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Abstract. In this work, we incorporate a multiresolutional coding functionality
into the SPIHT algorithm [1]. The multiresolutional coding can be considered
as akind of the region of interest (ROI) coding with multiple regions of inter-
est. Therefore, the ROI coding proposed by authors can be extended for the
multiresolutional functionality without any cost in performance. The parent of
ROI (PROI) and the multiple lists for insignificant sets and pixels, which were
proposed for the ROI coding, are also used for the multiresolution coding.

1. Introduction

The image coder should provide a good rate-distortion performance. In addition,
several functionalities become important when we consider various applications. One
of the most important functionalities is the capability to encode various resolution
images in a single bit stream. The functionality gives us the flexibility in using the
network resources. While users with a narrow bandwidth can reconstruct a low reso-
lution image by decoding a small fraction of the bit stream, other users with a wider
bandwidth can reconstruct a high resolution image by decoding the whole bit stream.
It would be desirable to incorporate such a feature into an image coding system
without incurring heavy cost such as increased computational complexity or reduced
rate-distortion performance. Xiong et al. proposed a multiresolutioal image decoding
method [2]. They selected necessary coefficients to reconstruct various resolution
images. It is difficult to use the multiresolution method in the low bit rate environ-
ment.

In this work, we adopt the scheme of the region of interest (ROI) coding and
dightly extend it in order to incorporate multiresolutional coding functionality into
the SPIHT algorithm. The multiresolutional coding can be considered as a kind of the
ROI coding with multiple regions of interest.

This paper is organized as follows: The following section describes the SPIHT al-
gorithm briefly. Section 3 presents the ROI coding and the proposed multiresolutional
coding. Experimental results are given in section 4. Finally, we conclude this paper in
section 5.



2. SPIHT

The SPIHT algorithm is one of the most efficient algorithms for still image compres-
sion. This algorithm was designed to transmit images progressively. Using wavelet
transform, images are decomposed into subband images and the SPIHT agorithm
arranges the wavelet coefficients in the magnitude order and transmits them from the
most significant bit plane.

When a threshold is given, the algorithm partitions the coefficients or the sets of
coefficients into significant ones and insignificant ones. Significant coefficients are
added to the list of significant pixels (LSP) and insignificant coefficients are to the list
of insignificant pixels (LIP) or the list of insignificant sets (LIS). While the LIP con-
tains the insignificant pixels, the LIS contains the sets that include at least four insig-
nificant pixels. An entry of the LIS, that is a set, is partitioned into several significant
pixels, insignificant pixels, and insignificant sets when it contains one or more signifi-
cant pixels. Whenever the algorithm determines whether the coefficient or the set is
significant or not, it produces one bit for the information. The resultant bits from sig-
nificant tests are generated as many as the number of entries in the LIP and the LIS,
and the sign bits are produced as many as the number of entries that are added to the
LSP. Once a pixel is added to the LIP, the pixel generates a bit in every bit plane to
show whether it is significant or not. Therefore, it is impossible to reduce the number
of bits caused by such pixels after they are added to the LIP. To reduce the bit genera-
tion, we must keep the LIS from partitioning. This property is essentia in adding
functionalitiesto the SPIHT algorithm.

3. Multiresolutional Coding

In the previous work [2], they decoded the whole bit stream and selected the neces-
sary coefficients to reconstruct an image they wanted. It is difficult to use this func-
tion in the narrow bandwidth environment because the whole bit stream should be
transmitted to reconstruct even a small image. If we rearrange coefficients at the en-
coder, several decoders with different bandwidths can receive enough coefficients to
reconstruct images with the corresponding resolution. This is the purpose of multire-
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Fig. 1. (@) After wavelet transform, an image is decomposed into several subbands. (1) ROI for
the quarter resolution image. (I11) ROI for the half resolution image with (1). (111) ROI for the
full size image with (1) and (I1). (b) A coding sequence of the proposed multiresolutional cod-

ing.



If the encoder puts the bit stream for a low resolution image at the front part, a de-
coder can reconstruct the low resolution image with only the small fraction of the bit
stream. If some decoders with wider bandwidth receive more bits, they can recon-
struct a higher resolution image with them. Therefore, we can consider each part of
coefficients as ROIs for reconstructing images. In Fig. 1 (a), we can think of the part
(1) asan ROI for the quarter resolution image, and we can reconstruct the half resolu-
tion image from the coefficients of the part (1) and (I1). Thus we can apply the ROI
coding scheme into the multiresolutional coding. After describing the ROI coding in
section 3.1, we present the multiresolutional coding in section 3.2.

3.1 ROI Coding

The ROI coding is a method to code images with an emphasis to regions of interest.
Usually an encoder allocates more hits to coefficients of the ROI in order to empha-
size the ROI. We proposed an algorithm that incorporated this functionality into the
SPIHT algorithm [3].

a) Modified Sorting Pass:
al) for each entry (i,j) in al the LIP(p) for n<p<n,_,, do:
if (i.j) is one of the ROI coefficients, do:
al.1) output S (i,j);
al2)if S(i,j) = 1, then move (i,j) to the L SP and output the sign of ¢ ;
a.2) for each entry (i,j) in the LIS(p) for n<p<nmax do:
a2.1)if theentry isof type A, then
if (i,j) is one of the PROI coefficients, do:
output S (D(i.j));
if S(D(,j)) = 1, then
for each (k,I) O O(i,j) and it belongs to the ROI, do:
output S (k,I)
if S,(k,I) = 1, then add (k,I) to the LSP and output the sign of c,,;
if S(k,I) =0, then add (k,!) to the end of the LIP(n);
if L(i,j) # O, then move (i,j) to the end of the LIS(n) as an entry of type B, and
goto Step a.2.2); otherwise, remove entry (i,j) from the current LI1S(p);
if (k.I) doesn’t belong to the ROI coefficients, do:
move (k) to the end of the L1P(n);
a2.2) if theentry is of type B, then
if (i, ) is one of the PROI coefficients, do:
output S(L(1.)));
if S(L(,j)) =1, then
add each (k,I) O Ofi,j) to the end of the LI1S(n) as an entry of type A;
remove (i,j) from the LIS(p);
b) Refinement Pass: for each entry (i,j) in the LSP,
except those included in the last sorting pass (i.e., with samen),
if (i.j) belongs to the ROI coefficients, do:
- output the n-th most significant bit of | ¢ | |;
¢) Quantization-Step Upgrade : decrementnby 1 andgoto Stepa) if n=2 R

Fig. 2. Modified procedure for the ROI

In the ROI coding algorithm, coders perform the node test only when the node is
in the ROI mask, and also perform the descendant test only if the node is in the PROI
mask [3]. Then the LIP contains three types of coefficients: significant and non-ROI



coefficients; insignificant and non-ROI ones; insignificant and ROI ones. At the fol-
lowing bit plane, sorting pass checks only the last ones and non-ROI coefficients stay
inthe LIP unrelated to thresholds.

After coding the ROI, the coder must deal with coefficients that are excluded in
the ROI coding procedure. Then, the coder performs the node test for the entriesin the
LIP from the large threshold. However, the LIP contains lots of entries that are added
to the LIP with relatively small thresholds. To reduce the bit generation, we partition
the LIP into multiple LIP(n), and the LIS into L1S(n).

When we divide the LIP into several L1P(n) during the ROI coding procedure, the
LIP(n) isalist of pixels that enter the list at the threshold of 2". After the ROI coding
procedure, coders perform the node tests only the entries in the LIP(k), where k is
greater than n. From this division, we can save lots of significant tests of the nodes in
the LIS or the LIP. The modified coding procedure of the ROI is shown in Fig. 2 and
we underlined the modified parts of the algorithm. During the procedure of the non-
ROI coefficients, the coder concatenates the divided lists into each lit, i.e,, LIS and
LIP. We omit the procedure for the non-ROI because it can be easily deduced.

3.2 Multiresolutional Coding

In the previous section, we reviewed the ROI coding method. We apply the concept
of the ROI coding to multi-resolutional coding. As mentioned before, the multireso-
lutional coding isan ROI coding with multiple ROIs. In addition, the degree of inter-
est is different among the regions. In Fig. 1(a), the region (1) is the most interesting
and the region (1) is the second interesting. Therefore, we first encode the region (1)
with the ROI coding method. During the ROI coding, both the region (11) and (111) are
unrelated to the ROI. After completing the coding at the user-defined bit plane (R in
Fig. 2), the region (1) becomes the second ROI. After coding of the region (I1), the
region (l11) becomes the final ROI. Figure 1(b) shows such coding order, and the
narrow barsin each region are the sorted coefficients.

Let us consider the bit plane where coders finish the ROI coding procedure. Asthe
value of R is smaller, more bits are allocated to the corresponding ROI. On the con-
trary, a higher value of R supports wider regions. If the bit budget remains after en-
coding all of the regions, it is possible to code all coefficients in the whole regions
(M, (1), and (1) in Fig. 1(a)) using the original SPIHT algorithm.

4. Experiment Results

The following results were obtained from the Lena image with monochrome and
512x512 with 8 bpp for fixed rate coding. We used the 9/7-tap biorthogonal wavel et
filters [5] to decompose the image.

Figures 3 (a) and (b) show the layered bit streams generated by the previous mul-
tiresolutional encoding [2] and the proposed multiresolutional encoding at 1 bpp and
0.1 bpp, respectively. In the figures, we can see that the first layer of the bit stream
generated by the previous multiresolutional encoding method is much longer than the
first layer of our algorithm. This result shows that the number of coefficients for low
resolution image is very small. In addition, ‘R’ indicates a user-defined threshold —
how many bit planes the coders must deal with. With a high bit rate, encoder can deal



with many bit planes (small R) as well as various resolution images. However, alow
bit rate limits the available bit planes and resolutions of support. This is coincident

with our intuition.
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Fig. 3. (8) Left - Comparison of bit streams when the image is compressed with one bpp bit
rate. (b) Right - Comparison of bit streams when the image is compressed with 0.1 bpp bit rate
and with different thresholds.

Fig. 4. Reconstructed images with the proposed multiresolutional coding method (bit rate = 1
bpp) from a single bit stream. (a) 1/8 resolution. (b) Quarter resolution. (c) Half resolution. (d)
Full resolution.

Figure 4 shows the images reconstructed at different resolutions with the proposed
multiresolutional coding method. These images are reconstructed from a single en-
coded bit stream with the bitrate being set at one bpp.

Table 1 shows the computation times for encoding and decoding processes with
the original SPIHT algorithm and the proposed algorithm. We applied the proposed
method to the Lenaimage with 256x256 resolution. We got the results under a Penti-
um 1 (550 MHz) with Windows 2000. The computation time of the proposed algo-
rithm is aimost similar to that of the original agorithm. This fact shows that thereis a
little overhead for the additional functionality.



bpp SPIHT Proposed
multiresolutional
coding method
1.0 0.19/0.13 0.20/0.13
0.9 0.18/0.12 0.19/0.12
0.7 0.16/0.10 0.17/0.10
0.5 0.14/0.09 0.14/0.09
0.3 0.12/0.07 0.13/0.07
0.1 0.10/0.05 0.10/0.05

Table 1. Comparison of computation times of the original SPIHT agorithm and the proposed
algorithm for encoding/decoding. (unit: sec)

5. Conclusions

We extended the ROI coding agorithm to incorporate a multiresolutional coding
functionality, which can decode multiresolution images from a single embedded bit
stream. By moving the ROI from the highest tree level to the lowest level, we can
obtain the multiresolutional coding functionality easily. The greatest advantage of the
proposed multiresolutional coding algorithms is that we can incorporate a new func-
tion into the SPIHT algorithm without cost loss in the performance. This multiresolu-
tional coding has many applications in network communications such as scalable
multicast transmission in heterogeneous network, fast decoding, image database
browsing, telemedicine, multipoint video conferencing, and distance learning, etc.
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