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ABSTRACT

A lossless two-layer coding scheme for HDR images using a
histogram packing technique is proposed for HDR images in
this paper. The proposed scheme has the compatibility with
the legacy JPEG for base layer as well as the normative
JPEG XT standard. A histogram packing technique is applied
to residual images to improve the performance of lossless
compression. The experimental result for the bitrates of the
encoded bitstreams demonstrates that the proposed structure
gives a better coding performance than the normative JPEG
XT profile C.

Index Terms—Lossless, Two Layer Coding, HDR images,
JPEG 2000, JPEG XT

I. INTRODUCTION

Image compression methods designed to provide coded data
containing high dynamic range content is highly expected to
meet the rapid growth of high dynamic range (HDR) image ap-
plications. Generally, HDR images have much greater bit depth
of pixel values and much wider color gamut [1]–[6]. These
characteristic of HDR images are suitable for recording and/or
archiving the highly valuable contents, such as masterpieces
of art. For such a valuable content, HDR images should be
losslessly. In other words, they should be compressed without
any loss that generated during compression procedure.

Most of conventional image compression methods, however,
could not be applied to HDR image due to its greater bit
depth and uncommon pixel format including a floating point
based pixel encoding. Several methods have been proposed
for compression of HDR images [7]–[14] and ISO/IEC JTC
1/SC 29/WG 1 (JPEG) has developed an international standard
referred to as JPEG XT [15] for compression of HDR ones.
JPEG XT has been designed to be backward compatible to
legacy JPEG [16] with two-layer coding; a base layer for
tone-mapped LDR image is compressed by the legacy JPEG
encoder and an extension layer for residual data consists of
the result of subtraction between a decoded base layer image
and an original HDR image is compressed by the JPEG-like
encoder. This backward compatibility to legacy JPEG allows
legacy applications. The profile C, which is one of the coding
profiles in JPEG XT, makes it possible to encode HDR images
losslessly with such a two-layer coding.

We also make use of JPEG XR [17] or JPEG 2000 [18]
to reversibly compress HDR images as well as the profile
C, but they can not produce codestreams with two layers.
Besides, some methods [13], [14] have been proposed to
achieve two-layer lossless coding for HDR ones, but they are
not compatible with the legacy JPEG encoder.

This paper proposes a new lossless two-layer method for
HDR images. In addition, the codestreams are compatible
with legacy JPEG decoders. In Refs. [13], [14], [19]–[24],
the sparseness of a histogram of an image is used for efficient
compression. ‘Sparse’ histogram means that not all the bins
in a histogram are utilized. It is well known that a histogram
of an HDR image shows a tendency to be sparse [13], [14].
In this paper, this technique is used to improve the lossless
compression performance for HDR images. The proposed
method has a higher compression performance than the JPEG
XT Profile C, and moreover can be carried out as one layer
coding which provides the best coding performance.

II. PREPARATION

A. Two-layer coding for HDR images

Various two layer coding schemes for HDR images have
been proposed so far [12]–[14]. The aim is to directly obtain
LDR images from compressed HDR ones. However, some of
them are not compatible with the legacy JPEG decoders [13],
[14].

The JPEG working group has established a new standardiza-
tion having the backward compatiblity with the JPEG standard
for HDR images, named JPEG XT [15]. Figure 1 shows
a block diagram of JPEG XT encoder of Profile C. The
residual data of the Profile C is the subtraction between an
original HDR image(RGBHDR) and an inverse tone mapped
image(RGB′

HDR), which is generated from the decoded LDR
image.

B. Two-layer lossless coding

JPEG XT profile C can carry out lossless coding for HDR
images. Lossless coding of half floating point samples can be
realized by the following mechanisms:

• apply a one-to-one output conversion that maps integer
samples to floating point samples

• use a reversible color transformation
• use a fixpoint DCT process.978-1-5386-2615-3/18/$31.00 c⃝2018 IEEE
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Fig. 1. Block diagram of normative JPEG XT encoder (Profile C).
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Fig. 2. Encoder block diagram for the proposed scheme

As shown in Fig. 1, the refinement scan may be carried out to
provide additional least significant bits to extend the precision
of DCT coefficients.

III. PROPOSED STRUCTURE

A new two-layer coding scheme is proposed here.

A. Structure of the proposed scheme

The encoder block diagram of the proposed scheme is
illustrated in Fig. 2. The base layer structure in Fig. 2 is
the same as that of JPEG XT Profile C, where two options,
i.e. ‘Scaling’ and ‘Refinement scan’ are not carried out in
the proposed method. On the other hand, in the residual
layer, lossless JPEG2000 coding and the histogram packing
technique [19], [25] before the JPEG2000 coding are applied
to residual images, where the fast mode that bypasses the
arithmetic coder [26] is selected in the JPEG2000 coding. The
codestream consists of the base layer, the residual data and the
DPCM data of an unpacking table.

B. Bit length of residual data

The residual Y, Cb, Cr data have integer values with 17bits.
In the lossless coding, the above all data have to be losslessly
preserved. JPEG XR can not encode pixel values with 16bits
over, while JPEG 2000 can encode up to values with 31 bit
integers. This is the reason why we use JPEG 2000 coding to
compress the residual data.

C. Histogram packing

HDR images often have sparse histograms due to the wide
range of pixel values [13]. The histograms of residual data in
the two layer coding are also sparse as well as HDR ones. In
order to encode residual data efficiently, the proposed scheme
uses the histogram packing technique [22].
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Fig. 3. Histogram of residual data (Y component of ‘BloomingGorse2’ q =
50)
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Fig. 4. Index image and its unpacking table(Y component of ‘Blooming-
Gorse2’ q = 50)

Figure 3 illustrates a histogram H(x) of Y component in
the residual data of the HDR image ‘Blooming Gorse2’ where
x is a pixel value. In Fig. 3, the horizontal axis denotes pixel
values expressed as integer numbers with the IEEE floating
point representation. Figure 3(a) describes the whole range of
x (56,600 to 72,368), and others focus on one part of the range,
respectively. From these results, it is confirmed that histograms
of residual data have a lot of sparseness.

By packing the histogram, a histogram-packed image is
obtained. In this paper, the histogram-packed image is refered
to as ‘index image’. Figure 4(a) illustrates H(x) for the
index image generated from the histogram in Fig. 3(a). The
unpacking table, which is used to reconstruct the original
values from the index image, is shown in Fig. 4(b). Since
the data of unpacking tables are expressed as a monotonic
increase functions, they are effectively compressed by using
Differential PCM(DPCM).

In this paper, we define the histogram sparseness by

α =
|X|

max
x∈X

(x)−min
x∈X

(x) + 1
· 100, (1)

X = {x |H(x) ̸= 0}, (2)
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Fig. 5. Histogram sparseness of residual data(Y, Cb, Cr).

where |X| denotes the total number of all the elements of a
set X . The range of α is 0 ≤ α ≤ 100 and the smaller α
means the sparser histogram.

Figure 5 shows the ‘sparseness’ of the residual data of
two HDR images; memorial and MtTamWest. The sparseness
depends on images and the JPEG q factors.

IV. EXPERIMENTAL RESULTS

HDR images collected from some web sites as shown
in Fig. 6 were used in experiments. In order to confirm
losslessness of half precision float, each pixel value of the
sample images was converted to a value with the half precision
float.

To confirm the effectiveness of the proposed scheme, some
experiments were carried out as shown in Fig. 7. In the
experiments, two HDR images ‘Memorial’ and ‘MtTamWest’
were encoded by using the reference software available from
the JPEG committee for the JPEG XT standard [27], or
by the modified code for the proposed scheme. The solid
three lines(‘JPEG XT’, ‘JPEG XT with Refinement scan’,
and ’Proposed’) are two-layer coding schemes, otherwise the
dashed two lines(‘JPEG XR lossless’ and ’JPEG 2000 loss-
less’) are one-layer coding schemes. In Fig. 7, the horizontal
axis denotes JPEG q factors, and the vertical axis denotes
total bitrates. The bitrate includes the amount of the unpacking
table for the proposed method. For all q values, the proposed
structure provided smaller bitrates than those of the JPEG XT

(a) memorial (b) BloomingGorse2 (c) MtTamWest
(512× 768) (4288× 2848) (1214× 732)

(d) Cannon (e) WillyDesk (f) Desk
(780× 566) (4288× 2848) (644× 874)

Fig. 6. Sample images
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Fig. 7. Coding performances of JPEG XT and the proposed scheme

encoders. In addition, the proposed one outperformed JPEG
2000 and JPEG XR that do not have two layers.

Figure 8(a) shows bitrates of JPEG XT and proposed coding
with q = 80. The proposed method provided smaller bitrates
than the JPEG XT encoders for all images. Figure 8(b) is the
results for q = 0. The proposed method not only provided
smaller bitrates than the JPEG XT encoders for all images,
but also provided the same bitrates as the one-layer JPEG
2000 lossless coding. Especially, the results for ‘memorial’
and ‘MtTamWest’ were smaller than those of JPEG 2000.



 20

 22

 24

 26

 28

 30

 32

 34

memorial Blooming
Gorse2

MtTamWest Canon WillyDesk Desk

b
it
ra

te
 [
b
p
p
]

JPEG XT
JPEG XT with Refinement scan

Proposed
JPEG 2000 lossless(One Layer)

(a) JPEG quality factor q = 80

 20

 25

 30

 35

 40

memorial Blooming
Gorse2

MtTamWest Canon WillyDesk Desk

b
it
ra

te
 [
b
p
p
]

JPEG XT
JPEG XT with Refinement scan

Proposed
JPEG 2000 lossless(One Layer)

(b) JPEG quality factor q = 0

Fig. 8. Bitrates of lossless compressed images

V. CONCLUSION

Lossless two-layer coding for HDR images using the his-
togram packing technique, the backward compatibility with the
legacy JPEG for base layer, has been proposed. The histogram
packing technique has been used to improve the performance
of lossless compress for HDR images. Our method has
achieved smaller bitrates than the JPEG XT lossless encoder
in the case of including the data of an unpacking table.
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