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ABSTRACT

Statistical and clinical Evaluation of JPEG2000
 for Digital Medical Images

Min-Mo Sung

Department of Medical Science
The Graduate School, Yonsei University 

(Directed by Professor Hee-Joung Kim)

Digital medical Images such as Computed Radiography (CR), Digital 

Mammography (MG) and even Positron Emission Tomography (PET) images 

will require large storage facilities and long transmission times for Picture 

Archiving and Communications System (PACS) implementation. Recently, the 

DICOM Working-Group 4 adopted JPEG2000 compression algorithm in 

DICOM standard to better utilize medical images. The wavelet-based 

JPEG2000 can achieve higher compression ratio with less distortion than the 

DCT-based JPEG. However, the clinical and statistical evaluation of JPEG2000 

compressed for medical images has not been comprehensively tested in terms of 

clinical perspective. The purpose of this study was to evaluate the compression 

ratios of JPEG2000 for digital medical images using Receiver Operating 

Characteristic (ROC)  and t-test analysis. Sixty CR chest images, twenty 

mammography images and twenty-one PET brain images were selected at 

YUMC (Yonsei University  Medical Center). All images were compressed 

using JJ2000 public domain software, as recommended by the Joint 

Photographic Expert Group. The compression ratios applied for the studies 
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were : 5:1, 10:1, 15:1, 20:1, 25:1, 30:1, 35:1, 40:1, 45:1, 50:1, 55:1, 60:1, 65:1, 

70:1, 75:1 and 80:1. The original and reconstructed images were displayed in 

random order, 10 seconds per image, on a viewing monitor and evaluated those 

images with ROC, t-test analysis by 3 radiologists. The traditional statistical 

quality measures such as Peak Signal-to-Noise Ratio (PSNR), which is a 

commonly used measure for the evaluation of reconstructed images, measures 

how the reconstructed image differs from the original image by making 

pixel-by-pixel comparisons. In case of digital medical images, however, the 

ability of how accurate to discriminate diseased cases from normal cases 

relative to the quality of the reconstructed images is evaluated using ROC 

analysis. ROC curves can be used to compare the diagnostic performance of 

two or more reconstructed images. The t-test can be also used to evaluate the 

subjective image quality of reconstructed images. The results of t-test suggested 

that the possible compression ratios using JPEG2000 for medical images such 

as a CR, MG and PET  images may be as much as 20:1, 15:1 and 25:1 without 

visual loss or with preserving significant medical information at a confidence 

level of 99%, respectively. Otherwise, the results of ROC analysis for 

evaluating lesion detectability showed that there was almost no difference for 

compression ratios up to 10:1 and 20:1, at a 99% of confidence level, and lesion 

detectability was very close to that of the original images even for compression 

ratios up to 60:1, 80:1 in CR and MG images, respectively.

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

Key words :  JPEG2000, JPEG, Computed Radiography (CR), Mammography (MG),  
                          Positron Emission Tomography (PET), ROC analysis, t-test
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Statistical and Clinical Evaluation of JPEG2000 
for Digital Medical Images

Min-Mo Sung

Department of Medical Science
The Graduate School, Yonsei University 

(Directed by Professor Hee-Joung Kim)

I. INTRODUCTION

Picture Archiving and Communications System (PACS) requires image 

compression to speed up the image transmission rate and to save disk 

space to reduce the cost of PACS implementation, despite the rapid 

advances made in storage and transmission technology. Presently, Yonsei 

University Medical Center (YUMC) archives 20-30GB of digital images 

per day in  Full-PACS of General Electric Company (GE) was installed 

last year1. Therefore, the envisaged YUMC PACS facility requires an 

efficient method for reducing the amount of data stored, which are likely 

to be mainly radiography image, either from scanned film or direct 

digital acquisition. These images require high image quality to be 

clinically useful.  

Image compression is largely a process of discarding some information, 

while maintaining relevant diagnostic information. Lossless compression 

allows exact recovery of the original image, and is certainly the obvious 
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choice for medical imaging applications, because it does not affect image 

quality. However, it achieves very modest compression ratios, typically 

from 1.5 to 3:1. On the other hand, lossy compression method doesn't 

allow exact recovery after compression, although it allows much higher 

compression ratios. Generally, higher compression ratios can be obtained 

at the expense of more image degradation. That is, image quality 

degrades as the compression ratio increases. Image degradation because of 

lossy compression may or may not be visually apparent. The digital 

images reconstructed from the lossy compressed images must be very 

close to the originals in image quality and must preserve all the 

significant information of the original images for clinical diagnostic 

applications. The related term used by the American College of 

Radiology and the National Electrical Manufacturing Association 

(ACR/NEMA) is "information preserving." The ACR/NEMA standard 

report defines a compression scheme to be information preserving if the 

resulting image retains all of the significant information of the original 

image2. Both "visually lossless" and "information preserving" are 

subjective definitions and great caution should be taken in their 

interpretation. Therefore, research efforts have been focused on lossy 

compression algorithms and the evaluation of low bit rates that discard 

image data of no diagnostic significance but retain medically relevant 

information.

The DICOM (digital imaging and communications in medicine) standard 

provides a compression mechanism for supporting the use of JPEG, 

Run-Length-Encoding, and JPEG-LS image compression3. In particular, the 

JPEG standard is the primary compression technology within DICOM. 

The JPEG standard includes lossy and lossless compression techniques, 

and both type of compression have been used in medical imaging 
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applications. Despite its popularity, it has been long recognized that the 

current JPEG standard has certain limitations. One limitation is the 

relatively poor compression efficiency of its lossless  method, and another 

is the presence of objectionable blocking artifacts that can occur at high 

compression ratios with its lossy method4. The lossy method of JPEG is 

also limited in terms of input images, as it has a maximum bit depth of 

12bit/pixel. Therefore, the DICOM subcommittee, WG4, which is 

responsible for image compression has been reviewing JPEG2000. It 

provides a new compression algorithm based on the use of a wavelet 

technique for medical image compression with ISO/IEC JTC1/SC29/WG15. 

JPEG2000 can provide significantly higher compression ratios than the 

JPEG technique with less degradation and distortion. JPEG2000 also 

provides various features, which may be advantageous for medical 

imaging applications. The functionalities of JPEG2000 include integrated 

lossy/lossless compression, region-of-interest (ROI) encoding, inherent 

multi-resolution capability, and progressive decoding6,7. Therefore, the 

JPEG2000 image compression algorithm will be adopted in DICOM 

standard by DICOM subcommittee, WG4, which is working Supplement 

61(: JPEG2000 Transfer Syntaxes). 

This study report upon the results of the compression ratios possible 

with JPEG2000 for clinical diagnostic applications on digital radiography 

image.
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II. MATERIALS AND METHODS

How does one decide if a reconstructed image is good enough for a specific 

application, such as diagnosis? We describe two approaches to the measurement 

of medical image quality for clinical diagnostic applications in JPEG2000 

algorithm :  ROC analysis and the t-test. 

 

1. JPEG2000 Alogrithm 

 JPEG2000 offers similar or improved image quality performance than the 

current JPEG standard for the compression of medical images and provides the 

richest available set of features efficiently within a unified algorithm. These 

features are multiple-resolution and quality scalability compression, region of 

interest encoding, client-side region of decoding, progressive display and 

various dynamic range (e.g. 1 bit to 16 bit) for each color component6,7.

A. Resolution and Quality Scalability

JPEG2000 allows reduced resolution images to be quickly and efficiently 

extracted from a compressed image. With JPEG2000, sub resolution images of 

various size can be extracted from the compressed file and do not need to be 

stored separately. It also allows reduced quality images to be extractd from a 

compressed image, producing images with higher compressed ratios optimized 

for specific workflows. For example, a medium quality image can be extracted 

and transmitted for browing from an original image on the server.

B. Region of Interest Encoding
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Region of Interest (ROI) encoding allows important image features to be 

compressed at a high quality than the background, trimming image size without 

sacrificing important details. When combined with progressive display, ROI 

encoding also allows the foreground to be transmitted and display first, 

followed by the image background.

C. Client-side Region of Interest Decoding

JPEG2000 enables a client like a radiologist to interactively select a Region 

of Interest to decode at a higher quality or resolution. The radiologist will 

retrieve only the portion of the JPEG2000 code stream needed to display the 

selected area at a higher quality on screen. The user can select any area or 

multiple area for enhanced viewing. Use of client-side Region of Interest 

decoding maximizes bandwidth efficiency by quickly providing just enough 

information.

D. Progressive Display

JPEG2000's progressive transmission format displays a low resolution 

version of an image after only a small portion of the file has been received. As 

more data arrives, the display is progressively refined until the full resolution 

image is shown. This feature allows a radiologist to quickly orient themselves 

to an image, reducing the time spent waiting for data to arrive.

       

Many of these features are valuable in a medical imaging PACS environment. 

To perform these tasks, JPEG2000 makes use of several recent advancements in 

compression technology as I mentioned above. In particular, a two-dimensional 
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DWT (discrete wavelet transform) is at the heart of JPEG2000. The application 

of the DWT to image compression has been the subject of extensive research 

over the past decade8. The other basic encoding process, which converts source 

image data files into a compressed form, is organized into scalar quantization 

and arithmetic encoding such as a EBCOT algorithm6,8. The decoding process, 

which converts compressed image data into a reconstructed image, is the 

inverse of the encoding process  (Fig. 1). 

Fig. 1  JPEG2000 encoder/decoder. In encode procedure (a), the original 

image is decomposed into component, which are to be decomposed into 

rectangle tiles. If the components are unsigned, DC level shifting is performed. 

DWT is applied on each tile. After quantizing the sub bands of the transformed 

coefficients, the bit-planes of quantized coefficients are entropy coded.  In 

decoding procedure (b), the decoding process is the inverse of the encoding 

process
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2. ROC Analysis

The most common means of measuring image quality for reconstructed 

images is based on ROC analysis, because simulated measures resulting from 

PSNR (peak signal-to-noise ratio) do not always correlate well with human 

subjective assessments. Radiologists with expertise in diagnosing the subject 

diseases participate as observers to review the reconstructed images after 

compression9. For each reconstructed image, an individual radiologist is asked 

to give an ROC confidence rating on a scale of 1 to 5 representing his or her 

impression of the likelihood of the presence of the disease. Since the 

radiologists rated diagnostic usefulness rather than general appearance or edge 

patterns or simply line, the ROC study related detectability to compression 

level. The ratings of the original image are graded based on the "gold standard". 

The area Az under the ROC curve (AUC) is an index of quantitative measure 

of the observer's performance on the reconstructed images. An area of 1 

represents the perfect original images an area of 0.5 represents the worthless 

reconstructed images (Fig 2). 
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Fig. 2  ROC Curve Graph. This graph shows three ROC curves representing 

excellent, good, and poor tests plotted on the same graph. When the area of the 

ROC curve is very close to 1, we can say that the diagnostic performance will 

be as good as those made from the original image. The "Sensitivity" is the same 

as TPF (True Positive Fraction)  the fraction of images with lesion that are 

correctly reported by the observer. The "1-Specificity"is the same as FPF (False 

Positive Fraction); that is, the fractions of the normal cases that is falsely 

reported as abnormal.                                                

Thus, if the AUC is very close to 1, we can say that the diagnoses of this 

disease based on the reconstructed image with the predetermined compression 

ratio will be as good as those made from the original image. In other words, this 

compression ratio is acceptable for this image type10,11. A rough guide for the 
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classification of the accuracy of diagnostic test is the traditional academic point 

system: That is, the AUC is (0.90 ~ 1.0 = excellent, 0.80 ~ 0.90 = good, 0.70 ~ 

0.80 = fair, 0.60 ~ 0.70 = poor, 0.50 ~ 0.60 = fail) 12.

3. t-test Analysis

The subjective confidence rating of a reconstructed image can also be judged 

using the t-test. The t-test is the most commonly used method to evaluate 

differences in means of two groups. In this case, the hypotheses are: 

Ho: u1 = u2    (u1, u2 : means of  two groups)

Null hypothesis: There is no difference of image quality between the original  

and the reconstructed images. 

Ha: u1 <> u2  (u1, u2 : means of  two groups)

Alternative: There is difference of image quality between the original and the 

reconstructed images.

The reconstructed and original images can be presented to radiologists who 

rate them on a scale of 1 to 5 13. Therefore, two groups of images can be 

analyzed into means, ranges, variances, standard deviations, and standard errors 

and the presence of a significant difference determined by using the t-test of the 

rating scores. 

The t-value is a ratio, which is used to statistically analyze the t-test. The top 

part of the ratio, the numerator, is simply the difference between the means of 

the reconstructed group (uc) and the means of the original group (uo). The 

bottom part of the ratio, the denominator, is a measure of the variability of the 
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rated scores. In other words, the t-value is obtained by dividing the difference 

between the two means by the standard error of the difference, which is like the 

standard deviation in the rated score. 

The t-value is give as

                        
o

o

c

c

oc

nn

uu
groupsofiabilityvar

meansgroupbetweendifference
value-t

varvar +

−=

=

   ..............(1)

      varc, varo  (variability of reconstructed and original group, respectively)

      nc, no           (the number of reconstructed and original images, respectively)

If the t-value is not big enough, we will fail to reject the Null Hypothesis and 

conclude that there is no difference between the original and the reconstructed 

images. If the t-value is big enough, there will be a difference between the 

original and the reconstructed images and the Null Hypothesis will be 

rejected14. 

The p-value reported with a t-test represents the probability of the error 

involved when accepting this hypothesis about the existence of a difference. 

Technically speaking, this is the probability of an error associated with rejecting 

the hypothesis of no difference between the two evaluations of radiologists. 

Therefore, a low p-value can be interpreted as a rejection of the Null Hypothesis 

and to reflect real differences between the compressed and the original images. 

It is conventional in statistics to reject the null hypothesis at the 1% or 5% level.
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4. Method

A. Acquisition of Computed Radiography images        

Sixty CR chest images which were included 31 with abnormal lesions and 29 

normal images were selected at YUMC. They were obtained with a pixel 

dimension of 1760 x 2140 and 10 bit-rate from a FUJI CR system. Window 

width and level were 783 and 1023, respectively.  

B. Acquisition of Mammography images 

Twenty screen-film mammographic images (8"x10") were selected at 

YUMC. They include 12 images with abnormal lesions with mass or 

micro-calcification clusters and 8 normal images. The twenty screen-film 

mammographic images were digitized as 200dpi (dots per inch) using a UMAX 

PowerLook 2100XL scanner and stored as grayscale images with 8 bit per pixel 

(bpp) and 1360 x 1760 pixel size. Automatic brightness/contrast settings were 

applied.

C. Acquisition of Positron Emission Tomography  

PET brain image data of twenty-one adult patients were obtained with GE 

advance PET scanner after injecting approximately 341 MBq of FDG. Floating 

point PET brain images were converted into images with 12 bits/pixel and 16 

bits/pixel integer images by Analyze software. 

The computer platform used for this study was an IBM with Intel PIII-860, 

512MB RAM and 32MB of video RAM. All images were compressed using 
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JJ2000 public domain software, as recommended by the Joint Photographic 

Expert Group. The compression ratios applied for the studies were : 5:1, 10:1, 

15:1, 20:1, 25:1, 30:1, 35:1, 40:1, 45:1, 50:1, 55:1, 60:1, 65:1, 70:1, 75:1 and 

80:1. All images were untiled to enhance image quality and were decomposed 

to the 5th level. The original and reconstructed images were displayed in 

random order, 10 seconds per image, on a viewing monitor and evaluated by 3 

radiologists. All images were displayed using a TOTOKU MDL2102A 

Monochrome LCD 1.5K Monitor (TOTOKU Electric co. Ltd., Nagano, Japan) 

with an IrfanView v3.61 image viewing program (Irfan Skiljan, Graduate of 

Vienna University of Technology, Austria). 

To evaluate the lesion detectability relative to image quality on CR and MG 

images, we performed ROC analysis. For all images, the 3 radiologists were 

independently asked to give a ROC confidence rating on a scale of 1 to 5, 

corresponding to the likelihood of lesion presence, with 5 indicating definite 

presence and 1 definite absence. Confidence values 4 and 2 indicated that the 

lesion was probably present and probably absent, respectively. A confidence 

value of 3 indicated that the lesion presence was equivocal or indeterminate. 

ROC analysis used the original images as a gold standard, because any 

difference could only favor the uncompressed images9,14. 

To evaluate the image quality relative to compression ratio on CR, MG and 

PET images, we used a paired sample t-test. Three radiologists were also 

independently asked to rate their subjective assessment from 1 to 5 of the 

quality of each image for lesion detectability. Confidence values 5 and 1 

indicated that the image quality was definitely acceptable and definitely 

unacceptable for diagnosis, respectively, 4 and 2 that it was probably acceptable 

and probably unacceptable, respectively, and 3 indicated equivocal or 

indeterminate quality. The t-test also used the original images as a gold 

standard9,14.
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 The reconstructed images were quantitatively evaluated by performing ROC 

analysis and t-test upon the results of the 3 radiologist's evaluations of lesion 

detectability and image quality, through a comparison of the reconstructed 

images with the original images.

The results of ROC and t-test were obtained using SPSS 9.0 statistics 

software (SPSS Inc, Chicago, USA) for evaluating reconstructed images.
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III. RESULTS

 

1. ROC analysis results of CR images

Table 1. shows the results of ROC analysis, and includes estimates of the 

area, the standard error of the area, and the confidence limits of the area. The 

area and standard error have values near 1 and 0, respectively, which indicate 

that the degree of lesion detectability with reconstructed images is almost 

always close to that of the original images.

Table 1. Results of ROC analysis on CR images for various compression 

ratios at a confidence level of 99 % (The standard errors were negligible).
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The results of AUC for evaluating lesion detectability demonstrated that there 

was almost no difference for compression ratios up to 10:1 (AUC  0.986), at a 

99% confidence level, and that lesion detectability was very close to that of the 

original images even for compression ratios up to 60:1 (AUC  0.954~0.907). 

(Fig. 3) Therefore, compressions of up to 60:1 may be acceptable for clinical 

diagnostic applications, since the AUC for lesion detectability differed only 

marginally between the reconstructed and original images.

Fig. 3 Graph of ROC curve on CR images for various compression ratios at a 

confidence level of 99 %.
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2. t-test results of CR images

Table 2. shows the results of the paired sample t-test obtained in the 

evaluation of image quality. These results indicated that the t-value ( 1.09) was 

not big enough at a compression ratio of ~15:1 and that no differences were 

found between the quality of the original and reconstructed images in the range 

5~20:1, at the 99% confidence level (p-value>0.01). The t-test established that 

at a compression of 25:1~ there was a difference between the original and 

reconstructed images quality (p-value<0.01). Fig 4. shows an example of 

comparisons made between reconstructed images and the original image, using 

the JPEG2000 image compression technique. 

Table 2. Results of paired sample t-test on CR images by comparing 

reconstructed images with original images at a confidence level of 99%.
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(a) Original image (c) 20:1

(d) 40:1 (e) 60:1 (f) 80:1

(b) 10:1(a) Original image (c) 20:1

(d) 40:1 (e) 60:1 (f) 80:1

(b) 10:1

Fig. 4 The reconstructed CR images. It is apparent that distortion and 

degradation occurred as compression was increased.
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3. ROC analysis results of MG images

Table 3. shows the results of ROC analysis, includes estimates of the area, the 

standard error of the area, and the confidence limits of the area. The results of 

ROC analysis for evaluating lesion detectability showed that there was almost 

no difference for compression ratios up to 20:1, at a 99% of confidence level, 

and lesion detectability was very close to that of the original images even for 

compression ratios up to 80:1 (Fig. 5).

Table 3. Results of ROC analysis on MG images for various compression 

ratios at a confidence level of 99 % (The standard errors were negligible).
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Fig. 5 Graph of ROC curve on MG images for various compression ratios at a 

confidence level of 99 %.



22

4. t-test results of MG images

Table 4. shows the results of the paired sample t-test obtain when evaluating 

subjective image quality. The mean value 4.03 of digitized original images 

quality showed that the original image quality was acceptable for diagnosis. The 

t-test showed that the t-value ( 1.22) is not big enough in ~ 15:1 and no 

difference was found between the quality of the original and reconstructed 

images in the range ~15:1 at the 99% confidence level (p>0.01). Fig 6. shows 

the results of comparisons made between reconstructed images using the 

JPEG2000 image compression technique and original image

Table 4. The results of the paired sample t-test on MG images by comparing 

reconstructed images with original image.
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(a) Original image (c) 20:1

(d) 40:1 (e) 60:1 (f) 80:1

(b) 10:1(a) Original image (c) 20:1

(d) 40:1 (e) 60:1 (f) 80:1

(b) 10:1

Fig. 6 The reconstructed MG images. The results of comparisons made 

between reconstructed images using the JPEG2000 image compression 

technique and original image, showing that distortion and degradation occurred 

as compression was increased.
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5. t-test results of PET images

Table 5. shows the result of paired sample t-test on PET images by 

comparing compressed images quality with original image quality. In 

comparison with original image, There were no difference between 5:1~25:1 of 

compressed images and original image in 99% of confidence level (p>0.01, 

respectively). The results of t-test by comparing 30:1~ with original image 

(p<0.01) showed that there were some difference between original image and 

30:1~.

Table 5. The result of t-test on PET images by comparing compressed images 

with original image.
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6. t-test results of PET images with JPEG

Table 6. shows the result of paired sample t-test on PET images which are 

compressed with JPEG by comparing compressed images quality with original 

image quality. 

In comparison with original image, there were no difference between 

5:1~10:1 of compressed images and original image in 99% of confidence level 

(p>0.01, respectively). The results of paired sample t-test by comparing 15:1 

with original image quality (p<0.01) showed that  there were some difference 

between original image and 15:1~. Fig. 7 shows the comparison of JPEG 

compressed images and JPEG2000 compressed images on PET brain images.

Table 6. The result of paired sample t-test on PET images which are 

compressed with JPEG by comparing compressed images with original image. 
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Original 10:1 15:1 20:15:1

(a) JPEG Images

Original 20:1 30:110:1 40:1

(b)   JPEG2000 Images

Fig. 7 The comparison of JPEG compressed images and JPEG2000 

compressed images on PET brain images. (a) These images show the result of 

comparing between compressed images by using JPEG image compression 

technique and original image. In this case, radiologists could find distortion and 

degradation in 10:1~.  (b) These images show the result of comparing between 

compressed images by using JPEG2000 image compression technique and 

original image. In this case, radiologists could find distortion and degradation in 

25:1~.
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IV. DISCUSSION

Compression technology has advanced to a point that allows medical images 

to be compressed with very high compression ratios without affecting the 

clinical diagnostic performance. Highly correlated images such as CR and MG 

images could have very high compression efficiencies, because much of the 

image information can be concentrated into a small number of coefficients 

when transformed into the spatial frequency domain. The less significant 

coefficients of the transformed image can be quantized and dramatic file size 

reductions can be achieved with minimal image information loss. The 

ACR/NEMA standard report defines the term "information preserving" or 

"visually lossless", which means the reconstructed image retains all the 

significant information of the original image. The purpose of this study was to 

evaluate the "visually lossless" or "information preserving" compression ratios 

of JPEG2000 for CR, MG and PET images by performing ROC analysis and 

t-test. Many other compression studies undertaken in medical imaging 

applications indicate that it is conceivable to compress a radiography image to 

10:1 or even higher without losing diagnostic quality. The maximum ratios 

achievable by the JPEG compression method has usually been found to be 

between 10-20:1 for projection radiography15,16. Recent studies using wavelet 

transforms have demonstrated the possibility of achieving compression ratios 

up to 20-30:1 in projection radiography without compromising image 

diagnostic quality17,18. For full-frame DCT method of JPEG, compression ratios 

of about 9.6:1 have been reported to cause no diagnostic degradation for subtle 

micro-calcifications of MG image19. In this study, the results of the statistically 

testing performed showed that there were no detectable differences at 

compression ratios up to 10:1 and 20:1 on CR and MG images  at a confidence 

level of 99%, respectively . It also shows that lesion detectability is very good 
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up to 60:1 and 80:1 on CR and MG images, respectively. 

The results of the t-test suggested that the possible compression ratios using 

JPEG2000 for CR, MG and PET images may be as high as 20:1, 15:1 and 25:1, 

respectively. Each reconstructed image's quality is as same as the original image 

quality. These results indicate that at these compression levels visual loss did 

not occur and that significant medical information was conserved with 

confidence level of 99%. However, further studies will be needed to apply this 

conclusion for other imaging modalities and different medical applications. 
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V. CONCLUSION

The purpose of this study was to evaluate the compression ratios of 

JPEG2000 for digital medical images using Receiver Operating Characteristic 

(ROC)  and t-test analysis. For this study, three kinds of digital medical images 

such as CR, MG and PET images were selected at YUMC and all images were 

compressed using JPEG2000 lossy compression algorithm. The compression 

ratios applied for the studies were : 5:1, 10:1, 15:1, 20:1, 25:1, 30:1, 35:1, 40:1, 

45:1, 50:1, 55:1, 60:1, 65:1, 70:1, 75:1 and 80:1 and evaluated by 3 radiologists 

with ROC analysis and t-test. The results of t-test suggested that the possible 

compression ratios using JPEG2000 for medical images such as a CR, MG and 

PET  images may be as much as 20:1, 15:1 and 25:1 without visual loss or with 

preserving significant medical information at a confidence level of 99%, 

respectively. Otherwise, the results of ROC analysis for evaluating lesion 

detectability showed that there was almost no difference for compression ratios 

up to 10:1 and 20:1, at a 99% of confidence level, and lesion detectability was 

very close to that of the original images even for compression ratios up to 60:1, 

80:1 in CR and MG images, respectively.

Image compression facilitates PACS as an economically viable alternative to 

analog film-based systems by reducing the bit size required to store and 

represent images, while maintaining relevant diagnostic information. It also 

enables the fast transmission over a PACS network and workstation display of 

large medical images for diagnostic and review purposes. The JPEG2000 

compression algorithm, which has been adopted as the DICOM standard for 

medical images, provides higher compression efficiency than JPEG, RLE and 

JPEG-Lossless compression algorithms.
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ABSTRACT(IN KOREAN)

JPEG2000 알고리즘을 이용한 Digital Medical 상의 

압축 비율별 임상적 평가 및 비교 

<지도교수 김희중>

연세대학교 대학원 의과학과

성민모

의료 상의 표준인 DICOM (Digitial Imaging and Communications in Medicine) 

은 현재 RLE, JPEG, JPEG-Lossless 압축 알고리즘들을 의료 상의 압축표준

으로 채택하고 있다. 가장 널리 쓰이고 있는 JPEG 압축알고리즘은 손실 압

축방법으로 상의 압축비율이 높은 반면, 상의 quality가 떨어지고, 의료 

상에 필요한 기능이 없다는 단점을 가지고 있다. 이에 DICOM 표준의 압

축방식을 관리, 평가, 채택하는 소그룹, DICOM Working Group4는 새로운 압

축방식인 JPEG2000압축 알고리즘을 DICOM 표준에 추가함으로써, 의료 상

에서의 압축 효율성을 증대시키고자하 다 JPEG200은 의료 상에서 필요로 

하는 기능을 대부분 지원하며, 우수한 압축 효율성을 지니고 있다. JPEG2000

의 특징은 높은 압축 비율에서도 뛰어난 상의 quality를 가지며, 하나의 부

호화된 비트 스트림에서 무손실 및 손실 압축을 동시에 구현할 수 있고, 

Region of Interest (ROI) 기능을 제공한다. 또한 progressive display의 기능을 

제공하며, 1bit-depth에서 16bit-depth까지 다양한 bit-depth를 상의 압축이 가

능하다. 본 연구의 목적은 디지털 의료 상들에 JPEG2000 lossy 알고리즘을 

이용하여, 임상실험과 통계적인 평가를 통해 압축 비율별 상의 화질을 비

교하고자하는 것이다. 오리지날 상과 비교하여 압축된 상이 판독에 향

을 미치지 않는 범위의 압축비율을 알아보고자 ROC analysis 와 t-test 

analysis를 수행하 다. 본 실험을 위해 연세의료원에서 60개의 Computed 
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Radiography (CR) 상, 20개의 Mammography (MG) 상 그리고 21개의 

Positron Emission Tomography (PET) 상을 획득하 고, JPEG2000 lossy 알고

리즘을 이용하여 5:1-80:1 까지 상을 압축하 다. 상은 10초 간격으로 

random하게 display하 고, 각각 3명의 판독의에 의해 ROC analysis와 t-test 

분석을 수행하 다. Lesion detectability를 평가 할 수 있는 ROC 분석과 오리

지날 상과 화질을 비교하기 위한 t-test은 1에서 5까지 lesion의 유무와 판독

을 위한 상의 적합성을 평가하여, 통계 분석을 수행하 다.  

각각의 실험결과 t-test 분석에서 JPEG2000으로 압축한 CR 상은 20:1까지  

오리지날 상과 비교하여 화질의 차이가 없음을 확인하 으며, ROC 분석결

과 60:1까지 lesion detectability가 매우 우수하 다. JPEG2000으로 압축한 MG

상의 경우 t-test 분석 결과 15:1까지의 상에서 오리지날 상과의 화질 

차이가 없었으며, 80:1까지 lesion detectablity가 매우 우수하 다. PET 상은 

25:1까지 압축된 상에서의 화질의 차이가 없음을 알 수 있었다. 

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

핵심되는 말 : JPEG2000, JPEG, Computed Radiography, Mammography,    

               Positron Emission Tomography, ROC analysis, T-test. 


