LOSSLESS COMPRESSION OF X-RAY CARDIAC IMAGES
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ABSTRACT

Digital medical imaging systems like Picture Archiving aBdm-

compression in medical imaging is still controverse fortigatar
applications since it can result on decreased diagnostiracy and
confidence. Completely reversible compression schemesrdye

munication System (PACS) has become a crucial tool supgprti ,qgjpje using lossless compression methods but, in teis, dhe
both decision making and treatment procedures in mediodt en qpieyable compression ratios are modest, in the orden2ta 4:1
ronments. Advantages come from reduced storage and Manage- 4. The lossless mode of the JPEG standard [5, 6, 7], twides
ment costs associated with image data and increased intriat@n- e of JPEG2000 [8, 9] and the JPEG-LS [10 ’9]' are nowadays

institutional portability of data in communication netker One of
the most important benefits of the digital medical image & th

allows the widespread sharing and remote access to medital d

by outside institutions. Mass storage and digital commatioa
systems costs are continuously decreasing, but, as individig-
ital medical studies become significantly larger, requiata for
transmission bandwidth and data storage capacity stidecavail-
able technologies. Image compression algorithms offemteans
to minimize storage cost and to increase transmission spEleid
paper provides a comparison about the application of Difyitag-
ing and Communication in Medicine (DICOM) lossless compi@s
standards on Angiography cine acquisition images. Monesoeme
other state-of-the-art compression schemes are evaludted ap-
plied on angiographic images. We also propose new direcfion
the lossless compression of this type of images, based dorggpa
third dimension of the data. Preliminary results are priesensing
some lossless video compression methods.

1. INTRODUCTION

To minimize storage space and increase transfer rate, tthieahan-
ages go through a compression process which is of vital itapoe
in PACS and teleradiology applications, due to the typicajeéhvol-
ume of patients data [1]. Some grayscale image modalitied ums
radiology applications have very large sets of images (@.gingle
240 frames angiographic cine acquisition represents appetely
60 MB of storage and a multislice Cardiac Computerized Taaog
phy study of 2500 images per patient, may reach approxisnatal
GB). Medical images digital storage can be challengingesinis
essential to preserve the image quality and also becausedges
can be very large in size and number [2, 3]. Several reasonbea
pointed to stress the importance of compression [3]: Digitedical
images databases are normally very large repositorieerPatata
must be stored for long periods resulting in a continuousvtirof
medical imaging databases; High resolution and many bitpigel
results in large volumes; Image transmission time is voldnieen.
The usefulness of a PACS depends greatly on appropriatsféran
waiting times.

Various methods, both for lossy and lossless image conipress
are proposed in the literature. Lossy compression tecksigan
achieve high compression ratios but they do not allow oned¢on-
struct exactly the original version of the input data. The oflossy

the lossless image compression algorithms allowed by ti0M
standard.

Coronary Angiography (XA) is currently a prominent modgalit
for coronary heart disease diagnostic and interventiormiqulures.
A set of 40 DICOM 8 bits digital cine angiograms were used ia th
experiment. The sequences length vary from 44 to 238 images.

2. STANDARD IMAGE COMPRESSION METHODS

PNGJ[11], JBIG [12], JPEG-LS [10, 9] and JPEG2000 [8, 9] are
state-of-the-art standards for coding digital images.yTheve been
developed with different goals in mind, being PNG designed f
compression simple and color-quantized images, JBIG noatesed
on bi-level imagery, JPEG-LS dedicated to the lossless cessjpn
of continuous-tone images and JPEG2000 designed with thefai
providing a wide range of functionalities. These four stddmage
encoders cover a great variety of coding approaches. Infaereas
JPEG2000 is transform based, JPEG-LS relies on prediaiiag,
JBIG relies on context-based arithmetic coding and PNG istad
nary based compression method. This diversity in codindgnesg
might be helpful when drawing conclusions regarding theray-
ateness of each of these technologies for the case of cosigres
Angiography cine acquisition images.

3. EXPERIMENTAL RESULTS AND DISCUSSION

In order to perform the experiments reported in this paperuged
a set of 40 DICOM digital cine angiograms, acquired at 15 figh w
8 bits grayscale (256 gray levels) and a matrix siz&é1f x 512
pixels. The length of the sequences varies from 44 to 238 és1ag
corresponding to about 3 to 16 seconds.

Table 1. Compression results, in bits per pixel (bpp), using lassle
JPEG2000, JBIG, PNG and JPEG-LS standards. For referesce, r

sults are also given for the popular compression tool GZIP as a
benchmark, we also present results regarding CALIC [13].

Gzip [CALIC] JLS | J2k | JBG | PNG
3.910] 2272 2.324 2.415] 2.712] 3.212




From the experimental results obtained (Table 1, and raygrd
the standard image coding techniques allowed by DICOM siahd
we conclude that JPEG-LS gives the best lossless compngssio
formance and accomplish, in some cases, better comprassioits
than CALIC.

In our experiments, we observed noticeable differencesén t
compression ratios for different cine angiograms. Whenpgressed
with JPEG-LS, for example, differences of 1 bpp can be oleskrv
between the best and the worst compression ratio, reveilatgn-
giographic studies are relatively heterogeneous althtoogy were
acquired with the same equipment.

some data to represent them. Moreover, these codecs alepmie
for lossless compression of natural content color videodamtk ex-
plore the particular characteristics of these type of insage

The results obtained in this study points that the developoa
grayscale video codec is of great importance and could tebdtter
compression ratios. Since X-ray imaging is necessarilyspale,
the future codec could be extended to almost every X-ray caédi
imaging modalities. However, it must be taken into accotat t
some modalities have higher bit depths than angiogragteydom-
puterized Tomography that could have 12 or 16 bits resaiufiev-
ertheless, better compression ratios can be achieveddia dodec

By observing some XA frames (Figure 1) it is possible to recog is specially developed for medical X-ray imaging.

nize that consecutive images are very similar and the etapilon
of this inter-frame redundancy, together with image spaeidun-
dancy, would possibly lead to a better compression appro&uh
the other hand, the majority of data volume produced in aricang
graphic study is relative to dynamic captures (i.e. videos)

Fig. 1. An example of two successive XA frames.

Since angiographic cine acquisition has intrinsic dynaboeicav-
ior, lossless video compression algorithms are logicaladttives to
still frame image coding.

To perform the video experiments, three freely availabssliess

video codecs were chosen. These codecs are consideredsthe be

lossless video compressors available in terms of compresatio.
The results obtained with these video codecs are presemtéd- i
ble 2.

Table 2. Average compression results, in bits per pixel (bpp),@isin
three freely available lossless video codecs.

Encoder | bpp
Alparysoft lossless| 2.685
Lagarith lossless | 2.395
MSU lossless 2.381

The MSU lossless codec has a slightly better average compreglo]

sion ratio but the compression time is very high, disablimguasage

of this codec (with maximum compression configuration) ireal r
environment. This codec can be tuned so that the time wilirbe s
ilar to the others codecs but the compression ratio fallwéen the

Lagarith and the Alparysoft codecs.

Comparing the results of Table 1 and Table 2 it can be seen th§t 2]

video lossless codec compression ratios are worse thamésead-
tained with CALIC and JPEG-LS (JPEG2000 is slightly bethemt
Alparysoft codec). Available lossless video codecs do mprove
compression ratio of XA since they do not take into accouetfict
that XA files are 8 bits grayscale and it is not necessary te gaee
color components but only one. Even if two of the three cotome
ponents are set to zero (or some other constant), the calleestl
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