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ENHANCEMENT LAYER MASKING FOR

HIGH-DYNAMIC RANGE VIDEO CODING
CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of priority from U.S. Provisional Patent
Applications Serial No. 62/324,438, filed on April 19, 2016 and Great Britain Patent
Application 1606808.2, filed on April 19, 2016, both which are incorporated herein by

reference in their entirety.

TECHNOLOGY
[0002] The present invention relates generally to images. More particularly, an
embodiment of the present invention relates to determine enhancement-layer masking

thresholds for the coding of images and video sequences with high dynamic range.

BACKGROUND

[0003] As used herein, the term 'dynamic range' (DR) may relate to a capability of the
human visual system (HVS) to perceive a range of intensity (e.g., luminance, luma) in an
image, e.g., from darkest blacks (darks) to brightest whites (highlights). In this sense, DR
relates to a 'scene-referred’ intensity. DR may also relate to the ability of a display device to
adequately or approximately render an intensity range of a particular breadth. In this sense,
DR relates to a 'display-referred’ intensity. Unless a particular sense is explicitly specified to
have particular significance at any point in the description herein, it should be inferred that
the term may be used in either sense, e.g. interchangeably.

[0004] As used herein, the term high dynamic range (HDR) relates to a DR breadth that
spans the some 14-15 orders of magnitude of the human visual system (HVS). In practice,
the DR over which a human may simultaneously perceive an extensive breadth in intensity
range may be somewhat truncated, in relation to HDR. As used herein, the terms enhanced
dynamic range (EDR) or visual dynamic range (VDR) may individually or interchangeably
relate to the DR that is perceivable within a scene or image by a human visual system (HVS)
that includes eye movements, allowing for some light adaptation changes across the scene or
image. As used herein, EDR may relate to a DR that spans 5 to 6 orders of magnitude. Thus
while perhaps somewhat narrower in relation to true scene referred HDR, EDR nonetheless
represents a wide DR breadth and may also be referred to as HDR.

[0005] In practice, images comprise one or more color components (e.g., luma Y and

chroma Cb and Cr) wherein each color component is represented by a precision of n-bits per
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pixel (e.g., n=8). Using linear luminance coding, images where n <8 (e.g., color 24-bit JPEG
images) are considered images of standard dynamic range, while images where n > 8 may be
considered images of enhanced dynamic range. EDR and HDR images may also be stored
and distributed using high-precision (e.g., 16-bit) floating-point formats, such as the
OpenEXR file format developed by Industrial Light and Magic.

[0006] As used herein, the term “metadata” relates to any auxiliary information that is
transmitted as part of the coded bitstream and assists a decoder to render a decoded image.
Such metadata may include, but are not limited to, color space or gamut information,
reference display parameters, and auxiliary signal parameters, as those described herein.
[0007] Most consumer desktop displays currently support luminance of 200 to 300 cd/m?
or nits. Most consumer HDTVs range from 300 to 500 nits with new models reaching 1000
nits (cd/m?). Such conventional displays thus typify a lower dynamic range (LDR), also
referred to as a standard dynamic range (SDR), in relation to HDR or EDR. As the
availability of HDR content grows due to advances in both capture equipment (e.g., cameras)
and HDR displays (e.g., the PRM-4200 professional reference monitor from Dolby
Laboratories), HDR content may be color graded and displayed on HDR displays that support
higher dynamic ranges (e.g., from 700 nits to 5,000 nits or more). As appreciated by the
inventors here, improved techniques for the coding and delivery of high-dynamic range
images are desired.

[0008] The approaches described in this section are approaches that could be pursued, but
not necessarily approaches that have been previously conceived or pursued. Therefore,
unless otherwise indicated, it should not be assumed that any of the approaches described in
this section qualify as prior art merely by virtue of their inclusion in this section. Similarly,
issues identified with respect to one or more approaches should not assume to have been

recognized in any prior art on the basis of this section, unless otherwise indicated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] An embodiment of the present invention is illustrated by way of example, and not
in way by limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:

[00010]  FIG. 1 depicts an example process for the coding and video delivery of HDR
video according to an embodiment of this invention;

[00011]  FIG. 2A depicts an example predictor according to prior art;
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[00012]  FIG. 2B depicts an example predictor according to an embodiment of this
invention; and
[00013] FIG. 3 depicts an example process for determining the threshold for highlights

masking in HDR coding according to an embodiment of this invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS
[00014]  Video coding and delivery of high dynamic range (HDR) images is described
herein. In the following description, for the purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the present invention. It
will be apparent, however, that the present invention may be practiced without these specific
details. In other instances, well-known structures and devices are not described in exhaustive
detail, in order to avoid unnecessarily occluding, obscuring, or obfuscating the present
invention.

OVERVIEW
[00015] Example embodiments described herein relate to methods to determine a
highlights masking threshold for the layered video coding and delivery of high-dynamic
range images. In an embodiment, in a dual-layer encoder, with a base layer encoder and an
enhancement layer encoder, in a method to determine a prediction function for an inter-layer
predictor between the two layers, a processor accesses a first group of images in a first bit
depth. The processor computes pixel complexity measures for pixel values in the first group
of images. It receives a target bitrate ratio (/) specifying the ratio of a target bit rate in the
enhancement layer over a target bit rate in the base layer of the encoder. Then, for each of
two or more candidate highlight-threshold values, the processor computes an estimated
bitrate ratio based on the candidate highlight-threshold value and the pixel complexity
measures, wherein the estimated bitrate ratio comprises a ratio of an estimated bit rate in the
enhancement layer over an estimated bit rate in the base layer for the candidate highlights-
threshold value, wherein in the inter-layer predictor, for all input values to the predictor larger
that the candidate highlights- threshold value the corresponding predicted output value is a
constant value. The processor computes a distortion measure based on the estimated bitrate
ratio and the target bitrate ratio, and outputs as an optimal highlights threshold the candidate
threshold value among the two or more candidate highlight-threshold values which

minimizes the distortion measure.
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VIDEO DELIVERY FOR HIGH DYNAMIC RANGE (HDR) VIDEO

[00016]  According to a recent white paper by the Blu-Ray Disc Association, titled,
“Audio Visual Application Format Specifications for BD-ROM Version 3.0,” White paper
Blu-Ray Disc Read-only Format (Ultra HD Blu-ray), Blu-Ray Disc Association, July 2015,
which is incorporated herein by reference in its entirety, the proposed Ultra HD Blu-ray
standard supports a mandatory single-layer (10-bit, YCbCr 4:2:0) Blu-Ray Disc Movie
(BDMV) EDR format (also to be referred as the HDR10 format) and an optional Dolby
Vision, dual-layer, HDR format. The Dolby Vision HDR stream is composed by a base layer
(BL) BDMV EDR video stream and a Dolby Vision enhancement layer (EL) video stream
with associated metadata. A generic Blu-ray decoder will only be able to play back the
HDR10 base layer; however, a Dolby Vision- enabled player will be able to combine the base
layer and the enhancement layer to generate a 12-bit HDR video output with better dynamic
range than the dynamic range of the default HDR10 stream.
[00017]  The Dolby Vision stream is characterized by the following:

e BT. 2020 color primaries with non-constant luminance

e An EOTF (Electro-optical transfer function) based on SMPTE ST 2084

¢ A combined BL/EL bit depth of 12 bits
[00018] FIG. 1 depicts a layered HDR encoder architecture (100) in accordance with an
example embodiment. In an embodiment, all video coding in the base and enhancement
coding layers may be performed in the YCbCr 4:2:0 color space. HDR image encoder (100)
may be implemented by one or more computing devices.
[00019] The HDR image encoder (100) is configured to receive a high-resolution (e.g.,
UHD) input HDR image (102). As used herein, an “input HDR image” refers to an enhanced
or high dynamic range image data (e.g., raw image data captured by a high-end image
acquisition device and the like) that may be used to derive a HDR version of the input image.
The input HDR image (102) may be in any color format that supports a high dynamic range
color gamut (e.g., RGB, YCbCr, HLG, ICtCp, and the like). In an embodiment, the input
HDR image is a 12-bit or higher YCbCr image, which may have been originally in the RGB
space. As used herein, for an image with multiple color components (e.g., RGB or YCbCr),
the term #-bit image (e.g., 12-bit or 8-bit image) denotes an image where each pixel of its
color components is represented by an z-bit pixel. For example, in an 8-bit RGB image, each
pixel comprises of three color components, each color component (e.g., R, G, or B) is

represented by 8-bits, for a total of 24 bits per color pixel.
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[00020]  Each pixel may optionally and/or alternatively comprise up-sampled or down-
sampled pixel values for one or more of the channels in the color space. It should be noted
that in some embodiments, in addition to three primary colors such as red, green and blue,
different primary colors may be concurrently used in a color space as described herein, for
example, to support a wide color gamut; in those embodiments, image data as described
herein includes additional pixel values for those different primary colors and may be
concurrently processed by techniques as described herein.

[00021] HDR to HDR10 (115) converter converts the high bit-depth HDR input (102) to a
BL image (117) of lower depth (e.g., a 10-bit image). Typically, it is beyond the scope of
any coding standard on how the 10-bit HDR Layer (117) is generated from the original HDR
input (102). Some embodiments may use dynamic-range conversion techniques such as
those described in PCT Application Ser. No. PCT/US2013/0730835, filed on Dec. 4, 2013,
also published as WO 2014/107255, to be referred as the ‘085 Application, which is
incorporated herein by reference in its entirety. In some embodiments, given a 12-bit input
HDR (102), the 10-bit HDR10 stream (117) may be generated by a simple truncation of the
two least significant bits.

[00022] BL image encoder (120) is configured to encode/format the BL image (117) to
generate a coded (or compressed) BL image (122). BL encoder may be any of the known
video encoders, such as those specified by the ISO/IEC AVC (ITU H.264) or HEVC (H.265)
standards, or other encoders, such as Google’s VP9 and the like.

[00023] BL decoder (130) in the HDR image encoder (100) decodes the image data in the
base layer image container into a decoded base layer image (135). Signal 135 represents the
decoded BL as will be received by a compliant receiver. The decoded base layer image (135)
is different from the BL image (117), as the decoded base layer image comprises coding
changes, rounding errors and approximations introduced in the encoding and decoding
operations performed by the BL encoder (120) and the BL decoder (130).

[00024]  Predictor (140) performs one or more operations relating to predicting the HDR
input signal (102) based on the decoded BL stream (135). The predictor (140) attempts to
implement the reverse of operations performed by the HDR to HDR10 converter (115).
Example embodiments of such a predictor are described in the ‘085 PCT Application. The
predictor output (143) is subtracted from the HDR input (102) to generate residual 152.
[00025]  In an embodiment, predictor (140) may be a piecewise-liner predictor. The slopes
of the segments in the predictor (140) are used to mask the residual (152) according to a

highlights threshold designed according to methods of this invention.
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[00026] In an example embodiment, an enhancement layer quantizer (NLQ) (160) in the
HDR image encoder (100) is configured to quantize the HDR residual values (152) from a
high bit-depth digital representation (e.g., 12 bits) to a lower digital representation (e.g., 10
bits or 8 bits) using an NLQ function determined by one or more NLQ parameters. The
NLQ function may be linear, piece-wise linear, or non-linear. An example of non-linear
NLQ design is described in the ‘085 PCT Application. Another embodiment will also be
presented later on in this specification.

[00027] Enhancement layer (EL) encoder (170) is configured to encode the residual values
in an enhancement layer image container to generate the coded EL stream (172). EL encoder
(170) may be any of the known video encoders, such as those specified by the ISO/IEC AVC
or HEVC standards, or other encoders, such as Google’s VP9 and the like. EL. and BL
encoders may be different or they may be the same.

[00028] The set of parameters used in the predictor (140) and NLQ (160) may be
transmitted to a downstream device (e.g., an HDR decoder) as a part of supplemental
enhancement information (SEI) or other similar metadata carriers available in video
bitstreams (e.g., in the enhancement layers) as metadata (142). Such metadata may include,
but are not limited to, information related to: color space or gamut information, dynamic
range information, tone mapping information, or other predictor, up-scaling, and quantizer
operators, such as those described herein.

[00029]  After generating all parts of the layered HDR stream, the coded EL stream (172),
the coded BL stream (122), and related metadata (142) are multiplexed and packetized so that
they can be stored in a storage medium and/or be transmitted to a decoder.

[00030] In a dual layer system, such as the one depicted in FIG. 1, the major function of
the enhancement layer is to compensate for the missing information from the base layer. The
bit reduction to generate the base layer, in combination with the characteristics of SMPTE
2084 or gamma coding, may result in coding artifacts, such as banding, blocking, or color
bleeding, even when an enhancement layer is being employed.

[00031] The term “PQ” as used herein refers to perceptual quantization. The human
visual system responds to increasing light levels in a very non-linear way. A human’s ability
to see a stimulus is affected by the luminance of that stimulus, the size of the stimulus, the
spatial frequency(ies) making up the stimulus, and the luminance level that the eyes have
adapted to at the particular moment one is viewing the stimulus. In a preferred embodiment,
a perceptual quantizer function maps linear input gray levels to output gray levels that better

match the contrast sensitivity thresholds in the human visual system. An example of a PQ



10

15

20

25

30

WO 2017/184656 PCT/US2017/028211

mapping function is given in the SMPTE ST 2084 specification, where given a fixed stimulus
size, for every luminance level (i.e., the stimulus level), a minimum visible contrast step at
that luminance level is selected according to the most sensitive adaptation level and the most
sensitive spatial frequency (according to HVS models). Compared to the traditional gamma
curve, which represents the response curve of a physical cathode ray tube (CRT) device and
coincidently may have a very rough similarity to the way the human visual system responds,
a PQ curve, as described in SMPTE ST 2084, imitates the true visual response of the human
visual system using a relatively simple functional model.

[00032] It has been observed that PQ coding assigns more codewords in the dark areas
than in highlights. As a result, during coding there is an increased occurrence of banding and
blocking artifacts or color bleeding in the highlights. It is a goal if this invention to provide
methods to reduce such coding artifacts.

[00033] In a method described herein, the visual quality of the output is enhanced by using
a method denoted as codeword range amplification (CRA). In simple terms, the method
operates as follows. Denote the bit depth in the base layer (BL) as b (e.g., b = 10), then the
total number of codewords in the BL is B=2" and each un-normalized codeword value is
between [0, B-1]. Consider a base layer codeword S, < B-1 such that all codewords in the
base layer larger than S, are predicted with the same value V4. If the enhancement layer is
used only for all base layer codewords larger than Sy, then the corresponding residual (152) of
all codewords in [Si, B-1] has more of an “image-like” representation and can be coded more
efficiently, thus reducing coding artifacts. Methods to determine an optimum S, threshold
according to distortion model are described in the next Section.

[00034]  The proposed method is fully compliant with existing Dolby Vision decoders
which support piecewise-linear or non-linear prediction during decoding.

Codeword Range Amplification

[00035] In a typical dual-layer, predictive, codec, the enhancement layer is configured to
code directly the residual (152) between the original input and its predicted value. As
discussed earlier, in the HDR coding system (100), this residual represents the least
significant bits of a high-dynamic input (102), which has statistical characteristics of high-
frequency noise data, which are very hard to compress. In this invention, a masking
operation (145) restricts the amount of data to be coded by the enhancement layer. This
masking, in combination with a non-linear quantizer (160), allows the EL. encoder (170) to
use more coding bits for a smaller range of image-like input data, thus requiring a far-smaller

bit rate for the enhancement layer than traditional dual-layer encoders.
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[00036] Let v; denote the i-th pixel in the HDR input (102), which is typically at least 12
bits and may be coded using a PQ or gamma EOTF. Let s; denote the i-th pixel in the base
layer (e.g., HDR10 (117)). In an embodiment, without limitation, both v; and s; may be
normalized to have values between [0 1). Denote the bit depth in the base layer (BL) as b
(e.g., b = 10), then the total number of codewords in the BL is B=2 and each un-normalized
codeword value is between [0, B-1].

[00037] FIG. 2A depicts an example of a traditional piece-wise prediction function (205)
according to prior art. The prediction function may be divided into linear or non-linear
segments using N pivot points p1, p2,..., px. The output of the predictor may be constrained
to be within the range (V, Vi), representing the range between the measured minimum and
maximum pixel values in a frame or a scene under consideration. Examples of methods to
design such a predictor can be found in PCT Application Ser. No. PCT/US2015/014482,
published as WO 2015/123067, “Piecewise inter-layer predictor for signals with enhanced
dynamic range,” by G-M Su, et al., and U.S. Provisional Patent Application Ser. No.
62/249,779, filed on Nov. 2, 2015, “Piecewise-linear inter-layer predictor for high-dynamic
range coding,” also filed as PCT Application Ser. No. PCT/US2016/058906, filed on Oct. 26,
2016, each of which is incorporated herein by reference in its entirety.

[00038]  FIG. 2B depicts an example of prediction function (210) designed according to an
embodiment. As depicted in FIG. 2B, the predictor has only two segments, a linear segment
from [0, Sk ] and a constant segment for any values higher than Si. Hence, for input
codewords larger than S, the residual is simply the difference of the input HDR image from
the constant. Such a residual has more of image-like properties than noise properties, hence it

is easier to compress. After masking (145), the masked residual (152) may be expressed as:

{0 B lf S < Sh
= N
t v; — S, otherwise

6y

The design challenge is to identify the optimum threshold Sj.
Non-Linear Quantization
[00039] The parameters of the non-linear quantizer (NLQ) (160) may be selected using the

methodology in the 085 Application. For example, denote the maximal positive residual

value in frame fas X ; and the absolute value of the minimal negative residual value in frame

as X,,or
fas X;

Xjf =max{r, |i =0,..., p-1},
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X, =lmin{r, 1i=0,..,p—1}1, 2)
where p denotes the number of pixels in frame f.
[00040]  For a scene with F frames, one can find the maximal value of X Jf among all ¥

frames, and maximal value of X ; among all ¥ frames, e.g.,

X" =max{X;|f=1..F},
X =max{X,|f=1L..F}. 3)

Given the bit-depth of the enhancement layer encoder, EL_bitdepth (e.g., 10 bits), the NLQ

setting for the entire scene may be adjusted as

. X~
0 set = 2EL7bttdepth _1

W ( ) X +X°
Level = max { Q-2 1) — Offset, Offset} (4a)

X =+ Aymax{X , X"},
where A is a small constant.
[00041] Let

SI = Level ’ (4b)
X =T

where T is a relatively small number and in some embodiments 7=0.
Then, given input residuals 7, after clipping r within the range (-Xmax,, Xmax), the

quantization operations in (160) may be expressed as

floor(Offset +(SL* (r=T))+0.5) ifr>T
O(r) = Offset iflrisT (5)
floor(Offset +(SL*(r+T))-0.5) if r<-T

where Q(r) denotes the quantized output, SL denotes the slope of Q(r) within (7, Xmax ), and
the Offset value representing the output codeword when the residual r= 0.

[00042] Parameters 7, Offset, Xmax, and SL (or Level) may be defined separately for each
color component of residual signal  and may be communicated to a receiver using metadata.
In some embodiments, one or more of the NLQ quantization parameters may also be defined
for a whole frame, one or more partitions or sub-regions of a frame, or for a group of frames
(e.g., a scene).

Selecting a Masking Threshold Sy,
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[00043]  From FIG. 2B, a higher masking threshold Sy allows for a smaller number of input
codewords to be coded in the enhancement layer, thus allowing for finer quantization, but it
covers a smaller range of highlight pixel values. A lower threshold value yields coarser
quantization, but supports a wider range of highlights. An optimal threshold, one that
minimizes the overall distortion under certain criteria, may be derived as follows.

[00044]  Let b denote the bit-depth of the input HDR stream v;. Denote a set

o ={ilv,

m 1

= 2%} to represent the pixel index having pixel value ﬂb . The number of
2

elements in the set @, is A . Thus, the histogram of all (normalized) {v,}pixels can be

represented as {/,} with 2” bins. Without limitation, one measure of pixel complexity or

activity in a frame is the local pixel variance or standard deviation. For example, let #; be the
Wsx Ws block centering at pixel i (e.g., Wo= 8 or 16). In an embodiment, the local standard

deviation, a;, for pixel i may be computed as:

1
i = " Zv : (6)
1
o, :\/Wf ;(vj — ). (7)

[00045]  Then, given all pixel values with value m, their cumulative standard deviation may

be computed as

W, = 2.0,

ced, . (8)
Similarly, the average standard deviation at bin m is given by
1
m ieP,, . (9)

[00046] In an embodiment, an example of computing w,, values is shown below in

pseudocode.
% divide the input image into non-overlapping blocks (e.g., 8 x 8 or 16 x 16 blocks)

setallw,,=0; h,, =0;m=0,1,2, .., 2°-1

for each block (i) in the input image;

10
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compute its standard deviation o; ; % (e.g., using equations (6) and (7))
for each pixel value (v;) in the block
if (v; ==m){
Wiy = Wy, + 055
hyp = by +1;
}
end
end
[00047] The code above takes into consideration that most modern image and video
codecs (such as AVC and HEVC) are block-based and that typically the standard deviation of
an image block provides a very good metric to adjust its quantization according to the desired
target bit rate. A person skilled in the art would appreciate that metrics based on the standard
deviation of input codewords represent just one way to predict the allocated bits per
codeword, and that alternative pixel complexity methods, as known in the art, could be
applied.
[00048]  In most coding systems, the combined bit rate allocated to both the base layer and
the enhancement layer is specified based on the storage and/or streaming requirements. Let
Rg1 denote the target bit rate for the base layer and let § denote the percentage (e.g., 20%) of
the BL bit rate allowed for the enhancement layer, or Rer. = § Rpr.. Assuming a bit-rate
control based on a function of the activity within a given frame, the bit rate of the base layer

may be approximated as
2b-1
RBL(RBL):th'fBL(gm’RBL)’ (10)
m=0

where fz; (gm, Rp;) denotes a bit-allocation function based on the bit-depth of the BL codec
and the target bit rate Rp; .

[00049]  Given a threshold Si, and given that only codewords larger than S, are coded in
the enhancement layer, the bit rate allocation in the enhancement layer may be approximated
using

28 1
Ry (S, Ry ) = th'fEL(gm’REL)’ (1)

m=§,2"
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where fz; (9m, Rgr) denotes a bit-allocation function based on the bit-depth of the EL. codec
and the target bit rate Rg;. In an embodiment, it may be assumed that the fz; and fg;
functions are inter-related via a transfer function f; (), as in

Fer G = L) (12)
[00050] When both layers use the same codec and at the same bit-depth (say, HEVC Main
10), in an embodiment, the f; function may be modeled as a simple linear function with a

constant slope & (e.g., &= 0.8), as in

f(xX)=a-x. (13)

[00051] Consider an optimum threshold, Sj;,. Let

20 -1

~ . th'fEL(gm’REL)
REL(Sh’REL) _ m=5;2

R (R,) 2
e th S (8> Ryr)
m=0

T, (R,)= , (14)

denote the ratio of approximated bit rates Rg;, and Ry, which needs to be as close to the
target [ratio as possible. Given equation (12), equation (14) yields

Z_:hm 'ft(fBL(gm’RBL))
TSh (RBL) = ns? . (15)

2b _

1
hm : fBL(gm’RBL)
0

[00052] Under the simplified case, where the quantizers in both encoders are related via a
linear function, from equation (13), equation (15) yields

2% 11
daw

m

T, (Ry,) :’”227 (16)

S

m
m=0

Then, the optimal threshold may be found as the one that minimizes the difference between

the estimated (T, ) and the target bit ratio /3, as:
S, =arg n}gin(l B-Ts (Ry))). a7

[00053]  Experimental results indicate that the threshold computed using equation (17) is
very close to a threshold computed by measuring the Peak Signal to Noise ratio (PSNR) of

the coded images and selecting the threshold that maximizes PSNR.
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[00054]  From a computational point of view, notice that given w,, values, the denominator
in (16) needs to be computed only once. After computing the denominator, computing (17)
involves only computing a running sum of scaled w;,, values, for the codewords from S 2° to
B-1. Typically, the threshold will be computed on a per scene basis; however, it can be
computed on a per frame, or frame-region as well. As far as decoding is concerned, the
prediction function (210) can be represented by two linear functions separated by pivot Sj.
The first segment is a 1%-order polynomial y = ax + b, with a=1 and b=0. The second
polynomial is a constant with a fixed value (e.g., y = Sp). In a decoder, given decoded and
inverse-quantized base layer input data s;, the estimated HDR output will be given by

5= {2y, othermie as
[00055]  FIG. 3 depicts an example process for determining the optimum masking
threshold for the enhancement layer according to an embodiment. Given the HDR input
(102), in (315), pixel complexity measures, e.g., the w,, sums of standard deviation values
(and optionally, /. histogram values), are computed (e.g., using equations (6)-(8) and/or the
block-based algorithm described earlier). Then, for a given threshold Sy, in (320), the

corresponding T, values are computed according to a bit-rate allocation model (e.g., using
. . R . . .
equations (15) or (16)). Given = Rﬂ , the target ratio of the bitrates in the enhancement
BL

layer and the base layer, in (335), the value of ds, = |B — Ty, |, an estimated distortion value,
is computed. Steps (320) to (335) are repeated for different values of S, , until an optimal
threshold value (S},), one that minimizes dsh, is found.

[00056] The previous discussion assumed a single highlights threshold for which all
residuals are coded in the enhancement layer. The proposed scheme can easily be expanded
to have two masking thresholds, one in the highlights (S5), as discussed earlier, and one in the
blacks (S;), or replace the highlights threshold with a blacks threshold (S;). For example, the
masked residual (152) will be given by

vi—Sl,if0<SiSSl
i = 0, lf Sl <s5 < Sh’ (19)
v; = Sp, if 5i2 Sy

when using two thresholds, and by

_ {Vi -5y if si <5
i =

0, otherwise’ (20)

when using a single blacks threshold.
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[00057]  When using two thresholds, in an embodiment, one may use equation (17) to
determine the optimum Sj, value assuming a single threshold, and then divide the range 1-Sj,
into two parts so that given S;, S;+ (1- Sp) = (1- S7,), or S = S, + Si. In another embodiment,

equation (16) may be adapted as

s,2° 2% 1
daw,+ Daw,
m=0 _§, 2P
T (Ry) = P : (1)
Wm
m=0

and then apply a joint-search technique to identify the two optimum thresholds.
[00058]  When using a single black threshold, for S, = 1, equation (21) yields

s, 2%

daw,

Ts[ (RBL) = m;o— s (22)

-1
w

m
m=0

and equation (17) becomes

S, =argmin( 5~ T (R,,)) . (23)

EXAMPLE COMPUTER SYSTEM IMPLEMENTATION
[00059] Embodiments of the present invention may be implemented with a computer
system, systems configured in electronic circuitry and components, an integrated circuit (IC)
device such as a microcontroller, a field programmable gate array (FPGA), or another
configurable or programmable logic device (PLD), a discrete time or digital signal processor
(DSP), an application specific IC (ASIC), and/or apparatus that includes one or more of such
systems, devices or components. The computer and/or IC may perform, control, or execute
instructions relating to video coding and delivery of HDR video, such as those described
herein. The computer and/or IC may compute any of a variety of parameters or values that
relate to video coding and delivery of HDR video processes described herein. The image and
video embodiments may be implemented in hardware, software, firmware and various
combinations thereof.
[00060]  Certain implementations of the invention comprise computer processors which
execute software instructions which cause the processors to perform a method of the
invention. For example, one or more processors in a display, an encoder, a set top box, a

transcoder or the like may implement methods related to video coding and delivery of HDR
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video as described above by executing software instructions in a program memory accessible
to the processors. The invention may also be provided in the form of a program product. The
program product may comprise any non-transitory medium which carries a set of computer-
readable signals comprising instructions which, when executed by a data processor, cause the
data processor to execute a method of the invention. Program products according to the
invention may be in any of a wide variety of forms. The program product may comprise, for
example, physical media such as magnetic data storage media including floppy diskettes,
hard disk drives, optical data storage media including CD ROMs, DVDs, electronic data
storage media including ROMs, flash RAM, or the like. The computer-readable signals on the
program product may optionally be compressed or encrypted.
[00061] Where a component (e.g. a software module, processor, assembly, device, circuit,
etc.) is referred to above, unless otherwise indicated, reference to that component (including a
reference to a "means") should be interpreted as including as equivalents of that component
any component which performs the function of the described component (e.g., that is
functionally equivalent), including components which are not structurally equivalent to the
disclosed structure which performs the function in the illustrated example embodiments of
the invention.

EQUIVALENTS, EXTENSIONS, ALTERNATIVES AND MISCELLANEOUS
[00062] Example embodiments that relate to the efficient video coding and delivery of
HDR video are thus described. In the foregoing specification, embodiments of the present
invention have been described with reference to numerous specific details that may vary from
implementation to implementation. Thus, the sole and exclusive indicator of what is the
invention, and is intended by the applicants to be the invention, is the set of claims that issue
from this application, in the specific form in which such claims issue, including any
subsequent correction. Any definitions expressly set forth herein for terms contained in such
claims shall govern the meaning of such terms as used in the claims. Hence, no limitation,
element, property, feature, advantage or attribute that is not expressly recited in a claim
should limit the scope of such claim in any way. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive sense.
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CLAIMS

What is claimed is:
1. In a dual layer encoder, comprising a base layer (BL) encoder and an enhancement layer
(EL) encoder, a method to design a piecewise-linear inter-layer prediction function for coding
high-dynamic range images, the method comprising:

receiving with a processor a first image (102) in a first bit depth;

computing (315) pixel complexity measures for pixel values in the first image;

receiving a target bitrate ratio (), the target bitrate ratio comprising a ratio of a target
bit rate in the enhancement layer over a target bit rate in the base layer of the encoder;

for each of two or more candidate highlights-threshold values for determining an
optimum highlights threshold in an inter-layer prediction function, wherein for all input
values to the prediction function larger that the optimum highlights threshold value the
corresponding predicted output value is a constant value:

computing (320) an estimated bitrate ratio based on the candidate highlight-
threshold value and the pixel complexity measures, wherein the estimated bitrate ratio
comprises a ratio of an estimated bit rate in the enhancement layer over an estimated bit rate
in the base layer for the candidate highlights-threshold value;
computing a distortion measure (325) based on the estimated bitrate ratio and

the target bitrate ratio; and

outputting as the optimum highlights threshold the candidate highlights-threshold
value among the two or more candidate highlight-threshold values which minimizes the

distortion measure.

2. The method of claim 1, wherein computing the distortion measure comprises computing an

absolute value of the difference between the target bitrate ratio and the estimated bitrate ratio.
3. The method of claim 1, wherein computing the pixel complexity measures for pixel values
in the first image comprises computing cumulative standard deviation values for pixel values

in the first image.

4. The method of claim 1, wherein computing the estimated bitrate ratio comprises

computing:
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2% 11
daw

m
2b

Tsh (Ry) = m:j; — >

S

m
m=0

wherein w,,, for m =0 to 2°-1, denote a pixel complexity measure for all pixels with value m,
«ais a constant, S, denotes a candidate highlights-threshold value in [0, 1), and 4 is the bit-

depth in the base layer encoder.

5. The method of claim 1, wherein in the inter-layer prediction function, for all input values
to the prediction function lower or equal to the optimum highlights threshold the

corresponding predicted output value is equal with the input value.

6. The method of claim 1, further comprising:

receiving with the processor a second image in a second bit depth, wherein the second
bit depth is lower than the first bit depth, wherein the first image and the second image
represent the same visual scene;

encoding the second image using a base layer encoder to generate a coded BL
bitstream;

decoding the BL bitstream to generate a decoded BL image; and

applying the inter-layer prediction function to the decoded BL image to generate a

predicted first image.

7. The method of claim 6, further comprising:
computing a residual image based on the predicted first image and the first image;
applying a masking operation to the residual image to generate a masked residual
image;
and
encoding the masked residual image with an EL encoder to generate a coded EL.
bitstream, wherein the masking operation comprises setting to zero all pixel values in the

residual image that are lower than the optimum highlights threshold.
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8. The method of claim 7, further comprising:
applying a non-linear quantizer to the masked residual image to generate a quantized
residual image and encoding the quantized residual image with the EL encoder to generate

the coded EL bitstream.

9. The method of claim 1, wherein the first bit depth is 12 bits or higher.

10. The method of claim 1, wherein the first image is a high-dynamic range image.

11. The method of claim 4, wherein the bit depth of the base layer () is 10 bits and
computing w,,, comprises computing a cumulative standard deviation of pixels in the first

image with value equal to m.

12. The method of claim 1, wherein the output constant value of the inter-layer prediction

function corresponds to the optimum highlights threshold.

13. The method of claim 1, wherein instead of computing an optimum highlights threshold an
optimum blacks threshold is computed, wherein computing the optimum blacks threshold
comprises:
for each of two or more candidate black-threshold values for determining the
optimum blacks threshold in the inter-layer prediction function, wherein for all input values
to the prediction function lower than the optimum blacks threshold value the corresponding
predicted output value is a second constant value:
computing (320) an estimated bitrate ratio based on the candidate blacks-
threshold value and the pixel complexity measures;
computing a distortion measure (325) based on the estimated bitrate ratio and
the target bitrate ratio; and
outputting as the optimum blacks threshold the candidate blacks-threshold value
among the two or more candidate black-threshold values which minimizes the distortion

measure.

14. An apparatus comprising a processor and configured to perform any one of the methods

recited in claims 1-13.
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15. A non-transitory computer-readable storage medium having stored thereon computer-

executable instruction for executing a method with one or more processors in accordance

with any one of the claims 1-13.
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