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ABSTRACT 
 
The size of medical data has increased significantly over the last few years. This poses severe problems for the rapid 
transmission of medical data across the hospital network resulting into longer access times of the images. Also long-
term storage of data becomes more and more a problem. In an attempt to overcome the increasing data size often 
lossless or lossy compression algorithms are being used.  
 
This paper compares the existing JPEG2000 compression algorithm and the new emerging JP3D standard for 
compression of volumetric datasets. The main benefit of JP3D is that this algorithm truly is a 3D compression algorithm 
that exploits correlation not only within but also in between slices of a dataset. We evaluate both lossless and lossy 
modes of these algorithms. 
 
As a first step we perform an objective evaluation. Using RMSE and PSNR metrics we determine which compression 
algorithm performs best and this for multiple compression ratios and for several clinically relevant medical datasets. It 
is well known that RMSE and PSNR often do not correlate well with subjectively perceived image quality. Therefore 
we also perform a psycho visual analysis by means of a numerical observer. With this observer model we analyze how 
compression artifacts actually are perceived by a human observer. Results show superior performance of the new JP3D 
algorithm compared to the existing JPEG2000 algorithm. 
 
Keywords: Image compression, image quality, observer, psycho visual, JPEG2000, JP3D, volumetric dataset 
 
 
 

1. INTRODUCTION 
 
Introduction of multi detector spiral CT machines has vastly increased the amount of data generated per study. 
Previously in body CT imaging using single detector spiral CT, 10 mm thick sections were routinely acquired. Using 
multi detector machines, 2.5 mm or even 1.25 mm sections are routinely used. A single 512x512 pixel CT image 
contains 0.5 megabytes (512 x 512 x 16 bits) of data. Therefore a CT study composed of five hundred 1.5 mm images 
contains 250 MB (500 x 0.5 MB) of data but larger datasets of several hundreds of megabytes are no exception 
anymore. Use of 4D (3D+time) imaging devices will further increase the average data size per exam. 
 
The rate of data transfer is crucial in visualizing digital images in a timely fashion on diagnostic or review monitors. 
Although for new hospitals typically 1 gigabit per second (Gbps) Ethernet is being installed, today most hospitals only 
have a 100 megabits per second (Mbps) ethernet connection (also known as "100 baseT") available. Even when such a 
100 Mbps ethernet line is on a dedicated line (not taking any other data traffic), the typical effective data transfer is only 
40 Mbps. This means that it takes around 50 seconds to transmit a dataset of 250 MB from the PACS archive to a 



viewing station. Also there is more and more the trend to access medical images from remote sites such as home offices. 
These sites typically have much lower bandwidth connections to the hospital PACS server and therefore the problem 
even becomes worse. In addition to image distribution also long-term storage of large amounts of data becomes more 
and more a challenge.  
 
In an attempt to overcome the increasing data size often lossless or lossy compression algorithms are being used. The 
JPEG2000 image coding system lends itself to a wide range of uses, including medical imaging. With the approval of 
JPEG2000 as an accepted image compression option by the DICOM WG 4, it is available to a wide medical user 
community. The JPEG2000 specification is divided into different parts [1] of which part one [6] describes the core 2D 
codec. Volumetric datasets are supported as an extension through Part 10 (often called JP3D) [2], which is not yet 
finalized as a standard. An important benefit of JP3D is that this algorithm truly is a 3D compression algorithm that 
exploits correlation not only within but also in between slices of a dataset. This paper compares the existing JPEG2000 
compression algorithm and the new emerging JP3D standard for compression of volumetric datasets.  

 
 

2. EVALUATION METHOD 
 
For this paper we used a CTA thoracic aneurysm dataset obtained with a Siemens CT scanner. The dataset contains 201 
slices of 512x512 pixels. Slice thickness is 3 mm and the bit depth of the images is 12 bit. This dataset has been 
compressed with the existing JPEG2000 standard (Kakadu implementation [3]) and the new emerging JP3D standard. 
For Kakadu we used version 5.0 and for JP3D [4] we used version 1.0.2. (provided by the University of Brussels, 
Belgium). Bit rates for both algorithms were chosen to be 0.0625 bpp, 0.125 bpp, 0.25 bpp, 0.5 bpp, 1.0 bpp and 2.0 
bpp (bits per pixel), corresponding compression ratio of 192:1, 96:1, 48:1, 24:1, 12:1 and 6:1 respectively. 
 
As a first step we perform an objective evaluation. Using RMSE and PSNR metrics we measure which compression 
algorithm performs best. Mean Square Error (MSE) measures the error with respect to the center of the image values, 
i.e. the mean of the pixel values of the image, and by averaging the sum of squares of the error between the two images 
(one being the original image and the other being the compressed and decompressed image). A lower value of MSE 
signifies lesser error in the reconstructed image. The Root Mean Square Error (RMSE) is the square root of mean square 
error. It quantifies the average sum of distortion in each pixel of the reconstructed image. 
 
However, it is well known that RMSE and PSNR do not always correlate well with subjectively perceived image 
quality. Whether the eyes and brain judge an error as significant depends on numerous factors, such as where the error 
resides in the image, both absolutely and relative to where the eyes' attention is at that point in time; what portions of 
the color spectrum the error's pixels represent; what percentage of the total frame it consumes; and how many 
consecutive frames it corrupts. PSNR analysis may judge as significant an error that the human eye barely registers, if at 
all. Conversely, a minor PSNR aberration may be unacceptable in practice. Therefore we also perform a psycho visual 
analysis by means of a numerical observer. We selected JNDMetrix [5] as numerical observer model. For this numerical 
observer simulation we set the model parameters to represent a medical 2 Mega Pixel color display, viewing distance 40 
cm, room ambient light 1 cd/m², and display brightness 400 cd/m².  
 
 
 



 
Figure 1: overview of the JNDMetrix model 

 
JNDMetrix is a numerical observer model developed by Sarnoff Corporation. This model is a fast computational 
method for predicting the perceptual ratings that human subjects will assign to a degraded image relative to its non-
degraded counterpart. The differences are quantified in units of the modeled human a just-noticeable difference (JND) 
of local image contrast. Figure 1 shows sample inputs (2 images) of the Sarnoff model, and the corresponding output 
JND Map. The unit of the map, 1 JND, is a visual stimulus difference seen by observers 75 percent of the time. Figure 1 
also shows a schematic of the architecture of the JND model. At several spatial scales, the model evaluates measures of 
contrast through oriented filters, weights them by channel sensitivities derived from contrast-sensitivity data, and 
nonlinearly compresses them to reflect that features become less detectable when seen on a non-uniform background. 
The JND Map derived from this model is useful because it shows not only the magnitude, but also the position of 
noticeable differences between the two input images. It is also valuable because all types of image distortions are 
rendered in the same units, and are hence quantitatively can be compared with each other. 
 
 

3. RESULTS AND DISCUSSION 
 
PSNR and RMSE measurements are shown in figure 2. RMSE is a “lower-is-better” metric while PSRN (in dB) is a 
“higher-is-better” metric. These results indicate that JP3D has better compression performance compared to JPEG2000. 
The performance gain is larger for higher compression factors and ranges from around 2 dB (compression factor 6:1) to 
almost 6 dB (compression factor 192:1). 
 

 
 



 
 

 
Figure 2: PSNR and RMSE comparison 

 
 
For the psycho visual test we computed the visible distortion in JNDs by means of the JNDMetrix tool. We simulated 
all 201 slices in the dataset and this for both JPEG2000 and JP3D. For JPEG2000 simulations were done with bit rates 
0.0625 bpp, 0.125 bpp, 0.25 bpp and 0.5 bpp. For JP3D we did simulations with bit rates 0.0625 bpp, 0.125 bpp and 
0.25 bpp. 
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Figure 3: Numerical observer results low bitrates 

 



Figure 3 shows a comparison of the visible distortion (in JNDs) for all slices of the dataset and this for low bitrates 
(0.0625 bpp and 0.125 bpp). While JPEG2000 at 0.0625 bpp results in an average distortion of around 9 JNDs, JP3D at 
0.0625 performs much better and only has a distortion of around 7 JNDs. JPEG2000 at bitrate 0.125 bpp only performs 
slightly better than JP3D at half this bitrate. 

��������	
��	�

�����

�����

�����

�����

�����

�����

�����

�����

�����

� �� ��� ��� 	��

�
���������


���
�


��
������


��
��	����

����
���
���	����

����
���
��	����

 
Figure 4: Numerical observer results medium bitrates 

 
Also for mid range bitrates (up to 0.5 bpp) JP3D performs consistently better than JPEG2000. Figure 4 shows that JP3D 
performs approximately as well (distortion around 5.5 JNDs) at bitrate 0.125 bpp as JPEG2000 performs at bitrate 0.25 
bpp. Also JP3D at 0.25 bpp has approximately the same visual distortion as JPEG2000 at 0.5 bpp. Two slices of the 
dataset were analyzed in detail. These two uncompressed slices are shown in figure 5. The uncompressed slices were 
visually compared with their corresponding compressed (JPEG2000 and JP3D at 0.0625 bpp) versions. Also for these 
slices the spatial JND distortion maps were generated with JNDMetrix. 
 

 
Figure 5: Uncompressed slices 44 and 122 

 
 
 



 
Figure 6: Slice 44 compressed with JPEG2000 (left) and JP3D (right) 

 

 
Figure 7: Distortion in JNDs for slice 44 compressed with JPEG2000 (left) and JP3D (right) 

 
Figure 7 shows the JND distortion maps for JPEG2000 (left) and JP3D (right). The scale is from 0 to 5 JNDs. It can 
clearly be seen that JPEG2000 has higher JND distortion than JP3D. It can also be seen that the JND distortion maps 
computed with JNDMetrix correspond well to the actually perceived image quality (see figure 6 for the corresponding 
images). Figures 8 and 9 show the same analysis but for slice 122. Also here we see that the images compressed with 
JP3D have higher image quality. This is particularly visible when looking to the areas in the images with high JND 
distortion values. The JP3D compressed image shows much more fine detail in these areas. 
 



 
Figure 8: Slice 122 compressed with JPEG2000 (left) and JP3D (right) 

 

 
Figure 9: Distortion in JNDs for slice 122 compressed with JPEG2000 (left) and JP3D (right) 

 



 
4. CONCLUSIONS 

 
Both objective and psycho visual measurements show improved compression performance of JP3D compared to 
JPEG2000 and the difference increases with increasing compression ratio. For low and mid bitrates JP3D requires 
approximately only half the bitrate of JPEG2000 to obtain the same visual quality. Moreover, since JP3D is still under 
construction it is to be expected that even better performance will be achieved in the future. Especially improved 
context modeling could further increase compression performance.  
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