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To generate optimal transmission quality for images, we present a new technique to improve the
progressive image transmission (PIT) of SPIHT in this report. The origina approach about the
progressive image transmission is that SPIHT regards the bit streams acquired from every
truncation as a transmission in every phase; in every truncation, SPIHT not only refine the
significant coefficients from this truncation but also re-refine the significant coefficients extracted
from the previous phases. These refinements and re-refinement are not worth in many situations.
The method we introduced in this paper is that, in some transmission phases, the refined and
re-refined bit streams will not be transmitted immediately and will be replaced by the bit streams
derived from the significant coefficients of the next truncation These refined bit streams will be
sent late. According to the experimental results, the new method has the better image quality in
each PIT phase than the original SPIHT.

In this information era, Internet becomes more and more important and prevalent. Nowadays,
people amost absorb new knowledge or gather data via Internet. However, while many people
are browsing some data, they spend much waiting time and dialing fees due to insufficiency of
the bandwidth and the traffic jam of the network. Especialy for those who want to browse
images via Internet, they have to wait for the whole image or above two thirds image to be
received to confirm if this image is necessary or not. Nevertheless, in order to quickly confirmif
thisimage is hecessary or not, progressive image transmission (Tzou, 1987; Sridharan et al.,1992;
Chung and Tseng, 2001) is an acceptable concept to solve this problem.

The so called PIT isto divide the image data into parts and transmit them in different phases,
and the receiver has to combine the image data received in every phase to make the image clearer
and clearer. However, in the preceding phases, the most important data of the image has to be
transmitted first, then receiver can know the general outline of the image and make sure if the
image is requested. By using this technique, users can spend less time and money on transmitting.

The technique of Set Partitioning in Hierarchical Trees (SPIHT) (Said and Pearlman, 1996;
Chang et a., 2000) based on Discrete Wavelet Transformation (DWT) (Craizer et a., 1999; Chen
et a., 2001) is to make use of DWT to interchange the image data of the spatia domain with the
image of the frequency domain. Because of the transmission via DWT, the image data of high
frequency, medium frequency and low frequency will be generated. Human being's eyes are
especially sensitive to the low frequency coefficients, so the low frequency coefficients are the



most important information in an image. After DWT, SPIHT compresses those DWT coefficients
according to their importance in the different phases. The basic ideas of SPIHT are based on the
concepts of Zerotree (Accame and Granelli, 1999; Wang and Huo, 1997) and quadtree (Munteanu
et al., 1999) methods and a receiver will retrieve the significant coefficients in order. Moreover,
SPIHT will refine and re-refine the significant coefficients in every phase. Thus SPIHT has the
PIT ability intuitively. However, by using SPIHT, a transmitting image cannot be seen clearly
enough in the preceding phases. Because of this disadvantage, we propose an improvement for
SPIHT in this paper. We see that, according to our experiences, the refined and re-refined bit
streams of SPIHT, especialy for the preceding phases, are not more important than the bit
streams derived from the important coefficients in the next phase. This means that, if we do not
transmit the refined and re-refined bit streams in the preceding phases and replace them with the
bit streams derived from the important coefficients in the next phase, we can see the image more
clearly in the preceding phases than that of the original SPIHT. This is the mgjor idea of this
report.

Haar function (Haar, 1955; Andrews, 1970; Shore, 1973) is usually used to calculate DWT.
For example, in Fig. 1 and 2, there is a 4x4 image be trandated by Haar wavelet transformation

d atb c¢c+d | a-b | c-d

a b c 2 2 | 2 | 2

Fig. 1. the first horizontal truncation of a 4x4 image
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Fig. 2. the first vertical truncation of a4x4 image

SPIHT separates the image coefficients trandated by DWT into different phases according
to their corresponding importance for image quality and the truncation policy of SPIHT. Next, the
progressive image transmission employs the feature of SPIHT to transmit the bit streams phase to



phase to the receiver. Once the receiver receives the bit streams, it combines them with the
previous received data and decompresses them. Thus the receiver can make the image clearer and
clearer. Meanwhile, during the transmissions, the receiver can decide if thisimage is necessary or
not without waiting for the whole image data to be received.

Now, let’s describe the truncation policy of SPIHT as follows. First, SPIHT selects a
threshold based on the maximum DWT coefficient. A DWT coefficient is significant if it is
greater than the threshold. This is the first truncation of SPIHT. After the first truncation of
SPIHT, we acquire the bit streams composed of 0 ard 1 from the significant coefficients and the
refined bit streams of the significant coefficientsin the first phase. After the first transmission, the
receiver who acquires the hit streams from the first truncation, decompresses the received bit
streams with SPIHT decompression process and takes the outline of the image because the most
significant coefficients have been extracted and transmitted from the first truncation Next, the
sender of SPIHT decreases the threshold value and creates the significant coefficients for the
second truncation. Then, the sender gathers the hit streams of the second truncation for
processing the second transmission The bit streams of the second truncation include the bits
acquired from the significant coefficients in the second phase and the re-refined significant
coefficients of the first and second phase. As for the receiver, after the receiver combines them
with the former received bit streams and decompresses them, the receiver can get a clearer image
than that gotten after the first phase. The later phases follow the same rules as the former one as
illustrated in Fig. 3. In SPIHT, we can evaluate the number of transmitting phases by formula (1).

In this formula, C; is a coefficient after DWT, i and j are the positions of the coefficients,

max( C;) is the largest coefficient after DWT, and N is the total number of the transmitting

phases.
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Fig. 3. The distribution of the transmission



N = gog,(max(C;))f )

We take a block with 8x8 pixels from the image “ Toys” for example. As illustrated in Fig. 4,
after DWT and SPIHT, we obtain the bit streams composed of 0 and 1 as illustrated in Fig. 5.
There are seven truncations and seven transmission phasesin this example. SPIHT configure the
first bit string as the first transmission, the second bit string as the second transmission, the third
bit string as the third transmission, and so on, until al transmissions are completed. When the
receiver obtains the bit streamin every phase she/lhe must combine it with the previous received
bit streams, decompress them and return the “original” DWT. Hence the receiver can see the
received image more and more clearly.
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Fig. 4. a8x8 image block after DWT three times



The output of the first truncation of SPIHT (The first bit stream):

1000001000001101000110100000 0000
| | |
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The output of the second truncation of SPIHT (The second bit stream):
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The output of the third truncation of SPIHT (The third bit stream):
010001000011000111110100100100011011100110000000 1000000000 1110 110
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The output of the fourth truncation of SPIHT {The fourth bit stream):
GUOGTO0HRO0I1GTH0001 11G0CT 001001 TRGO0G TS0 1T TG0 101 T 100010001 08
VIGEGGIEG 1001 610 1180111000

The output of the fifth truncation of SPIHT {The fifth bit stream);
OO0 G0 H00SToIGC0 I T T IOGCO0GIOT 10001 80T 1B1C0 1001 51 1D 18R 61018000
GOOGE 1010 G001 G011 O0DO000RE0 11010011

The output of the sixth truncation of SPTHT (The sixth bit stream):
SOOGIOOOGLO0GRI000 01 1TGILG1GT 1010001 G000 11181 100010001 GO L T L IO 18001100
GOOOTNN0GL 1010 010 1100001001 11000100 0011001 100

The putput of the seventh truncation of SPIHT (The seventh bt streamy):

QOGD10001C1000MID0001 11101001 1110110010061 001 0001100601 101 6001010000000
PIRTT41130 1000 138 2000013030 T3000900 1000000137 1281011171

Fig. 5. Output bit streams of SPIHT

With the same amount of the transmission, we propose an improvement for SPIHT in this
paper. In order to see the clearer image in the preceding phases of SPIHT, we observe that,
according to the experiences, it is worth to transmit part of the significant coefficients of the next
phase rather than refining the retrieved coefficients in advance Thus the proposed method will
replace the bit streams derived from the refined significant coefficients with the bit streams
generated from the next truncation we illustrate the idea in Fig. 6.



The bit stream of the original SPIHT:
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Fig. 6 The first two transmission phases of the proposed method

Let T denote the number of the transmission phase. According to the experiences, when
T=1, the significant coefficients must be refined. It means that our method in the first phase is
identical with the original SPIHT. When T=2, it is worth to transmit the bit streams generated
from the third truncation first. The difference between this method and SPIHT is that we do not
transmit the bit streams used for refining and re-refining the coefficients in the second phase. We
replace them with the head of the bit stream for extracted significant coefficients in the third
phase. Note that the bit length of the head shall be equal to that of the bit streams used for
refining in the second phase. When T=3, the rest of the bit stream generated from the third
truncation must be transmitted. In this phase, we also do not transmit the bit streams applied to
refine and re-refine the significant coefficients in the previous phase. We replace them with the
head of the bit stream used to extract the significant coefficients in the fourth phase. When T=4, it



is necessary to transmit the rest of the bit stream generated from the fourth truncation first and
then transmit the un-transmitted bit streams (i.e., the reefing and re-refining bit streams) in the
second, third, and fourth phases. There is a synchronization point for the proposed method and
traditional SPIHT when T=4. That is, after four phases, both of the receivers of SPIHT and the
proposed method will receive the identical image.

When T=5, the bit stream retrieved from the significant coefficients of the fifth phase will be
transmitted. However, according to the experiences, we cannot transmit the bit streams used to
refine and re-refine the coefficients in the previous phases. We replace the refined and re-refined
bit streams with the head of the bit stream of the next phase. When T=6, we have to transmit the
urrtransmitted bit streams and, moreover, we need to refine and re-refine the coefficients each
previous truncations and transmit the un-transmitted bit streamsin the previous phases. Thereisa
synchronization point for the proposed method and traditional SPIHT when T=6. In the last phase,
we must transmit al the un-transmitted bit streams to the receiver. When the receiver gets the bit
streams, it combines them with the previous bit streams and decompresses the “original” image.

We illustrate the steps of the transmission method in detail as the follows. Let T denote the
number of a transmission phase.

.  When T=1, transmit the bit stream of the significant coefficients and refine the

coefficients in the first phase.

1. When 2 T<4, do not refine and re-refine the coefficients in the first, the second, and
the third truncations. Replace the refinement and re-refinement with the head of the bit
stream generated from the next phase.

[1l. When T=4, transmit the rest of the bit stream of the significant bits in the fourth phase.
Moreover refine and re-refine the previous significant coefficients and transmit al of the
bit streams which have not been transmitted in the second, third, and fourth phases.

IV. When T=5, transmit the bit stream of the significant coefficients in the fifth phase. Do
not refine and re-refine the coefficients in the first, second, third, fourth, and the fifth
truncations. Replace the refined and re-refined significant coefficients with the head of
the bit stream generated from the next phase.

V. When T>5, refine and re-refine the coefficients each previous truncation and transmit
the bit streams, which have not been transmitted before, like the traditional SPIHT.

We aso take the example shown in Fig. 4 to illustrate our method in the transmission phases
and show the results in Fig. 7. In the first transmission phase, the amount of the bit stream by our
method is identical with the original SPIHT. In the second transmission phase of the origina
SPIHT, there are seven bits used to refine and re-refine the significant coefficients. We replace
them with the first seven bits generated by the significant coefficients of the third truncation and
do so in the following phases. This means that the un-transmitted bits in our method are to be
replaced by the same amount of the bits from the next truncation.



The bit stream of the original SPIHT:
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Fig. 7 An example of the bit streams of the first two transmission phasesin the
proposed method.

Although the Internet is more and more popular, there are many people still using Dial-up
Connection The transmission speed is slow, so we have to use the progressive transmission
technique to transmit images. Furthermore, when we are browsing the required images, we can
tell if the image is necessary or not in the previous phases by using the proposed method of this
paper. If not, we can stop the transmission at once, instead of waiting for the entire transmission
of the whole image. The receiver can control when she/he want to stop the transmission. Asa
result, the progressive image transmission can save us a lot of time to confirm the image and
avoid wasting money.

The significant coefficients of the SPIHT based on DWT have been compressed in different
phases. In this paper, we modify this feature to the progressive image transmission and get a
better solution about PIT. The image quality in the previous phases is not good enough for the
receiver; that is, the PSNR values of the reconstructed image in the preceding important phases
are not high enough, so we proposed another method in this paper. We reorganize the transmitted
bits between phase and phase, and let the important bits be transmitted early. We configure the
amount of the bits of eachtransmission phase as same as that of the original SPIHT. However, the
image quality of our method isreally better than that of the original SPIHT in that their total sums



of transmissions are the same. After the proofs of our experiments, the image quality of the
preceding transmission phases of the proposed method is better than that of the original SPIHT,
especially in the second, the third, and the fifth phases. To sum up, the users who want to browse
the image via Internet can save lots of time and morey by using this method.
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