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Abstract
Various medical image compression techniques
have been proposed for accelerating image
propagation in many applications. JPEG2000 is
a new generation technique that can encode near
lossless ultrasound images at medium bit-rate
with diagnostically acceptable quality. Because
the coder of JPEG2000 is based on wavelet
transform, the reconstructed image will contain
some ringing artifacts. Some de-ringing
algorithm must be applied to enhance image
quality. This study presents quad-tree
decomposition and a set of morphological filters
for reducing the ringing artifacts of ultrasound
images. Specifically, the presented
predefined

including  four

morphological filters use eight

morphological  operations,
structuring elements (SE) that include both
dilation and erosion. The proposed voting
strategy can be used to select the morphological
filter for each block to optimize decoded image
quality. Image quality can be enhanced by
applying the appropriate morphological filter to
each block. Experimental results demonstrate
that the enhances

proposed  technique

reconstructed  ultrasound image  quality
compared to JPEG2000 at the same hit rate in
terms of both PSNR and the perceptual results.
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1. Introduction
digital

processing and network technology has led to

The development of image
various images being stored and transmitted
digitally, including medical images. However,
limitations of network bandwidth and storage
capacity make compression necessary in storing
and transmitting digital images. Considerable
fidelity loss, namely compression ratio of about
40:1 or even 100:1, generally is acceptable in
compression [1]. However, for medical images
[21[3][41[5][6][7][8] diagnostic concerns limit
compression ratio.

Digital medical images are important in
diagnosis. Ultrasound images, a popular medical
image modality, have distinguishing features that
must be preserved during compression. Typical
ultrasound images comprise an
ultrasound-scanned area, which often s
nonrectangular, and a background containing
text and limited graphics. Speckled texture is an
important feature of ultrasound images. However,
since speckles become blurred at medium
bit-rate compression, the tradeoff between
speckle preservation and compression ratio
becomes a core problem. Speckle preservation
aso is important for radiologists since they are
accustomed to working with speckled images,
meaning that noticeable image distortion should

be avoided.
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Algorithms based on the wavelet transform
[9] are the current state of the art in image
compression. One of the most representative
wavelet-based image coding algorithms is set
partitioning in hierarchical trees (SPIHT) [10],
which is a refined version of the embedded
zero-tree algorithm (EZW) [11]. One study
concluded that wavelet-based methods such as
SPIHT are subjectively superior to JPEG
compressed at moderately high bit-rate [12].
However, SPIHT developed ringing artifacts at
rates above 12:1, impacting diagnostic
acceptability. The new still image compression
standard JPEG2000 [13], another wavelet-based
image coding agorithm, provide better quality
than SPIHT at low bit-rate and generally
performs better. Images coded at medium
bit-rate suffer from loss of detail and sharpness,
as well as various coding artifacts. Ringing, one
of the coding artifacts, appears as small ripples
around the edge of the image. To achieve
sufficient image quality for medium bit-rate
wavelet-based image coding, post-processing
efficiently improves compression results.
Additionally, post-processing considers original
image, meaning it can preserve medical image
fidelity.

A few deringing agorithms have been
proposed recently and are described in detail in
[14][15][16]. The de-ringing algorithm proposed
by Shen and Kuo [16], which is also described in
JPEG2000 VM 7.0 [13], is considered a suitable
post-processor for JPEG2000. The de-ringing
algorithm replaces each pixel vaue with a
function of the values of neighboring pixels that
are within a specified window. To avoid
conflict with the above goal, that is smooth

shade regions and sharp edges, the de-ringing

algorithm uses a number of adaptive noise
reduction algorithms. Essentialy, the de-ringing
algorithm attempts to detect edges in the image
in a different way to preserve them. Shen and
Kuo aso introduced the idea of image ringing
artifact reduction through nonlinear filtering by
using different kinds of potentia functions.
2. Proposed Post-processing Method

Medical image compression ratio thus
usualy is low, meaning that processing and
transmitting the huge amount of image data
involved in a medical image processing system
frequently is time consuming. Hence, this study
proposed a post-processing agorithm to
suppress the compression artifact of the
ultrasound images and maximize compression
ratio and image fidelity. The proposed
post-processing algorithm consists of quad-tree
decomposition, and morphology based filtering,
as described in the following subsections.
A. Quad-tree decomposition

Since the ringing artifacts appear mostly in
edge and texture areas, a criterion is needed for
identifying smooth or textured regions on an
image. This work adopts the quad-tree partition
scheme, which is efficient and block-based, to
pre-process the compressed image. The main
purpose of the quad-tree partition is to enable the
post-processing method to focus the local feature
of the compressed image to promote global
image quality. Initialy, a threshold is required to
classify block smoothness and set a minimum
block size to stop the partition. To determine
block smoothness, this study simply calculates
the absolute difference between the maximum
and minimum gray value in a block. If this
absolute difference exceeds the pre-defined
threshold, the block is divided into four



half-sized sub-blocks. Partition processing is
repeated in each block until the smoothness
meets the defined criterion or the block size
equals the previously defined minimum size.
Following quad-tree partition, the image is
divided into different sized blocks according to
its features. In large blocks, namely 8 x 8 or
larger, the gray-scale value of the block is almost
the same. The main concern of this study is that
the features of small blocks, that is, 4 x 4 and 2 x
2, may contain important information for
ultrasound images, such as edge, texture, and
ringing artifacts. Applying a morphology based
filter to these small blocks would reduce ringing
around the edge while maintaining and
reconstructing edge detail. Figure 1 shows an
example of a quad-tree partition in aring image

‘sonogram’.

Fig. 1. Quad-tree partition in the ringing image

‘sonogram’.

B. Morphology based filtering
After dividing the compressed medical
image into various size blocks, the main
operation of the post-processing agorithm can
be performed efficiently. In each block,
morphology based filtering is performed to
enhance image quality. The most helpful
structuring element (SE) and morphology
operation is evaluated using the absolute
difference between the filtered and original

image blocks. The most helpful type of

that which
the absolute

morphological  operation is
maximizes the reduction of
difference between the filtered image block and
the origina image. The gray scale morphology
defines gray scale dilation as an operation that
selects the maximum pixel value from the mask
window (the same dimension as the SE)
provided that the corresponding element in the
SE window is one. Similarly, gray scale erosion
is defined as an operation that selects the
smallest pixel value from the mask window
provided that the corresponding element in the

SE window is one.
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Fig.2. The 16 pre-specified Ses.

Fig. 3. Four 434*636 | eft atriaimages.

To reduce the complexity and computation
time, this study only considers 3x3 SEs and
dilation and erosion. This study uses 16
pre-specified SEs, as shown in Fig. 2, taken by

16 different directions, and measures their



contribution to improving PSNR. For the
wavelet-based encoded

caculated the datistical

image, this work

properties  of

improvement for 100 test images (Fig. 3

illustrates four 434*636 left atria images) and

Table 1 lists the results. Data analysis yields the

following guidelines for filter  design.

Importantly, the experimental results show that

SE1 to SE8 can enhance ringing image quality

and that each SE can improve specific features

of the ringing image. The filtering can select the
four SEs that achieve the biggest improvement
in PSNR.

The post-processing agorithm can be
summarized as follows:

At the encoder end:

Input: Original image P, ringing image P’,
quad-tree partition threshold, minimum
block dimension, and morphological
operations (four SEs with both dilation
and erosion) OP(1) ~ OP(8).

Output: Side information for de-ringing.

Step 1. Partition P and P’ into unequal-sized
blocks using quad-tree, calculate the
absolute difference of every block,
Diff(i) = abs(P(i) — P’ (i)) , where P(i) &
P’ (i) are the corresponding blocks in P
& P.

Step 2. Select an unprocessed block P’ (i) and

perform al eight morphologica
operations. Then save the
morphological results following the

eight operations, say MP’ (1) ~ MP'(8).
Step 3. Sort MP'(K) by » ab§MIP (Q—P(0))
i
where j stands for pixel in agiven block,

select the smallest MP'(k), and check

whether the block error is smaller than

Diff(i). If so, record the filter number.
Otherwise, leave the block unchanged.
Step 4. Repeat from step 2 until al blocks are
processed.
Step 5. Compress the filter information by
entropy coding.
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Fig. 4. Flowchart of de-ringing encoder.

Bit stream of
compressed

Reconstructed image
image by JPEG2000
Bit stream
of filter Entropy coding OP sequence
information

Divide P into
blocks by quad-
tree partition

Ringing
image P’

Ringing image
blocks

For each block do
the exact
morphological OP

Output filtered
image

Fig. 5. Flowchart of de-ringing decoder.

At the decoder end:

Input: Ringing image P’, threshold of quad-tree
partition, minimum block dimension, and
morphological operations OP(1) ~ OP(8)

Output: Filtered image Q

Step 1. Copy P’ t0 Q.

Step 2. Partition P’ into unequal-sized blocks
using quad-tree as done by the
de-ringing encoder.

Step 3. Select an unprocessed block P’ (i) and
apply the exact morphological filter to it.
Assume that the filtered block is



MP’ (k).

Step 4. Replace the corresponding block in Q
with MP’(K). However, if the side
information of this block indicates that
no suitable pre-defined filter exists,
leave the block unchanged.

Step 5. Repeat from step 3 until al blocks are

processed.
Figures 4 and 5 illustrate the flowchart of

the de-ringing encoder and decoder, respectively.

3. Simulation results

Fig. 6(c) Fig. 6(d)

Fig. 6 (a) Original sonogram1.
(b)Ringing image compressed by JPEG2000(bit rate
=0.5321, PSNR=36.31dB).
(c)Ringing image compressed by JPEG2000(bit rate
=0.5, PSNR=36.14 dB).
(d) Filtered image of Fig. 6(c)(bit rate=0.5321,
PSNR=36.91 dB)

This investigation
experiments on the 512 x 512 grayscde

conducted some

ultrasound image with 8 bits per pixel. The
ultrasound image was compressed by JPEG
2000 at bit-rate of 0.1 to 0.6 bpp. The minimum
block size was set to 2 for a partition threshold
of 60 and 4 for a partition threshold of 20. The
two parameters of the quad-tree decomposition
were determined by an empirical experiment

with respect to side information size and

morphological filter performance. Moreover, the
side information was compressed using adaptive
Huffman coding to further reduce tota bit-rate.
As is known, a better artifact-free image can be
obtained using a small partition threshold and
minimum block size. On the other hand, such a
set up is associated with a heavy load of side
information. Therefore, this study sets the
partition threshold and minimum size as 20, 4,
and 60, 2 the

experiment.

respectively  throughout
This work displays some images filtered by
the proposed method. For clarity, only the most
complicated quarters of the whole images are
displayed here, namely the images are truncated
to figures of 256 by 256. In Fig. 6, those
complicated images include the original image,
the ringing images (compressed by JPEG2000),
and the filtered image. Notably, the visual
quality of the ringing images also is enhanced.

Compare JPEG2000+Proposed De-ringing Filter with JPEG2000

- - JPEG2000
— JPEG2000+Proposed De-ringing Filter

T

PSNR Value(db)

29
0.1 0.2 0.3 0.4 0.5

Bit Rate(bpp)

Fig. 7. Statistical summary of 100 ultrasound
images of the | eft atria.

For comparative purposes, this study also
lists the
JPEG2000 in Table 2. The total consumed
bit-rate is recaculated to include the side

related compression results of

information. Fig. 7 statistically summarizes 100
ultrasound images of the left atria. From the
summarized results, the ultrasound image can be
compressed almost without loss while preserving

key detail using the post-processing algorithm.

0.6



The side information can successfully solve the

problem of compressing ultrasound images at

medium bit-rate. Additionally, the fidelity of the

total bit-rate is more acceptable diagnostically

than the same bit-rate compressed by JPEG2000.
4. Conclusions

The wavelet transform-based

algorithm  achieves  superior

image
compression
performance to JPEG. Moreover, the new still
image compression standard, JPEG 2000, is
superior to JPEG in deding with the
transmission and storage of various images.
Reducing storage requirements and increasing
data transfer efficiency are two reasons for
applying compression to ultrasound images.
However, ultrasound images have some
need specia
attention during compression. When ultrasound
images compressed at medium bit-rate, about 0.4
to 0.6, by JPEG2000, the quality is near

distortion free and image quality appears to

distinguishing features that

remain unchanged. As the compression ratio
exceeds 12:1, the compressed images develop
ringing  artifacts,

impacting  diagnostic

acceptability.  This work designs the
post-processing algorithm, which successfully
enhances the quality of ultrasound images coded
near lossless. Using the side information, the
ultrasound images coded at medium bit rate also
can achieve acceptable quality.

The proposed de-ringing filter is more
simple and effective than methods implemented
on the frequency domains [14] [15]. Owing to its
low complexity, the proposed filter is very
suitable for hardware implementation. Moreover,
in JPEG2000 VM 7.0 de-ringing filter, another
previousy developed method significantly
traduced the visua quality of ringing artifacts.

However, PSNR improves insignificantly and in
fact can even decline after the ringing artifacts
are removed using their proposed strategy. For
removing ringing artifacts from ultrasound
images, the proposed approach can significantly
improve the quality of the reconstructed images,
in terms of both visual inspection and PSNR.
Also, the fidelity preservation of the proposed

deringing method makes it a promising

approach for stretching the wavelet compression

of ultrasound images to lower bit-rates.
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Table 1. Statistical summary of the improvement of each structural element.

Improvement of structural elements
Image SE1 | SE2 | SE3 | SE4 | SE5 | SE6 | SE7 | SE8
Ul 0.090 |0.110|0.110|0.090|0.090|0.080|0.140|0.120
U2 0.100 |0.090|0.130|0.120|0.130|0.100|0.120|0.110
U3 0.120 |0.100/0.110{0.100|0.100|0.090|0.140|0.100
u4 0.080 |0.080|0.070|0.080|0.070|0.060|0.090|0.070
Average PSNR of four left atriaimages
o 0.098 |0.095|0.105|0.098|0.098|0.083|0.123|0.100
inFig. 3.
Average PSNR of 100 |eft atriaimages.,| 0.095 |0.096|0.103/0.097|0.101|0.082|0.125|0.104
Image SE9 |SE10|SE11|SE12|SE13|SE14|SE15|SE16
Ul 0.020 |0.002|0.030|0.004|0.020|0.030|0.020(0.010
U2 0.040 |0.001|0.040|0.005|0.020|0.020|0.030{0.020
U3 0.020 |0.001/0.030{0.003|0.020|0.020{0.010|0.020
u4 0.020 |0.001|0.020|0.003|0.010|0.010|0.010|0.010
Average PSNR of four left atriaimages
o 0.025 |0.001/0.030{0.004|0.018|0.020|0.018|0.015
inFig. 3.
Average PSNR of 100 |eft atriaimages.| 0.026 |0.001|0.028/0.005|0.015|0.021|0.016|0.014




Table 2: Experiments on total bit-rate and PSNR with sonograml.

PSNR of
Total PSNR of same| PSNR of
) PSNR of o o JPEG2000 + )
Bit-rate Partition Minimum consumed bit-rate JPEG2000 +
JPEG2000 ) ] proposed i
(bpp) threshold block size bit-rate JPEG2000 |VM7.0filter
(dB) de-ringing
(bpp) , (dB) (dB)
filter (dB)

60 2 0.1531 32.30 30.33 30.04
0.1 28.77

20 4 0.1452 32.21 30.17 29.94

60 2 0.2506 34.56 32.72 32.52
0.2 31.91

20 4 0.2431 34.31 32.68 32.52

60 2 0.3442 35.71 34.41 34.27
0.3 33.88

20 4 0.3401 35.52 34.30 34.23

60 2 0.4392 36.49 35.46 35.36
0.4 35.19

20 4 0.4366 36.35 35.44 35.38

60 2 0.5353 36.99 36.32 36.26
0.5 36.14

20 4 0.5321 36.91 36.31 36.27

60 2 0.6314 37.60 37.04 37.01
0.6 36.92

20 4 0.6292 37.52 37.00 36.98
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