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ABSTRACT

JPEG2000, an international standard for still image com-
pression, has three main features: 1) high coding perfor-
mance, 2) unified lossless/lossy compression, and 3) res-
olution and SNR scalability. Resolution scalability is es-
pecially promising given the popularity of super high def-
inition (SHD) images like digital-cinema. Unfortunately,
the resolution scalability of its current implementation is
restricted to powers of two. In this paper, we introduce
non-octave scalable coding with motion compensated inter-
frame wavelet transform. By using the proposed algorithm,
images of rational scales can be decoded from a compressed
code stream. Experiments on SHD digital cinema test se-
quences show the effectiveness of the proposed algorithm.

1. INTRODUCTION

An ISO/ITU-T standard for still image coding was intro-
duced as JPEG2000 [1]. The algorithm provides various
features but the key points are 1) high coding performance,
2) unified lossless and lossy compression, and 3) resolution
and SNR scalability. Since Super High Definition (SHD)
images are becoming more popular [2], resolution scalabil-
ity is particularly attractive. The discrete wavelet transform
used in JPEG2000 is dyadic which makes it easy to realize
resolution scalability.

One problem with JPEG2000 is that its resolution scal-
ability is restricted powers of two. In other words, the con-
version rate is limited to 1/2" (n = 1,2,--- , D, where D
is the decomposition level of the wavelet transform). Some
applications in the areas of digital-cinema, HDTV, Standard
TV, and PCs require a variety of image resolutions and so
octave resolution scalability is too restrictive. Resolution
conversion based on orthogonal transforms or a filter bank
[3]-[4] can realize non-octave resolution scalability.

DCT-type conversion methods have the advantage of be-
ing compatible with the JPEG image coding standard. How-
ever, this type of conversion method does not possess other
necessary properties such as SNR scalability.
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Recently, we introduced non-octave scalable coding (NSC)
[5] that uses a filter bank with embedded block coding with
optimized truncation (EBCOT) [1]. This method can out-
put N/2D (N=1,2,- - -,2P) scale resolution images and also
possess SNR scalability. In this paper, we propose a new
type of non-octave scalable coding which improves upon
the coding efficiency of our earlier NSC. The new method
utilizes motion compensated inter-frame wavelet transform
while NSC uses only intra frame subband transform. Sec-
tion 2 introduces the new method called motion compen-
sated non-octave scalable coding (MC-NSC). Section 3 shows
simulation results. Our conclusions are given in section 4.

2. NON-OCTAVE SCALABLE CODING USING MC
INTER-FRAME WAVELET TRANSFORM

This section describes non-octave scalable coding with mo-
tion compensated inter-frame wavelet transform as an ex-
tension of our earlier NSC.

2.1. System Configuration

Encoder and decoder configurations are shown in Figs. 1
and 2, respectively. In the encoder, the input image is de-
composed into 2 uniform subbands. Motion compensated
inter-frame coding is applied only on the lowest LL sub-
bands; the remaining higher subbands are coded in intra-
frame mode. This is because the inter-frame correlation of
higher subbands is relatively weak, especially in digital cin-
ema sequences. The inter/intra frame coefficients are sepa-
rately coded using a embedded entropy coding scheme. The
embedded coding algorithm realizes various levels of scal-
ability. There are four basic scalability dimensions: spatial
resolution (SR), temporal resolution (TR), quality (L), and
component (C). Different scalability levels are achieved by
ordering packets within the code stream. Details of inter-
frame coding are described in Sec. 2.3. The intra frame cod-
ing procedure is the same as that used in our earlier NSC.
In the decoder, a pre-processor extracts packets that cor-
respond to the lower N subbands. This yields N /2" scale

ICASSP 2005



Inter-frame Coding

fnie frame Embedded
MCTF = Transi'orm "*| Entropy Coding [[{ ]
Lowest subbands
® I _
; 2 Coded
l Uniform tl\:!o“?." —* MYV encoder %
——  Subband stimation @ | Bit stream
e <
Decomposition| =3
. [}
Intra-frame Coding
- Embedded
X —* Quantization F—»| Entropy Codin, T E—
Other higher subbands Py g
A =
Rate Control
. .
Fig. 1. Encoder configuration.
Rate Control
: Inter-frame Decoding
v
v
?ﬁ Embedded Inverse MCTF Lowest Subbands
@ Entropy > Wavelet s
@ P ynthesis
g Decoding Transform
®
]
Coded g @
Bitet ] My N band i
itstream | & decoding Synthesis
g Filter Bank
= Intra-frame Decoding
3
]
2 Embedded Tnverse Other higher subbands l
z Entropy e N-1 band
Decoding Quantization (N-1 bands)

® @

| | | N/2PScal
i I S

Decimation  ®

Image

N Scale Enlargement 2Y Scale Reduction

Fig. 2. Decoder configuration.

conversion. The extracted code corresponding to the LL
subband is then fed to the inter-frame decoder, and the re-
maining N — 1 packets are fed to the intra-frame decoder.
Finally, a synthesis filter bank reconstructs the signals by
summing the output signals of the inter-frame and intra-
frame decoders. The synthesis filterbank outputs 2V /2P
scale resolution images (where, U is the minimum integer
value that satisfies the condition N < 2V).

Post-processing converts the 2V /27 scale resolution im-
age into a N/2P scale resolution image.

2.2. Analysis/Synthesis Filter Bank

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

stage 3

Lower bands
A

is
decomposition which

is not allowed in
Mallat decomposition

High-pass

"
Higher bands
Fig. 3. Uniform subband decomposition by full tree-

structured filter bank (Decomposition level D = 3).
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Fig. 4. Relationship between analysis/synthesis filter bank.

Figure 4 shows the relationship between the analysis fil-
ter bank and the synthesis filter bank. In the synthesis fil-
ter bank, the signal is reconstructed by summing the lower
N subband signals. The U stages (where U is the mini-
mum integer value that satisfies the condition N < 2Y) are
inevitable if we are to synthesis /N 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. 5. This shows that the frequency component of the
highest subband is truncated.

2.3. Motion Compensated Inter-frame Wavelet Coding

Motion compensated time filtering (MCTF) [6] is imposed
on lowest subbands. MCTF plays an essential role in ex-
ploiting the temporal redundancy in image sequence. MCTF
is performed along the motion trajectory. A pair of tempo-
ral low and high subbands is generated for each successive
input signal by the wavelet transform. As shown in Fig. 6,
the operation is recursively performed on the low temporal
frequency subband. Hierarchical variable size block match-
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ing (HVSBM) is employed for motion estimation since it
speeds up the search process and spatial interaction is im-
posed between neighboring motion vectors. The sizes of
the square motion blocks range from 4 x4 to 64 x64.

Spatial wavelet transform follows MCTF to complete
3D subband decomposition. The numbers of spatial and
temporal decomposition levels will vary with input image
resolution and delay constraints. As a result, the inter-frame
coding divides consecutive frames into groups of pictures
(GOP). The 3D subband structure in a GOP is depicted in
Fig. 7. Finally, each 3D subband is separately coded using
the embedded entropy coding scheme. The coded data are
packetized in terms of scalability; spatial resolution (SR),
temporal resolution (TR), quality (L) and component (C).
Different scalability levels are achieved by ordering packets
within the code stream.

2.4. Decimation Process

Post-processing converts the 2V /2 scale resolution image
to the N/2P resolution image. As shown at the bottom of
Fig. 2, we implement N/2Y scale resolution conversion
by 1) N scale enlargement, and 2) 1/2V scale reduction.
The N scale enlargement is implemented by 1) up sampling
with factor IV, 2) zero-order hold, or 3) linear interpolation.
These are simple interpolation methods and all can be con-
sidered as a type of a low-pass filter H (z) after up sampling
with factor V. Figure 5 shows the amplitude spectra yielded
by up sampling, zero-order hold, and the linear interpola-
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Fig. 6. Octave based temporal decomposition [6].
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Fig. 7. 3D subband decomposition [6].
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tion. The imaging components in the high frequency region
are caused by up sampling, and are suppressed by the low
pass filter H(z).
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. Figure 5 shows an example of 1/4 scale conversion.
At first, the input signal is passed through the low-pass anal-
ysis filter. As a result, the high frequency image component
is suppressed. The filtered output is then down sampled by
the factor of 2, yielding low-pass subband signals. The res-
olution is reduced to half size. Repeating the cycle of low-
pass analysis filtering and down sampling U times yields
1/2Y scale reduction.

3. SIMULATION RESULTS

Simulations were carried out to evaluate the effectiveness
of the proposed method. We processed a digital cinema test
sequence consisting of 4096 x 1969 [pixels], 8 [bits/pixel],
24[fps]. Reference images were created by DFT-IDFT con-
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version as shown in Fig. 8. At first, K x L DFT calcula-
tion was carried out for a K x L resolution image. Next,
by applying a window function to the lower K (N/2P) x
L(N/2P) DFT signals, K(N/2P) x L(N/2P) signals can
be extracted. Atlast, K (N/2P)x L(N/2”) IDFT was done
for the extracted K (N/2P) x L(N/2P) DFT signals.

Here, we compare the proposed model to intra non-octave
scalable coding NSC. In both the proposed method and NSC,
the analysis filter bank used the 5/3 reversible filter, and the
decomposition level D was set to 2. N scale enlargement
was realized by linear interpolation and 1/2P reduction was
implemented as 5/3 reversible wavelet filtering. In the pro-
posed method, each GOP contains 8 frames: one t-LLL
frame, one t-LLH, two t-LH frames and four t-H frames.
Motion vector accuracy was a quarter pixel.

Figure 9 shows the rate-distortion characteristic for a
full scale resolution sequence. The proposed method (MC-
NSC) has better performance than NSC. Figure 10 shows
the rate-distortion characteristic for a 3/4 scale resolution
(non-octave resolution) sequence. These results show that
the proposed method is superior to NSC, especially at lower
bit-rates.

4. CONCLUSIONS

This paper introduced motion compensated non-octave scal-

able coding (MC-NSC). The proposed algorithm allows N/2P

(N =1,2,---, 2P) resolution images to be decoded from
the same code stream. Experiments on digital cinema test
sequences showed that MC-NSC outperforms intra NSC.
The features of the proposal are summarized below:

1. Non-octave resolution scalability

2. SNR/temporal scalability

3. High coding performance when compared with NSC

The following points are left as future studies:

1. Applying MCTF to higher subbands.

2. Consideration of MC-NSC coded data transmission
over IP networks.
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Fig. 10. Rate-distortion for a 3 /4 scale resolution sequence.
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