such as 8 bpp, for
broadcast delivery to a consumer display. At 16 bpp, a pixel (or each component of a pixel such
asanR, G, or B component, a’Y, U, or V component or a 'Y, Cr, or Cb component) may be assigned
one of 65,536 (2'°) different values, but at 8 bpp, a pixel may be assigned one of only 256 (2%)

different values.

[0023] Conversion from HDR to LDR may result in a variety of video quality problems, such
as loss of detail, reduced dynamic range, image artifacts, and problems at the extremes of the
brightness scale. Loss of detail causes flattening or complete loss of fine textures. Reduced
dynamic range may result in black colors being less black, and white colors being less white, for
example. Image artifacts include banding instead of smooth gradients and stair-step edge artifacts.
Brightness problems may include issues with objects in dark or bright sections of the image

appearing severely degraded or even washed out.

[0024] In converting from HDR to LDR, the conversion may be linear or non-linear. Non-
linear conversions may be used to provide contrast enhancements and other effects. Some
embodiments may be described as an “S” shaped conversion curve in which the horizontal axis is
the HDR input pixel value and vertical axis is the LDR output pixel value. Non-linear curves may
provide more detail in certain pixel value ranges and less detail in other pixel value ranges. For
example, mid-tones may receive a relatively greater proportion of the available dynamic range

than dark or light tones.

[0025] FIG. 1 depicts two graphs showing linear and non-linear HDR to LDR conversions, in
accordance with an embodiment. In particular, FIG. 1 depicts the graph 100 of a linear HDR to
LDR conversion, also referred to as a transformation function or mapping. The graph 100 includes
an LDR Pixel Value y-axis 102 and an HDR Pixel Value x-axis 104. Several points along the
conversion line 116 are depicted. The points include a black point 106, a shadow point 108, a mid-

-
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tones point 110, a highlights point 112, and a white point 114. The graph 120 depicts a non-linear
HDR to LDR conversion. The graph 120 includes for LDR Pixel Value y-axis 122 and an HDR
Pixel Value x-axis 124. Several points along the conversion curve 136 are depicted. The points
include a black point 126, a shadow point 128, a mid-tones point 130, a highlights point 132, and
a white point 134. The graph 120 depicts a non-linear conversion. An S curve non-linear
conversion may over-flatten mid-tones, and a very gentle S curve or partial S curve may also be
used. Both curves call attention to five pixel-value points and the conversion of those values for
each curve. Black and white values anchor each end of the curve with shadows, mid-tones, and

highlights occurring at successive midpoints.

[0026] Converting from HDR (e.g. 16 bpp) to LDR (e.g. 8bpp) prior to delivery to a display

may cause banding, loss of detail, and other image effects.

[0027] Optimal bit depth conversion mappings depend on a video signal’s pixel
characteristics. Such HDR to LDR conversion maps may vary per-pixel, per region, or per frame.
Applying a single conversion map to an entire frame may result in some portions of the frame
receiving non-optimal mappings. Re-computation of the optimal mapping may be performed when
temporal variations with a region change significantly (even when tracked). For example, a given
image (or frame of a video sequence) may have one portion in the shadows and another portion in
bright light. Such a scenario may benefit from application of different conversion maps in different

regions.

[0028] By changing the conversion to increase sensitivity for dark areas, textures remain
visible after the conversion. This change comes as a tradeoff to the bright areas, which become
washed out. Therefore, it is beneficial to separate the total image into regions of interest with
different conversions available for each area. Alternatively, different mapping sets may be created

for different viewing device types and different ambient viewing conditions.

[0029] A region of interest may be defined in the original content, and different conversion
functions may be designed (e.g., optimized) to distribute pixel values within the region of interest.
This process may be repeated to generate multiple regions of interest in the source material, and
to create conversion functions for each of the multiple regions of interest, or for combinations of

such regions of interest.

[0030] The regions of interest may be defined manually. For example, a human content
producer or artist may trace the regions of interest on a displayed frame of content in a user
interface, and the traced outline may be used to define the region of interest. Alternately, the
regions of interest may be assigned automatically. For example, an edge detection algorithm may
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be used to detect strong edges which may represent region boundaries. For another example, the
image may be divided into patches (e.g., regular patches or blocks) and a local histogram may be
generated from the pixels in each patch. A comparison or clustering algorithm may be used to
merge patches with similar histograms. If desired, merging may be restricted to spatially
neighboring patches to produce spatially contiguous regions. This technique may be used to detect
regions with similar pixel value distributions and regions of interest. Another example uses an
object detection/segmentation algorithm to detect objects of interest, and the image region
occupied by the object may be used as an ROIL In each case, the ROI may occupy an arbitrary

shape, or it may be restricted to a rectangular shape.

[0031] An ROI may be generated for a particular image (e.g., at a particular point in time), or
it may span a range of time. In the latter case, the boundaries which define the ROI (or alternately,
the footprint of the ROI in the image) may vary across time. For example, an ROI may track an

object which changes size, changes shape, or moves across the screen.

[0032] FIG. 2 is a block diagram of a system architecture for converting HDR to LDR for
adaptive bit rate (ABR) distribution, in accordance with an embodiment. In particular, FIG. 2
depicts the system architecture 200 that includes an input video stream 202, a depth remapping
module 204, a standard ABR stream encoder 208, a streaming server 210, a network 212, and
display devices 214-1 through 214-N. The input video stream 202 is at a high bit depth (e.g., 10,
12, or 16 bit) and is provide to the depth remapping module 204. The depth remapping module
204 converts the HDR video stream into a LDR video stream, for example, into an 8-bit video
stream, which is provided to the ABR encoder 208. The ABR encoder is able to encode the video
into several different profiles, shown as 208-1, 208-2 through 208-N. Each of the ABR profiles
are provided to the streaming server 210 for distribution through the network 212 to the plurality
of display devices 214.

[0033] FIG. 3A depicts a first system architecture for distributing media content to a display
device, in accordance with an embodiment. In particular, FIG. 3A depicts the system 300 that
includes many of the elements of FIG. 2, but also includes a full depth encoder 302. The input
video stream 202, at a high bit depth, is delivered to a standard depth remapping module 204 and
a full depth encoder 302. The profiles 208-1 to 208-N represent a set of streams prepared using a
default bit-depth remapping. Such streams, for example, may be used by a client (e.g., a legacy
client) that lacks the capability to select from among multiple alternative bit-depth remappings.
Or, such streams may be used by a client that lacks information regarding the display device type

or that is unable to ascertain the current viewing conditions. Or again, such streams may be used
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initially by a client to display a default view to a user (e.g., before a user requests a view which

uses new remapping streams).

[0034] The default bit-depth remapping may use a conversion function which does not take
into account a specific ROI, a specific display technology, or a specific set of viewing conditions.
For example, the default bit-depth remapping may be a standard bit-depth remapping not designed
(e.g., not optimized) based on the content. Alternately, the default bit-depth remapping may be
generated from the pixel distribution properties of the content overall without focusing on a
specific region. The default bit-depth remapping may make a default assumption of the display

type used or the viewing conditions encountered.

[0035] The full depth encoder 302 creates different profiles 302-1, 302-2 to 302-N that
represent an alternate mappings (e.g., using an alternative conversion function, or transformation
function) for the HDR to LDR conversion. In some embodiments, more than two such remappings
are created, with different remappings using different HDR to LDR conversion functions to
highlight different contrast requirements. Each alternative remapping may be designed for (e.g.
optimized for) a region of interest, a type of display technology, a set of viewing conditions, or

some combination of these.

[0036] The remappings at the server may be tailored for viewing on different devices or
conditions. Traditional gamma adjustments and contrast enhancements done by a viewing monitor
adjust the overall picture for bright and dark image areas. This specification discloses tailoring the

remappings to improve overall dynamic contrast and overall viewing experience.

[0037] The streaming server 210 is configured to transmit a video stream over a network to
different display devices 214 via the network 212. The network 212 may be a local network, the
Internet, or other similar network. The display devices 214 include devices capable of displaying
the video, such as a television, computer monitor, laptop, tablet, smartphone, projector, and the
like. The video stream may pass through an intermediary device, such as a cable box, a smart video
disc player, a dongle, or the like. The client devices may each remap the received video stream to

best match the display and viewing conditions.

[0038] FIG. 3B depicts a second system architecture for distributing media content to a display
device, in accordance with an embodiment. In particular, the FIG. 3B depicts the system 310 that
is similar to the system 300 of FIG. 3A, but also includes an alternate depth remapping 314 that
provides alternate depth streams to the alternate depth encoder 312. The alternate depth encoder
acts similar to the standard ABR stream encoder 208 but produces the profiles 312-1, 312-2 to
312-N.

-7-



WO 2017/196670 PCT/US2017/031335

[0039] The alternate depth remapping module 314 represents a different mapping (e.g., using
an alternative conversion function) for the HDR to LDR conversion. In some embodiments, more
than two such remappings are created, with different remappings using different HDR to LDR
conversion functions to highlight different contrast requirements. Each alternative remapping may
be designed for (e.g. optimized for) a region of interest, a type of display technology, a set of

viewing conditions, or some combination of these.

[0040] The standard depth and alternate depth encoded videos at the streaming server 210 may
be selected to optimize viewing on different devices or during different viewing conditions.
Traditional gamma adjustments and contrast enhancements done by a viewing monitor adjust the
overall picture for bright and dark image areas. This specification discusses selection of

remappings to improve overall dynamic contrast and overall viewing experience.

[0041] TABLE 1 includes an exemplary a media presentation description (MPD), in
accordance with an embodiment. The MPD includes an example of a Dynamic Adaptive
Streaming over HTTP (DASH) media presentation description for wvarious bit depth
representations, which may serve as a manifest of information available regarding the video
streams. The MPD includes information regarding the different bit depths available, here an 8 bit
H.264 stream and a 10 bit H.264 stream. This information is included in the codec code. The codec
“avcl.644029” indicates H.264 8 bit high profile with level 4.1 available, and the codec
“avcl.6e4029” indicates H.264 10 bit high profile with level 4.1 available. The client may receive
the MPD, and may infer the bit depth of each content representation from the codec code. Although
not shown in the example, additional signaling may be introduced to explicitly indicate the bit
depth of each content representation (e.g. a dedicated bit depth indication field could be introduced
into the XML schema). The sample MPD may contain additional information depending on

various parameters of interest to the end user, the device type, and the device viewing conditions.

TABLE 1.

<?xml version="1.0" encoding="UTF-8"?>
<MPD

<Programinformation>
<Title>Example of a DASH Media Presentation Description for bit depth representations</Title>
</ProgramInformation>

<Period>

<l—Video with 2 bit depth representations-->

<AdaptationSet segmentAlignment="true" subsegmentAlignment="true" subsegmentStartsWithSAP="1">
<Role schemeldUri="urn:mpeg:dash:role:2011" value="main"/>

<SupplementalProperty schemeldUri="urn:mpeg:dash:rtvideoparam:2014" value="1920,1080"/>
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<Representation mimeType="video/mp4" codecs="avcl.644029" width="1920" height="1080"
bandwidth="1055223" >

<BaseURL> videol.mp4</BaseURL>

<SegmentBase indexRangeExact="true" indexRange="839-990"/>
</Representation>

<Representation mimeType="video/mp4" codecs="avcl.6e4029" width="1920" height="1080"
bandwidth="12500600">
<BaseURL> video2.mp4</BaseURL>
<SegmentBase indexRangeExact="true" indexRange="839-990"/>
</Representation>
</AdaptationSet>

[0042] The cueing for an alternate bit depth stream being sent to the client may take different
forms. The cueing may be automatic, manual, visual, semi-automatic, based on regions of interest,
or any combination of methods. In an automatic cueing, the end client application is configured to
determine the bit depth of the video stream based on the viewing conditions and viewing device
type. The client then sends a request signal for the full bit depth stream and remaps the full bit

depth stream into a lower bit depth stream as determined by the client device.

[0043] In exemplary embodiments of manual cueing, the end user is presented the options and
different settings based on information contained in the manifest. The different settings comprise
a variety of remappings able to be displayed on the client device. The user selects, via a user

interface on the client device, one of the remappings to display.

[0044] In exemplary embodiments of visual cueing, the client device is displaying a video
stream and receives a request to pause the video stream. While the video stream is paused, the
client device receives user input regarding a region of interest. The user input may be free-form
(e.g. a user dragging a bounding rectangle to define a region of the screen in which the user is
interested). Alternately the user input may select a region of interest from one or more regions of
interest identified to the user by the client. These may reflect regions of interest which the server
has identified to the client (e.g. in metadata sent in a manifest file to identify the regions of interest,
or in metadata sent in-band along with the media segments). The client may indicate the regions
of interest in a UL, and may allow the user to select one of the regions of interest. The client device
may request a high bit depth stream from the server, if not already receiving the high bit depth
stream, and the client may remap the defined or selected region of interest for the high bit depth
region. (For example, the client may analyze the distribution of pixel values in one or more frames
of the region of interest, and may design an appropriate remapping function to enhance the viewing
of the region of interest. This remapping function may be applied only to the region of interest, or

it may be applied to the entire content view, when converting the high bit depth content to a lower

-



WO 2017/196670 PCT/US2017/031335

bit depth for display). In an embodiment where the remapping is limited to the region of interest,
the high bit depth stream may be limited so that only the portion of the video stream related to the

region of interest is delivered to the client.

[0045] In one example, the user defines or selects regions of interest on a static image of a
paused video stream. The various remapping options may be presented to the user as icons that
correlate to different remapping options. The user may select remapping options for each region
of interest or have the same remapping option applied to each region of interest. To facilitate
previewing the remapping options, the client device may request a high bit depth representation of
the static image (or of a media segment from which the static image may be decoded and extracted)
when the video is paused. As each remapping option is selected, the client device remaps the high
bit depth static image into each of the selected remapping options and displays a remapped version
of the static image. Upon resuming the video stream, the client device then receives the high bit
depth stream and remaps it using the selected remapping options into the appropriate bit depth for

display on the client device.

[0046] The video streams may be saved as different segments, in portions of varying lengths,
or at various locations across a network. When providing the video stream to a client device, the
client device receives the portions of the video streams in order to sequentially display the video

at the client device.

[0047] One exemplary embodiment selects remappings for different viewing conditions. For
example, different remappings may be used for dark versus bright ambient viewing conditions. In
some embodiments, ambient brightness is measured on an 8-bit scale, with O representing the dark
end of the scale and 255 representing the bright end. This exemplary embodiment may be used
with plasma, LCD, LED, and OLED device types. For this exemplary embodiment, the manifest
is extended to carry information regarding the additional remappings that are available. The client
chooses the specific viewing option based on ambient illumination, display type, user preferences,

or preferences or logic coded into the client software.

[0048] For another exemplary embodiment, the client may determine the display technology
type (such as based on a capability exchange with the display, based on knowledge of a built-in
display type associated with client hardware, or based on user input that identifies the display type
connected to the client device). In another exemplary embodiment, the client takes input from
sensors to determine viewing conditions. In such an embodiment, the client uses an ambient light

sensor at the client device to determine the amount of ambient light. The client may use any of
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these sources of information, parse metadata or labels associated with the various alternative

remappings, and choose an appropriate remapping stream to request from the server.

[0049] TABLE 2 provides an example of a DASH MPD manifest that may be used in some

embodiments:

TABLE 2.

<?xml version="1.0" encoding="UTF-8"?>
<MPD

<Programinformation>
<Title>Example of a DASH Media Presentation Description for bit depth representations</Title>
</ProgramInformation>

<Period>

<l—Video with 4 bit depth and viewing examples -->

<AdaptationSet segmentAlignment="true" subsegmentAlignment="true" subsegmentStartswithSAP="1">
<Role schemeldUri="urn:mpeg:dash:role:2011" value="main"/>
<SupplementalProperty schemeldUri="urn:mpeg:dash:rtvideoparam:2014" value="1920,1080"/>

<Representation mimeType="video/mp4" codecs="avc1.42c033" width="1920" height="1080"
bandwidth="1055223" ViewingCondition="18" ViewingDeviceType ="LED">

<BaseURL> videol.mp4</BaseURL>

<SegmentBase indexRangeExact="true" indexRange="839-990"/>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.42c033" width="1920" height="1080"
bandwidth="1055223" ViewingCondition="65" ViewingDeviceType ="LED">

<BaseURL> video2.mp4</BaseURL>

<SegmentBase indexRangeExact="true" indexRange="839-990"/>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.42c033" width="1920" height="1080"
bandwidth="1055223" ViewingCondition="200" ViewingDeviceType ="LED">

<BaseURL> video3.mp4</BaseURL>

<SegmentBase indexRangeExact="true" indexRange="839-990"/>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.42c033" width="1920" height="1080"
bandwidth="1055223" ViewingCondition="18" ViewingDeviceType ="PLASMA">

<BaseURL> video4.mp4</BaseURL>

<SegmentBase indexRangeExact="true" indexRange="839-990"/>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.42c033" width="1920" height="1080"
bandwidth="1055223" ViewingCondition="65" ViewingDeviceType ="PLASMA">

<BaseURL> video5.mp4</BaseURL>

<SegmentBase indexRangeExact="true" indexRange="839-990"/>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.42c033" width="1920" height="1080"
bandwidth="1055223" ViewingCondition="200" ViewingDeviceType ="PLASMA">
<BaseURL> video6.mp4</BaseURL>
<SegmentBase indexRangeExact="true" indexRange="839-990"/>
</Representation>
</AdaptationSet>
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[0050] The sample MPD of TABLE 2 shows an example of device type and viewing
conditions. The end user may take an interest in other parameters, thereby creating an MPD with
additional items. In embodiments using DASH, parameters such as ViewingCondition and
ViewingDeviceType may be included in an MPD file. ViewingCondition may specify an ambient
light condition for which a given content representation is appropriate. ViewingCondition may,
for example, range from O to 255 (darkest to brightest). ViewingDeviceType may specify a display
type for which a given content representation is appropriate. ViewingDeviceType may, for
example, assign different values to different types of display, such as plasma, CRT, LCD, LED,
OLED, HDR10, HDR12, HDR14, and HDR16 displays. In an alternative embodiment, the
ViewingDeviceType may be divided into a color space parameter and a display type model, which
may include parameters such as DisplayType, dynamic range, luma intensity range, and other

parameters used to describe any display type.

[0051] The example MPD of TABLE 2 makes six representations available for selection by
the client. Three representations are optimized for LED display types under three ambient lighting
conditions (“ViewingCondition”), and three representations are optimized for plasma display

types under the same three ambient lighting conditions.

[0052] A client receiving the MPD above may access an ambient light sensor (e.g., a light
sensor built into a phone, tablet, or smart TV executing the client application) to determine the
viewing location’s ambient light level. The client may then determine the display technology (e.g.,
based on a capability exchange with the display, based on knowledge of a built-in display type
associated with client hardware, or based on user input that identifies the display type connected
to the client device). The client matches the ambient light level and display technology type to the
options labeled in the MPD file to determine which representation to request from the server. For
example, if the client determines that connected display is LED and that the local ambient light
level is 58, then the client may request the representation with BaseURL of video2. mp4 because

this profile provides the closest match of display technology and ambient light level.

[0053] A client may use display type mapping logic to provide a close match if an alternative
remapping stream for the actual display type is not available. For example, if a client determines
the actual display type is LCD but only LED and plasma alternative remapping streams are
available, then the client may choose LED based on the similarity in imaging characteristics
between LED and LCD displays. Different remappings may be transmitted as independent profiles
in an adaptive bit rate (ABR) system such as HTTP Live Streaming (HLS), flash, or DASH.
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[0054] TABLE 3 presents an exemplary embodiment for an MPD which defines a single
region of interest. The MPD includes alternative remappings which may be used for enhanced
viewing of the region of interest. To this end, the MPD uses the following syntax parameters to
define the regions of interest and to present the content representations prepared based on the
alternative remappings: Num_Objects may signal the number of objects (e.g. regions of interest)
to be defined. In the example, Num_ Objects=1 signals that a single region of interest is defined.
Object x_position and Object y position may signal the horizontal and vertical positions of the
region of interest. Object x_size and Object y size may signal the horizontal and vertical size (or
bounding box size) for the region of interest. The region of interest position and size may be used
by the client, for example, to indicate visually to the user the regions of interest for which
alternative remappings may be available, and to facilitate visual selection of the region-based
remapping options by the user. Object UserData may convey a human readable name or label for
an object or region of interest. This may also be displayed in order to facilitate selection of the
region in a user interface. These various parameters may have an object index enclosed in brackets
(e.g. “[171”) to indicate to which object the parameter applies. The various parameters in the

example of Table 3 all apply to a first object ([1]).

[0055] In the example of Table 3, each of multiple content representations may have a
Object Mapping parameter which may indicate whether the bit depth remapping used to prepare
the content representation was prepared in consideration of (e.g. optimized for) a given object or
region of interest. For example, the first and second content representations shown in the example
(which correspond to segment-1.ts and segment-2.ts) have Object Mapping[1]="0" which may
indicate that these representations were prepared with a remapping which was not designed to
enhance the first region of interest (or the first object), or was not optimized for this region. The
third and fourth content representations shown in the example (which correspond to segment-3.ts
and segment-4.ts) have Object Mapping[1]="1", which may indicate that these representations
were prepared with a remapping which was designed to enhance the first region of interest, or that
was optimized for this region. Thus the client may select either of the third and fourth content
representations in order to display content which visually enhances the first object, which in this

case is the “Quarterback”.
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TABLE 3.

<?xml version="1.0" encoding="UTF-8"?>
<MPD

<Programinformation>
<Title>Example of a DASH Media Presentation Description for ROl HDR mappings</Title>
</ProgramInformation>

<Period>
<AdaptationSet segmentAlignment="true" subsegmentAlignment="true" subsegmentStartsWithSAP="1">
<Role schemeldUri="urn:mpeg:dash:role:2011" value="main"/>
<SupplementalProperty schemeldUri="urn:mpeg:dash:rtvideoparam:2014" value="1920,1080"
Num_Objects="1" Object_x_position[1]="456" Object_y_ position[1]="800" Object_x_size[1]="640"
Object_y_size[1]="480" Object_UserData[1]="Quarterback” />

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" Object_Mapping[1]="0" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-1.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="0" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-2.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" Object_Mapping[1]="1" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-3.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="1" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-4.ts"/>
</SegmentList>
</Representation>

</AdaptationSet>

[0056] TABLE 4 is an example of an MPD with two available ROIs. As in the previous

example, the size and location of these regions of interest are defined by the parameters

Object x_size[], Object y size[], Object x position[], and Object y position[]. A first defined

object corresponds to the “Quarterback”, and a second defined object corresponds to the “Wide
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Receiver” as can be seen from the Object UserData fields. For this exemplary example, the MPD
contains eight available representations. Each representation in this example is bound by
<Representation...> and</Representation> markers. For this exemplary embodiment, the entire
set of representations contains definitions for four mapping scenarios with each scenario defined
for a 1920x1080 display and a 1280x720 display. The four mapping scenarios are: the default
mappings, ROI 1 with a remap, ROI 2 with a remap, and ROI 1 and ROI 2 both remapped. The
Object Mapping[] parameters indicate for each content representation which of the ROI’s are
enhanced via the remapping which was used to create that content representation. In an
embodiment, a client may receive an MPD which contains object (or region of interest) definitions
and Object Mapping indicators as exemplified in Table 4, may use object definition parameters
such as object size, object position, and object user data to identify the available regions of interest
in a user interface, may allow the user to select one or more of the available regions of interest for
enhancement, and may then select and request a content representation from a streaming server
which was prepared using a remapping which enhances the selected regions of interest. The client
may switch (e.g. based on network conditions) between multiple ABR variants of the content

representation which enhances the selected objects.

TABLE 4.

<?xml version="1.0" encoding="UTF-8"?>
<MPD

<Programinformation>
<Title>Example of a DASH Media Presentation Description for two ROl HDR mappings</Title>
</ProgramInformation>

<Period>
<AdaptationSet segmentAlignment="true" subsegmentAlignment="true" subsegmentStartsWithSAP="1">
<Role schemeldUri="urn:mpeg:dash:role:2011" value="main"/>
<SupplementalProperty schemeldUri="urn:mpeg:dash:rtvideoparam:2014" value="1920,1080"
Num_Objects="2" Object_x_position[1]="456" Object_y position[1]="800" Object_x_size[1]="640"
Object_y_size[1]="480" Object_UserData[1]="Quarterback” Object_x_position[2]="1020"
Object_y_position[2]="720" Object_x_size[2]="380" Object_y_size[2]="210" Object_UserData[2]="Wide
Receiver” />

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="0" Object_Mapping[2]="0" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-1.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" " Object_Mapping[1]="0" Object_Mapping[2]="0" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
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<SegmentURL media="segment-2.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="1" Object_Mapping[2]="0" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-3.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" " Object_Mapping[1]="1" Object_Mapping[2]="0" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-4.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="0" Object_Mapping[2]="1" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-5.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="0" Object_Mapping[2]="1" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-6.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" Object_Mapping[1]="1" Object_Mapping[2]="1" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-7.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="1" Object_Mapping[2]="1" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-8.ts"/>
</SegmentList>
</Representation>
</AdaptationSet>
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[0057] Note that in the MPD examples herein, Object x,y position and size fields may use
pixel units that correspond to the first representation of the adaption set. If secondary
representations exist (e.g. at resolutions which differ from that of the first representation), the
object x, y size and position values may be scaled to the secondary representation’s picture

dimensions with a linear scale factor.

[0058] The field Object Mapping[n] may indicate whether the remapping is designed to
highlight, enhance, or improve the contrast of the nth object (equivalently, the nth region of
interest). Object Mapping[n]=0 may indicate that the pixel values (or distribution of pixel values)
taken from the nth object is not used to create the bit-depth remapping which produced the content
representation. Object Mapping[n]=0 may indicate that the remapping for the content
representation is not designed to improve the contrast or enhance the appearance of the nth object.
Object Mapping[n]=0 may indicate that the remapping for the content representation is not
optimized based on the content within the nth object. Object Mapping[n]=1, on the other hand,
may indicate that the pixel values (or distribution of pixel values) taken from the nth object were
used to create the bit-depth remapping which produced the content representation, that the
remapping was designed to improve the contrast or enhance the appearance of the nth object, or

that the remapping is optimized in some way based on the content within the nth object.

[0059] In one embodiment, a content representation may be prepared using different bit-depth
remapping functions for different objects (e.g. different regions of interest). For example, a first
remapping may be used to remap the pixel values in a first region of interest, and a second
remapping may be used to remap the pixel values in a second region of interest. In this case, each
region r which carries an indication of Object Mapping[r]=1 may have its own specially designed
or optimized remapping. Areas which do not correspond to a defined region of interest, or regions
r which carry an indication of Object Mapping[r]=0 may have been prepared using a default
remapping which was not specially designed nor optimized for the object, region, or area.
Applying different remappings to different regions of the same content representation may create
boundary artifacts between regions. In this case, some smoothing algorithm may be applied to
make the boundary artifacts less visible to the viewer. For example, a remapping used in one region
or area may be morphed or blended with a remapping used in a neighboring region or area and
may be applied to the boundary between the two regions or areas to avoid visible boundary

artifacts.

[0060] In another embodiment, a content representation may be prepared using a single bit-

depth remapping function which may have been prepared to enhance one or multiple regions of

-17-



WO 2017/196670 PCT/US2017/031335

interest or objects. For example, pixel values from the various regions r which carry an indication
of Object Mapping[r]=1 may be used as input to an algorithm which designs a remapping (e.g.
optimal remapping) for enhancing contrast. The resulting remapping may be applied to the entire
content when producing a given content representation. Thus the objects or regions r which carry
an indication of Object Mapping[r]=1 may be visually enhanced within the content representation,

while other defined regions or areas outside of any defined regions may not be enhanced.

[0061] The field Object UserData[n] enables the client to present user interface selection
criteria for the object. Such a field may hold proprietary user data, such as a human readable label
or description for the object. Each representation identified in the MPD may be generated with
different ROI bit depth mappings. These mappings may increase detail in dark or light areas

compared to the overall intensity of the video frame size.

[0062] Acclient device receiving an MPD may represent the ROI on the Ul in a variety of ways.
The SupplementalProperty element of an adaption set may be used to indicate the number of ROIs
available to the client. The client may use the Object UserData[] field to display information
describing aspects of the ROI For example, in a sporting contest, the Object UserData[] field may
specify player information. As another example, in a movie, the Object UserData[] field may

specify movie characters or physical objects in the movie which may be selected and enhanced.

[0063] With three display types and two ROI mappings, for example, the MPD may contain
six tone-remapped streams in addition to the default stream. Also, there may be one or more ROIs
corresponding to each ROI tone or bit depth remapping. For each ROI, the coordinates and the
ROI type are specified. In this case, the user application displays the ROIs available when
requested by an end user. When the end user selects a specific ROI, the stream corresponding to

that mapping (also taking into account the display type) is sent to the end user.

[0064] The minimal unit of time is a segment. If a remapping effect lasts less than a segment,
the remapped stream contains remapped information for the portion of time when remapping is
done. The remainder of the segment is a normal segment stream irrespective of choice of ROL
Each ROI may have multiple bit depth or tone remappings (e.g., to accommodate for lighting
conditions). The current MPD architecture may be extended to this case and with additional
streams for selection by the end application based on end user inputs. Another alternative

presentation may use the ROI instead of the original video with ROI remapped regions.

[0065] If more than one ROI is available with different mappings, then combinations of

different ROI mappings may also be available. For example, with two ROIs, four representations

may be available: default (e.g. neither ROI is remapped), only ROI 1 remapped, only ROI 2
-18-



WO 2017/196670 PCT/US2017/031335

remapped, and both ROI’s are remapped. If each ROI has multiple available remappings, then the

number of representations increases.

[0066] In addition to the different mappings for the regions of interest, the overall video frame
mapping may be optimized for specific viewing conditions (such as a bright or dark room) or for
specific viewing devices such as LED, CRT, plasma, or other display types. ViewingCondition
and ViewingDeviceType parameters may be transmitted for each representation and in

combination with different ROI Mappings.

[0067] An exemplary MPD is illustrate in TABLE 5. In the exemplary MPD of TABLE 5, the
MPD identifies different representations generated using respective bit depth remappings that have
been optimized for different regions of interest (corresponding to objects 1 and 2), different display

types (LED or plasma), and different viewing conditions (e.g. ambient brightness of 18 or 54).

TABLE S.

<?xml version="1.0" encoding="UTF-8"?>
<MPD

<Programinformation>

<Title>Example of a DASH Media Presentation Description for two ROl HDR mappings with 1 lighting condition and
2 display types</Title>

</ProgramInformation>

<Period>
<AdaptationSet segmentAlignment="true" subsegmentAlignment="true" subsegmentStartsWithSAP="1">
<Role schemeldUri="urn:mpeg:dash:role:2011" value="main"/>
<SupplementalProperty schemeldUri="urn:mpeg:dash:rtvideoparam:2014" value="1920,1080"
Num_Objects="2" Object_x_position[1]="456" Object_y position[1]="800" Object_x_size[1]="640"
Object_y_size[1]="480" Object_UserData[1]="Quarterback” Object_x_position[2]="1020"
Object_y_position[2]="720" Object_x_size[2]="380" Object_y_size[2]="210" Object_UserData[2]="Wide
Receiver” />

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="0" Object_Mapping[2]="0" ViewingCondition="18"
ViewingDeviceType ="LED">
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-1.ts"/>
</SegmentList>
</Representation>
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<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" " Object_Mapping[1]="0" Object_Mapping[2]="0" ViewingCondition="18"
ViewingDeviceType ="LED">
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-2.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="1" Object_Mapping[2]="0" ViewingCondition="18"
ViewingDeviceType ="LED">
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-3.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" " Object_Mapping[1]="1" Object_Mapping[2]="0" ViewingCondition="18"
ViewingDeviceType ="LED">
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-4.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="0" Object_Mapping[2]="1" ViewingCondition="18"
ViewingDeviceType ="LED">
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-5.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="0" Object_Mapping[2]="1" ViewingCondition="18"
ViewingDeviceType ="LED" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-6.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" Object_Mapping[1]="1" Object_Mapping[2]="1" ViewingCondition="18"
ViewingDeviceType ="LED" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-7.ts"/>
</SegmentList>
</Representation>
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<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="1" Object_Mapping[2]="1" ViewingCondition="18"
ViewingDeviceType ="LED" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-8.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="0" Object_Mapping[2]="0" ViewingCondition="18"
ViewingDeviceType ="PLASMA'>
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-9.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" " Object_Mapping[1]="0" Object_Mapping[2]="0" ViewingCondition="18"
ViewingDeviceType ="PLASMA'>
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-10.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="1" Object_Mapping[2]="0" ViewingCondition="18"
ViewingDeviceType ="PLASMA'>
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-11.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" " Object_Mapping[1]="1" Object_Mapping[2]="0" ViewingCondition="18"
ViewingDeviceType ="PLASMA'>
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-12.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="0" Object_Mapping[2]="1" ViewingCondition="18"
ViewingDeviceType ="PLASMA'>
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-13.ts"/>
</SegmentList>
</Representation>
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<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="0" Object_Mapping[2]="1" ViewingCondition="18"
ViewingDeviceType ="PLASMA" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-14.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" Object_Mapping[1]="1" Object_Mapping[2]="1" ViewingCondition="18"
ViewingDeviceType ="PLASMA" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-15.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="1" Object_Mapping[2]="1" ViewingCondition="18"
ViewingDeviceType ="PLASMA" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-16.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="0" Object_Mapping[2]="0" ViewingCondition="54"
ViewingDeviceType ="LED">
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-17.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" " Object_Mapping[1]="0" Object_Mapping[2]="0" ViewingCondition="54"
ViewingDeviceType ="LED">
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-18.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="1" Object_Mapping[2]="0" ViewingCondition="54"
ViewingDeviceType ="LED">
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-19.ts"/>
</SegmentList>
</Representation>
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<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" " Object_Mapping[1]="1" Object_Mapping[2]="0" ViewingCondition="54"
ViewingDeviceType ="LED">
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-20.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="0" Object_Mapping[2]="1" ViewingCondition="54"
ViewingDeviceType ="LED">
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-21.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="0" Object_Mapping[2]="1" ViewingCondition="54"
ViewingDeviceType ="LED" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-22.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" Object_Mapping[1]="1" Object_Mapping[2]="1" ViewingCondition="54"
ViewingDeviceType ="LED" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-23.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="1" Object_Mapping[2]="1" ViewingCondition="54"
ViewingDeviceType ="LED" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-24.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="0" Object_Mapping[2]="0" ViewingCondition="54"
ViewingDeviceType ="PLASMA'>
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-25.ts"/>
</SegmentList>
</Representation>
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<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" " Object_Mapping[1]="0" Object_Mapping[2]="0" ViewingCondition="54"
ViewingDeviceType ="PLASMA'>
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-26.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="1" Object_Mapping[2]="0" ViewingCondition="54"
ViewingDeviceType ="PLASMA'>
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-27.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" " Object_Mapping[1]="1" Object_Mapping[2]="0" ViewingCondition="54"
ViewingDeviceType ="PLASMA'>
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-28.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" " Object_Mapping[1]="0" Object_Mapping[2]="1" ViewingCondition="54"
ViewingDeviceType ="PLASMA'>
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-29.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="0" Object_Mapping[2]="1" ViewingCondition="54"
ViewingDeviceType ="PLASMA" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-30.ts"/>
</SegmentList>
</Representation>

<Representation mimeType="video/mp4" codecs="avc1.644029" width="1920" height="1080"
bandwidth="1055223" Object_Mapping[1]="1" Object_Mapping[2]="1" ViewingCondition="54"
ViewingDeviceType ="PLASMA" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"
<SegmentURL media="segment-31.ts"/>
</SegmentList>
</Representation>
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<Representation mimeType="video/mp4" codecs="avc1.644029" width="1280" height="720"
bandwidth="855223" Object_Mapping[1]="1" Object_Mapping[2]="1" ViewingCondition="54"
ViewingDeviceType ="PLASMA" >
<SegmentList timescale="90000" duration="900000">
<Representationindex sourceURL="representation-index.sidx"/>
<SegmentURL media="segment-32.ts"/>
</SegmentList>
</Representation>
</AdaptationSet>

[0068] Several scenarios may be used to select the stream profile, such as automatic, manual,
or visual cueing. For automatic detection, the end client application uses logic to determine
viewing conditions (such as dark or light ambient environments) and the display type. The end

client automatically requests the stream best optimized for the end user.

[0069] For manual detection, the UI presents the end user with an array of options or settings
to choose the remapping profile. This profile represents different viewing device types and/or
viewing conditions. The user manually selects the mode and the client application uses this

selection to make an appropriate request to the streaming server.

[0070] Visual cueing presents another option to select a stream profile. The client application
may make this mode available to the user. The MPD may include descriptions of regions and/or
objects for further highlighting. For example, these definitions may be done by periodically
transmitting as side information (e.g. in-band in the media segments, in the MPD itself, or in a
separately available file identified in the MPD via a URL) a static JPEG map representing the
scene. The JPEG image may indicate graphically the regions and/or highlighting for which one or
more alternative bit-depth remappings may be available. The alternative views (representing
different remappings) for specific regions may be presented, and an end user may choose to replay
scenes using these alternatives (e.g. with a different bit depth remapping optimized for a particular

region or object of interest).

[0071] In some embodiments, the client presents a user interface and allows a user to select a
region of interest from among multiple ROIs overlaid on the content imagery. In the U], the client
may classify regions of interest based on metadata that define ROIs to use available alternative
new remapping streams. Such metadata may be received from a content server (e.g., in a manifest
file such as a DASH MPD; in the content segments; or in a separate side information file which
the client may request and/or receive). Based on this user ROI selection, the client may request an

alternative remapping.
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[0072] FIG. 4 is a schematic illustration of an exemplary ROI selection process. In particular,
FIG. 4 depicts the ROI selection process 400 that includes a frame of a high bit depth source 402,
a default remapping 404 and a frame of a low bit depth for display 404.

[0073] The high bit depth source video frame 402 includes two regions of interest, ROI 1 at
the top-center and ROI 2 at the bottom. In the example of FIG. 4, ROI 1 is a region that includes
brightly-lit mountaintops, and ROI 2 is a region that includes a shaded brook. The position and
dimensions of these regions of interest may be signaled to the client, e.g. in a manifest file. In some
embodiments, the regions of interest may be defined on the client side (e.g. based on user input
through a UI). A default remapping 404 is used to convert the high bit depth source frame 402 into
a lower bit depth for display 406. When the default bit depth remapping 404 is used (e.g. a linear

remapping), features in the mountaintops and the stream may be difficult to discern.

[0074] If a user selects ROI 1, the bit depth remapping 408 is selected (e.g. from available
representations signaled in the manifest) that optimizes the visibility of features in the
mountaintops. This remapping may be, for example, a remapping that provides greater detail in
brighter regions, as shown in the portion of the frame 410. This remapping may be a remapping
that is applied to the entire frame. As a result, some detail may be lost in shadowed regions (e.g.
some banding or loss of detail may be visible in ROI 2), but the mountaintop features in ROI 1

will be visible with higher quality.

[0075] If a user selects ROI 2, the bit depth remapping 412 is be selected (e.g. from available
representations signaled in the manifest) that optimizes the visibility of features in the brook. This
remapping may be, for example, a remapping that provides greater detail in darker regions. This
remapping may be a remapping that is applied to the entire frame. As a result, some detail may be
lost in brighter regions (e.g. some banding or loss of detail may be visible in ROI 1), but the brook
regions of ROI 2 will be displayed with higher quality.

[0076] If a user selects both ROI 1 and ROI 2, a bit depth remapping may be selected (e.g.
from available representations signaled in the manifest) that balances optimization for visibility of
features in the brook and the mountaintops. This remapping may be, for example, a remapping
that provides greater detail in the brightest and the darkest regions. This remapping may be a
remapping that is applied to the entire frame. As a result, some detail may be lost in mid-tone
regions (e.g., some banding or loss of detail may be visible outside ROI 1 and ROI 2), but the
mountaintop region of ROI 1 and the brook region of ROI 2 will be displayed with higher quality
(though not necessarily with the same quality that could be seen if one of those regions was

selected individually).
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[0077] Another option is to identify regions of interest semi-automatically. For example, an
automatic segmentation or clustering algorithm (e.g., as described above) may create an initial
segmentation of the imagery into regions of interest, and a user (such as an artist or content
producer) interacts with this segmentation via a UL The user selects which areas to designate as
regions of interest and may edit the boundaries of those ROIs (e.g., by adding or moving
segmentation boundaries, or by merging multiple regions). Manual editing may help, for example,

when automatic algorithms have failed to produce the desired results.

[0078] A suitable (e.g., optimal) conversion function may be defined for the pixel values in a
region of interest. For example, a histogram may be generated from the pixel values which fall
within a given ROI, and a suitable (or optimal) conversion function may be generated from the
histogram. Exemplary techniques that may be used for generation of a conversion function from
histogram data are described in, for example, R. Mantuik et al., Display Adaptive Tone Mapping,
27 (3) ACM Transactions on Graphics (2008), available at <http://resources.mpi-
inf. mpg.de/hdr/datmo/mantiukO8datm.pdf>.

[0079] Alternately, a suitable conversion function may be created for user-defined (e.g., artist-
or content producer-defined) ROIs. For example, a user interface may display the imagery and
indicate the boundaries of the ROIL The user interface may display a prototype conversion function
similar to the ones shown in FIG. 1, and may allow a user to edit the conversion function and see
(e.g., in real time) the effect on the image. For example, the user may add control points to a
conversion function graph and/or move control points to change the shape of the curve. In this
way, a user may interactively design a conversion function which emphasizes the details important

to the user.

[0080] To improve visibility under current viewing conditions, a client may act in response to
a cue (e.g. a user input, or automatic detection of an ambient illumination level) to request a
representation at a higher bit depth (e.g. a bit depth higher than the display bit depth). The client
may receive the higher bit depth representation and may apply locally a bit depth mapping to
generate a remapped representation at the display bit depth. The locally-applied bit depth mapping
may be selected to optimize the visibility of the video under current viewing conditions and/or to

optimize the visibility within a selected region of interest.

[0081] In some embodiments, a user provides input to select a particular ROI. For example, in
FIG. 4, if a user selects ROI 1, the bit depth remapping 408 is selected to optimize the visibility of
features in the mountaintops. This remapping may be, for example, a remapping that provides

greater detail in brighter regions. In some embodiments, this optimized remapping is applied only
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to pixels in ROI 1, with the remaining pixels in the frame being remapped to the display bit depth
using the default remapping function 404, such as a linear function. In other embodiments, this
remapping may be a remapping that is applied to the entire frame. As a result of applying the
remapping to the entire frame, some detail may be lost in shadowed regions (e.g. some banding

may be visible in ROI 2), but the mountaintop features in ROI 1 will be visible with higher quality.

[0082] If a user selects ROI 2, the bit depth remapping 412 may be selected that optimizes the
visibility of features in the shaded brook. This remapping may be, for example, a remapping that
provides greater detail in darker regions. In some embodiments, this optimized remapping is
applied only to pixels in ROI 2, with the remaining pixels in the frame being remapped to the
display bit depth using a default remapping function, such as a linear function. In other
embodiments, this remapping may be a remapping that is applied to the entire frame. As a result
of applying the remapping to the entire frame, some detail may be lost in brighter regions (e.g.
some banding may be visible in ROI 1), but the shadowy brook features in ROI 2 will be visible
with higher quality.

[0083] In some embodiments, a user may select both ROI 1 and ROI 2. In this case, separate
bit depth remappings may be applied to those regions as described above. In other embodiments,
if a user selects both ROI 1 and ROI 2, a bit depth remapping may be selected that balances
optimization for visibility of features in the brook and the mountaintops. This remapping may be,
for example, a remapping that provides greater detail in the brightest and in the darkest regions.
This remapping may be a remapping that is applied to the entire frame. As a result, some detail
may be lost in mid-tone regions (e.g., some banding may be visible outside ROI 1 and ROI 2), but
the mountaintop region of ROI 1 and brook region of ROI 2 will be displayed with higher quality
(though perhaps not with the same quality that could be seen if one of those regions was selected

individually).

[0084] Thus, using techniques described herein, a client may request video representations that
have higher bit depth than a bit depth that is ultimately caused to be displayed on a display. The
client selects a bit depth remapping, which may be optimized for viewing conditions (e.g. ambient
illumination or type of display) and apples the selected bit depth remapping to generate remapped
representations at the display bit depth.

[0085] FIG. 5 is a system flow diagram for a streaming video session in which multiple bit
depth remappings are available, in accordance with an embodiment. FIG. 5 depicts
communications between a content source 502, an encoder 504, a transport packager 506, an origin

server 508, an edge streaming server 510, a web server 512, and a client device 514.
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[0086] The content source 502 transmits a compressed or uncompressed media stream of the
source media to an encoder at a high bit depth at 516. The encoder 504 separately creates reduced
(standard) depth ABR streams and full-depth (high bit depth) ABR streams. (For a given bit-depth,
the various ABR streams may represent different encoding points which may vary in properties
such as bit rate and/or resolution). The various ABR streams at both the reduced depth (518) and
full depth (520) are transmitted to a transport packager 506. The transport packager 506 may

segment the files and make the files available via an ftp or http download and prepare a manifest.

[0087] Note that the content preparation entities and steps shown in FIG. 5 are by way of
example and should not be taken as limiting. Variations are possible, for example entities may be
combined at the same location or into the same physical device. Also, the segmented media content
524 and 526 may be delivered to the origin server 508, to one or multiple edge streaming servers
510 via 528 and 530, to a combination of these server types, or any suitable media server from
which a media client may request the media content. A manifest file (e.g. a DASH MPD) which
describes the media content may be prepared in advance and delivered to the streaming server (e.g.
the origin server and/or the edge streaming server), or the manifest file may be generated

dynamically in response to a client request for the manifest file.

[0088] At 522, the client device 514 transmits a signal to a web server requesting to download
the media content and receives a streaming server redirect signal. At 532, the client device 514
requests a manifest which describes the available content files (e.g. media segment files). The
request may be sent from the client device 514 to a server. The server (e.g. origin server 508 or an
edge streaming server 510) delivers the manifest file in response to the client device request. The

manifest indicates availability of the various ABR streams at standard and high bit depths.

[0089] At 534, the client device 514 requests, from the streaming server 510, a standard bit
depth stream and the streaming server 510 responsively transmits the standard bit depth stream
(e.g. media segments of that standard bit depth stream) to the client device 514. The client device

514 displays the standard bit depth stream at 536.

[0090] The client device 514 may detect a cue to request an alternate bit depth representation
of the content. For example, the cue may be user input wherein the user selects a feature or content
representation which would require the client to obtain a higher bit depth representation of the
content (e.g. higher than the standard bit depth representation), or which would require the client
to obtain the content at its original capture bit depth. The user may select a region of interest to
highlight, or may turn on a feature where the client adaptively remaps the higher bit depth content

in consideration of a specific region of interest, a viewing condition, or a display technology. The

-20.



WO 2017/196670 PCT/US2017/031335

cue may be detection by the client of a viewing condition or a change in viewing conditions for
which the client has appropriate logic to convert a higher bit depth representation to a lower bit
depth representation using a remapping appropriate for the current viewing conditions. In response
to the client device detecting a cue to request an alternate bit depth, the client device requests the
high bit depth stream from the streaming server and the streaming server responsively streams the

high bit depth stream to the client device.

[0091] At 544, the client device 514 continues to receive and display the standard bit depth
stream for a time period 546 to allow additional buffering of the high bit depth stream to reduce
playback latency. The high bit depth stream 542 (or a remapped and possibly bit-depth converted
version thereof) is displayed at 548 when a sufficient amount of the high bit depth content is
received and buffered at the client. The client device 514, or an application associated with the
client device, may perform a remapping from the high bit depth stream to a different bit depth at
the client device. The user at the client device may then control which remapped version to display
on the user device 514. Alternatively, a different network entity may perform the remapping from
the high bit depth stream to the requested bit depth stream and transmit, over a network, the
remapped bit depth stream to the client device. The remapping may be based on or appropriate for

a region of interest, a viewing condition, or a specific display technology.

[0092] In accordance with an embodiment, a client may be configured with an application
configured to remap high bit depth data. The high bit rate stream is delivered by default to the
client and a local remapping down to a lower bit depth occurs at the client device. The client may
remap down to a lower bit depth in the client application. In alternative embodiments, the
generation of lower bit depth versions occurs on the network side for delivery of lower bit depth

content to legacy devices which are not configured to remap high bit depth at the client device.

[0093] The cueing to request an alternate bit depth stream may be based on viewing conditions
or the viewing device type, among other possibilities. Different viewing conditions include the
ambient lighting, such as a dark ambient light or a bright ambient light as detected by the client
device. Different viewing device types may include a plasma display, an LCD display, an LED
display, an OLED display, and the like, and different makes and models of those viewing devices.

[0094] The cueing may be manual (under user control) or automatic. In manual cueing, the
user is presented with a set of choices representing the various remapping targets that may be
selected via a user interface. In automatic cueing, an application associated with the client device
detects a change in viewing conditions or device type and automatically sets the remapping

function for optimal viewing. In this embodiment, a small region of the image (e.g. a region of
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interest) is remapped (HDR to LDR) in a zoomed in stream. Since the region is likely to have more
uniform pixel characteristics when compared to the entire scene, (e.g. region may be all in shadow
or all in bright, etc.) then a custom conversion may be used to improve the picture quality. Using
end user feedback to implement this function is an interactive approach and may best be done in

the client application, to avoid server latencies.

[0095] The client device may also request an alternate bit depth stream for one or more regions
of interests associated with the video stream. The user may manually interact with the content and
mark off the regions for which an alternate bit depth stream is requested. If the placement of the
region varies from frame to frame, the location of the requested region of interest may be updated
and the alternate bit depth stream for that updated location is sent to the client device. For example,
the client may receive a zoomed view of a region of interest at a higher (e.g. original capture) bit
depth. The client may analyze the pixel value distribution for the received region of interest (for a
single frame, or across multiple frames) to determine an appropriate (e.g. optimal) remapping
function for the zoomed region of interest. The client may then apply the remapping function when

converting the content from the higher bit depth to a lower bit depth for display at the client.

[0096] In addition to the traditional ABR streams, the headend creates additional streams for
different alternative bit depth remappings in some embodiments. All remappings done at the
headend may be made available at the streaming server. The process depicted in FIG. 5 may also
be used to distribute multiple alternative remappings in addition to multiple different bit depth
streams. The MPD contains a description of the available remappings and a description of their
representation to the end user. The alternative remappings may correspond to different regions of
interest, different rendering devices, different viewing conditions, or combinations of these various
factors. In the embodiment of FIG. 5, each remapping may result in a separate encoding and a
separate bit stream group (e.g. with multiple ABR profiles) for each of the combinations. For
example, using two regions of interest, targeting two end device types and two viewing conditions

results in N=8 remappings.

[0097] The specific content preparation entities and content preparation sequence shown in
FIG.S is provided as an example, and should not be taken as limiting. For example, some of the
entities shown in FIG.5 may be combined, and some of the steps may be performed in a different
order. Also, in some cases media segments or manifests may not be available from an edge
streaming server, and in this case the client may request such objects directly from an origin server
or other streaming server. Content preparation as described herein is intended to encompass the

generation of content using multiple alternative bit-depth remappings and multiple different ABR
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profiles, and delivery of such content to a suitable streaming server. Generation of a manifest file
may be performed in advance, as shown in FIG. 5, or may be performed in response to a request

for the manifest file from a media client.

[0098] In the method of FIG. 5, the end user client device requests a service and receives a
manifest that includes information indicating the availability of streams with different bit depth
remappings. The client may request and may receive a manifest file (e.g. a DASH MPD). The
client may parse the manifest file and may request media content (e.g. a media stream, or media
segments) in order to begin playback of the content. Initially the client may request media content
prepared using a default remapping. For example, the default remapping may not correspond to a
particular region of interest, to a particular display technology, or to particular viewing conditions.
In the UI, the user may be informed about the availability of additional streams that represent
remappings for different device types, different viewing conditions, or different enhanced regions
of interest. The client may display such information in the client UI based on the description of
the available alternative bit-depth remappings, as provided in the manifest. The client may allow
the user to select one of the available alternative remappings. Based on the user selection, the client
may request a content representation (e.g. a stream or specific media segments) which corresponds
to the selected remapping. The client may receive the requested content representation, and may

switch to displaying that representation to the user.

[0099] The MPD contains information identifying various available choices to the client.
Some options may be automatically selected by the end device client application (such as options
relating to viewing conditions or device type). The client may present to the user (e.g. in the UI)
various available region of interest options. In one embodiment, the user selects the region of
interest to enhance. The client may select a content representation from among those enumerated
in the manifest which matches the region of interest selected by the user, and which most closely
matches the current viewing conditions and/or display type determined (e.g. automatically) by the
client. The client may request the selected content representation (e.g. a stream or media segments
of that content representation), and may switch to displaying the selected content representation

when enough content has arrived at the client to begin playback.

[0100] An exemplary embodiment use case applies to security services that provide tools to
enhance the viewing of security footage. Another exemplary embodiment applies to sports. Such
services provide increased detail for portions of a sports event. Sporting events may have sunlight
and shadow areas. Because the events are live, the camera or production crew may be unable to

provide perfect dynamic range across the image. The automatic detection of ROIs with different
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LDR conversions may provide the viewer with options to see detail. Instant replay for sports

demonstrates another example where automatic detection may be helpful.

[0101] Several additional scenarios provide situations where automatic detection is available.
The stream uses a spatial subset of the whole source. For example, a small region of the image
may be encoded in a stream. Because this ROI is small and likely to have more uniform pixel
characteristics (e.g., all pixels are in a shadow or all pixels are in bright light), then a custom

conversion may be used to improve picture quality.

[0102] Another scenario concerns where the entire spatial image area may be too dark or too
light. The additional stream may be used to provide a different HDR to LDR conversion remapping

that represents the best overall image for the end viewer.

[0103] For each of the previous two use cases, a user watching the LDR result may control
conversion through a user interface. For example, the user may in a user interface define a region
to enhance, and/or the user may select whether viewing-condition based remapping or display
device type based remapping should be applied. Parameters which represent the user’s choices
(e.g. a definition of the region specified by or selected by the user, and the user’s selection or non-
selection of viewing-condition and/or device-type based remappings) may be relayed to the server,
for example such parameters may be conveyed in a client-to-server request for media content or
for one or more media segments. The remapping may be done at the headend, and the media server

may transmit the remapped content to the client device for display to a user.

[0104] In another embodiment, an automatic partition into spatial segments may be done at
the headend side to detect dark or light areas in the LDR signal and automatically provide

independent streams for those spatial regions with different LDR conversions.

[0105] One embodiment takes the form of a method of adapting media stream playout
comprising. The method comprises: receiving information regarding availability of a plurality of
representations of a video presentation, wherein the plurality of representations vary in at least bit
depth; requesting, from a server, and causing display of, a first portion of a video presentation at a
first bit depth associated with a first representation. Responsive to an alternative bit depth cue:
requesting, from the server, a second representation of a second portion of the video presentation,
wherein the second representation has a second bit depth; remapping the second representation
from the second bit depth to the first bit depth; and causing a display of the remapped second

representation.

[0106] In one such embodiment, the alternative bit depth cue is a user input. In another such

embodiment, the alternative bit depth cue is a detected change in viewing conditions. Detecting a
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change in viewing conditions may comprise detecting a change in an ambient light level detected

by a client device or detecting a change in the display device.

[0107] In one embodiment, the second representation represents a region of a full video frame
area. In such an embodiment, the region is defined by a user via a user interface on a client device.
The region is selected from among a plurality of regions by a user via a user interface on a client

device or is selected automatically by a client device application.

[0108] In one embodiment, a determination of the change in viewing conditions is determined
at a client device. The determination of the change in viewing conditions is responsive to a

viewing-conditions change request received from a user.

[0109] In one embodiment the second bit depth is higher than the first bit depth. For example,
the first bit depth is 8 bits per pixel and the second bit depth is 12 bits per pixel.

[0110] In one embodiment, a client device maps the second bit depth to a selected display bit

depth associated with a display device.

[0111] In one embodiment, the information regarding availability of the plurality of

representations is received via a media presentation description.

[0112] Another embodiment takes the form of a method of providing selectable-bit-depth
video to a client device, the method comprising: generating a first representation of a first video
segment at a first bit depth; generating a second representation of the first video segment at a
second bit depth; sending, to the client device, information regarding the first representation and
the second representation; receiving, from the client device, information associated with the
selection of the second representation of the first video segment at the second depth; sending data
associated with the second representation of the first video segment at the second bit depth to the
client device. In one such embodiment, the first video segment represents a region of a full video

frame area.

[0113] Another embodiment takes the form of a method of providing a selectable bit-depth
video to a client device, the method comprising: generating a first and a second representation at
a first and a second bit depth, respectively; sending, to the client device, a manifest comprising
information regarding the first and second representations; sending the first representation to the
client device; receiving, from the client device, a request to receive the second representation;
sending, to the client device, the second representation, mapping, at the client device, the second

representation to a third representation at a third bit depth; and displaying, at the client device, the
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third representation. In such an embodiment, the request to receive the second representation is

responsive to the client device detecting a change in viewing conditions.

[0114] Another embodiment takes the form of a method comprising: providing to a client
device a manifest file identifying at least a first representation and a second representation of a
video segment, wherein the manifest file further identifies a first bit depth of the first representation
and a second bit depth of the second representation; receiving from the client device a request for
a selected one of the first and second representations; and providing the selected representation to

the client device. In one such embodiment, the manifest file is a DASH MPD.

[0115] Another embodiment takes the form of a method comprising: receiving at a client
device a manifest file identifying at least a first representation and a second representation of a
video segment, wherein the manifest file further identifies a first bit depth of the first representation
and a second bit depth of the second representation; detecting a viewing parameter at the client
device; selecting one of the first and second representations based on the detected viewing
parameter; retrieving the selected representation from a server; remapping the selected

representation to a display bit depth; and causing display of the remapped selected representation.
[0116] In such an embodiment, the manifest file is a DASH MPD.
[0117] In such an embodiment, the viewing parameter is ambient illumination.

[0118] Another embodiment takes the form of a method of adapting playout of a media stream
available at a first bit depth and a second bit depth, the method comprising: receiving information
regarding availability of a plurality of representations of the media stream, wherein the plurality
of representations vary in at least bit depth; requesting, from a server, and causing display of, the
media stream at the first bit depth associated with a first representation in the plurality of
representations of the media stream; responsive to an alternative bit depth cue: requesting, from
the server, a second representation in the plurality of representations of the media stream, wherein
the second representation is associated with the second bit depth; and causing a client device to

display a video derived from the second representation.

[0119] In one such embodiment, deriving the video from the second representation comprises

remapping the second representation to a third bit depth.

[0120] In another such embodiment, the client device: displays the media stream derived from
the first representation while the client device buffers the second representation; and transitions to
displaying the video derived from the second representation after buffering a portion of the second

representation.
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[0121] One embodiment takes the form of a client device configured to: receive a first
representation of a video stream and a manifest file identifying at least the first representation and
a second representation of a video segment, wherein the manifest file further identifies a first bit
depth of the first representation and a second bit depth of the second representation; display the
first representation of the video stream; detect a change in viewing conditions; in response to
detecting the change in viewing conditions, request the second representation of the video stream,;

and transition to displaying a video based on the second representation of the video stream.

[0122] Another embodiment takes the form of a system to provide selectable-bit-depth video
to a client device, the system comprising: a network entity configured to: generate a first
representation of a first video segment at a first bit depth; generate a second representation of the
first video segment at a second bit depth; send, to the client device, information regarding the first
representation and the second representation; receive, from the client device, information
associated with the selection of the second representation of the first video segment at the second
depth; send data associated with the second representation of the first video segment at the second

bit depth to the client device.

[0123] Exemplary embodiments disclosed herein are implemented using one or more wired
and/or wireless network nodes, such as a wireless transmit/receive unit (WTRU) or other network

entity. The different nodes for example may be realized as a client device.

[0124] FIG. 6 is a system diagram of an exemplary WTRU 602, which may be employed as a
client device in embodiments described herein. As shown in FIG. 6, the WTRU 602 may include
a processor 618, a communication interface 619 including a transceiver 620, a transmit/receive
element 622, a speaker/microphone 624, a keypad 626, a display/touchpad 628, a non-removable
memory 630, a removable memory 632, a power source 634, a global positioning system (GPS)
chipset 636, and sensors 638. It will be appreciated that the WTRU 602 may include any sub-

combination of the foregoing elements while remaining consistent with an embodiment.

[0125] The processor 618 may be a general purpose processor, a special purpose processor, a
conventional processor, a digital signal processor (DSP), a plurality of microprocessors, one or
more microprocessors in association with a DSP core, a controller, a microcontroller, Application
Specific Integrated Circuits (ASICs), Field Programmable Gate Array (FPGAs) circuits, any other
type of integrated circuit (IC), a state machine, and the like. The processor 618 may perform signal
coding, data processing, power control, input/output processing, and/or any other functionality that
enables the WTRU 602 to operate in a wireless environment. The processor 618 may be coupled

to the transceiver 620, which may be coupled to the transmit/receive element 622. While FIG. 6
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depicts the processor 618 and the transceiver 620 as separate components, it will be appreciated
that the processor 618 and the transceiver 620 may be integrated together in an electronic package

or chip.

[0126] The transmit/receive element 622 may be configured to transmit signals to, or receive
signals from, a base station over the air interface 616. For example, in one embodiment, the
transmit/receive element 622 may be an antenna configured to transmit and/or receive RF signals.
In another embodiment, the transmit/receive element 622 may be an emitter/detector configured
to transmit and/or receive IR, UV, or visible light signals, as examples. In yet another embodiment,
the transmit/receive element 622 may be configured to transmit and receive both RF and light
signals. It will be appreciated that the transmit/receive element 622 may be configured to transmit

and/or receive any combination of wireless signals.

[0127] In addition, although the transmit/receive element 622 is depicted in FIG. 6 as a single
element, the WTRU 602 may include any number of transmit/receive elements 622. More
specifically, the WTRU 602 may employ MIMO technology. Thus, in one embodiment, the
WTRU 602 may include two or more transmit/receive elements 622 (e.g., multiple antennas) for

transmitting and receiving wireless signals over the air interface 616.

[0128] The transceiver 620 may be configured to modulate the signals that are to be
transmitted by the transmit/receive element 622 and to demodulate the signals that are received by
the transmit/receive element 622. As noted above, the WTRU 602 may have multi-mode
capabilities. Thus, the transceiver 620 may include multiple transceivers for enabling the WTRU

602 to communicate via multiple RATs, such as UTRA and IEEE 802.11, as examples.

[0129] The processor 618 of the WTRU 602 may be coupled to, and may receive user input
data from, the speaker/microphone 624, the keypad 626, and/or the display/touchpad 628 (e.g., a
liquid crystal display (LCD) display unit or organic light-emitting diode (OLED) display unit).
The processor 618 may also output user data to the speaker/microphone 624, the keypad 626,
and/or the display/touchpad 628. In addition, the processor 618 may access information from, and
store data in, any type of suitable memory, such as the non-removable memory 630 and/or the
removable memory 632. The non-removable memory 630 may include random-access memory
(RAM), read-only memory (ROM), a hard disk, or any other type of memory storage device. The
removable memory 632 may include a subscriber identity module (SIM) card, a memory stick, a
secure digital (SD) memory card, and the like. In other embodiments, the processor 618 may access
information from, and store data in, memory that is not physically located on the WTRU 602, such

as on a server or a home computer (not shown).
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[0130] The processor 618 may receive power from the power source 634, and may be
configured to distribute and/or control the power to the other components in the WTRU 602. The
power source 634 may be any suitable device for powering the WTRU 602. As examples, the
power source 634 may include one or more dry cell batteries (e.g., nickel-cadmium (NiCd), nickel-
zinc (NiZn), nickel metal hydride (NiIMH), lithium-ion (Li-ion), and the like), solar cells, fuel cells,
and the like.

[0131] The processor 618 may also be coupled to the GPS chipset 636, which may be
configured to provide location information (e.g., longitude and latitude) regarding the current
location of the WTRU 602. In addition to, or in lieu of, the information from the GPS chipset 636,
the WTRU 602 may receive location information over the air interface 616 from a base station
and/or determine its location based on the timing of the signals being received from two or more
nearby base stations. It will be appreciated that the WTRU 602 may acquire location information
by way of any suitable location-determination method while remaining consistent with an

embodiment.

[0132] The processor 618 may further be coupled to other peripherals 638, which may include
one or more software and/or hardware modules that provide additional features, functionality
and/or wired or wireless connectivity. For example, the peripherals 638 may include sensors such
as an accelerometer, an e-compass, a satellite transceiver, a digital camera (for photographs or
video), a universal serial bus (USB) port, a vibration device, a television transceiver, a hands free
headset, a Bluetooth® module, a frequency modulated (FM) radio unit, a digital music player, a

media player, a video game player module, an Internet browser, and the like.

[0133] FIG. 7 depicts an exemplary network entity 790 that may be used in embodiments of
the present disclosure, for example as a streaming server. As depicted in FIG. 7, network entity
790 includes a communication interface 792, a processor 794, and non-transitory data storage 796,

all of which are communicatively linked by a bus, network, or other communication path 798.

[0134] Communication interface 792 may include one or more wired communication
interfaces and/or one or more wireless-communication interfaces. With respect to wired
communication, communication interface 792 may include one or more interfaces such as Ethernet
interfaces, as an example. With respect to wireless communication, communication interface 792
may include components such as one or more antennae, one or more transceivers/chipsets designed
and configured for one or more types of wireless (e.g., LTE) communication, and/or any other
components deemed suitable by those of skill in the relevant art. And further with respect to

wireless communication, communication interface 792 may be equipped at a scale and with a
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configuration appropriate for acting on the network side—as opposed to the client side—of
wireless communications (e.g., LTE communications, Wi-Fi communications, and the like). Thus,
communication interface 792 may include the appropriate equipment and circuitry (perhaps
including multiple transceivers) for serving multiple mobile stations, UEs, or other access

terminals in a coverage area.

[0135] Processor 794 may include one or more processors of any type deemed suitable by
those of skill in the relevant art, some examples including a general-purpose microprocessor and

a dedicated DSP.

[0136] Data storage 796 may take the form of any non-transitory computer-readable medium
or combination of such media, some examples including flash memory, read-only memory
(ROM), and random-access memory (RAM) to name but a few, as any one or more types of non-
transitory data storage deemed suitable by those of skill in the relevant art may be used. As
depicted in FIG. 7, data storage 796 contains program instructions 797 executable by processor
794 for carrying out various combinations of the various network-entity functions described

herein.

[0137] Although features and elements are described above in particular combinations, one of
ordinary skill in the art will appreciate that each feature or element may be used alone or in any
combination with the other features and elements. In addition, the methods described herein may
be implemented in a computer program, software, or firmware incorporated in a computer-
readable medium for execution by a computer or processor. Examples of computer-readable
storage media include, but are not limited to, a read only memory (ROM), a random access
memory (RAM), a register, cache memory, semiconductor memory devices, magnetic media such
as internal hard disks and removable disks, magneto-optical media, and optical media such as CD-
ROM disks, and digital versatile disks (DVDs). A processor in association with software may be
used to implement a radio frequency transceiver for use in a WTRU, UE, terminal, base station,

RNC, or any host computer.
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CLAIMS
We claim:
1. A method comprising:

applying a first transformation function to an input video segment having a first bit depth

to generate a first distribution video segment having a second bit depth;

applying a second transformation function to the input video segment to generate a second
distribution video segment having the second bit depth, wherein the first and second

transformation functions are different;

sending, to a client, information identifying the availability of the first and second

distribution video segments;

receiving, from the client, a selection of one of the first and second distribution video

segments; and
responsively sending the selected distribution video segment to the client.

2. The method of the claim 1, wherein the first transformation function is a linear
transformation function and the second transformation function is a nonlinear transformation

function.

3. The method of any of claims 1-2, wherein the first transformation function is optimized for
first viewing conditions and the second transformation function is optimized for second viewing

conditions.

4. The method of claim 3, further comprising sending, to the client, information associating
the first viewing conditions with the first distribution video segment and associating the second

viewing conditions with the second distribution video segment.

5. The method of any of claims 1-4, wherein the first transformation function is optimized for

a first display type and the second transformation function is optimized for a second display type.

6. The method of claim 5, further comprising sending, to the client, information associating
the first display type with the first distribution video segment and associating the second display

type with the second distribution video segment.
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7. The method of any of claims 1-6, wherein the first transformation function is optimized for
first ambient light conditions and the second transformation function is optimized for second

ambient light conditions.

8. The method of claim 7, further comprising sending, to the client, information associating
the first ambient light conditions with the first distribution video segment and associating the

second ambient light conditions with the second distribution video segment.

0. The method of any of claims 1-8, wherein the information identifying the availability of

the first and second distribution video segments is sent in a manifest file.

10.  The method of any of claims 1-9, wherein the second bit depth is less than the first bit
depth.

11.  The method of any of claims 1-10, wherein the first and second distribution video segments

represent a region of a full video frame area.

12. An apparatus comprising at least one processor and a non-transitory computer storage
medium storing instructions operative, when executed on the processor, to perform functions

comprising:

applying a first transformation function to an input video segment having a first bit depth
to generate a first distribution video segment having a second bit depth lower than the first bit

depth;

applying a second transformation function to the input video segment to generate a second
distribution video segment having the second bit depth, wherein the first and second

transformation functions are different;

sending, to a client, information identifying the availability of the first and second

distribution video segments;

receiving, from the client, a selection of one of the first and second distribution video

segments; and
responsively sending the selected distribution video segment to the client.

13. The apparatus of claim 12, wherein the first transformation function is optimized for a first
display type and the second transformation function is optimized for a second display type.
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14.  Theapparatus of any of claims 12-13, further comprising sending, to the client, information
associating the first display type with the first distribution video segment and associating the

second display type with the second distribution video segment.

15. The apparatus of any of claims 12-14, wherein the information identifying the availability

of the first and second distribution video segments is sent in a manifest file.
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