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ABSTRACT

The features JPEG2000, an international standard for
still image compression, include 1) high coding performance,
2) unified lossless/lossy compression, 3) resolution and SNR
scalability. Resolution scalability is an especially promising
feature given the popularity of Super High Definition (SHD)
images like digital-cinema. Unfortunately, its current im-
plementation of resolution scalability is restricted to powers
of two. In this paper, we introduce a non-octave resolution
conversion method that is compatible with JPEG2000 part2.
By using the proposed algorithm, images of various resolu-
tions can be decoded from a compressed JPEG2000 part2
code stream. Experimental results from digital cinema test
sequences show the effectiveness of the proposed algorithm.

1. INTRODUCTION

An ISO/ITU-T standard for still image coding was intro-
duced as JPEG2000 [2]. The algorithm provides various
features such as 1) high coding performance, 2) unified loss-
less and lossy compression, 3) resolution and SNR scalabil-
ity. Since Super High Definition (SHD) images are becom-
ing more popular [1], one application is digital-cinema, res-
olution scalability is regarded as a very promising attribute.
The discrete wavelet transform used in JPEG2000 is dyadic
and makes it easy to realize resolution scalability. Two-
dimensional transformation is done by applying the one-
dimensional wavelet transform to the rows and columns of
an image. The same transformation is applied to the low-
est subband iteratively. This multiresolution structure fa-
cilitates interchange among different video source formats.
The wavelet transform is naturally scalable.

The current version of JPEG2000, however, restricts the
resolution scalability to a power of two. In other words,
the conversion rate is limited to 1/2" (n = 1,2,---, D,
where D is the decomposition level of the wavelet trans-
form). Some applications in the areas of digital-cinema,
HDTYV, Standard TV, PC require a variety of image reso-
Iutions and so octave resolution scalability is too restrictive.
Resolution conversion based on orthogonal transforms or a
filter bank [4]-[6] realizes a non-octave resolution scalabil-
ity. In particular, various DCT based resolution conversion
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methods have been discussed [4], [5]. DCT-type conver-
sion methods have the advantage of being compatible with
the JPEG image coding standard. However, this type of
conversion method does not support JPEG2000. Reference
[7] introduced a non-octave resolution conversion method
that is compatible with JPGE2000. After a 1/2™ scale res-
olution image is processed by a JPEG2000 decoder, it is
passed through a decimation filter. This method demands
that the transmitted JPEG2000 code stream be redundant. If
we want a 3/4 scale resolution image, the JPEG2000 code
stream corresponding to the full resolution image must be
transmitted. In terms of coding efficiency, this is not a de-
sirable characteristic.

In this paper, we introduce a non-octave resolution con-
version method that is compatible with JPEG2000 part2.
This method can output N/2P (N=1,2,---,2P) scale res-
olution images. The proposed method only need transmit
JPEG2000 part2 code stream which corresponds to the N /2P
scale resolution image while the method of S. Tanabe et
al. transmits redundant data. It achieves non-octave reso-
lution conversion by 1) simple N scale enlargement and 2)
a wavelet low-pass filter which is used in JPEG2000 partl
or part2. Therefore, there is no need to design new deci-
mation filters. Section 2 introduces the non-octave resolu-
tion conversion method. Section 3 shows simulation results.
Conclusions are given in section 4.

2. NON-OCTAVE RESOLUTION CONVERSION
METHOD BASED ON JPEG2000 PART2

This section describes the proposed non-octave resolution
conversion method.

2.1. System Configuration

Encoder and decoder configurations are shown in Fig. 1;
both are compatible with JPEG2000 part2. In the encoder,
the input image is decomposed into uniform subbands, and
coefficients of each subband are quantized. The quantized
coefficients are then coded using the Embedded Block Cod-
ing with Optimized Truncation (EBCOT) algorithm [2]. The
EBCOT algorithm realizes various levels of scalability. There
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are four basic scalability dimensions in a JPEG-2000 code
stream: resolution (R), quality (L), spatial location (P), and
component (C). Different scalability levels are achieved by
ordering packets within the code stream. In order to achieve
resolution scalability, we exploit the R-L-C-P order struc-
ture.

For subband decomposition, we use a full tree-structured
filter bank, which yields uniform spectrum division. Arbi-
trary decomposition trees are allowed in JPEG2000 part2
while JPEG2000 partl is restricted to Mallet decomposi-
tion. Figure 2 shows uniform subband decomposition of an
image with two decomposition levels. In this case, the res-
olution level is defined as shown in Fig. 3. We define the
resolution level from the lowest subband to the highest sub-
band as Ry, Ry, -+, Rop_;.

In the decoder, a pre-processor extracts packets that cor-
respond to the Ry, Ry, -- , Rny—1 resolution levels. The ex-
tracted code stream is then fed to a JPEG2000 part2 decoder.
The JPEG2000 part2 decoder outputs the 2V /20 scale res-
olution image (where, U is a minimum integer value that
satisfies the condition N < 2Y). In post-processing, the
2U /2D scale resolution image is converted into a N /2P
scale resolution image.

When a JPEG2000 part2 code stream is directly decoded
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Fig. 4. Uniform subband decomposition by full tree-structured
filter bank (Decomposition level D = 3).

by a JPEG2000 part2 decoder, only octave scale resolution
images can be output.

2.2. Analysis/Synthesis Filter Bank

We realize subband decomposition by using a full tree-
structured filter bank; this yields uniform spectrum division.
The wavelet filter, such as a reversible 5/3 or irreversible
9/7 filter, is used. For example, Fig. 4 shows uniform sub-
band decomposition by the full tree-structured filter bank
with three decomposition levels.

Upper side of Fig. 5 shows the relationship between
the analysis filter bank and a synthesis filter bank. In the
synthesis filter bank, the signal is reconstructed by summing
the lower NV subband signals. The U stages (where, U is the
minimum integer value that satisfies the condition N < 2Y)
are inevitable if we are to synthesis /V subband signals. The
result is an image with 2V /2P resolution. In the case of
N/2P = 3/4 scale resolution conversion, the amplitude
spectrum of the synthesis filter bank output is as shown in
Fig. 7. This shows that the frequency component of the
highest subband is truncated.

2.3. Post-processing

In post-processing, the 2V /2% scale resolution image is con-
verted to the N/2P resolution image. Although various
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types of decimation filters can be used, we base resolution
conversion on the following concepts; 1) simple N scale
enlargement, and 2) decimation by a wavelet filter such as
the reversible 5/3 or the irreversible 9/7 filter. As shown at
the bottom of Fig. 5, N/ 2U scale resolution conversion is
implemented by 1) N scale enlargement, and 2) 1/2Y scale
reduction.

[V scale enlargement]

We implement N scale enlargement by 1) upsampling
with factor IV, 2) zero-order hold, or 3) linear interpola-
tion. These are simple interpolation methods. Procedures of
zero-order hold and linear interpolation are shown in Fig. 6.
Either can be considered as a type of a low-pass filter H(z)
after upsampling with factor N. For example, the low-pass
filter H(z) of zero-order hold can be expressed by

H(z) =14z 4. 420D,

Figure 7 shows amplitude spectra of the upsampling, the
zero-order hold, or the linear interpolation. Imaging com-
ponents in the high frequency are caused by the upsampling.
The low pass filter H(z) suppress the imaging components.

[1/2Y scale reduction]

1/2Y scale reduction is achieved by using only the wavelet
filter. Here, we use the reversible 5/3 or the irreversible 9/7
filter. Therefore, there is no need to design new decimation
filters unlike ref. [7] which demands a different decimation
filter for each scale.

Figure 7 shows an example of 1/4 scale conversion. At
first, the input signal is passed through the low-pass analy-
sis filter. As a result, the high frequency image component
is suppressed. The filtered output is then downsampled by
factor 2, yielding low-pass subband signals. The resolution
is reduced to half size. Repeating low-pass analysis filter-
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Fig. 6 N scale enlargement.

ing and downsampling U times yields 1/2Y scale reduction.
Although aliasing is created by the downsampling process,
the aliasing components are as small as possible. This is
because the imaging components are suppressed by zero-
order hold or linear interpolation in the process of N scale
enlargement and their passage through the low-pass analy-
sis filter in the 1/2 scale reduction process.

3. SIMULATION RESULTS

Simulations were carried out to evaluate the effectiveness
of the proposed method. We processed the original digital
cinema test sequences called “Dance”, “Party”, "Lake”, and
“Aristocrat”: each with 1920 x 1024 [pixels], 8 [bits/pixel].
Reference images were created by DCT-IDCT conversion
as shown in Fig. 8. At first, K x L DCT calculation was
carried out for a K x L resolution image. Next, K (N/27)x
L(N/2P) IDCT is done for the lower K (N/2P)x L(N/2P)
DCT components.

Table 1 shows the PSNR of 3/4 resolution images. The
analysis filter bank used the 5/3 reversible filter, and the de-
composition level D was set to 2, N scale enlargement was
realized by 1) upsampling with factor 3, 2) zero-order hold,
and 3) linear interpolation.

1/2P reduction was implemented as 1) 9/7 irreversible
filtering, and 2) 5/3 reversible wavelet filtering. From Table
1, linear interpolation gives the best performance among the
three methods. It is considered that the aliasing of DC com-
ponents is effectively suppressed by the linear interpolation.
Compared to the reversible 5/3 filter, the irreversible 9/7 fil-
ter gives better performance.

Table 2 shows the PSNR values of the 5/8 resolution
images. The analysis filter bank used the 5/3 reversible
filter, and the decomposition level D was set to 3. Table
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2 shows that zero order interpolation gave the best perfor-
mance. This is a different result from that seen in 3/4 scale
conversion. Since the imaging and aliasing components
were small in this case, zero order hold is very efficient.

4. CONCLUSIONS

This paper introduced a non-octave resolution conversion
method compatible with JPEG2000 part2. The proposed al-
gorithm allows N/2P(N = 1,2,---, 2P) resolution im-
ages to be decoded from a compressed JPEG2000 part2
code stream. Experiments on digital cinema test sequences
showed the effectiveness of the proposed algorithm. The
features of the proposed resolution conversion method are
summarized below:

1. Non-octave resolution scalability

2. Compatibility with JPEG2000 part 2

3. Implementation by simple enlargement and a wavelet

filter

Evaluation of the coding performance of the proposed reso-
lution conversion method coupled with EBCOT is a future
study item.
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