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Abstract

Medical ultrasonic echo image is indispensable diagnostic technique and a large number of
the investigation is carried out every day. Therefore, the image compression technique is
very important. Author has proposed a technique using Genetic Algorithm (GA) to
optimize quantization condition in JPEG2000. The result has shown image quality evaluation by
PSNR (the objective assessment) and one by ultrasonographer (the subjective assessment by
PSNR) are sometimes not equivalent. In this research, some objective assessment methods and
the subjective assessment are compared for 4 images whose diseases part and scanning
method are different (image group A). The result shows the objective assessment by a contrast
is more consistent with the subjective assessment than the objective assessment by PSNR. Next,
proposed GA is modified by using the contrast factor and image group A to optimize an archiving
condition. The compressed images by the modified GA are evaluated by the objective
assessment by the contrast and the subjective assessment. In this experiment, other 4
images, which are not used to decide the archiving condition, are also used (image group
B). As the result, the archiving condition is effective for not only image group A but also
image group B. That means the results of the objective assessment by the contrast and the
subjective assessment are equivalent whenever using the archiving condition optimized by the
modified GA using some typical ultrasonic images. The result also suggests the objective
assessment using the contrast factor can be used instead of the subjective assessment.
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Introduction

Medical ultrasonic echo image is indispensable diagnostic technique and a large number
of the investigation is carried out every day. Therefore, the image compression
technique is very important. JPEG baseline system is usually used for image
compression. JPEG enables a user to optimize a condition of compression by control of
the quantization table [1]. The quantization table defines the quantization step for each
frequency component after DCT. The optimization of the quantization table for
medical ultrasonic image has been investigated [2]-[4]. However, it is expected that
JPEG2000 is more effective for medical image compression than JPEG since translation
and dilation of mother wavelet in wavelet transform are similar to traveling of
ultrasonic pulse wave and frequency dependent attenuation respectively. In addition,
wavelet transform can select a kernel of transform, which is called mother wavelet.
Therefore, wavelet transform which is used in JPEG2000 can express the features of
medical ultrasonic echo image more than DCT [5]-[7].
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Author has proposed the arithmetic method to optimize the quantization step
in JPEG2000. This method decides the step according to a reciprocal number of an
averaged wavelet coefficient in each frequency component. The results of this method
have been evaluated highly by ultrasonographers in the quality of compressed images
[8] and have shown better quality compared with the arithmetic method in the case
of JPEG [9]. Unfortunately, however, one of the result of the subjective assessment of
the image quality says the image quality of an image compressed by JPEG2000 is
deteriorated, especially, in a low contrast region. In the case where ROI includes a low
contrast region, the result of the subjective assessment about JPEG2000 doesn't show
enough quality for diagnosis. Therefore, how the quantization step is optimized is
remained as the most important problem.

Author has attempted to apply Genetic Algorithm (GA) to solve the problem.
Although the arithmetic method uses the information in frequency domain only, GA
uses not only frequency domain information but also space domain information, PSNR.
PSNR is used as a condition of convergence of GA. This proposed GA method
enables to optimize the quantization step while keeping the given PSNR level. As the
result of experiment where an image with low contrast ROI is used, both of the result of
the subjective assessment and the objective assessment (PSNR) show higher quality and
lower bit rate than the arithmetic method case [10][11].

On the other hand, another important problem on medical image compression is how
to evaluate the image quality, especially, the difference between the subjective
assessment and the objective assessment. If the subjective assessment is required
whenever an image is compressed, the working efficiency becomes lower. If a
compression level where the quality of a compressed image can be highly evaluated by
the subjective assessment has to be kept, the archiving efficiency becomes lower due
to higher bit rate. Therefore, the objective assessment standard which is equivalent to
the subjective assessment is strongly required.

Although PSNR is usually used for the objective assessment, its result is particularly
different from the result of the subjective assessment in medical ultrasonic echo
image compression [12]. This result suggests that PSNR cannot evaluate the quality of
medical ultrasonic echo image which is not quantitative in the pixel value. Because PSNR
evaluates the difference of pixel values though an absolute pixel value of medical
ultrasonic echo image has little diagnostic information.

The purpose of this paper is to define a new method of the objective assessment whose
result is equivalent to one of the subjective assessment. These are investigated : 1)
preparing images which include low contrast ROl and whose region and method of
scanning are different each other, 2) these images are compressed by the proposed GA, 3)
the compressed images are evaluate some typical criteria for the quality of image,
especially, for contrast, 4) selection of a criterion whose result is the closest to result of the
subjective assessment, 5) The criterion is applied to the proposed GA as a condition of
convergence instead of PSNR, 6) Other images (not in 1)) are compressed by the modified
GA and the quality of image is evaluated by both the subjective assessment and the
objective assessment.

The proposed GA and the quality evaluation of image

The proposed GA

The optimization method of the quantization step using GA [10][11] is described as
follows.
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Initial values of the quantization step (initial population) are set randomly on condition
that the initial values include the standard value in JPEG2000 and value optimized by the
arithmetic method. Wavelet transform level is fixed to three level. PSNR is used as fitness
function and fitness value of the quantization step is calculated. Then a new population is
generated by selection, crossover and mutation according to the fitness value. The rate of
crossover is 80[%] and the rate of mutation is 5[%]. This process runs in several
generations until the highest PSNR and compression ratio are achieved. The compression
ratio is calculated from entropy of quantized wavelet coefficients by the obtained
quantization step. Although the bit-plane coding is carried out in JPEG2000 originally, no
coding process is carried out in this paper.

The quality evaluation of image by the subjective assessment

The image quality is evaluated by not only PSNR as the objective assessment but also
ultrasonographers from Tokai University Hospitals as the subjective assessment. The
process of the subjective assessment is as follows:

(1) 6 types of compressed image are generated within range of 30[dB] to 35[dB] in PSNR.

(2) The compressed image generated in 1) are presented randomly to ultrasonographers.
Each compressed image is compared with original image.

(3) The information of image such as PSNR and compression rate are not given.

(4) The quality of image is classified into 3 levels as "an image can be archived in
database as original image", "an image cannot be stored as original image but can be
used for practical diagnosis" and "an image cannot be used for diagnosis".

In ref.[11], 4 kinds of ultrasonic echo image were used and 12 ultrasonographers took
part in the subjective assessment.

Problem of the quality evaluation of image

If the results of the subjective assessment and the objective assessment show consistent
positive correlation, the objective assessment only can be used to decide the compression
ratio without the subjective assessment. As the result, working efficiency becomes higher.
However, in the case of medical ultrasonic echo image compression, there are many cases
where the results of the subjective assessment and the objective assessment do not show
the same tendency. In previous research by author, a breast image showed this tendency
significantly as shown in Figurel [11].
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Figure 1. The relationship between the objective assessment (PSNR[dB]) and the
subjective assessment in the case of breast image compression. X-axis shows the number
of ultrasonographer who answered "the image could be used as original image".
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Experiment of the quality evaluation of image

Conditions

Five objective criteria are used to evaluate the quality of compressed image. The results
are investigated compared with the result of the subjective assessment.
Reference images, compressed images and the result of the subjective assessment are
come from Reference [11].

The reference images are shown in Figure 2. These are selected from points of
view where ROI includes low contrast region, different scanning method and different
region. The size of image is 512 pixel x 512 pixel x 8 bits in depth.

The five criteria to evaluate the quality of compressed image are selected from the
quality evaluation methods related to contrast or variance factor. Because medical
ultrasonic echo image is not quantitative and has important feature in edge information
(at tissue-tissue interface). The equations are shown in Equation (1) to Equation (5).
x(i,7) and y(i,j) are reference image and compressed image respectively.
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Figure 2. Reference images. Only bladder image was taken by a convex probe which
insonified ultrasonic pulse beam as fan shape. Other regions (liver, female breast and
thyroid) were taken by linear array probe which insonified ultrasonic pulse beams parallel
each other.
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Equation (1) Standard Deviation (SD)
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Equation (2) Contrast Comparison [13]
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Equation (3) Universal Quality Index (Q) [13]
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Equation (4) Spatial Frequency Measurement (SFM) [14]
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Equation (5) Laplacian Mean Square Error (LMSE)
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Result

Figure 3 shows the relationship between the subjective assessment and the objective
assessment (SD).
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Figure 3. The relationship between the objective assessment (SD) and the subjective
assessment in the case of breast image compression. X-axis shows the number of
ultrasonographer who answered "the image could be used as original image".

The five criteria defined by Equation (1) to Equation (5) in 3.1 are investigated.
Unfortunately, however, there is no criterion which shows consistent positive
correlation between the subjective assessment and the objective assessment. Therefore,
this research defines which criterion is the best as follows: First, a area where two third
or larger than two third of ultrasonographers determines that the image can be used for
practical diagnosis is extracted. This process defines Areal in Figure 3. And the lowest
value of the objective assessment in the area is decided. Secondly, by the same way, a
areca where less than two third of ultrasonographers determines that the image can be
used for practical diagnosis is extracted. This process defines Area 2 in Figure 3. and the
highest value of the objective assessment in the area is decided. Finally, the difference
between the values of Areal and Area 2 is calculated. A criterion which shows the
largest difference is defined as the best criterion for the objective assessment whose
relationship with the subjective assessment is consistent positive correlation.

The comparison among the five criteria after normalization is shown in Figure 4. This
result is regarding female breast image (Figure 2(c)) which shows the lowest correlation
between the subjective assessment and the objective assessment. As the result, (2) Contrast
can be defined as the best criteria for the objective assessment. In this case, the lowest
value of contrast in Areal is 0.9997.
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Figure 4. The comparison of the 5 criteria in the case of female breast image

Modification of GA

From the result in 3.2, the fitness function of GA to optimize the quantization step
is changed to contrast from PSNR. This is called the modified GA. Figure 5 shows a
result of image compression experiment (female breast, Figure 2(c)) by the modified GA.

The relationship between the value of contrast and the number of ultrasonographer
who judges the quality of image enough for diagnosis shows consistent positive
correlation. A border where two third of ultrasonographers answers "the image quality
is enough for archiving as original image" is around 0.9997 in contrast.

Next, to show this result is independent of images (Figure 2), the modified GA
is applied to other medical ultrasonic images. The images are shown in Figure 6 and
the results are shown in Figure 7.
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Figure 5. The result of the modified GA in the case of female breast image. The
relationship between contrast and amount of US (the number of ultrasonographer who
answered the image quality is enough for archiving as original image) indicates consistent
positive correlation. A border of two third of ultrasonographers (8 ultrasonographers) is
around 0.9997 in contrast.

(¢) Medical3

(d) Medicald
Figure 6. Reference images which are not used to optimize the quantization step. These
images are used to prove that the optimized condition does not depend on an image.
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Figure7. The results of the modified GA in the case of images in Figure 6

Figure 7 shows the same tendency as Figure 5 in every image. It is also shown that two
third or more than two third of ultrasonographers judges the quality of image is enough for
archiving as original image whenever contrast is more than 0.9997. As the result, it is
suggested that contrast is a criterion of the objective assessment which can evaluate the
quality of medical ultrasonic image equivalently to the subjective assessment and the value
at the border where an image can be archived as original image is 0.9997.

Conclusions

This paper investigates a problem regarding the difference between the subjective
assessment and the objective assessment in the quality evaluation of compressed medical
ultrasonic echo image. In this research, medical ultrasonic echo image are compressed by
using JPEG2000 based on wavelet transform and the quantization step is optimized by GA.
Since previous research result suggests the difference is significant in the case of female
breast image, an image of female breast is examined mainly in this paper. Six criteria of
the objective assessment including PSNR are compared with the subjective assessment by
12 ultrasonographers. The results show an evaluation result by contrast shows equivalent
evaluation to the subjective assessment. As the result, it is suggested that contrast is a
criterion of the objective assessment which can evaluate the quality of medical ultrasonic
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image equivalently to the subjective assessment and the value at the border where an
image can be archived as original image is 0.9997. And it is also shown that this
result is independent of a kind of medical ultrasonic image.

These are remained as future work that how to decide the optimized quantization
step not to depend on a kind of image and a criterion of the quality of image without
reference image.

Acknowledgement

I would like to thank ultrasonographers in Tokai University Hospital and Tokai University
Hachioji Hospital for their cooperation about the subjective assessment. And I would like
to express special thanks to Dr.Vimontha Khieovongphachanh in National University of
Laos, who was AUN/SEED-Net Ph.D student in my Lab., for her great contribution to this
research.

References

[1] V. Ratnakar, and M. Livny, “An efficient algorithm for optimizing DCT
quantization,” IEEE Transactions on Image Processing, IM-9, No.2, pp. 267-270, 2000.

[2] K. Hamamoto, H. Umemura, K. Hirata, J. Yamada, and K. Shinjo, “Applying
the Hamiltonian  algorithm to  optimize joint photographic  expert
group (JPEG) quantization tables for medical ultrasonic echo images,” The Japanese
Journal of Applied Physics, Part 1, Vol. 38, No. 5B, pp. 3376-3379, 1999.

[3] K. Hamamoto, “Standardization of JPEG quantization table for medical ultrasonic
echo images,” In: Proceedings of the 6th IEEE International Conference on
Electronics, Circuits and Systems, Vol. 11, pp. 683-686, 1999.

[4] K. Hamamoto, “Investigation on extended JPEG system in which each region in an
image has its own JPEG quantization table and its application to medical ultrasonic
B-mode image compression,” IEEJ Transactions on Electronics, Information and

Systems, Vol. 12, No. 10, pp. 1540-1548, 2001.

[5] K. Hamamoto, and T. Nishimura, “The use of the wavelet transform for
improvement of axial resolution of pulse-echo ultrasonic images,” In: Proceedings
of the 1996 IEEE IECON 22nd Annual International Conference on
Industrial Electronics, Control, and Instrumentation, Vol. 1, pp. 536-539, 1996.

[6] K. Hamamoto, and T. Nishimura, “Basic investigation on medical ultrasonic
echo image compression by JPEG2000-availability of wavelet transform and ROI
method,” In: Proceedings of the 23rd Annual International Conference of the IEEE
Engineering in Medicine and Biology Society [CD], 2001.

[7] S. Udomhunsakul, and K. Hamamoto, “Wavelet filters comparison for ultrasonic
image compression,” In: [EEE TENCOM 2004 Conference Proceedings
[CD], A-171, 2004.

[8] K. Hamamoto, “Study on medical ultrasonic echo image compression by
JPEG2000-optimization and the subjective assessment of the quality,” In: Proceedings
of the 25th Annual International Conference of the IEEE Engineering in Medicine and
Biology Society [CD], 2003.

[9] K. Hamamoto, “Medical ultrasonic image compression-comparison between DCT
and wavelet transform,” In: Proceedings of the 2nd International Symposium
on Biomedical Engineering, pp. 50-54, 2006.

[10] V. Khieovongphachanh, K. Hamamoto, and S. Kondo, “Comparison of optimaization
methods in quantization step of JPEG2000 applied to medical ultrasonic echo
images,” In: Proceedings of the School of Information and Telecommunication
Engineering Tokai University, Vol.1, No.1, pp. 23-29, 2008.

ASEAN Engineering Journal Part A, Vol 1 No 2 (2011), ISSN 2229-127X p.49



[11]

[12]

[13]

V. Khieovongphachanh, K. Hamamoto, and S. Kondo, “Study on optimization
method of quantization step and the image quality evaluation for medical
ultrasonic image compression by wavelet transform,” [EEJ Electronics,
Information and Systems, Vol. 129, No. 1, pp. 71-78, 2009.

V. Khieovongphachanh, K. Hamamoto, and S. Kondo, “Study on image quality for
medical ultrasonic echo image compression by wavelet transform,” In: Proceedings
2008 International Symposium on Communications and Information Technologies,
pp. 160-165, 2008.

Z. Wang, and A.C. Bovik, “A universal image quality index,” [EEE Signal
Processing Letters, Vol.9, No. 3, 2002

[14] A.M. Eskicioglu, and P.S. Fisher, “Image quality measures and their performance,”

IEEE Transactions on Communications, Vol. 43, No. 12, pp. 2959-2965, 1995.

ASEAN Engineering Journal Part A, Vol 1 No 2 (2011), ISSN 2229-127X p.50





