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1 INTRODUCTION
TIFF and OpenEXR formats store HDR images as floating-point
data. Therefore, these raw data HDR image formats occupy large
storage space and require very high bandwidth for transmission.
RGBE format transforms three floating-point HDR channels to four
8-bit channels by extracting a common exponent from RGB values.
However, the algorithm requires lossless encoding, and therefore
reduction in file size is not significant. RGBE also encodes raw data
and is not compatible with existing codecs and displays.

To resolve the problem of backward compatibility, two-layer
solutions were proposed. In these formats, the first layer is a tone-
mapped version of the HDR image suitable for display and can
be encoded with the existing codecs. The second layer, known as
residue layer or enhancement layer, stores the information lost in
the process. JPEG released an extended JPEG-XT standard, which
implements some of these algorithms as various profiles. These two-
layer structures are generally called backward compatible formats,
as they allow HDR contents to be visualized on traditional LDR
displays and encoded with existing codecs.

As the HDR contents became more prevalent and market share
of HDR displays increased, coding inefficiency of these formats due
to requirement of backward compatibility started being a bottle-
neck. Therefore, some two-layer structures dropped the condition
of compatibility with LDR displays. ([MAI et al., 2010]) optimized
the tone-mapping curve to maximize the information contained
in the first layer, thus not giving consideration only to the visual
quality of the first layer on the LDR displays. More recently, new
standards like HDR10 and Dolby Vision altogether dropped the
idea of two layers and focus on other aspects of encoding and dis-
play. However, the idea of two-layer codecs is still being pursued
actively. Researchers from Dolby [6] filed a patent application for
their two-layer structure, in which first layer is constructed using
a linear or non-linear mapping function whereas the second layer
contains the non-linearly quantized residual data. The focus is on
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maximizing the encoded information through quantization. The
authors refer to their structure as non-backward-compatible, how-
ever it is still compatible with the existing codecs. Other works
have used smooth mapping functions to improve the compression
of the second layer ([KHAN, 2015]) and non-linear quantization
to enhance the information content encoded in the second layer
([KHAN, 2016]). Recently, ([KOBAYASHI et al., 2019]) presented a
near lossless two-layer encoding.

In this work, we propose a two-layer structure comprising three
channels of the first layer and one channel of the enhancement layer.
Like ([SU et al., 2016]), the first layer of our design is not meant to
be viewed on LDR displays but can be encoded using existing lossy
or lossless codecs. All the existing two-layer structures generate
some metadata for the decoder to reconstruct the HDR image by
merging the two layers. The metadata can be embedded in the first
layer or encoded separately. In either case, it adds to the design
complexity. The proposed format does not require metadata for
prediction of HDR from LDR contents. Rather it uses a continuous
mapping functions in closed form for reshaping the contents while
encoding and decoding, which distinguishes it from other two-layer
structures. Moreover, it encodes the data with more precision than
other designs, as demonstrated by the experimental results reported
later in section 3.

2 OUR APPROACH
Companding refers to a technique of compressing and then expand-
ing a signal. It has been standardized as ITU-T G.711 and is widely
used for audio signals. The compression and expansion are carried
out with non-linear log functions as given below by equations (1)
and (2) respectively:

y = F (x) = sgn (x)
ln (1 + µ |x |)
ln (1 + µ)

, −1 ≤ x ≤ 1 (1)

x = F−1 (y) = sgn (y)
(1 + µ) |y | − 1

µ
, −1 ≤ y ≤ 1 (2)

where µ is a constant that determines the slope of transformation
curves. In a typical streaming scenario, compression function raises
the amplitude of weak signals at transmitter and expansion function
at receiver converts them back to the original values. A non-linear
quantization using companding can reduce overall quantization
error by better preserving low amplitude signals which suffer higher
percentage loss under linear quantization.We leverage this property
of companding function to design the quantizer for our two-layer
HDR encoding structure.

In the proposed approach, HDR image is converted into YCbCr
color space. The Y channel is compressed using (1) and quantized to
8 bits, while chroma channels are linearly quantized. All channels
are encoded using an existing lossy or lossless format such as JPEG
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Table 1: Comparison of the proposed coding scheme with the existing methods for the test image Memorial Church.

Ward Mantiuk Khan Proposed

MSE 5.4E-4 6.9E-4 1.1E-4 8.1E-5
PSNR 32.69 31.614 39.604 40.915
SNR 42.86 41.78 49.772 51.083
VDP 84.76 84.172 98.894 81.341
File size 801.57 599.77 714.31 284.52
Reduction in size 38.95% 54.32% 45.6% 78.33%

or PNG. Residue is calculated only for the Y channel. For this, the
quantized 8-bit Y channel is expanded using (2) and subtracted from
the original Y channel. The residue channel R is quantized to 8 bits
using linear quantization. Mathematically, the process of encoding
Y channel can be described as:

Y8 = Q (F (Y )) , (3)

R = Y − F−1 (Y8) , (4)

R8 = Q (R) (5)
where F and F−1 have been defined in (1)-(2), Q refers to linear
quantization of data into 256 values between 0 and 255, and the
subscript 8 indicates that the values are 8-bit integers. The reverse
procedure to decode the Y channel simply expands 8-bit Y8 and R8
channels and adds them as:

Yd = F−1 (Y8) +Q
−1 (R8) . (6)

It can be noted from above that no metadata is required for
reconstruction of HDR image at the decoder. The only information
required is the minimum and maximum values of the original HDR
signal. Encoding and decoding are done using closed functions
which can be implemented in parallel, and decoder does not require
interpolation as is the case in most of the existing two-layer formats.
These are the added advantage of the proposed structure besides
high accuracy as shown in the next section.

3 RESULTS
To evaluate performance of the proposed codec, we carried out
some comparative studies. A large number of OpenEXR and RGBE
images, used as the ground truth, is coded using two-layer methods
based on ([WARD and SIMMONS, 2006]), ([MANTIUK et al., 2006]),
([KHAN, 2016]), and the proposed one. The error in the decoded
HDR image compared to the ground truth is measured using the
objective metrics of mean square error (MSE), peak signal to noise
ratio (PSNR), signal to noise ratio (SNR) and the quality score in
HDR-VDP2 metric (VDP). For a fair comparison, we encoded HDR
images in YCbCr 4:4:4 format for all the methods.

The study was carried out on a dataset of 135 images collected
from publicly available resources. The proposed method outper-
formed the existing codecs in accuracy and achieved higher com-
pression. We show the results for a typical test image, Memorial
Church, in Table 1. The metrics’ values shown in the table are cal-
culated using all three channels of the reconstructed HDR images
in RGB space.

In implementation of ourmethod, we used some best practices on
chroma channels to reduce the overall error. We applied the same to

the codes of other methods as well to make a fair comparison and to
observe the effect of the proposed companding based quantization
alone. For the same reason, both layers are encoded losslessly using
PNG codec, to exclude the impact of coding loss. Even the layers of
([WARD and SIMMONS, 2006]) are encoded as PNG, although the
original method (referred as JPEG-HDR) and its implementation by
JPEG-XT profile A use JPEG. Again, the reason is to observe the
impact of the algorithms alone excluding the coding loss. The file
sizes in Table 1 are for the entire coded data including both layers
and the metadata. The reductions shown in file sizes in the last row
are relative to the original raw format, RGBE in the case in Table 1

In the results shown in Table 1, the proposed method beats the
rest in all metrics except VDP. However, average VDP score over
the entire dataset of 135 images remained higher for the proposed
method. File size of the proposed method is just 35.5%, 47.4% and
39.8% of the file sizes of ([WARD and SIMMONS, 2006]), ([MAN-
TIUK et al., 2006]) and ([KHAN, 2016]).

4 CONCLUSIONS
A two-layer encoding structure for HDR images was presented. The
first layer is not optimized for viewing, however data is encoded
with much high accuracy and smaller file size than some state of
the art existing methods.
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