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(57) ABSTRACT

One or more continuous mappings are defined at a digital
media encoder to convert input digital media data in a first
high dynamic range format to a second format with a smaller
dynamic range than the first format. The encoder converts
the input digital media data to the second format with the
smaller dynamic range using the continuous mapping and
one or more conversion parameters relating to the continu-
ous mapping. The encoder encodes the converted digital
media data in a bitstream along with the conversion param-
eter(s). The conversion parameter(s) enable a digital media
decoder to convert the converted digital media data back to
the first high dynamic range format from the second format
with the smaller dynamic range. Techniques for converting
different input formats with different dynamic ranges are
described.
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HIGH DYNAMIC RANGE DATA FORMAT
CONVERSIONS FOR DIGITAL MEDIA

FIELD

[0001] This invention relates to conversions of high
dynamic range data formats for digital media.

BACKGROUND

[0002] With the introduction of compact disks, digital
video disks, portable digital media players, digital cameras,
digital wireless networks, and digital media delivery over
the Internet, digital media (still images, video and audio) has
become commonplace. Engineers use a variety of tech-
niques to process digital media efficiently while still main-
taining quality of the digital media.

[0003] In video and imaging systems, color generally is
represented as vector coordinates in a multi-dimensional
“color space” having three or more color channels. Common
examples include the well-known classes of RGB and YUV
color spaces. The RGB color spaces specify pixel values
using coordinates that represent intensities of red, green and
blue light, respectively. The YUV color spaces specify pixel
values using coordinates that represent a luminance or
chrominance value.

[0004] Currently, many image capture, processing and
display devices can only handle pixel values with a small
dynamic range of 256 (2%) discrete values per color channel,
represented by 8 bits. Some devices can handle up to a 10-
or 12-bit dynamic range per color channel. However, the
human vision system can detect a wide luminance range of
14 orders of magnitude, which translates to around 46 bits.
Luminance values in nature can be as high as 10® candela/m>
in bright sunlight, and as low as 10~° candela/m> on the
underside of a rock on a moonless night.

[0005] High dynamic range (HDR) imaging presents a
more versatile and natural image representation in line with
the human vision system. HDR images can present a
dynamic range higher than the traditional 8-bit, 10-bit and
12-bit representations to achieve a far higher image quality.
HDR images can be used in the same kinds of devices and
software tools that process conventional images if the HDR
image format is compatible with the device or tool. Several
HDR image formats have been developed, and cameras,
computer graphics and display devices have begun to pro-
duce process and display images with increasing dynamic
ranges. The pixel value in an HDR image is commonly
represented as floating point data or integer data.

[0006] When the number of bits used to represent a pixel
in an HDR image exceeds the number of bits that a lower
dynamic range codec can handle, adjustments must be made.
For example, and encoder can simply truncate the pixel
information to reduce the number of bits. However, simple
truncation can lead to visible artifacts in the decoded picture.

[0007] Whatever the benefits of previous techniques, they
do not have the advantages of the techniques and tools
presented below.

SUMMARY

[0008] In summary, the detailed description is directed to
aspects of encoding and decoding digital media data, and in
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particular, encoding and decoding high dynamic range digi-
tal media data in digital media encoders and decoders.

[0009] In one aspect, a digital media encoder receives
digital media data (e.g., still image data) in a first format
(e.g., RGBE) comprising a mantissa for each of three color
channels and a common exponent. For each color channel,
the encoder forms a mantissa-exponent pair comprising the
mantissa of the color channel and the common exponent. For
each mantissa-exponent pair, if the most significant bit of the
mantissa is 0 or the exponent of the pair is greater than 1, the
encoder left-shifts the mantissa of the pair and decrements
the exponent of the pair. The encoder outputs compressed
digital media data in a second format (e.g., integer RGB)
with a different dynamic range than the first format. A digital
media decoder can decompress the compressed digital
media data.

[0010] In another aspect, a digital media encoder receives
digital media data in a floating point format comprising a
sign bit, an exponent and a mantissa having a first bit length.
The encoder obtains a scaled exponent by scaling the
exponent with an exponent bias value. The encoder outputs
compressed digital media data in an integer format with a
different dynamic range than the floating point format. The
compressed digital media data in the integer format com-
prises the scaled exponent and the mantissa. The mantissa
can be cast to a second bit length (which can be specified by
a user) that differs from the first bit length. The second bit
length of the mantissa can be adjusted for rate control or to
improve rate-distortion performance. Based on the sign bit,
the encoder may perform a 2’s complement operation prior
to outputting compressed digital media data.

[0011] In another aspect, a digital media encoder receives
digital media data in an n-bit integer format and selects
between a linear conversion and a nonlinear conversion. If
the linear conversion is selected, the encoder right-shifts the
digital media data in the n-bit integer format by a number of
bits to convert the digital media data to a k-bit integer
format, where k is less than n. If the nonlinear conversion is
selected, the encoder selects a mantissa length and an
exponent bias for a k-bit floating point format and converts
the digital media data to the k-bit floating point format. The
encoder can signal the linear/nonlinear conversion decision
(and/or other encoder decisions or conversion parameters) in
an encoded bitstream.

[0012] In another aspect, a continuous mapping is defined
at a digital media encoder to convert input digital media data
in a first high dynamic range format to a second format with
a smaller dynamic range than the first format. The encoder
converts the input digital media data to the second format
with the smaller dynamic range using the continuous map-
ping and one or more conversion parameters relating to the
continuous mapping. The encoder encodes the converted
digital media data in a bitstream along with the conversion
parameter(s). The conversion parameter(s) enable a digital
media decoder to convert the converted digital media data
back to the first high dynamic range format from the second
format with the smaller dynamic range.

[0013] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter.
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[0014] The foregoing and other objects, features, and
advantages will become more apparent from the following
detailed description, which proceeds with reference to the
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a block diagram of a suitable computing
environment for implementing techniques and tools for
converting between digital media data formats.

[0016] FIG. 2 is a block diagram showing an RGBE pixel
data format.

[0017] FIG. 3 is a block diagram showing an example sign
extension technique.

[0018] FIG. 4 is a flow chart showing a generalized
technique for converting common exponent data to integer-
ized color channel data.

[0019] FIG. 5 is a flow chart showing a detailed technique
for converting RGBE data to RGB data.

[0020] FIG. 6 is a flow chart showing a detailed technique
for inverse conversion from RGB to RGBE.

[0021] FIG. 7 is a flow chart showing a generalized
technique for converting digital media data in a floating
point format comprising a sign bit, an exponent and a
mantissa to an integer format having a different dynamic
range.

[0022] FIG. 8 is a flow chart showing a detailed technique
for a forward conversion of digital media data from a 32-bit
float format to an integer format.

[0023] FIG. 9 is a flow chart showing a detailed technique
for inverse conversion of digital media data in an integer
format to a 32-bit float format.

[0024] FIG. 10 is a flow chart showing a detailed tech-
nique for forward conversion of 16-bit floats to integers for
a 24-bit internal dynamic range codec.

[0025] FIG. 11 is a flow chart showing a detailed tech-
nique for inverse conversion of integers in a 24-bit internal
dynamic range codec to 16-bit floats.

[0026] FIG. 12 is a flow chart showing a generalized
technique for converting integers with higher dynamic
ranges to a lower dynamic range by selecting between linear
and non-linear conversion.

[0027] FIG. 13 is a flow chart showing a detailed tech-
nique for signaling data format conversion information in an
encoded bitstream.

DETAILED DESCRIPTION

[0028] The present application relates to techniques and
tools for efficient compression and decompression of digital
media data. In various described embodiments, a still image
encoder and/or decoder incorporate techniques for com-
pressing and/or decompressing high dynamic range (HDR)
image data.

[0029] Various alternatives to the implementations
described herein are possible. For example, techniques
described with reference to flowchart diagrams can be
altered by changing the ordering of stages shown in the
flowcharts, by repeating or omitting certain stages, etc. As
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another example, although some implementations are
described with reference to specific digital media formats,
other formats also can be used.

[0030] The various techniques and tools can be used in
combination or independently. Different embodiments
implement one or more of the described techniques and
tools. Some techniques and tools described herein can be
used in a still image encoder or decoder, or in some other
system not specifically limited to still image encoding or
decoding.

1. Computing Environment

[0031] FIG. 1 illustrates a generalized example of a suit-
able computing environment 100 in which several of the
described embodiments may be implemented. The comput-
ing environment 100 is not intended to suggest any limita-
tion as to scope of use or functionality, as the techniques and
tools may be implemented in diverse general-purpose or
special-purpose computing environments.

[0032] With reference to FIG. 1, the computing environ-
ment 100 includes at least one processing unit 110 and
memory 120. In FIG. 1, this most basic configuration 130 is
included within a dashed line. The processing unit 110
executes computer-executable instructions and may be a real
or a virtual processor. In a multi-processing system, multiple
processing units execute computer-executable instructions
to increase processing power. The memory 120 may be
volatile memory (e.g., registers, cache, RAM), non-volatile
memory (e.g., ROM, EEPROM, flash memory, etc.), or
some combination of the two. The memory 120 stores
software 180 implementing a digital media encoder or
decoder with one or more of the described techniques and
tools.

[0033] A computing environment may have additional
features. For example, the computing environment 100
includes storage 140, one or more input devices 150, one or
more output devices 160, and one or more communication
connections 170. An interconnection mechanism (not
shown) such as a bus, controller, or network interconnects
the components of the computing environment 100. Typi-
cally, operating system software (not shown) provides an
operating environment for other software executing in the
computing environment 100, and coordinates activities of
the components of the computing environment 100.

[0034] The storage 140 may be removable or non-remov-
able, and includes magnetic disks, magnetic tapes or cas-
settes, CD-ROMs, DVDs (including high-definition DVDs),
or any other medium which can be used to store information
and which can be accessed within the computing environ-
ment 100. The storage 140 stores instructions for the soft-
ware 180 implementing the digital media encoder or
decoder.

[0035] The input device(s) 150 may be a touch input
device such as a keyboard, mouse, pen, or trackball, a voice
input device, a scanning device, still image capture device
(e.g., digital camera), or another device that provides input
to the computing environment 100. For audio or video
encoding, the input device(s) 150 may be a sound card,
video card, TV tuner card, or similar device that accepts
audio or video input in analog or digital form, or a CD-ROM
or CD-RW that reads audio or video samples into the
computing environment 100. The output device(s) 160 may
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be a display, printer, speaker, CD- or DVD-writer, or another
device that provides output from the computing environment
100.

[0036] The communication connection(s) 170 enable
communication over a communication medium to another
computing entity. The communication medium conveys
information such as computer-executable instructions, digi-
tal media input or output, or other data in a modulated data
signal. A modulated data signal is a signal that has one or
more of its characteristics set or changed in such a manner
as to encode information in the signal. By way of example,
and not limitation, communication media include wired or
wireless techniques implemented with an electrical, optical,
RF, infrared, acoustic, or other carrier.

[0037] The techniques and tools can be described in the
general context of computer-readable media. Computer-
readable media are any available media that can be accessed
within a computing environment. By way of example, and
not limitation, with the computing environment 100, com-
puter-readable media include memory 120, storage 140,
communication media, and combinations of any of the
above.

[0038] The techniques and tools can be described in the
general context of computer-executable instructions, such as
those included in program modules, being executed in a
computing environment on a target real or virtual processor.
Generally, program modules include routines, programs,
libraries, objects, classes, components, data structures, etc.,
that perform particular tasks or implement particular abstract
data types. The functionality of the program modules may be
combined or split between program modules as desired in
various embodiments. Computer-executable instructions for
program modules may be executed within a local or distrib-
uted computing environment.

[0039] For the sake of presentation, the detailed descrip-
tion uses terms like “select” and “receive” to describe
computer operations in a computing environment. These
terms are high-level abstractions for operations performed
by a computer, and should not be confused with acts
performed by a human being. The actual computer opera-
tions corresponding to these terms vary depending on imple-
mentation.

II. Techniques for High Dynamic Range Image Data Com-
pression

[0040] Several still image compression standards have
been developed, such as JPEG and JPEG2000. These stan-
dards set forth requirements for decoders to decode images
encoded in a JPEG or JPEG2000 format. A JPEG2000-
compliant encoder and decoder (“codec”) provides high-
quality images with good compression efficiency. Windows
Media™ Photo (“WMP”) is a state-of-the-art still image
codec which can achieve compression efficiency compa-
rable to JPEG2000. A basic WMP codec can handle a
dynamic range not higher than 24 bits per color channel.

[0041] Because the WMP codec and other codecs have
dynamic range constraints, there is a need for techniques and
tools for processing HDR images within dynamic range
constraints. Accordingly, techniques and tools are described
for converting pixel formats commonly used to carry HDR
image information to other formats. Conversion techniques
are used where, for example, the bit depth of an HDR pixel
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value exceeds the permissible range of a still image codec.
For example, the WMP codec can support an internal
dynamic range of 24 bits per channel (e.g., in a 24-bit signed
integer format, or a 24-bit floating point format).

[0042] Rounding or truncation operations on HDR pixels
disallow the possibility of lossless encoding and may cause
visible artifacts (e.g., due to underflows and overflows
caused by rounding). In the examples described below,
several pixel formats (e.g., RGBE, 32-bit float, 16-bit “half”
float) commonly used to carry HDR image information are
described, and techniques are described to handle these pixel
formats for effective encoding and decoding in codecs with
dynamic range constraints.

[0043] Described techniques for converting between pixel
formats allow both lossless and lossy coding when the data
ranges allow for this to happen. Data loss in described
techniques is a probabilistically bounded loss (e.g., for a
given quantization parameter). Described techniques reduce
the likelihood of major artifacts such as rollover (e.g., where
a value of a dark pixel “rolls over” to a bright pixel due to
underflow or overflow).

[0044] Described techniques can represent data in a com-
pressed file independent of the source pixel format. For
example, an encoder/decoder can encode an RGBE file into
a compressed file and decode the compressed file to a
meaningful 32-bit float file. Subject to format and data range
constraints, reverse conversions also are possible. An
encoder/decoder can transcode from an HDR to a non-HDR
format (such as an 8-bit format) to produce a meaningful
(although degraded) representation of the original HDR
image. In described techniques, mappings of data from an
HDR space to a representation with a different dynamic
range are continuous and smooth.

[0045] A. Example HDR Formats

[0046] The following are examples of HDR formats that
can be converted by one or more of the described techniques
and tools.

[0047] 1. Radiance RGBE

[0048] Radiance RGBE is a widely used format for car-
rying HDR image data. In an RGBE image, each pixel is
represented by 32 bits: one group of bits (e.g., one byte) for
a red mantissa (R), one group of bits (e.g., one byte) for a
green mantissa (G), one group of bits (e.g., one byte) for a
blue mantissa (B), and the remaining bits (e.g., one byte) for
a common exponent (E), as shown in FIG. 2. Data formats
that use a common exponent for color channel mantissas can
be referred to as common exponent formats.

[0049] In RGBE, effective pixel values (fR, fG, fB) are
floating point numbers defined as:

JR=R*2(E—128);

fG=G*2(E—128);

B=B#*2®129) (1)
Reverse conversion from RGB to RGBE is a little bit more
complex. An RGBE rule restricts the largest 8-bit mantissa
within the range [128 255], while the other two 8-bit
mantissas are unrestricted (i.e., the range is [0 255]). So, the
mapping from RGB to RGBE is unique. The dynamic range
that RGBE can present is [27!27 2+127], which is approxi-
mately 76 orders of magnitude. The RGB value recon-
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structed from an RGBE pixel is unsigned—all nonzero
values are positive. However, since the three color compo-
nents share the same exponent, the precision of the two
smaller components is sacrificed. E=0 is a special case,
indicating that the corresponding pixel value is zero.

[0050] One variant of Radiance RGBE (9:9:9:5) assigns 9
bits each to the red, green and blue mantissa channels, and
5 bits to the exponent, thus representing each pixel in 32 bits
as in the 8:8:8:8 format described above. Other representa-
tions of RGBE also are possible, with different numbers of
bits assigned to the mantissas and the exponent.

[0051] 2. 32-bit Float

[0052] 32-bit floating point (“32-bit float™) is commonly
used in representing floating point image data. Container
formats defining 32-bit floating point images include Por-
table Float Map (“PFM”) and Tagged Image File Format
(“TIFF”). The IEEE 754 32-bit single-precision float num-
ber includes 1 bit for the sign (s), 8 bits for the exponent (e)
and 23 bits for the mantissa (m). The float value is calculated
as shown in equation (2):

F=(=10%2Cx(lm) if 0<e<255; @)

f == %27 Om) if e=0 and m !=0;

=00 if e=0 and m=0;

f = INF (infinity) if e =255 and m = 0;

f =NaN if e=255and m!=0,

where c is the shift value (bias) for the exponent (c=127 for
32-bit float), and NaN is a special symbol meaning that the
data is “not a number,” which is used to indicate erroneous
results. An encoder can choose different values of c, as
appropriate.

[0053] 3. 16-bit Float (“Half”)

[0054] 16-bit floats (also referred to as “half”) have one
sign bit, five exponent bits and ten mantissa bits. Since the
16-bit and 32-bit floating point representations are structur-
ally identical except for specific differences in lengths of
fields, they can be referred to generically as “floating point.”

[0055] 4. 32-bit Signed and Unsigned Integers

[0056] 32-bit integers are also used to carry image data.
However, in a codec that can handle a data range of fewer
than 32 bits per channel (e.g., 24 bits per channel), tech-
niques are needed for reducing the range of 32-bit integers
to the smaller number of bits for compression, and for
expanding back to the full range for decompression.

[0057] Thus, techniques are described for adapting digital
media formats such as RGBE, 32-bit floating point and
32-bit integers to acceptable formats for codecs with differ-
ent dynamic ranges.

[0058] B. Encoding and Decoding Different Dynamic
Range Formats in Dynamic Range-Constrained Codecs

[0059] This section describes techniques for adapting
RGBE, 32-bit floats, 16-bit floats, 32-bit integers, and other
formats for use with dynamic range-constrained digital
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media codecs. For example, one or more of the following
techniques can be implemented.

[0060] A technique for converting data in an RGBE
format to an integerized RGB format, and vice versa.

[0061] A technique for encoding and decoding HDR
floating point data (e.g., 32-bit floats) by using, for
example, sign bit extension, and selection of mantissa
length and exponent bias for floating point data.

[0062] A technique for encoding and decoding 32-bit
unsigned and signed integers using, for example, pre/
post bit-shifting and signaling the pre/post shift bits.

Other techniques also are described.

[0063] In the examples described herein, specific tech-
niques are described as being performed by encoders (which
typically perform compression) and decoders (which typi-
cally perform decompression). However, it should be under-
stood that techniques described in terms of an “encoder” can
be performed in an intermediate forward conversion or
compression operation within a decompression or other
conversion stage, and that techniques described in terms of
a “decoder” can be performed in an intermediate inverse
conversion or decompression operation within a compres-
sion or other conversion stage.

[0064] 1. Sign Extension

[0065] With sign extension, data having a bit depth n can
be remapped to a bit depth m, where m>n, by extending the
sign bit of the n-bit data. For example, data of a bit depth less
than or equal to 24 bits can be remapped to 24 or 32 bits
internal representation (or potentially other internal repre-
sentations). This allows the same functional blocks to be
used for compressing 8-bit images, 10-bit images and 12-bit
images, and other images. Further, the actual range of data
in the internal representation need not take up the full
dynamic range of the encoder and decoder, as long as the
data does not exceed the maximum number of significant
bits for the encoder and decoder.

[0066] An example image codec compresses images rep-
resented with integer-valued pixels. The permissible range
of input is 24 bits, signed. 2’s complement representation is
used for negative numbers.

[0067] For pixel data encoded or decoded by a 24-bit
dynamic range codec that is represented in 32-bit signed
integers, for each data point X, the most significant 9 bits are
all zero or all one. This is because the ‘2’s complement’
representation of negative X as a 32-bit signed integer sets
the first 9 bits to one. If X is positive, these first 9 bits are
all zero. Therefore, a data point X represented as a 32-bit
signed integer will only have 24 bits of actual data when
encoded or decoded by a 24-bit dynamic range codec.

[0068] An integer with a smaller number of bits, such as
a 16-bit signed integer, can be put into a longer signed
integer format, such as a 32-bit signed integer, using sign
extension. For example, an encoder can copy the 16 bits of
a 16-bit integer S into the least significant bits of a 32-bit
integer X, and then copy the most significant bit of S into the
top 16 bits of X. In the example shown in FIG. 3, sign
extension is performed from a 16-bit word 300 to a 32-bit
word 310. The least significant bits (“LSBs”) are on the
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right. The sign bit 320 of 16-bit word 300 is copied into the
top 17 bits of the 32-bit word 310.

[0069] The reverse process of sign extension may involve
a clamping operation in case of overflows and underflows.
For instance, a signed 8 bit image under lossy compression
may decompress to pixel values less than -128 or greater
than 127 (e.g., values greater than 127 are clamped to 127,
and values less than —128 are clamped to —128).

[0070] 2. Encoding and Decoding of Common Exponent
Data

[0071] The term “common exponent data” can be used to
refer to data in a format with plural color channel mantissas
and common exponent. For example, as noted above, in an
RGBE image, each pixel is represented by 32 bits: one group
of bits (e.g., one byte) for a red mantissa (R), one group of
bits (e.g., one byte) for a green mantissa (G), one group of
bits (e.g., one byte) for a blue mantissa (B), and the
remaining bits (e.g., one byte) for a common exponent (E),
as shown in FIG. 2. Some example techniques for convert-
ing common exponent data are described below.

Forward Conversion

[0072] In a forward conversion from RGBE to a 16-bit
RGB format, an encoder could combine the exponent E and
each mantissa (R, G, B) for a 16-bit representation. In this
naive mapping, the 8 bits of E occupy the top 8 bits of the
16 bit representation for each channel, and the lower 8 bits
are occupied by red, green and blue mantissas, respectively.
Unfortunately, this representation will give rise to visible
artifacts in lossy compression since the mapping between
RGB and RGBE is discontinuous. Another way to code
RGBE is to treat the exponent E as a separate plane.
However, treating the exponent E as a separate plane effec-
tively changes the three-channel RGBE format to a four-
channel format (with E as the fourth channel) with encoding/
decoding requirements that are inconsistent with a three-
channel RGB format. Treating the exponent E as a separate
plane would make the compressed format dependent on the
source format and would not allow direct decompression to
floating point formats without first forming the RGBE
representation and then converting to floating point. It is
desirable for the coded image to represent a collection of
pixels with no dependency on the format of the source
pixels.

[0073] Accordingly, techniques are described for convert-
ing common exponent data to integerized data such that the
mappings are continuous. For example, a technique is
described in which an encoder codes RGBE by converting
RGBE data to three-channel, 16-bit integerized data that can
be handled by an encoder with a larger dynamic range (e.g.,
24 bits per channel) using sign extension.

[0074] FIG. 4 shows a generalized technique 400 for
converting common exponent data to integerized color chan-
nel data. At 410, using the mantissas and the common
exponent from the common exponent data, an encoder forms
a mantissa-exponent pair for each color channel. At 420, the
encoder performs additional processing on the mantissa-
exponent pair for each color channel to produce an integer-
ized color channel value for each color channel. The addi-
tional processing ensures a continuous mapping between the
common exponent data and the integerized data. If there are
more pixels to be processed, the encoder processes the next
pixel at 430.
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[0075] FIG. 5 shows a detailed technique 500 for convert-
ing RGBE data to RGB data. At 510, an encoder forms three
pairs of mantissa and exponent values ((R, Er); (G, Eg); (B,
Eb)). Let X represent the mantissa of a current mantissa-
exponent pair, let Ex represent the exponent of the current
mantissa-exponent pair, and let Fx represent a forward-
converted color channel value based on the current man-
tissa-exponent pair. In this example, the initial values of Er,
Eg and Eb are set to the common exponent E.

[0076] At 520, if X=0 or Ex=0, the corresponding color
channel value is 0. In this case, the encoder sets the
forward-converted value Fx to O at 530. If the special case
shown at 520 does not apply, the encoder proceeds as
follows. At 540, while the highest bit of the mantissa X is 0
and the exponent Ex is greater than 1, the encoder left-shifts
the mantissa X and decrements the exponent Ex. This step
preserves the effective pixel value which is of the form
¢-X-25* for an arbitrary constant c. An optional bias may be
applied after the left shift. The encoder terminates this
“while” loop only when the highest bit of the mantissa is 1
and the exponent Ex is less than or equal to 1.

[0077] If the terminal value of Ex is 1 (i.e., if the encoder
exits the while loop 540 when Ex=1), the encoder sets the
converted value Fx to X at 550. This is referred to as the
denormal conversion. If the terminal value of Ex is >1, the
encoder sets the converted value Fx to (Ex<<7)+(X & 0x7f)
at 560. In other words, the encoder sets the seven LSBs of
the converted value to the seven LSBs of X, and sets the top
bits, or most significant bits (“MSBs”), of the converted
value to Ex. This is referred to as the normal conversion.
This is a reversible operation, since the MSB of X is always
1, due to the fact that it has been left-shifted until the MSB
is no longer 0. The encoder treats the result (Fr, Fg, Fb) as
a triad of integers.

[0078] If there are more mantissa-exponent pairs to be
processed in the current pixel (570), the encoder processes
the next pair at 575. If there are no more pairs to be
processed in the current pixel, and if there are more pixels
to be processed in the current picture (580), the encoder
processes the next pixel at 585.

[0079] The technique 500 can be modified for use with
other input formats. For example, modified versions of the
technique 500 can be used with alternative definitions of
RGBE, such as 9:9:9:5 (exponent size is 5 bits). For the
RGBE 9:9:9:5 case, the only modification to the above
technique is to set the Fx to (Ex<<8)+(X & 0xff) when the
while loop is terminated and Ex is >1.

Inverse Conversion

[0080] FIG. 6 shows a detailed example technique 600 for
inverse conversion from RGB to RGBE (e.g., at a decoder).

[0081] At 610, the decoder sets the mantissa X (R, G or B)
to be equal to the corresponding converted RGB color
channel value Fx (Fr, Fg or Fb). The decoder marks values
of mantissa X (R, G or B) less than or equal to 0 as 0, setting
X=0 and Ex=0. At 620, for each X, the decoder determines
whether the “normal” or “denormal” conversion applies.
The “normal” conversion applies when (X>>7) is greater
than 1, otherwise the “denormal” conversion applies. At 630
and 640, the decoder performs “normal” or “denormal”
conversion operations, depending on which conversion
applies. If “normal” conversion applies, the decoder sets



US 2007/0258641 A1

Ex=(X>>7) and sets X=(X & 0x71)+0x80. When the “denor-
mal” conversion applies (e.g., when (X>>7) is not greater
than 1), the decoder sets Ex=1, and X is unchanged.

[0082] At 650, the decoder obtains three mantissa-expo-
nent pairs (R, Er), (G, Eg) and (B, Eb). The three exponents
generated initially may not be the same, so a common
exponent is computed before forming the RGBE pixel. At
660, the decoder finds the common exponent E. For
example, the decoder finds the maximum of Er, Eg and Eb
(E=max(Er, Eg, Eb)). At 670, for each color component, the
decoder uses the common exponent E and the mantissa-
exponent pairs to calculate values of R, G and B for the
RGBE format. For example, for each of the three color
components X, the decoder sets X=(X+r)>>(E-Ex), where r
is a rounding offset for the division or right shift. Then, at
680, the decoder outputs the result (RGBE) of the inverse
conversion. If there are more pixels to be processed in the
current picture (690), the encoder processes the next pixel at
695.

[0083] Specific described forward and inverse steps can
produce bit-exact inverses of each other in the general case
(i.e., when special cases such as E=0, or invalid RGBE
values, do not apply).

[0084] As with forward conversion, the technique 600 can
be modified to work with other formats, such as for alter-
native definitions of RGBE. For the RGBE 9:9:9:5 case, the
modification to the above technique is described below.

[0085] For each X, the decoder determines whether the
“normal” or “denormal” conversion applies. The “normal”
conversion applies when (X>>8) is greater than 1. In this
case, the decoder sets Ex=(X>>8) and sets X=(X & Oxf)+
0x100. When the denormal conversion applies (e.g., when
(X>>8) is not greater than 1), the decoder sets Ex=1, and X
is unchanged.

[0086] 3. Encoding and Decoding of Floating Point Data

[0087] In described floating point conversion techniques,
an encoder encodes floating point data by considering the
floating point number (typically represented in 16 or 32 bits)
as though it were an integer. Typically, the sign of floating
point data is carried in a sign bit located in the MSB position.
The floating point numbers € and —e differ by one bit in the
MSB position, regardless of the value of E. However, even
when € is the smallest nonzero number that can be repre-
sented, the integer representations of € and —e differ signifi-
cantly in integer arithmetic, which creates inefficiencies and
unacceptable artifacts when signed data is compressed.

[0088] Often, the number of mantissa and exponent bits
suitable for an application is different from the default
mantissa and exponent bits in a particular representation of
a floating point value. Compression efficiency may be
improved by using smaller mantissa sizes where possible to
reduce overall data range. Further, adjusting mantissa and/or
exponent bits may be necessary for some codecs, such as
when the data range is outside what a codec can natively
handle.

[0089] One or more of the described techniques and tools
can be used to overcome these issues. For example, an
encoder can perform a 2’s complement operation on floating
point data based on the sign bit. For positive and negative
numbers, interpreting a 16-bit or 32-bit floating point num-
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ber as an integer produces a smooth or continuous mapping.
The only discontinuity is at zero. By performing a 2’s
complement operation on the data, the discontinuity at zero
is removed.

[0090] As another example, an encoder can represent
floating point numbers (“floats”) with an arbitrary number of
mantissa bits. The number of exponent bits is constrained to
be strictly smaller than the dynamic range of the codec,
minus the number of mantissa bits. For instance, for a 24-bit
dynamic range codec and 16 mantissa bits, the number of
exponent bits can be no more than 7. The one extra bit is for
the sign bit information.

[0091] FIG. 7 shows a generalized technique 700 for
converting digital media data in a floating point format
comprising a sign bit, an exponent and a mantissa to an
integer format having a different dynamic range. At 710, the
encoder obtains a scaled exponent by scaling the exponent
of the floating point data with an exponent bias value. At
720, the encoder generates digital media data in an integer
format with a different dynamic range. The digital media
data in the integer format comprises the scaled exponent and
the mantissa. The mantissa in the integer format may be the
same bit length, or shorter or longer than the mantissa of the
floating point format. If there are more floats (e.g., repre-
senting color components in a pixel) to be processed, the
encoder processes the next float at 730. The encoder can
output the generated digital media data in the integer format
(e.g., to a decoder).

[0092] An exponent bias parameter ¢ determines the scal-
ing factor of the resulting floating point value. The forward
and inverse conversion processes (float-to-integer and inte-
ger-to-float, respectively) are described below (e.g., for
32-bit and 16-bit floats).

32-bit Floating Point Forward Conversion

[0093] For floating point conversions, an encoder can
specify (either automatically or with user input) two param-
eters: the exponent bias, ¢, and the length of mantissa, 1 .

[0094] FIG. 8 shows a detailed example technique 800 for
a forward conversion of still image pixel data from 32-bit
float to integer. At 810, an encoder calculates the exponent
E using an exponent bias c, such that E=0. If any exponent
E is negative, the user specified ¢ parameter is invalid. For
the 32 bit IEEE floating point standard, the exponent E; is
represented in 8 bits. In this case the exponent E is calculated
from E; and ¢ as E=E~127+c. At 820, the encoder adjusts
the length of the mantissa of the 32-bit float representation
by truncating or extending it, as appropriate, to the length of
the user-specified mantissa 1, if it differs from the 32-bit
float mantissa length. Truncation of the mantissa happens if
1, is smaller than the size of mantissa L, in bits (which for
the 32 bit IEEE floating point standard is 23). In this
example, truncation is carried out by discarding the L, -1,
least significant bits of the mantissa. If L <I_, the mantissa
bits are left shifted by 1,-L,, bits. At 830, the encoder
generates an integer representation X by composing the
exponent E and the 1, length mantissa M, such that
X=((E<<l,)M). M occupies the LSBs and E occupies the
MSBs. In this example, the encoder pads any remaining
MSBs with Os.

[0095] At 840, the encoder conditionally performs a 2’s
complement on X based on the sign bit S of the original
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floating point number. If S is 1, the encoder sets X=(X
"(-1))+1. If S is zero, X remains unchanged.

[0096] Ifthere are more color components to be processed
in the current pixel (870), the encoder processes the next
color component at 875. If there are no more color compo-
nent to be processed in the current pixel, and if there are
more pixels to be processed in the current picture (880), the
encoder processes the next pixel at 885.

[0097] By allowing control of the target exponent bias and
length of mantissa (automatically or with user input), the
encoder can control the input precision. With the increase of
the length of mantissa, the bit rate increases and the quality
is improved. Thus, a flexible mantissa length provides
flexibility for the rate-distortion control. Extending the sign
bit can improve presentation of negative numbers and cod-
ing efficiency.

32-bit Floating Point Inverse Conversion

[0098] FIG. 9 shows an example inverse conversion tech-
nique 900 (e.g., at a decoder) for converting still image pixel
data in an integer format to 32-bit floats. In this example, a
decoder finds the sign bit S, exponent E, and mantissa M for
a 32-bit float using the bits of an integer X, a specified
mantissa length 1, and an exponent bias c. At 910, a decoder
determines the value of the sign bit S from the input integer
X for a color component (e.g., R, G or B) by examining
whether X is negative. For example, S is 1 if X is negative.
Otherwise, S is 0. At 920, the decoder sets X to its absolute
value (X=abs(X)). At 930, the decoder sets the 1, MSBs of
the mantissa M to be equal to the 1, bits in the LSBs of X.
This may involve a truncation or left-shift, as necessary. At
940, the decoder sets the exponent E using the exponent bias
¢ and a shift value appropriate for a 32-bit float (e.g., 127).
For example, the decoder sets the exponent E according to
the equation E=(X>>1_)-c+127. At 950, the decoder per-
forms a bit composition on the sign bit S, the mantissa M,
and the exponent E to form a 32-bit float F, such that F=[S
(1 bit)[E (8 bits)|M (23 bits)].

[0099] Ifthere are more color components to be processed
in the current pixel (970), the encoder processes the next
color component at 975. If there are no more color compo-
nent to be processed in the current pixel, and if there are
more pixels to be processed in the current picture (980), the
encoder processes the next pixel at 985.

[0100] The example forward and inverse conversions
described above with reference to 32-bit floats can be
adapted to encode 16-bit floats, 64-bit floats, and other
representations of floating point data. The modifications
include: (1) replacing the shift value (127 for 32-bit float)
with an appropriate shift value for the exponent of a par-
ticular float; and (2) shifting sign, exponent and mantissa
bits to an appropriate position according to the float’s
definition.

16-bit Float (“Half”)

[0101] In described techniques, the treatment of floating
point data (e.g., 32-bit floats) is very flexible. For example,
described techniques include the use of two parameters
(user-specified, or determined by the encoder) to help define
a conversion process. The parameters can help an encoder
process floating point data with a greater dynamic range than
the encoder can normally handle for specific encoding
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operations, such as when an encoder with a 24-bit internal
dynamic range processes a 32-bit float. Sometimes, how-
ever, a floating point number is smaller than the encoder’s
internal dynamic range. For example, an encoder with a
24-bit internal dynamic range that processes data in the
popular “Half” or 16-bit floating point format does not
exceed a 24-bit internal dynamic range constraint even when
the floating point number is treated as an integer. This
observation allows for a simpler treatment of Half data.

[0102] FIGS. 10 and 11 show example techniques 1000,
1100 for forward and inverse conversion processing 16-bit
floats in a 24-bit internal dynamic range codec. In the
example forward conversion technique 1000, at 1010 an
encoder copies all bits except the MSB from the input Half
float F to the output 24-bit integer X for a color component
(e.g., R, G or B), such that X=(F & Ox71ff). At 1020, the
encoder conditionally performs a 2’s complement on X
based on the sign bit of F, which is the MSB of F. If the MSB
of F is 1, the encoder sets X=(X"(~1))+1. Otherwise, if the
sign bit of F is 0, X not changed. The encoder then outputs
(1030) the forward-converted integer X.

[0103] Ifthere are more color components to be processed
in the current pixel (1070), the encoder processes the next
color component at 1075. If there are no more color com-
ponent to be processed in the current pixel, and if there are
more pixels to be processed in the current picture (1080), the
encoder processes the next pixel at 1085.

[0104] In the inverse conversion technique 1100, at 1110
a decoder preliminarily sets the output Half float F to be the
absolute value of the input integer X. If F is greater than
Ox71tf, the decoder sets F=0x7fff. F can be clamped to 15
bits. At 1120, based on the sign of the input integer X, the
decoder sets the MSB (sign bit) of output Half float F. If X
is non-negative, the decoder sets the MSB of F to 0. If X is
negative, the decoder sets the MSB of F to 1. At 1130, the
decoder outputs the Half float F.

[0105] If there are more color components to be processed
in the current pixel (1170), the encoder processes the next
color component at 1175. If there are no more color com-
ponent to be processed in the current pixel, and if there are
more pixels to be processed in the current picture (1180), the
encoder processes the next pixel at 1185.

[0106] 4. Encoding and Decoding of 32-Bit Integers

[0107] Codecs that operate with lower dynamic ranges
may also need to reduce the size of higher dynamic range
integers. For example, an encoder with a 24-bit internal
dynamic range may not be able to handle 32-bit signed and
unsigned integers without converting the 32-bit integers in
some way, although reducing the size of signed and
unsigned integers to fit within a smaller dynamic range may
involve some loss of information.

[0108] Different techniques can be used to fit 32-bit inte-
gers (or other high dynamic range integers) to a codec that
uses a 24-bit dynamic range (or some other dynamic range
that is smaller than an input integer). One technique involves
remapping the data to floating point. For example, it is
possible to represent an entire 32 bit range by using a
floating point representation with a 19-bit mantissa (1,,=19),
a 4-bit exponent (c=7) and a sign bit, and be within a 24-bit
constraint. In general, a higher number of mantissa bits
implies better rate-distortion performance. In one implemen-
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tation, setting 1, to 19 provides better rate-distortion per-
formance than other values of 1 ,. This technique produces a
continuous, non-linear mapping. With more than 19 man-
tissa bits, distortions may be visible when the 32-bit range
is exercised.

[0109] The inverse mapping is as follows. In order to
generate the integer X represented by the float F=[s (1 bit)|e
(4 bits)jm (19 bits)], first the value f of this floating point
number is derived using the following equations:

F=(=1+2Cx(lm) ifO<e<lS;

f=(=1 %27 Om) if e=0 and m !=0;

=00 ife=0and m=0;
f =INF if e=15 and m=0;
f =NaN if e=15and m!=0

Then, X is obtained by rounding f to an integer. Clamping
can be used to restrict X to the 24-bit range.

[0110] Another technique involves a right-shift on the
encoder side (and a corresponding left-shift on the decoder
side) to fit within the narrower dynamic range of the codec.
For example, an encoder can perform an 8-bit right-shift on
a 32-bit integer at an encoder and a corresponding 8-bit
left-shift at a decoder to fit a 32-bit integer in a 24-bit
dynamic range. This has the advantage of being a linear
mapping, but at the cost of not preserving the precision of
small valued data. For differently-sized input integers or
different target dynamic ranges, an encoder can perform
larger or smaller bit shifts.

[0111] An encoder can choose whether to use linear con-
version or non-linear conversion. FIG. 12 shows a general-
ized technique for converting integers with higher dynamic
ranges to a lower dynamic range by selecting between linear
and non-linear conversion. For example, referring to FIG.
12, an encoder receives digital media data in an n-bit integer
format at 1210. The encoder selects between a linear con-
version and a non linear conversion at 1220. If non-linear
conversion is selected, the encoder performs non-linear
conversion (1230) on the input integer to reduce the
dynamic range of the input integer to a lower dynamic range.
For example, the encoder converts the n-bit integer to a k-bit
floating point format corresponding the dynamic range of
the encoder, where k<m. If linear conversion is selected, the
encoder performs linear conversion (1240) to reduce the
dynamic range of the input integer. For example, the encoder
performs a right shift of an appropriate number of bits to
reduce the dynamic range. If there are more input integers to
be processed (1270), the encoder processes the next input
integer at 1275.

[0112] 5. Signaling for Data Format Conversions

[0113] An encoder can insert symbols in an encoded
bitstream to indicate information relating to data format for
conversions. The information can be compressed in various
ways (e.g., with a variable-length or fixed-length code
selected from one or more code tables). An encoder can
signal which source formats are being converted, which
conversion techniques are being used, and other data relat-
ing to conversions.
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[0114] For example, an encoder signals coding parameters
according to the example technique 1300 shown in FIG. 13.
The encoder determines the source digital media format and
signals the source digital media format (e.g., a still image
pixel data format) at 1300. The signaling of the source
format can involve sending a fixed or variable-length code
from a code table comprising codes assigned to a predefined
set of formats. For example, an encoder can choose between
unsigned 8-bit integer, signed 10-bit integer, signed 12-bit
integer, signed 32-bit integer, unsigned 32-bit integer,
RGBE, 16-bit float, and 32-bit float.

[0115] The encoder makes one or more conversion tech-
nique decisions (e.g., based on the source pixel format
and/or other information). The encoder can signal conver-
sion technique decisions, if needed, at 1320. For example,
the encoder can choose to whether to perform an abbreviated
floating point conversion (e.g., choosing abbreviated treat-
ment if the source pixel format is 16-bit float, and choosing
other floating point treatment if the source pixel format is
32-bit float). As another example, the encoder can choose
between linear and non-linear conversion techniques (e.g.,
for converting 32-bit integers to a 24-bit dynamic range).

[0116] The encoder also may signal additional parameters
for the conversion at 1330. For example, if the source pixel
format is a floating point format or if the selected conversion
method is a nonlinear conversion method for HDR integers,
the encoder can signal exponent bias and mantissa-length
parameters (c and 1 ). If the selected conversion method is
a linear conversion method, the encoder can signal pre/post
scale or bit-shift parameters in the bitstream.

[0117] Different parameters and encoding decisions can be
signaled explicitly or implicitly, individually or jointly. For
example, a conversion technique decision can be signaled
jointly with a source format, or a conversion technique
decision can be determined implicitly by a decoder based on
the source format or the presence of certain conversion
parameters in the bitstream. The encoder can change con-
version techniques and/or signal changes in source format
for different parts of the source data and signal such changes
in the bitstream.

[0118] A decoder parses the encoded bitstream and per-
forms inverse conversion. For example, the decoder decodes
conversion decisions and decodes additional parameters if
the encoder has provided them in order to perform the
inverse conversion.

[0119] More signaling details are provided below in Sec-
tion III.

[0120] C. Extensions

[0121] Although this detailed description describes
examples with reference to specific input formats (e.g.,
RGBE, 32-bit floating point, 16-bit floating point, and 32-bit
integer formats) and specific codecs (e.g., a codec with a
24-bit dynamic range), the techniques presented here can be
applied widely. In particular, several currently used and
future bit depths and data formats can be accommodated,
with straightforward modifications to the algorithms pre-
sented here. Also, these algorithms can be used in a wide
variety of current and future codecs. When using these
algorithms with different codecs, the additional signaling
parameters may be sent by means of a secondary channel, as
side information, as metadata, and/or at different bitstream
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levels (e.g., a container level). This form of signaling allows
these techniques to be used with different codecs and comply
with different bitstream formats.

II1. Example Encoder and Bitstream Syntax and Semantics

[0122] An example still image encoder/decoder and bit-
stream syntax and semantics that can be used in combination
with described techniques and tools are now described. For
example, the bitstream syntax and semantics described
below can be used by an encoder to encode a still image
based on a variety of input formats.

[0123] The details provided in this section are only
examples. Other encoders/decoders can implement
described tools and perform described techniques in other
ways.

[0124] The example encoder/decoder includes support for
a wide range of pixel formats including:

[0125] Monochrome, RGB, CMYK or n-Channel
image representation

[0126] 8 or 16-bit unsigned integer

[0127] 16 or 32-bit signed integer

[0128] 16 or 32-bit floating point

[0129] Several packed bit formats
[0130] 1 bpc monochrome

[0131] 5 or 10 bpc RGB
[0132] RGBE Radiance
[0133] A. Compression Algorithm Overview

[0134] The example encoder/decoder provides native sup-
port for both RGB and CMYK, providing a reversible color
transform for each of these color formats to an internal
luminance-dominant format used for optimal compression
efficiency. In addition the example encoder/decoder supports
YUV, monochrome and arbitrary n-channel color formats.

[0135] Because the transforms employed are fully revers-
ible, the codec supports both lossless and lossy operation
using a single algorithm. This significantly simplifies the
implementation for embedded applications.

[0136] The example encoder/decoder supports a wide
range of popular numerical encodings at multiple bit depths.
8-bit and 16-bit formats, as well as some specialized packed
bit formats are supported for both lossy and lossless com-
pression. 32-bit formats are supported using lossy compres-
sion; only 24 bits are typically retained through the various
transforms designed to achieve maximum compression effi-
ciency. While the example encoder/decoder uses integer
arithmetic exclusively for its internal processing, an inno-
vative color transform process provides lossless encoding
support for both fixed and floating point image information.
This also enables extremely efficient conversion between
different color formats as part of the encode/decode process.

[0137] A file for the example encoder/decoder is defined
by a container and an elementary bitstream. This nomen-
clature is consistent with container and elementary bitstream
definitions for audio and video content. The container is a
higher level structure that contains one or more elementary
bitstreams, plus descriptive metadata. Each elementary bit-
stream defines an image. The container further contains
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information about each image, annotation, metadata, audio
data, and definition of relationship between images.

[0138] The elementary bitstream is generally created by an
encoder that operates on an input image. Further, the
elementary bitstream is intended for consumption by a
decoder, which reconstructs the input image or an approxi-
mation thereof. Although the bitstream is fully described by
describing the decoder, this specification defines both the
encoder and decoder operations. It is understood that the
encoder may choose among multiple possibilities in encod-
ing an image, and each elementary bitstream may recon-
struct to a different approximation of the input.

[0139] B. Precision and Word Length

[0140] The example encoder/decoder performs integer
operations. Further, the example encoder/decoder supports
lossless encoding and decoding. Therefore, the primary
machine precision required by the example encoder/decoder
is integer.

[0141] However, integer operations defined in the
example encoder/decoder lead to rounding errors for lossy
coding. These errors are small by design, however they
cause drops in the rate distortion curve. For the sake of
improved coding performance by the reduction of rounding
errors, the example encoder/decoder defines a secondary
machine precision. In this mode, the input is pre multiplied
by 8 (i.e. left shifted by 3 bits) and the final output is divided
by 8 with rounding (i.e. right shifted by 3 bits). These
operations are carried out at the front end of the encoder and
the rear end of the decoder, and are largely invisible to the
rest of the processes. Further, the quantization levels are
scaled accordingly such that a stream created with the
primary machine precision and decoded using the secondary
machine precision (and vice versa) produces an acceptable
image.

[0142] The secondary machine precision cannot be used
when lossless compression is desired. The machine preci-
sion used in creating a compressed file is explicitly marked
in the header.

[0143] The secondary machine precision is equivalent to
using scaled arithmetic in the codec, and hence this mode is
referred to as Scaled. The primary machine precision is
referred to as Unscaled.

[0144] The example encoder/decoder is designed to pro-
vide good encoding and decoding speed. A design goal of
the example encoder/decoder is that the data values on both
encoder and decoder do not exceed 16 signed bits for an 8
bit input. (However, intermediate operation within a trans-
form stage may exceed this figure.) This holds true for both
modes of machine precision.

[0145] Conversely, when the secondary machine precision
is chosen, the range expansion of the intermediate values is
by 8 bits. Since the primary machine precision avoids a
pre-multiplication by 8, its range expansion is 8-3=5 bits.

[0146] The example encoder/decoder uses two different
word lengths for intermediate values. These word lengths
are 16 and 32 bits.

[0147] C. Bitstream Layout

[0148] The bitstream is hierarchical and is comprised of
the following layers: Image, Tile, Macroblock and Block.
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Image layer

Image (IMAGE) (Variable size)

Image Header layer
Image Header (IMAGE_HEADER)

IMAGE (){ Num bits ~ Descriptor IMAGE_HEADER (){ Num bits Desecriptor
IMAGE HEADER Variable  struct TRIM_FLEXBITS_FLAG 1 uimsbf
IMAGE_ PLANE_HEADER Variable  struct &LSEEYQTE%ETCHJLAG ; “?msg
If (ALPHACHANNEL _PRESENT) { wims

‘Plane = 1 ALPHACHANNEL_FLAG 1 uimsbf
IMAGE_PLANE_HEADER Variable  Struct SOURCE_CLR_FMT 4 uimsbf
SOURCE_ BITDEPTH 4 uimsbf

ifl INDEXTABLE_PRESENT_FLAG If (SHORT_HEADER_FLAG) {

1=0) { WIDTH 16 uimsbf

INDEXTABLE_ STARTCODE 16 HEIGHT 16 uimsbf
for(n=0;n< }

NumberlndexTableEntries; n++) { Else {

INDEX_ OFFSET_ TILE[n] VLWEsc  uimsbf WIDTH 32 uimsbf
) HEIGHT 32 uimsbf
HEADER_SIZE VLWEsc if (TILING_FLAG) {
FLUSH_BYTE _ Variable NUM_VERT_TILES_MINUS1 12 uimsbf
for (n = 0; n < NumberIndexTableEntries; NUM__HORIZ_TILES. MINUS1 12 uimsbf

n++) { 1

TILE(n) Variable struct for (n = 0; n <=
NUM_ VERT_TILES_ MINUS1; n++) {

¥ If(SHORT HEADER_FLAG)

WIDTH_IN_MB_OF_ TILEI[n] 8 uimsbf
else

[0149] } WIDTH_IN_MB_ OF_TILEI[n] 16 uimsbf

form=0;n<
TABLE 2 NUM__HORIZ_ TILES_ MINUSI; n++)
If (SHORT_HEADER _FLAG)
Image Header layer HEIGHT_IN_MB_OF_TILEI[n] 8 uimsbf
Image Header (IMAGE_HEADER else
. ) HEIGHT_IN_MB_OF_TILEI[n] 16 uimsbf

IMAGE_HEADER ( ){ Num bits Descriptor
GDISIGNATURE 64 uimsbf if (WINDOWING _FLAG) { ,
PROFILE 4 wimsbf NUM_ TOP_ EXTRAPIXELS 6 uimsbf
LEVEL 4 wimsbf NUM_ LEFT_EXTRAPIXELS 6 uimsbf
TILING?FLAG 1 uimsbf NUMiBOTTOMiEXTRAPD(ELS 6 uimsbf
BITSTREAMFORMAT 3 uimsbf NUM__RIGHT__EXTRAPIXELS 6 uimsbf
ORIENTATION 3 uimsbf }

INDEXTABLE_ PRESENT_FLAG 1 uimsbf FLUSHBYTE Variable
OVERLAP 2 uimsbf }
SHORT_HEADER_FLAG 1 uimsbf
LONG_WORD_ FLAG 1 uimsbf
WINDOWING_FLAG 1 uimsbf
[0150]
TABLE 3
Image Plane Header layer
IMAGE PLANE HEADER ( ){ Num bits Descriptor
CLR_FMT 3 uimsbf
NO_SCALED_FLAG 1 uimsbf
BANDS_ PRESENT 3 uimsbf
if (CLR_FMT == *YUV_444") {
CHROMA_ CENTERING 4 uimsbf
COLOR_INTERPRETATION 4 uimsbf
1 else if (CLR_FMT == ‘N_CHANNEL’) {
NUM_CHANNELS_ MINUSI 4 uimsbf
COLOR_INTERPRETATION 4 uimsbf
if (SOURCE_CLR_FMT == ‘BAYER’) {
BAYER_PATTERN 2 uimsbf
CHROMA_CENTERING BAYER 2 uimsbf
COLOR_INTERPRETATION 4 uimsbf
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Image Plane Header layer

IMAGE PLANE HEADER ( ){

Num bits

Descriptor

if (SOURCE__BITDEPTH == ‘32’ | SOURCE__BITDEPTH

== 328" {
SHIFT_BITS

}

if (SOURCE__BITEPTH == ‘32F") {
MANTISSA
EXPBIAS

}

DC_FRAME_ UNIFORM

if (DC_FRAME_ UNIFORM)
DC__QUANTIZER( )

If(BANDS_ PRESENT != ‘SB_DC_ ONLY’){
USE_DC_QUANTIZER
if(USE_DC_QUANTIZER == FALSE){

LP_FRAME_ UNIFORM

If(LP_FRAME_ UNIFORM){
NUM_LP_QUANTIZERS = 1
LP_QUANTIZER( )

}
if( BANDS__PRESENT !=
‘SB__NO__HIGHPASS"){
USE_LP_QUANTIZER

if(lUSE_LP_QUANTIZER == FALSE){

HP_FRAME__UNIFORM
If(HP_FRAME__UNIFORM){

NUM__HP_ QUANTIZERS = 1

HP_QUANTIZER( )
}
}
}

}
FLUSHBYTE

8
8

1

variable

1

1

variable

variable

Variable

uimsbf

uimsbf

uimsbf

uimsbf

struct

uimsbf

uimsbf

struct

uimsbf

uimsbf

struct

Some selected bitstream elements are defined below.

Source Color Format (SOURCE_CLR_FMT) (4 bits)

[0151] SOURCE_CLR_FMT a 4-bit syntax element and
specifies the color format of the source image as defined

below.

TABLE 4

Color Format of Source Image

SOURCE_ CLR__FMT Meaning of Source Color Format

Y_ONLY
YUV_420
YUV_422
YUV_444
CMYK
BAYER
N-CHANNEL
RGB

RGBE
PALLETIZED
10-15 Reserved

[ N I Y N =]

=)

If (iPlane==1), the value of SOURCE_CLR_FMT is equal

to 0.

Source Bit Depth (SOURCE_BITDEPTH) (4 bits)

[0152] SOURCE_BITDEPTH is a 4-bit syntax element
and specifies the bit depth of the source image, as defined
below.

TABLE 5

Color Format of Source Image

SOURCE_ BITDEPTH Meaning of Source Bit Depth

BD_1
BD_38
BD_16
BD_16S
BD__16F
BD_32
BD_ 328
BD__32F
BD_5
BD_10
10-15 Reserved

0 o h W= O

o

Color Format (CLR_FMT) (3 bits)

[0153] CLR_FMT is a 3-bit syntax element that specifies
the internal color format of the coded image as defined
below.
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TABLE 6

Color Format

CLR_FMT Meaning of Color Format

Y_ONLY
YUV_420
YUV_422
YUV_444
CMYK
BAYER
N-CHANNEL
Reserved

~N AW = O

Number of Channels (NUM_CHANNELS_MINUS1) (4
bits)

[0154] NUM_CHANNELS_MINUSI is a 4-bit syntax
element present only if CLR_FMT==“N_CHANNEL".

[0155] The number of channels, NChannels, is defined
according to the following pseudocode:

If (CLR_FMT == ‘N__CHANNEL")
NChannels = NUM__CHANNELS_ MINUS1 + 1
Else if (CLR_FMT==Y_ ONLY)
NChannels = 1
Else If (CLR_FMT == YUV_420 || CLR_FMT = =
YUV_422 || CLR_FMT == YUV_422)
NChannels = 3
Else // (CLR_FMT == CMYK || CLR_FMT == BAYER),
NChannels = 4

Pre/post Shift Bits (SHIFT_BITS)(8 bits)

[0156] SHIFT_BITS is an 8-bit syntax element that is
present only if (SOURCE_BITDEPTH==‘32" Il SOURCE-
_BITDEPTH==32S") and specifies the number of bits by
which to left-shift the reconstructed data.

Length of Mantissa (MANTISSA) (8 bits)

[0157] MANTISSA is an 8-bit syntax element that is
present only if (SOURCE_BITDEPTH==32F"). It species
the number of mantissa bits in the encoding of floating point
data.

Exponent Bias (EXPBIAS) (8 bits)

[0158] EXPBIAS is an 8-bit syntax element that is present
only if (SOURCE_BITDEPTH==32F"). This element
specifies the bias of the exponent in the encoding of floating
point data.

[0159] In view of the many possible embodiments to
which the principles of the disclosed invention may be
applied, it should be recognized that the illustrated embodi-
ments are only preferred examples of the invention and
should not be taken as limiting the scope of the invention.
Rather, the scope of the invention is defined by the following
claims. We therefore claim as our invention all that comes
within the scope and spirit of these claims.
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We claim:
1. A method comprising:

receiving digital media data in a first format at a digital
media encoder, the first format comprising a mantissa
for each of three color channels and a common expo-
nent;

for each color channel, forming a mantissa-exponent pair
comprising the mantissa of the color channel and the
common exponent;

for each mantissa-exponent pair, if the most significant bit
of the mantissa is 0 or the exponent of the pair is greater
than 1:

left-shifting the mantissa of the pair; and
decrementing the exponent of the pair; and

outputting compressed digital media data in a second
format with a different dynamic range than the first
format.

2. The method of claim 1 wherein the first format is an
RGBE format and the second format is an RGB format.

3. The method of claim 1 wherein each mantissa in the
first format is 8 bits and the common exponent in the first
format is 8 bits.

4. The method of claim 1 wherein one or more of the
mantissas in the first format has a different number of bits
than the common exponent.

5. The method of claim 1 further comprising decompress-
ing the compressed digital media data at a digital media
decoder.

6. The method of claim 1 wherein the digital media data
is still image data.

7. A computer-readable medium having stored thereon
computer-executable instructions for performing the method
of claim 1 in a digital media data encoder.

8. A method comprising:

receiving digital media data in a floating point format at
a digital media encoder, the digital media data in the
floating point format comprising a sign bit, an exponent
and a mantissa having a first bit length;

obtaining a scaled exponent by scaling the exponent with
an exponent bias value; and

outputting compressed digital media data in an integer
format with a different dynamic range than the floating
point format, wherein the compressed digital media
data in the integer format comprises the scaled expo-
nent and the mantissa.

9. The method of claim 8 further comprising casting the
first bit length mantissa to a second bit length, where the
second bit length differs from the first bit length.

10. The method of claim 9 wherein the second bit length
is shorter than the first bit length.

11. The method of claim 9 wherein the second bit length
is longer than the first bit length.

12. The method of claim 9 wherein the second bit length
is adjustable for rate control.

13. The method of claim 8 further comprising, based on
the sign bit, performing a 2’s complement operation prior to
outputting compressed digital media data.

14. The method of claim 8 further comprising decom-
pressing the compressed digital media data at a digital media
decoder.
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15. A computer-readable medium having stored thereon
computer-executable instructions for performing the method
of claim 8 in a digital media data encoder.

16. A method comprising:

receiving digital media data in an n-bit integer format at
a digital media encoder;

selecting between a linear conversion and a nonlinear
conversion;

if the linear conversion is selected:

right-shifting the digital media data in the n-bit integer
format by a number of bits to convert the digital
media data to a k-bit integer format, where k is less
than n;

if the nonlinear conversion is selected:

selecting a mantissa length and an exponent bias for a
k-bit floating point format, where k is less than n; and

converting the digital media data to the k-bit floating
point format; and

outputting the converted digital media data.

17. The method of claim 16 further comprising signaling
a linear/nonlinear conversion decision in an encoded bit-
stream.
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18. The method of claim 16 further comprising, if the
linear conversion is selected, signaling the number of right-
shifted bits in the encoded bitstream.

19. The method of claim 16 further comprising, if the
nonlinear conversion is selected, signaling the mantissa
length and the exponent bias in the encoded bitstream.

20. A method comprising:

defining a continuous mapping at a digital media encoder
to convert input digital media data in a first high
dynamic range format to a second format with a smaller
dynamic range than the first format;

converting the input digital media data to the second
format with the smaller dynamic range using the con-
tinuous mapping and one or more conversion param-
eters relating to the continuous mapping; and

encoding the converted digital media data in a bitstream
along with the one or more conversion parameters
relating to the continuous mapping;

wherein the one or more conversion parameters relating to
the continuous mapping enable a digital media decoder
to convert the converted digital media data back to the
first high dynamic range format from the second format
with the smaller dynamic range.

* #* #* #* #*





