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METHODS AND SYSTEMS FOR HIGH
DYNAMIC RANGE VIDEO CODING

FIELD OF THE INVENTION

[0001] Embodiments of the present invention comprise
methods and systems for high dynamic range video coding.

BACKGROUND

[0002] High dynamic range displays provide a significant
improvement over current display technology. These
devices produce a peak brightness that is an order of
magnitude larger than conventional technology and a
dynamic range that approaches the capabilities of a human
observer. Additionally, these devices provide an enlarged
color gamut and can reduce the motion blur in an LCD
system. The result is a compelling viewing experience that
is easily differentiated from current display technology.
[0003] Unfortunately, current technology does not
natively support high dynamic range content. These tech-
niques are designed for current display technology and built
on the assumption that high dynamic range content can not
be reproduced and therefore should be discarded.

[0004] The direct extension of storage and distribution
systems to support high dynamic range content is problem-
atic. In the case of a digital scenario, a larger bit-depth for
each pixel is required; for the case of an analog system,
reduced noise is necessary. This results in a significant
trade-off. Image quality of traditional, standard dynamic
range displays must be decreased to accommodate the high
dynamic range content. Consumers are unlikely to find this
acceptable.

SUMMARY

[0005] Embodiments of the present invention comprise
systems and methods for high dynamic range video coding.
[0006] Some embodiments comprise a method for com-
pressing high dynamic range image sequences. Some
embodiments comprise a layered approach that separates the
original image frames into higher dynamic range and lower
dynamic range components. Lower dynamic range portions
of the sequence are then coded with a standards compliant
codec, making the system backwards compatible with
legacy devices. The higher dynamic range information is
sent with an enhancement bit-stream. Standard dynamic
range displays may only process and display the lower
dynamic range portion. High dynamic range displays may
receive the entire signal and reconstruct the original high
dynamic range content for display. In many embodiments,
the quality of the lower dynamic range content is not
sacrificed by the addition of the high dynamic range infor-
mation.

[0007] The foregoing and other objectives, features, and
advantages of the invention will be more readily understood
upon consideration of the following detailed description of
the invention taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE SEVERAL
DRAWINGS

[0008] FIG. 1 is a diagram showing a high dynamic range
LCD display;
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[0009] FIG. 2 is a diagram showing an exemplary embodi-
ment of the present invention comprising a video encoder
producing an HDR enhancement bitstream;

[0010] FIG. 3 is a diagram showing an exemplary embodi-
ment of the present invention comprising a video decoder
that processes an HDR enhancement bitstream;

[0011] FIG. 4 is a diagram showing an exemplary embodi-
ment of the present invention comprising a video decoder
with an HDR ratio decoder;

[0012] FIG. 5 is a diagram showing an exemplary stan-
dards-based video encoder;

[0013] FIG. 6 is a diagram showing an HDR Intensity vs.
SDR Intensity plot;

[0014] FIG. 7 is a diagram showing an exemplary embodi-
ment of the present invention comprising a video decoder
with motion prediction for the SDR bitstream;

[0015] FIG. 8 is a diagram showing an exemplary embodi-
ment of the present invention comprising a video decoder
with motion prediction for both the SDR bitstream and the
HDR bitstream; and

[0016] FIG.9is a diagram showing an exemplary embodi-
ment of the present invention comprising a video decoder
with SDR data in the enhancement bitstream.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0017] Embodiments of the present invention will be best
understood by reference to the drawings, wherein like parts
are designated by like numerals throughout. The figures
listed above are expressly incorporated as part of this
detailed description.

[0018] It will be readily understood that the components of
the present invention, as generally described and illustrated
in the figures herein, could be arranged and designed in a
wide variety of different configurations. Thus, the following
more detailed description of the embodiments of the meth-
ods and systems of the present invention is not intended to
limit the scope of the invention, but it is merely represen-
tative of the presently preferred embodiments of the inven-
tion.

[0019] Elements of embodiments of the present invention
may be embodied in hardware, firmware and/or software.
While exemplary embodiments revealed herein may only
describe one of these forms, it is to be understood that one
skilled in the art would be able to effectuate these elements
in any of these forms while resting within the scope of the
present invention.

High Dynamic Range Displays

[0020] High dynamic resolution (HDR) displays are
designed to enlarge the dynamic range of a viewing device
to better match the capabilities of a human observer. For
example, traditional displays, including LCD, CRT and
plasma technologies, typically provide a maximum bright-
ness of 500 cd/m” or less and a contrast ratio of between
100:1 and 1000:1. This is well below the capabilities of the
human vision system. The overall luminance range of a
human is approximately 14 orders of magnitude, varying
from faint starlight (10~ c¢d/m2) to bright sunlight (10®
cd/m2), and the luminance range viewable at any one instant
in time is approximately five orders of magnitude. This
describes a contrast ratio of approximately 100,000:1.
[0021] LCD technology is well positioned to display HDR
content. For example, HDR approaches may combine a high
resolution LCD panel 4 with a spatially varying backlight 2.
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This configuration is shown graphically in FIG. 1. Some
embodiments comprise internal processing that separates an
HDR image sequence into components to drive the backlight
2 and front panel 4. The backlight signal may be of much
lower resolution than the front panel due to properties of the
human visual system.

[0022] Constructing an HDR LCD device may provide a
significant improvement in dynamic range. For example, in
some embodiments, a DLP projector may generate the
backlight for the LCD panel. Some of these embodiments
may produce a maximum brightness of 2,700 cd/m? and a
dynamic range of 54,000:1. In other embodiments, a grid of
LEDs may be employed for the backlight. In these embodi-
ments, a maximum brightness of 8,500 cd/m? and a dynamic
range of over 280,000:1 may be realized.

[0023] Currently, HDR content is scarce. However, the
synthetic creation of HDR images from standard dynamic
range (SDR) frames is possible. While this technique will
provide additional content for HDR displays, the quality will
generally not be as high as native HDR content. To further
differentiate the HDR technology, content must be created,
stored and transmitted.

Video Coding Embodiments

Backwards Compatibility

[0024] Visual quality can be a differentiating factor of a
backwards compatible system. Two types of backwards
compatibility may be identified. The first is a commercially
backwards compatible system and the second is an opera-
tionally backwards compatible approach. Operational back-
wards compatibility simply requires that the SDR data is
stored in a format understood by legacy devices. For
example, utilizing the well known JPEG, MPEG, or ITU
family of standards, or proprietary techniques i.e. Microsoft
WMYV, often leads to an operationally backwards compatible
system. (Additional requirements may include the use of
color space, gamma, profile and level parameters, maximum
bit-rates, and bit-depths that are supported by legacy
devices.) Commercial backwards compatibility requires a
system to be operationally backwards compatible. However,
in addition to ensuring that a legacy device can display the
SDR video sequence, a commercially backwards compatible
system must also guarantee that the quality of the SDR
image data is visually acceptable.

[0025] While several previous approaches to HDR coding
may be operationally backwards compatible, it is important
to understand that current solutions are not commercially
backwards compatible due to poor visual quality of the SDR
image.

[0026] Embodiments of the present invention may effi-
ciently compress HDR data while being commercially back-
wards compatible with legacy SDR devices. These embodi-
ments may comprise a standards compliant video bit-stream
for encoding the SDR data and a separate enhancement layer
for the remaining HDR content. For both the SDR and HDR
components, motion prediction may be utilized to exploit
temporal redundancies in the video.

[0027] Some embodiments may be described with refer-
ence to FIG. 4. These embodiments may take an original
HDR video sequence 10 as input. An SDR representation 13
of the HDR data 10 may then be generated by a tone
mapping operation 12. This process may reduce the dynamic
range and color gamut to match current SDR devices. The
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resulting SDR sequence 13 may then be compressed with a
standards compliant video codec 14, 16. After compression,
an estimate for the HDR data 19 may be generated by
applying an inverse tone mapping procedure 18 to the
compressed SDR sequence. The difference between the
estimated 19 and original HDR data 10 may be calculated
with an HDR residual encoder 20 and transmitted as an
enhancement bit-stream 24, which may be multiplexed with
the SDR information 22.

[0028] Decoding the HDR data may be performed by
reversing the encoding procedure. Embodiments comprising
this process may be described with reference to FIG. 3.
Here, the decoder may de-multiplex the bit-stream to extract
the SDR 22 and enhancement layer 24 descriptions. The
SDR image sequence may then be decoded with a standards-
based decoder 26. For the case of a legacy SDR device, this
completes the decoding process and the resulting image
sequence may be provided for display on an SDR display 34.
For the case of an HDR device, the decoded SDR image
sequence may be inverse tone-mapped 28 and refined 32
with the HDR residual information produced by the HDR
residual decoder 30. The result is the decoded HDR image
sequence 36, which is displayed by the HDR device.
[0029] Some alternative decoding embodiments may be
described with reference to FIG. 4. In these embodiments,
the SDR bitstream 22 may be received and decoded at a
standards-based decoder 26. When the image is to be
displayed on an SDR display 34, this SDR information 41
may be displayed directly. When the image is to be displayed
on an HDR display 36, a residual signal 45 may be added to
the SDR information 41 prior to inverse tone mapping 40.
This residual signal 45 may be decoded from the enhance-
ment bit-stream 24 with a residual decoder 38. After inverse
tone-mapping 40, an additional residual signal may be
applied 46. This second residual signal may be decoded
from the enhancement bit-stream 24 with an HDR ratio
decoder 42 and added to the output of the inverse tone
mapping operation 40. Alternatively, the inverse tone map-
ping output may be multiplied 46 by the residual values.
[0030] In some embodiments of the present invention,
compression of the SDR information may rely on standards
based solutions. This facilitates decoding by legacy decod-
ers. Some embodiments may employ a standard block-based
encoder as shown in FIG. 7. In these embodiments, the
codec decomposes 52 the SDR image sequence 50 into a
sequence of blocks. Each block is predicted from neighbor-
ing pixel values through spatial prediction 62 or through the
motion compensation of temporally adjacent frames, called
temporal prediction 64. The difference between the predic-
tion and original image values is calculated 54 and then
de-correlated with a linear transform and quantized 56.
Necessary information to predict and refine the image blocks
is further encoded 58 and transmitted 60 to the decoder. The
transformed and quantized 56 information may be inverse
quantized and inverse transformed 68 and then stored in a
buffer 66 for comparison with subsequently processed
blocks.

[0031] Information transmitted in the enhancement layer
may be used to describe the generation of the HDR image
sequence. In some embodiments, processing may be divided
into three components. The first is an inverse tone mapping
operation that estimates the HDR sequence from the
decoded SDR frames. This process may comprise color
conversion, bit-depth extension, dynamic range expansion
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and gamma modification. The second is a residual coding
tool that refines the HDR estimate with additional residual
data. The third is a motion compensation tool that predicts
residual data from temporally neighboring frames. These
three process components are explained in more detail in the
following sub-sections.

Inverse Tone Mapping

[0032] In some embodiments, tone mapping may describe
the process of mapping an HDR image sequence to an SDR
image sequence. As a simple example, this can be achieved
by adding a fixed offset to the HDR data and clipping the
result. This is equivalent to the input-output relation shown
in FIG. 6. The goal of inverse tone mapping, in these
embodiments, is to reverse the tone mapping process to
generate an HDR estimate from the SDR data. Data uniquely
mapped into the SDR gamut during tone mapping should be
perfectly recovered by the inverse tone mapping procedure.
The inverse tone mapping need not form a mathematical
inverse but merely provide a good estimate of the HDR
image from the SDR image. For instance, it is possible to
add enhancement information, in a backward compatible
way, alone to enable a decoder to accurately estimate an
HDR sequence from an SDR sequence coded with a legacy
codec. Additionally, when the spatial resolution of the SDR
and HDR frames differ, the change in resolution may be
accounted for in the inverse tone mapping procedure as well.

[0033] Practical tone mapping complicates the inverse
tone mapping procedure. For example, utilizing the process
in FIG. 6 leads to objectionable contouring artifacts. More
acceptable results can be achieved with gradient domain or
contrast based methods that preserve local image contrast.
Alternatively, improved results can be realized by adapting
the tone mapping operation to local properties of the image
sequences. This may have the effect of adapting the mapping
in both the spatial and temporal directions.

[0034] Flexibility in the inverse tone mapping procedure
should allow for efficient compression without sacrificing
SDR visual quality. In some embodiments, the enhancement
bit-stream may comprise information to guide the inverse
tone mapping procedure. The most basic component would
be a global offset and scale parameter. This defines a linear
relationship between the SDR and HDR data and can be
implemented with a lookup table. In this approach, pixel
values in the HDR sequence are equal to the scaled SDR
pixel data plus the global offset.

[0035] In some embodiments, the inverse tone mapping
procedure may be adapted as a downloadable lookup table.
The downloadable table extends the linear mapping opera-
tion provided by the global offset and scale parameters and
allows a more general inverse tone mapping procedure. To
maximize the cost of sending this lookup table, the mapping
data could be signaled differentially and coded relative to the
global offset and scale parameters.

[0036] In some embodiments, inverse tone mapping may
be implemented as block based switching. This is a more
general configuration for the inverse tone mapping proce-
dure. In this approach, an encoder defines multiple input-
output relationships by either transmitting several look-up
tables or multiple scale and offset parameters. The encoder
then changes the inverse tone mapping process by signaling
an index number in the bit-stream. The frequency of the
switching may be application dependent. It may vary on a
sequence basis, frame basis or even a block-by-block basis.
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Finer granularity could be achieved by interpolating the
lookup tables within a block.

Residual Coding

[0037] In some embodiments, residual coding may
describe the task of sending the difference between the
original HDR data and the SDR sequence. This refines the
estimate for the HDR sequence within the decoder and
provides a mechanism for transmitting portions of the HDR
sequence that are completely discarded by the tone mapping
operation. In various embodiments, different tools for sig-
naling the residual information may be used. These include
domain mapping, masked transforms, block mode predic-
tion and ratio coding. In addition, the residual coding can
include a texture synthesizer driven by parameters in the
bit-stream.

[0038] Domain mapping may be useful when the residual
data contains positive and negative values. In some appli-
cations, these components signal small refinements to the
output of the inverse tone mapping operations. However, in
many HDR scenarios, the sign of the residual data may be
correlated with the magnitude of the SDR image sequence.
This occurs when the tone mapping employs some form of
clipping to generate the SDR data. Positive values in the
residual data then correspond to features brighter than the
SDR gamut, while negative values in the residual corre-
spond to features darker than the SDR gamut.

[0039] To exploit relationships between the residual and
SDR frame, the domain mapping tool of some embodiments
may allow blocks to be encoded in a number of ways. One
approach is to code positive and negative values in the
residual independently. This is the separable coding mode,
and it effectively codes each block twice. In the first pass, the
positive portion of the residual is signaled; in the second
pass, the negative portion of the residual is transmitted. At
the decoder, both blocks are decoded and added together to
reconstruct the residual information.

[0040] Further domain mapping embodiments may also be
used. One method is a magnitude only mode. This mode
transmits the magnitude of the residual data but does not
code the sign information. At the decoder, the sign infor-
mation is determined by analyzing the reconstructed SDR
frame. Another approach for domain mapping is to offset
positive residual vales prior to encoding. This simplifies
coding information that is smoothly varying throughout the
extended dynamic range. A final method for domain map-
ping is to code the residual data without alternation.
[0041] In some embodiments a masked transform may be
used as a tool for residual coding. These embodiments
exploit the fact that residual values are small when the
original HDR sequence is mapped uniquely within the SDR
gamut. With traditional transform coding, any small residual
values must be explicitly transmitted. The masked transform
sends these values implicitly instead. This can be accom-
plished by masking the residual data at the decoder. The
mask may be created from the decoded SDR frame, and it
may adaptively attenuate the residual data on a pixel by pixel
basis. Locations within the SDR gamut can be severely
attenuated, while locations outside gamut are passed without
alteration. This would allow the encoder to send non-
negligible residual values for in-gamut locations when it
results in compression efficiencies.

[0042] Some embodiments may comprise block mode
prediction as a tool for residual coding. This tool may also
exploit the fact that a unique mapping between the HDR and
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SDR pixel values results in small residual values. To account
for this characteristic, each block in the residual data may be
flagged as either present or not present. The flag does not
necessarily need to be transmitted directly. In some embodi-
ments, the flag may be predicted by analyzing the corre-
sponding block in the reconstructed SDR frame. A flag in the
bit-stream then denotes if the prediction is correct. The result
is an increase in compression efficiency, as large regions of
the residual signal can be skipped with minimal overhead.
[0043] In some embodiments, residual coding may be
employed as a tool for residual coding. Ratio coding may
encode a sequence of scale factors to be applied to the output
of the inverse tone mapping process. These ratio factors can
greatly increase the dynamic range of the image sequence,
and the factors may have the important property of being
spatially correlated. In some embodiments, ratio values may
be coded at lower resolutions and/or with a form of differ-
ential coding. In these embodiments, bit-rate requirements
of the ratio image are likely to be small.

Motion Compensation

[0044] Motion compensation predicts information in the
current frame from HDR data in previously reconstructed
data. This reduces the bit-rate requirements for video cod-
ing. Standards based approaches employ a combination of
motion vectors and residual data for motion compensation.
In these embodiments, several motion compensation pro-
cesses are employed to complement standards based
designs. This simplifies the coding of SDR data in a back-
wards compatible manner.

[0045] In some embodiments of the present invention,
motion compensation may be performed only on the SDR
data. These embodiments may be described with reference
to FIG. 7. In these embodiments, an SDR bitstream 72, may
be received at the decoder. This SDR signal 72 may be
“dequantized” and inverse transformed 82. Elements of the
bitstream 72 may be used for motion prediction 88. Motion
prediction 88 data may be added 84 to the dequantized and
inverse transformed residual data to form SDR video data
86. This SDR video data 86 may also be inverse tone
mapped 80 and combined 76 with dequantized and inverse
transformed 74 data from the enhancement bitstream 70.
Once combined 76, this data represents the HDR video data
78. As seen in FIG. 7, motion vectors from the SDR
bit-stream 72 may be used to predict 88 the SDR data.
Residual information from the SDR 72 and enhancement
bit-stream 70 are then added 76, 84 to the prediction. In
these embodiments, memory requirements for the decoder
may be reduced by utilizing previously decoded HDR
frames for reference instead. This may be accomplished by
applying an inverse tone mapping operation prior to motion
compensation. The mapping operation may be modified to
approximate the original tone mapping process.

[0046] Alternative embodiments for motion compensation
may alter previous HDR frames. Some exemplary embodi-
ments are depicted in FIG. 8. In these embodiments, the
motion vectors 106 from the SDR bit-stream 72 may be
applied directly to the HDR reference frames. Residual
information may also be transmitted in the enhancement
layer. In these exemplary embodiments, the SDR residual
may be added to the predicted block prior to any residual in
the enhancement stream.

[0047] In these embodiments, an SDR bitstream 72 may
be dequantized and inverse transformed 98. Motion vector
data and other motion prediction data may be extracted and
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used for motion prediction 102 of the SDR data. This
prediction data may be combined 100 with the dequantized
and inverse transformed SDR data to form SDR video data
108. The dequantized and inverse transformed SDR residual
data may also be combined with dequantized and inverse
transformed 94 enhancement bitstream data and with
enhancement prediction 92 data to form HDR video data
110. SDR storage 104 and HDR storage 90 may be used to
store previous frame, block or other data for prediction of
subsequent data.

[0048] Further exemplary embodiments are depicted in
FIG. 9. In these embodiments, motion vectors from the SDR
bit-stream may be applied directly to the HDR reference
frames. Residual information may also be transmitted in the
enhancement layer. The exemplary embodiments shown in
FIG. 9 only add the enhancement layer residual to the
predicted HDR data.

[0049] In these embodiments, the SDR bitstream data is
dequantized and inverse transformed 98. Motion vector data
and/or other prediction data 120 may be extracted from the
SDR bitstream 72 and used for SDR motion prediction 102
and HDR motion prediction 114. These prediction processed
may access previous data stored in SDR storage 104 and
HDR storage 112. SDR motion prediction data may be
combined 100 with the dequantized and inverse transformed
SDR data to form SDR video data 108. The enhancement
bitstream 70 may also be dequantized and inverse trans-
formed 1 18 and combined 116 with HDR motion prediction
data to form HDR video data 122.

[0050] Motion compensation may change the structure
and statistics of the enhancement layer residual. For
example, in the embodiments illustrated in FIG. 9, the
enhancement layer residual contains both SDR and HDR
components. This changes the likelihood that a particular
residual coding tool is employed. To account for interactions
between tools, some embodiments may employ an adaptive
signaling scheme to selectively enable and disable coding
processes.

Applications

[0051] Some embodiments of the present invention com-
prise a digital camcorder. In these embodiments, video
content may be acquired from an HDR sensor or multiple
SDR sensors. Once acquired, the data may be stored on tape,
optical media or solid state memory. The proposed system
stores the HDR video efficiently and does not sacrifice the
quality of the SDR sequence. The image sequence is still
viewable on an SDR display, and it may be processed by
legacy editing or post-processing techniques without con-
version. In addition, the sequence may be viewed on an
HDR display and processed by “HDR-aware” editing and
post-processing applications. Differentiating features of
these “HDR-aware” applications include improved exposure
and white balance correction as well as realistic effects such
as blur and motion.

[0052] Some embodiments of the present invention com-
prise a personal video recorder. In these embodiments, video
content may be broadcast and recorded by a personal video
recorder. Transmitting HDR content with these embodi-
ments allows both legacy and “HDR-aware” recorders to
time-shift the video content. Legacy devices only display the
SDR image sequence, while “HDR-aware” devices display
the expanded dynamic range. The “HDR-aware” device may
also employ systems and methods for synthesizing the
expanded dynamic range from an SDR video sequence. This
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benefits both HDR devices as well as legacy devices with
relatively large contrast ratios. Two exemplary configura-
tions for the synthesizing operation may be implemented. In
a time critical environment, an embodiment may explicitly
generate the HDR content. In a less constrained scenario,
more sophisticated synthesis operations may be employed in
an off-line manner, and the result may be efliciently stored.
[0053] Some embodiments of the present invention may
comprise a home media gateway. In these embodiments,
video content may be received by a home media gateway
and distributed to devices throughout the network. Content
transmitted with these embodiments may allow simple rate
adaptation within the home media gateway. HDR content
may only be sent when supported by both the channel and
device.

[0054] Some embodiments of the present invention may
comprise an optical media player. In these embodiments,
video content may be distributed on optical media. These
embodiments may allow HDR content to be included on an
optical disc or other media while maintaining compliance.
Legacy optical devices may ignore the additional informa-
tion and produce SDR video sequences. “HDR-aware”
devices decode the entire HDR video sequence and provide
it for display. The “HDR-aware” device can also synthesize
the expanded dynamic range from SDR media. Embodi-
ments comprising an “HDR-aware” optical media player
enable the expanded dynamic range already captured on film
and from computer special effects to be easily distributed to
the consumer. These embodiments may provide an addi-
tional value-added feature for the optical media and may
also provide a large source of high dynamic range content
for display.

[0055] Some embodiments of the present invention may
comprise a high dynamic range LCD television. In these
embodiments, video content may be received by the televi-
sion in compressed form and displayed with extended
dynamic range. Some of these embodiments may add a
method to efficiently transmit HDR content to the television.
Content may be stored on an HDR camcorder, personal
video recorder or optical media. It may also be received
from a home media gateway or synthesized.

[0056] The terms and expressions which have been
employed in the foregoing specification are used therein as
terms of description and not of limitation, and there is no
intention in the use of such terms and expressions of
excluding equivalence of the features shown and described
or portions thereof, it being recognized that the scope of the
invention is defined and limited only by the claims which
follow.

I claim:
1. A method for encoding video data, said method com-
prising:

a) receiving a high dynamic range (HDR) image
sequence;

b) creating a standard dynamic range (SDR) image
sequence from said HDR sequence;

¢) encoding said SDR image sequence with an SDR
encoder;

d) transmitting said encoded SDR sequence to a recipient;

e) decoding said encoded SDR sequence;

f) inverse tone mapping said decoded SDR sequence to
form a decoded HDR sequence;
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g) combining said decoded SDR sequence data, said
decoded HDR sequence data and said HDR image
sequence to form HDR residual data; and

h) transmitting said HDR residual data to said recipient.

2. A method as described in claim 1 wherein said trans-
mitting comprises storing said encoded SDR sequence and
said HDR residual data on a storage device.

3. A method as described in claim 1 wherein said SDR
encoder is an MPEG-2 encoder.

4. A method as described in claim 1 wherein said SDR
encoder is an H.264 encoder.

5. A method as described in claim 1 wherein said trans-
mitting said encoded SDR sequence and said transmitting
said HDR residual data are multiplexed in a single trans-
mission.

6. A method as described in claim 1 wherein said encoded
SDR sequence may be decoded independently of said HDR
residual data.

7. A method as described in claim 1 wherein said com-
bining comprises finding a residual difference between the
combination of decoded SDR image sequence and decoded
HDR image sequence and the HDR image sequence.

8. A method for decoding video data, said method com-
prising:

a) receiving an encoded standard dynamic range (SDR)
sequence and high dynamic range (HDR) residual data;
and

b) decoding said SDR sequence independently of said
HDR residual data.

9. A method as described in claim 8 further comprising

decoding said HDR residual data.

10. A method as described in claim 8 further comprising
inverse tone mapping of said SDR sequence.

11. A method as described in claim 9 further comprising
inverse tone mapping of said SDR sequence and combining
said inverse tone mapped encoded SDR sequence with said
decoded HDR residual data to form HDR display data.

12. A method as described in claim 8 further comprising
motion prediction.

13. A method as described in claim 9 further comprising
motion prediction.

14. A video codec, said codec comprising:

a) a receiver for receiving a high dynamic range (HDR)

image sequence;

b) an SDR tone map for creating a standard dynamic
range (SDR) image sequence from said HDR image
sequence;

c¢) an SDR encoder for encoding said SDR image
sequence;

d) a decoder for decoding said encoded SDR sequence;

e) an inverse tone map for converting said decoded SDR
sequence into a decoded HDR sequence;

f) an HDR residual encoder for combining said decoded
SDR sequence data, said decoded HDR sequence data
and said decoded HDR image sequence to form HDR
residual data; and

g) a transmitter for transmitting said encoded SDR
sequence and said HDR residual data to a destination.

15. A video codec, said codec comprising:

a) a receiver for receiving an encoded SDR sequence and
high dynamic range (HDR) residual data;

b) an SDR decoder for decoding SDR image data from
said SDR sequence;
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6
¢) an HDR inverse tone map for creating an estimated e) a combiner for combining said estimate HDR sequence
HDR sequence from said decoded SDR image data; and said decoded HDR residual data.
d) an HDR residual decoder for decoding residual data
from the HDR residual data; and ® 0k ok k
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