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ABSTRACT

The size of medical data has increased signifigamter the last few years. This poses severe pmabler the rapid
transmission of medical data across the hospitalor& resulting into longer access times of thegesm Also long-
term storage of data becomes more and more a proltlean attempt to overcome the increasing date eften
lossless or lossy compression algorithms are hesed.

This paper compares the existing JPEG2000 compressigorithm and the new emerging JP3D standard for
compression of volumetric datasets. The main bea&fiP3D is that this algorithm truly is a 3D camgsion algorithm
that exploits correlation not only within but alBobetween slices of a dataset. We evaluate batsides and lossy
modes of these algorithms.

As a first step we perform an objective evaluatideing RMSE and PSNR metrics we determine whichpression

algorithm performs best and this for multiple coeg®ion ratios and for several clinically relevamtdical datasets. It
is well known that RMSE and PSNR often do not dateewell with subjectively perceived image qualityherefore

we also perform a psycho visual analysis by me&masmumerical observer. With this observer modelanalyze how
compression artifacts actually are perceived bymmdn observer. Results show superior performantieeofiew JP3D
algorithm compared to the existing JPEG2000 allgorit
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1. INTRODUCTION

Introduction of multi detector spiral CT machineashvastly increased the amount of data generatedstpdy.
Previously in body CT imaging using single detedpiral CT, 10 mm thick sections were routinely @oed. Using
multi detector machines, 2.5 mm or even 1.25 mntiges are routinely used. A single 512x512 pixel {©Tage
contains 0.5 megabytes (512 x 512 x 16 bits) of.déherefore a CT study composed of five hundr&dim images
contains 250 MB (500 x 0.5 MB) of data but largettaets of several hundreds of megabytes are reptoc
anymore. Use of 4D (3D+time) imaging devices wiltther increase the average data size per exam.

The rate of data transfer is crucial in visualizitigital images in a timely fashion on diagnosticreview monitors.
Although for new hospitals typically 1 gigabit pggcond (Gbps) Ethernet is being installed, todagtrhospitals only
have a 100 megabits per second (Mbps) etherneectian (also known as "100 baseT") available. Bwben such a
100 Mbps ethernet line is on a dedicated line {@kinhg any other data traffic), the typical effgetidata transfer is only
40 Mbps. This means that it takes around 50 sectmdsnsmit a dataset of 250 MB from the PACS iaeclio a

" tom.kimpe@barco.com phone +32 56 233 385; fax +32 56 233 457




viewing station. Also there is more and more tleadrto access medical images from remote sitesasibbme offices.
These sites typically have much lower bandwidthneations to the hospital PACS server and therefoeeproblem
even becomes worse. In addition to image distidoutilso long-term storage of large amounts of Bat;lomes more
and more a challenge.

In an attempt to overcome the increasing datadizs lossless or lossy compression algorithmsbaimeg used. The
JPEG2000 image coding system lends itself to a vadge of uses, including medical imaging. With &pproval of

JPEG2000 as an accepted image compression opticghebICOM WG 4, it is available to a wide mediaeer

community. The JPEG2000 specification is dividet idifferent parts [1] of which part one [6] de@s$ the core 2D
codec. Volumetric datasets are supported as amsiate through Part 10 (often called JP3D) [2], whis not yet

finalized as a standard. An important benefit d8lJRs that this algorithm truly is a 3D compressaigorithm that
exploits correlation not only within but also intlveen slices of a dataset. This paper comparesxiséng JPEG2000
compression algorithm and the new emerging JP3mlatd for compression of volumetric datasets.

2. EVALUATION METHOD

For this paper we used a CTA thoracic aneurysnsdatbtained with a Siemens CT scanner. The datastins 201
slices of 512x512 pixels. Slice thickness is 3 mmd #he bit depth of the images is 12 bit. This settehas been
compressed with the existing JPEG2000 standardadakmplementation [3]) and the new emerging JP@Ddard.

For Kakadu we used version 5.0 and for JP3D [4]used version 1.0.2. (provided by the UniversityBo@issels,

Belgium). Bit rates for both algorithms were choserbe 0.0625 bpp, 0.125 bpp, 0.25 bpp, 0.5 bppfp and 2.0
bpp (bits per pixel), corresponding compressioiorat 192:1, 96:1, 48:1, 24:1, 12:1 and 6:1 respebt.

As a first step we perform an objective evaluatidsing RMSE and PSNR metrics we measure which cessmn
algorithm performs best. Mean Square Error (MSEasuees the error with respect to the center ofrttagye values,
i.e. the mean of the pixel values of the image, lmndveraging the sum of squares of the error baivtiee two images
(one being the original image and the other beilgdompressed and decompressed image). A lowee @dlVMSE
signifies lesser error in the reconstructed imdge Root Mean Square Error (RMSE) is the squareabmean square
error. It quantifies the average sum of distoriioeach pixel of the reconstructed image.

However, it is well known that RMSE and PSNR do abtays correlate well with subjectively perceiviedage

quality. Whether the eyes and brain judge an exsosignificant depends on numerous factors, suethase the error
resides in the image, both absolutely and reldtiverhere the eyes' attention is at that pointnmeti what portions of
the color spectrum the error's pixels representatwbercentage of the total frame it consumes; amg Mmany

consecutive frames it corrupts. PSNR analysis mdgg as significant an error that the human eyelpaggisters, if at
all. Conversely, a minor PSNR aberration may becogjtable in practice. Therefore we also perfonpsycho visual
analysis by means of a numerical observer. We teglelfNDMetrix [5] as humerical observer model. #ds numerical
observer simulation we set the model parameterspiesent a medical 2 Mega Pixel color displaywing distance 40
cm, room ambient light 1 cd/mz2, and display brigiss 400 cd/m2.
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Figure 1: overview of the INDMetrix model

JNDMetrix is a numerical observer model developgdSarnoff Corporation. This model is a fast compatel
method for predicting the perceptual ratings thainan subjects will assign to a degraded imageivelab its non-
degraded counterpart. The differences are quadhtifieinits of the modeled human a just-noticealffierénce (JND)
of local image contrast. Figure 1 shows samplet®g2 images) of the Sarnoff model, and the coordmg output
JND Map. The unit of the map, 1 JND, is a visuahstus difference seen by observers 75 perceriieofiine. Figure 1
also shows a schematic of the architecture of 2 thodel. At several spatial scales, the modelwatas measures of
contrast through oriented filters, weights them dhannel sensitivities derived from contrast-sevigjtidata, and
nonlinearly compresses them to reflect that feativecome less detectable when seen on a non-urlifackground.
The JND Map derived from this model is useful beeait shows not only the magnitude, but also thsitipm of
noticeable differences between the two input imad¢les also valuable because all types of imagaodions are
rendered in the same units, and are hence quargitatan be compared with each other.

3. RESULTS AND DISCUSSION

PSNR and RMSE measurements are shown in figurdViSERis a “lower-is-better” metric while PSRN (in & a

“higher-is-better” metric. These results indicdtattJP3D has better compression performance cothpadEG2000.
The performance gain is larger for higher compmsictors and ranges from around 2 dB (compredaittor 6:1) to

almost 6 dB (compression factor 192:1).



RMSE PSNR
JPEGZK |JP3D  |JPEG2ZK |JP3D

[Bitrate (bpp) 0,0625| 59,5320| 31,8064| 36,0695 422168
012500 36,3207| 21,3795] 411995 456828
0,2500] 20,7718] 14,0402] 46,0728 493192
050000 11,5128] 9,0371] 51,1033 53,1463
1,0000] 6,7103| 56639 55,7342| 572119
2,0000] 3.6372| 3,1588| 61,0472 62,3447
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Figure 2: PSNR and RMSE comparison

For the psycho visual test we computed the vigilidéortion in JNDs by means of the JNDMetrix todle simulated
all 201 slices in the dataset and this for bothGBE0 and JP3D. For JPEG2000 simulations were dithebit rates
0.0625 bpp, 0.125 bpp, 0.25 bpp and 0.5 bpp. FBDJIRe did simulations with bit rates 0.0625 bpd,25. bpp and
0.25 bpp.

Figure 3: Numerical observer results low bitrates



Figure 3 shows a comparison of the visible distortfin JNDs) for all slices of the dataset and fbislow bitrates

(0.0625 bpp and 0.125 bpp). While JIPEG2000 at ®.@¢d results in an average distortion of aroudiBs, JP3D at
0.0625 performs much better and only has a distodf around 7 INDs. JPEG2000 at bitrate 0.125dnp performs

slightly better than JP3D at half this bitrate.
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Figure 4: Numerical observer results medium bitrate

Also for mid range bitrates (up to 0.5 bpp) JP3Efgrens consistently better than JPEG2000. Figushaws that JP3D
performs approximately as well (distortion aroundl 3NDs) at bitrate 0.125 bpp as JPEG2000 perfatrbgrate 0.25
bpp. Also JP3D at 0.25 bpp has approximately timesaisual distortion as JPEG2000 at 0.5 bpp. Tuaeslof the
dataset were analyzed in detail. These two uncasepteslices are shown in figure 5. The uncompresisegs were
visually compared with their corresponding compees€]PEG2000 and JP3D at 0.0625 bpp) versions. fAtsthese

slices the spatial JND distortion maps were geadratith INDMetrix.

Figure 5: Uncompressed slices 44 and 122



Figure 6: Slice 44 compressed with JPEG2000 (lefthd JP3D (right
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Figure 7: Distortion in INDs for slice 44 compresskwith JPEG2000 (left) and JP3D (right)

Figure 7 shows the JND distortion maps for JPEG20€f®) and JP3D (right). The scale is from 0 tdNDs. It can
clearly be seen that JPEG2000 has higher JND tissicthan JP3D. It can also be seen that the JNBrtion maps
computed with INDMetrix correspond well to the adiyperceived image quality (see figure 6 for toeresponding
images). Figures 8 and 9 show the same analysifobstice 122. Also here we see that the imagespressed with
JP3D have higher image quality. This is particylatisible when looking to the areas in the imagéth wigh JND
distortion values. The JP3D compressed image shaved more fine detail in these areas.



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

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



4. CONCLUSIONS

Both objective and psycho visual measurements simypvoved compression performance of JP3D companed t
JPEG2000 and the difference increases with inargasbmpression ratio. For low and mid bitrates JR88uires
approximately only half the bitrate of JPEG200®ktain the same visual quality. Moreover, sinceDJE3still under
construction it is to be expected that even bagignformance will be achieved in the future. Esgdécianproved
context modeling could further increase comprespiEnformance.
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