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Abstract

The techniques of progressive image transmission (PIT) divide image delivery into several phases. PIT’s main objective is
to efficiently and effectively provide an approximate reconstruction of the original image in each phase. Therefore, this study
proposes the blocked wavelet progressive image transmission (BWPIT) method based on the wavelet transformation and
the spatial similarity of pixels, to reduce the bit-rate and increase the image quality in an early phase of PIT. Experimental
results show that the transmission bit-rate and the image quality of BWPIT are significantly better than those of bit-plane
method (BPM), improved bit-plane method (IBPM), and wavelet-based progressive image transmission (WbPIT) method in
each early phase.
� 2007 Elsevier GmbH. All rights reserved.
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1. Introduction

Transmission of high-resolution images or videos over a
low speed channel, such as a telephone line, usually meets
the problem of the long delivery time. Therefore, users have
a high demand for recognizing the picture content or even
aborting the transferring process at an early stage [1].

The technique of progressive image transmission (PIT),
which partitions an image into several parts to transmit phase
by phase, provides an approximate result of the original im-
age in an early transmission phase, and transmits the details
progressively by the following phases. In each phase of PIT,
the receiver obtains an approximate result of the original im-
age, rather than a part of it. To reduce the transmission load,

∗ Corresponding author. Department of Information Engineering and
Computer Science, Feng Chia University 100, Wenhwa Rd., Seatwen,
Taichung 40724, Taiwan, ROC. Tel.: +886 4 24517250x3790;
fax: +886 4 27066495.

E-mail addresses: ccc@cs.ccu.edu.tw (C.-C. Chang),
lyc@cs.ccu.edu.tw (Y.-C. Li), m9405188@fcu.edu.tw (C.-H. Lin).

1434-8411/$ - see front matter � 2007 Elsevier GmbH. All rights reserved.
doi:10.1016/j.aeue.2007.03.008

a well-designed PIT method should have a low transmission
bit-rate and a high image quality in an early phase. Several
research results have been presented [1–4].

The discrete wavelet transformation (DWT) techniques
can transform the signal energy trend to cluster in the low-
frequency region. A few transformed significant coefficients
in the low-frequency region can efficiently reconstruct an
approximate result for the original image. Therefore, the
DWT techniques have been widely applied to the domains
of the image compression and PIT, such as [3–5].

The pixels in an image usually resemble their neighbors.
Segmenting an image into several blocks has a high possi-
bility to result in similar pixels in blocks. Therefore, to inte-
grate the advantages of the wavelet transformation and the
spatial similarity of pixels, this study proposes the blocked
wavelet progressive image transmission (BWPIT) method
by applying the Haar wavelet transformation in each small
block. BWPIT more significantly improves the reconstructed
image quality in each early phase than do bit-plane method
(BPM), improved bit-plane method (IBPM) and wavelet-
based progressive image transmission (WbPIT) method.
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For simplicity but without loss of generality, this study fo-
cuses on the early phases of PIT and discards related com-
pression techniques in each phase.

2. Related work

BPM is the simplest and best-known method for PIT in a
spatial domain [1]. BPM uniformly partitions all pixels into
several bit planes for each image. The bit plane is sorted from
the most significant bit to the least significant bit. Therefore,
BPM can implement PIT by sending a bit plane in each
phase in order. The receiver obtains the value “0” or “1”
for each pixel to recover the other bits of the corresponding
pixel by using the mean value in each phase. The inaccurate
prediction of BPM results in poorly reconstructed images in
the first several phases.

To improve the image quality in each phase, the IBPM
applies a tree-structured codebook to predict the original
value of each pixel [2]. In each phase, IBPM sends a bit
plane and several codewords of the tree-structured codebook.
Although IBPM improves the reconstructed image quality
in each phase, the increasing bit-rate of IBPM results in a
longer transmission time than that of BPM in each phase.

Chang and Lu applied the simple and efficient Haar dis-
crete wavelet transformation (Haar DWT) for PIT, which
is also called the wavelet-based progressive image trans-
mission (WbPIT) method [3]. Haar DWT calculates the
DWT coefficients by addition and subtraction operations.
Two steps of one-dimensional Haar operations compose the
one-scale Haar DWT of two dimensions. In each transmis-
sion phase, besides transmitting the coefficients of the cur-
rent sub-band, WbPIT transmits the half coefficients and
the average value of the next sub-band to refine the recon-
structed image. In an early phase of PIT, WbPIT can effi-
ciently reconstruct a coarse image. However, the overhead
of transmission rapidly increases in next phase.

3. The BWPIT method

The Haar DWT can be applied for PIT well. Moreover,
from the viewpoint of the spatial domain of an image, the
pixels in a smooth region of the image slightly differ. There-
fore, this study proposes the BWPIT method, which utilizes
the advantages of Haar DWT and the spatial similarity, to
reduce the bit-rate and improve the quality of the recon-
structed image in each phase for PIT.

The standard deviation, �, is a famous measure of the sta-
tistical dispersion. The normal distribution has 95.44% of the
data points distributed within two standard deviation units
of the mean [6]. A low standard deviation unit means that
the data are similar. Therefore, this study employs the stan-
dard deviation value of each block (subimage) to distinguish
the degree of smoothness of each block. BWPIT partitions
an image with size m × n into (m/w) × (n/h) non-overlap

Fig. 1. The transmission order of a block.

blocks with size w × h. Then, BWPIT calculates the stan-
dard deviation of each block and assigns its degree. BWPIT
distinguishes the degree of smoothness of each block, ac-
cording to the three pre-defined threshold values, T1, T2, and
T3. The degree value of each block is assigned as follows:

Degree =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

1 if ��T1,

2 else if T1 < ��T2,

3 else if T2 < ��T3,

4 otherwise,

where 0 < T1 < T2 < T3. The reconstructed block with a low
degree value only requires a few coefficients to effectively
approximate the original block. A high-degree block requires
more coefficients to approximately reconstruct the block.
Therefore, BWPIT terminates to transmit the coefficients in
an early phase for blocks with a low degree value.

Moreover, BWPIT applies the two-scale Haar DWT to
each block. In a low-frequency sub-band, the coefficients
usually become very large. Therefore, to reduce the trans-
mission cost in each phase, BWPIT quantizes each coef-
ficient into the same number of bits as the original pixel.
In the first transmission phase, BWPIT transmits the mean
value of each block. Fig. 1 shows the following transmis-
sion order of each block. In the second transmission phase,
BWPIT transmits the coefficients of LL2 but skips the
first coefficient to deliver, since the first coefficient can be
obtained by the simple computation of the mean value with
the other LL2 coefficients. The degree value of each block
is also transmitted in the second phase. According to the
degree value, each distinct block terminates transmission
in different phase. The termination phase (T phase) is as
follows:

T phase =

⎧⎪⎨
⎪⎩

1 if degree = 1,

2 if degree = 2,

5 if degree = 3.

If degree = 4, the block is terminated to transmit in the
phase, which users accept the reconstructed quality of the
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