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Intr oduction:

Thereis agrowing needin the researcrandclinical medicalimagingcommunityfor Internet-
capabletools that facilitate remotedata disseminatiorand interaction. 3-dimensional3D)
medicalimaging datasetdypically require special-purposenon-portable software to be in-
stalledandmaintainedbn eachworkstation.

We developed‘JIV": apowerful, robust, portable extensible andopen-sourcdava (v 1.1) ap-
plication (applet)for visualizationandside-by-sidecomparisorof multiple 3D imaged:

l.c alus ers /cri

sco fjiv [/

thread A: full volume downlogd

thread B: On-demand slice download

JIV is designedo work throughthe WWW.

A convenientway to visualize3D medicalimagingdatasetss by threeorthogonal2D slices
throughthe samelocationin the volume. Whenseveralimagevolumesareto be comparedit
is desirableto visualizetheir slicesside-by-sideall atthe samepositionin thevolume( g. 1).
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Figure 1: Screenshoof the JIV interface: four datasetsredisplayed,eachwith the
threeorthogonal2D slices(top to bottom: trans\erse,sagittal,coronal). A meiged
imageof the rst two datasetss alsodisplayed(2™ columnfrom theleft). Someof
theslicesarezoomed-inpy differentamounts.

JIV Features:
requiresno installationand no maintenancen the workstation,but only a commonWeb
browser
highly portable: the vastmajority of computerscomewith Web browsers,which support
Javal.1.JIV provedto berobustonavarietyof computemplatforms:Linux-i386, SGI IRIX,
MacOS ,andvariousMS Windows (Win32) versions.
cancopewith slow network links.
usesa simple and platform-independenimage dataformat, and acceptsarbitrary volume
samplings.
displaysgray-level (intensity)imagedatawith a usercontrolledcolor-mapping;also pro-
videsmeged(blended)views of two datasets.
anefcient mouse-basedserinput schemeprovidesfastroamingthroughthe volume,and
continuouslyadjustableeoomandpan.

Design& implementation:

In orderto provide remotedataaccessawith alevel of performancecomparableo traditional
stand-alonevorkstationapplications the issueof le loading (“I/O”), which is signi cantly
slower, needgto be addressedIn practice the performanceof regular Internetconnectionss
unpredictablemoreaer, thetransferatecanvary by up to threeordersof magnitude(1000x)
amongdifferenttypesof network connectionsWith respecto how andwhento downloadthe
3D imagedata,thefollowing threeoperationmodesaresupportedy JIV:

1. All up-front: all of thedatais dowvnloadedandstoredin client's memorybeforetheusercan
view andinteractwith ary of it. This guaranteethe bestinteractie respons®f theviewer;
however, the userhasto wait for all the datato downloadbeforethe JIV interfacebecomes
available,which canbeimpractical.

2.0ndemand:downloadsliceimagedataonly whenandif the userwantsto view that par
ticular slice. This minimizesthe datadownloads(andthe amountof memoryrequiredby
the applet),but the interactie responseime is highly dependenbn the sener andon the
network speed.

3. Hybrid (badkgrounddownload): rst downloadonly theslicesrequiredby theinitial cursor
positionsthencontinuedownloadingall of thedatain abackgroundhread(asin (1)); if the
userrequestsliceimageswhich arenot alreadydownloadedthey will bedownloadedwith
priority (asin (2)).

Thehybrid mode(see g. 2) is the bestcompromisefor mostpracticalsituations,andcanbe

seerasapredictivedownloadapproachJIV couldbecon guredto rst transferthesliceswith

highprobabilityof beingvisitedby theuser(this probabilityis applicationanddatadependent);
suchatechniquewill increasehelikelihoodof theimagedatato bealreadyavailablewhenthe
usermovesthe cursorto anew location.
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Figure 2: The hybrid download functionality: threadA performsthe background
downloadof the entire 3D imagevolume (takes> 5min); threadB downloads,with
priority, the 2D slicesrequiredby the currentcursorposition. Above, the usermoved
the cursorto a new locationat time t. JIV doesnot temporarilyfreezewhile wait-
ing for datato arrive: instead,it displaysa discerniblepatternfor theimageareasit
doesnotyet have (time t), andreplacest with the realimagedataassoonasit be-
comesavailable(time t+4s). Any 2D sliceis only downloadedonce. The download
timesshavn above correspondo a 14 Kbyte/secnetwork connection(typical ISDN
line) andto a T1-weighted/ 181x217x181 1 mn? isotropic samplingbrain MRI,
compr avith gnuzip (Ic mpression).

Figure3: SamplellV application:evaluatingthe mis-registrationof two brainMRI-s,
aftertissueclassi cation. Bottom: the colormaprangesliders(window/level) canbe
usedto restrictthevisible tissueclasses.

Results& Conclusion:
An onlinedemoaswell asthe softwareareavailableatthe Webaddressn thetitle.

JIV is aconvenientandplatform-independersoftwarefor theremotevisualizationof 3D med-
ical imagedata; for example,it canbe usedin remotedataprocessing- when datagoesto
acentral,well-equippedsite for imageprocessingandstorage. This software proved useful
(both remotely asan applet,andas a stand-alonepplication)for ef cient simultaneousi-
sualizationand comparisorof mary 3D imagedatasetssuchas evaluatingthe performance
of registrationor sggmentationmethods( g. 3). It canalsobe usedasa PACS viewer in a
radiologyervironment.

Acknowledgments: PeterNeelin, Alex Zijdenbos Steve Robbins Louis Collins, JohnSled.



