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Abstract—A novel method using the histogram packing tech-
nique with the two-layer coding having the backward compat-
ibility to the legacy JPEG for base layer is proposed in this
paper. The histogram sparseness of HDR images is discussed
and it is pointed out that the histogram packing technique
considering the sparseness is able to improve the performance of
lossless compression for HDR images. The experimental results
demonstrate that not only the proposed method has a higher
compression performance than that of the JPEG XT part 8, but
also there is no need to determine image-dependent parameter
values for good compression performance. Moreover, the base
layer produced by the proposed method has the backward
compatibility to the well known legacy JPEG standard.

I. INTRODUCTION

The image compression method designed to provide coded
data containing high dynamic range content is highly expected
to meet the rapid growth of high dynamic range (HDR) image
applications. Generally, HDR images have much greater bit
depth of pixel values and much wider color gamut [1]-[4].
These characteristic of HDR images are suitable for recording
and/or archiving the highly valuable contents, such as cinema,
medical and masterpieces of art etc. 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 efficiently compress 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 [5]-[13] and ISO/IEC JTC
1/SC 29/WG 1 (JPEG) has developed an international standard
referred to as JPEG XT [14]-[18] for compression of an
HDR image. JPEG XT has been designed to be backward
compatible with the legacy JPEG [19] 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 and existing toolchains to
continue to operate on codestreams conforming to JPEG XT.
The ISO/IEC IS 1847708 [20], which is known as the JPEG
XT part 8, makes it possible to encode HDR images losslessly
with such a two-layer coding. Although this two-layer coding
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procedure makes it possible to compress HDR images with
the backward compatibility and the extension layer contributes
the improvement of the decoded image quality in lossy com-
pression [21], its lossless compression performance is not
better than that of the other existing methods for HDR image
compression with single coding layer procedure. In the part
8 of the JPEG XT, it is required to find a combination of
the parameter values which gives a good lossless compression
performance. The combination could be dependent on input
HDR images. That is, finding the combination is required to
compress HDR images losslessly and efficiently.

In Refs. [11], [12], [22]-[30], the sparseness of a his-
togram 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 [11], [12]. In Refs. [12], [31],
methods for two-layer lossless coding of HDR images have
been proposed, however, they are not backward compatible
with the legacy JPEG.

This paper proposes a new lossless two-layer method for
HDR images. Codestreams produced by the proposed method
consist of two layers, i.e. base layer and extension layer,
where the base layer provides low dynamic range (LDR)
images mapped from HDR images by a tone mapping operator
(TMO), while the extension layer has the residual information
for reconstructing the original HDR images. In addition, the
codestreams are compatible with legacy JPEG decoders. Not
only the proposed method has a higher compression perfor-
mance than that of the JPEG XT part 8, but also there is
no need to determine image-dependent parameter values to
achieve good compression performance.

II. PROBLEMS WITH JPEG XT PART 8

Because we focus the lossless coding of HDR images with
backward compatibility to the legacy JPEG decoders, the
coding procedure of the part 8 of JPEG XT is summarized
and then the problem with it is described in this section.

A. Part 8 of JPEG XT

The blockdiagram of the part 8 encoder is shown in Fig.1.
Although the pixel values of HDR images are often repre-
sented with floating point numbers, these floating point num-
bers are re-interpreted as integer number with IEEE floating



JPEG encoder

'HDR ™O |—i] Color beT Q |- |legacy Base layer
image conv scan
l Iy ¥
8bit
q
log
(Float |,| LSB Refinement| |
to split-off | g, , scan
Integer)
JPEG decoder
™O!
s +log i | Color A -1
(/ (Floatto [ | conv Dy Q - Mux
Integer)
Residual I
image JPEG encoder
Reversib
le Residual | i Extension layer
Color scan
conv
7y
Residual
e Lﬁiﬁ —*Refinement —>
B! K| scan

Fig. 1: Blockdiagram of JPEG XT part 8 encoder: "TMO’ means tone mapping
operator. Q and Q™! are quantization and inverse quantization, respectively.
g is parameter to control quality of decoded base layer (LDR) image.
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Fig. 2: Bitrate of lossless compressed HDR image (BloominGorse2) by part
8 with (R, 7R) = (0, 0), (0, 4), (4, 0), (4,4)

point representation [32], [33]. This representation is exactly
invertible [34] and makes it possible to compress HDR images
losslessly. For lossless compression of HDR images, it is
required to determine the values of several parameters. The
first parameter is g, which controls decoded image quality of
base layer. The higher g gives the better quality. The second
parameter R is the number of bits used for refinement scan.
The refinement scan is used to improve precision of DCT
coefficients up to 12 bit. Thus the valid range of R is from O to
4. The third parameter is rR. The r R is the number of bits used
for residual refinement scan. In lossless coding procedure, the
rR is considered as the control factor for the amount of coded
data included in the residual data of the extension layer.

To achieve good lossless compression performance, the
values of the parameters, ¢, R and rR should be carefully
determined. Figure 2 shows the result of lossless compression
of an HDR image by the part 8 with g = 0 to 100 and the four
combinations of parameters (R, rR) = (0,0), (0,4), (4,0), (4,4).
Clearly, we can see there is a certain variation in the coding
performance. Note that it has been confirmed that the optimal
values of the parameters which give the best performance is
image-dependent.
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Fig. 3: Histogram sparseness of residual data

B. Histogram sparseness of residual data

HDR images often have sparse histograms due to its high
dynamic range of pixel values [12]. Moreover, the histograms
of the residual data in the two-layer coding in the part 8 are
also sparse after subtraction of LDR data in the base layer.
In this paper, this histogram sparseness is denoted as o and
defined by

_ IX]
@ max(X) — min(X) + 1 M
X ={x e X|H(x) # 0} 2)

where H(x) denotes the histogram of a pixel value x, and |X|
denotes the total number of all the elements of a set X. The
range of @ is 0 < @ < 1 and the greater @ means the sparser
histogram. Figure 3 the ‘sparseness’ of the residual data of
two HDR images; memorial and MtTamWest. The remarks
from this figure are summarized as follows.

« The sparseness depends on images and the quality factor
q for base layer.

o The histogram of residual data tends to be sparse, espe-
cially, the value of @ in chroma component is higher than
that in luminance.

For image signals having such a sparseness, it is well known
that the histogram packing technique improves lossless com-
pression performance [24]-[29]. The main idea of the pro-
posed method is to combine the two-layer coding structure
with the histogram packing technique.
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III. PROPOSED METHOD

A method using the technique with the two-layer coding
having the backward compatibility to the legacy JPEG for base
layer is described in this section.

A. Encoder structure

The structure of the proposed lossless two-layer coding is
illustrated in Fig.4. The coding-path to generate a base layer,
which is backward compatible with the legacy JPEG, is the
exactly same as the part 8 of JPEG XT. Note the refinement
scan for the base layer is not used. Therefore, the value of R
is set to zero.

For the extension layer, which consists of the residual data
generated by subtracting decoded base layer from the original
HDR image, the coding procedure after color space conversion
from RGB to YCbCr is different from the part 8 encoder.
This subtraction may increase the range of data one bit at
most. The histogram of each color component of the color
converted residual data is analyzed and packed by using the
histogram packing technique. Then, the packed residual data
is compressed by the JPEG 2000 lossless encoder. After the
subtraction described above, the residual data for each color
component have 17 (16+1) bit integers. This over 16 bit in the
bit-depth is the reason for using JPEG 2000 encoder because
it accepts up to 32 bit integer per component [6].

For the inverse operation of the histogram packing, un-
packing table is sent to the decoder. The unpacking table is
one-to-one correspondence function between the packed index
value and the original pixel value. Since this is monotonically
increasing, DPCM (Differential Pulse-Code Modulation) is
performed and then the DPCM-ed unpacking table is com-
pressed by bzip2 [35] algorithm to reduce the data amount
of the table. Finally, the base layer which is compatible with
the legacy JPEG, the extension layer consists of the lossless
JPEG 2000 codestream, and the DPCM-ed unpacking table
are multiplexed into single codestream and it is sent to the
decoder. Note that the LDR quality ¢ is the only parameter to
be determined according to the user’s demand in the proposed
method. Thus, the proposed method can be considered to be
image-independent and almost-parameter-free.
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B. Histogram packing

In sectionll-B, it has been noted that the histograms of
the residual data tend to be sparse and the reduction of the
sparseness is effective to improve lossless coding performance.
Figure 5 shows a histogram H(x) for Y component in the
residual data of an HDR image ’BloomingGorse2.” Horizon-
tal axis denotes the pixel values x as integer number with
IEEE floating point representation. After histogram packing,
a histogram-packed image is obtained. In this paper, this
histogram-packed image is referred to as ’index image.” H(x)
for the index image is shown in Fig. 6(a) and it is clearly
considered to be dense. The unpacking table, which is neces-
sary to perform inverse histogram packing, is illustrated in Fig.
6(b). Obviously, it is considered as one-to-one correspondence
function and monotonically increasing. That is, this table is
DPCM effective

IV. EXPERIMENTAL RESULTS

To verify the effectiveness of the proposed method, the
lossless compression performance in terms of bitrate of the
generated codesrtreams was evaluated and compared with that
of the JPEG XT part 8.

A. Conditions

Six test images were collected from Web sites as shown
in Fig. 7. These images are very common to HDR related
experiments. Although some of them have full precision float
value for their pixel value, we have converted the values into
half precision float because the JPEG XT encoder only accepts
half precision floating point pixels as its inputs.

For the JPEG XT part 8 encoder, the reference software
[36], [37] available from the JPEG committee was used. For
the proposed method, the modified encoder of the reference
software, whose coding path for the residual data was changed
to have the histogram packing and JPEG 2000 encoder, was
used. The lossless performances of the proposed method and



&

(c) MtTamWest
(1214x732)

(b) BloomingGorse
(4288x2848)

(a) memorial
(512x768)

I /Vva,"l I

(f) Desk
(644x874)

(d) Cannon
(780x566)

(e) WillyDesk
(4288%2848)

Fig. 7: Test images (converted into half precision float.)

36 T T T

L M E L AN R
306
28

bitrate [bit/pixel]

26

b JPEG XT %
JPEG XT with Refinement - O -
Proposed —@— i
22 r
. . .
20 &
o 2
&
& <\~\\<© & & Qe:'}
& Y & < N &
& B3 N § & <

Fig. 8: Bitrates of lossless compressed images (LDR g = 80)

the JPEG XT part 8 were evaluated with several values of ¢
(quality factor of LDR image).

B. Results

Figure 8 shows the bitrate of lossless compressed images
by the proposed method and the JPEG XT part 8 with LDR
quality ¢ = 80. The bitrate includes the amount of unpacking
table for the proposed method. The dotted line, the dashed
line and the solid line show the results of the JPEG XT,
the JPEG XT with refinement scan and the proposed method,
respectively. R =4 and rR = 0 were used for number of bits
for the refinement scan. From this results, it is confirmed that
the proposed method achieves the best lossless performance
among the test images.

Figure 9 show the results of lossless bitrate comparison
using memorial’ image with the proposed method and the
JPEG XT part 8 with the different parameter values of ¢,
R and rR. Figure 9(a) shows the comparison results for the
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fixed number of the residual refinement bits rR = 0 and
the refinement bits for the base layer R = 0, 1,2, 3,4. Figure
9(b) shows the comparison results for the fixed number of
the refinement bits for the base layer R = 4 and the residual
refinement bits for the extension layer ¥R = 0, 1,2, 3,4. From
these figures, it is verified that the proposed method shows
better lossless performance than the JPEG XT part 8 with
any combination of the parameters. In addition to the better
performance, it is not required for the proposed method to
find the image-dependent combination of the coding parameter
values, such as ¢, R and rR.

V. CONCLUSIONS

A novel method using the histogram packing technique with
the two-layer coding having the backward compatibility to the
legacy JPEG for the base layer has been proposed in this paper.
The histogram packing technique has been used to improve
the performance of lossless compression for HDR images that
have the histogram sparseness. The experimental results in
terms of lossless bitrate have demonstrated that the proposed
method has a higher compression performance than that of
the JPEG XT part 8. Unlike the JPEG XT part 8, there is no
need to find an image-dependent combination of the parameter
values which gives good lossless compression performance.
Moreover, the base layer produced by the proposed method
has the backward compatibility to the legacy JPEG standard,
which is one of the most widely used image format.
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