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Intr oduction:
Thereis a growing needin theresearchandclinical medicalimagingcommunityfor Internet-
capabletools that facilitate remotedatadisseminationand interaction. 3-dimensional(3D)
medicalimagingdatasetstypically requirespecial-purpose,non-portable,software to be in-
stalledandmaintainedoneachworkstation.

Wedeveloped“JIV”: apowerful, robust,portable,extensible,andopen-sourceJava (v 1.1)ap-
plication(applet)for visualizationandside-by-sidecomparisonof multiple3D imagedatasets.
JIV is designedto work throughtheWWW.

A convenientway to visualize3D medicalimagingdatasetsis by threeorthogonal2D slices
throughthesamelocationin thevolume.Whenseveral imagevolumesareto becompared,it
is desirableto visualizetheir slicesside-by-side,all at thesamepositionin thevolume(�g. 1).

Figure1: Screenshotof theJIV interface: four datasetsaredisplayed,eachwith the
threeorthogonal2D slices(top to bottom: transverse,sagittal,coronal). A merged
imageof the�rst two datasetsis alsodisplayed(2nd columnfrom theleft). Someof
theslicesarezoomed-in,by differentamounts.

JIV Features:
� requiresno installationandno maintenanceon the workstation,but only a commonWeb

browser.
� highly portable: the vastmajority of computerscomewith Web browsers,which support

Java1.1. JIV provedto berobustonavarietyof computerplatforms:Linux-i386,SGIIRIX,
MacOS,andvariousMS Windows (Win32)versions.

� cancopewith slow network links.
� usesa simpleandplatform-independentimagedataformat, andacceptsarbitraryvolume

samplings.
� displaysgray-level (intensity) imagedatawith a user-controlledcolor-mapping;alsopro-

videsmerged(blended)views of two datasets.
� anef�cient mouse-baseduserinput schemeprovidesfastroamingthroughthevolume,and

continuouslyadjustablezoomandpan.

Design& implementation:
In orderto provide remotedataaccesswith a level of performancecomparableto traditional
stand-aloneworkstationapplications,the issueof �le loading(“I/O”), which is signi�cantly
slower, needsto beaddressed.In practice,theperformanceof regular Internetconnectionsis
unpredictable;moreover, thetransferratecanvary by up to threeordersof magnitude(1000x)
amongdifferenttypesof network connections.With respectto how andwhento downloadthe
3D imagedata,thefollowing threeoperationmodesaresupportedby JIV:

1.All up-front: all of thedatais downloadedandstoredin client's memorybeforetheusercan
view andinteractwith any of it. This guaranteesthebestinteractive responseof theviewer;
however, theuserhasto wait for all thedatato downloadbeforetheJIV interfacebecomes
available,whichcanbeimpractical.

2.On demand:downloadslice imagedataonly whenandif the userwantsto view that par-
ticular slice. This minimizesthe datadownloads(andthe amountof memoryrequiredby
the applet),but the interactive responsetime is highly dependenton the server andon the
network speed.

3.Hybrid (backgrounddownload):�rst downloadonly theslicesrequiredby theinitial cursor
positions;thencontinuedownloadingall of thedatain abackgroundthread(asin (1)); if the
userrequestssliceimageswhich arenot alreadydownloaded,they will bedownloadedwith
priority (asin (2)).

Thehybrid mode(see�g. 2) is thebestcompromisefor mostpracticalsituations,andcanbe
seenasapredictivedownloadapproach.JIV couldbecon�guredto �rst transferthesliceswith
highprobabilityof beingvisitedby theuser(thisprobabilityis applicationanddatadependent);
suchatechniquewill increasethelikelihoodof theimagedatato bealreadyavailablewhenthe
usermovesthecursorto anew location.
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Figure 2: The hybrid download functionality: threadA performsthe background
downloadof the entire3D imagevolume(takes> 5min); threadB downloads,with
priority, the2D slicesrequiredby thecurrentcursorposition.Above, theusermoved
the cursorto a new locationat time t. JIV doesnot temporarilyfreezewhile wait-
ing for datato arrive: instead,it displaysa discerniblepatternfor the imageareasit
doesnot yet have (time t), andreplacesit with the real imagedataassoonasit be-
comesavailable(time t+4s). Any 2D slice is only downloadedonce.Thedownload
timesshown above correspondto a 14 Kbyte/secnetwork connection(typical ISDN
line) and to a T1-weighted/ 181x217x181/ 1 mm3 isotropicsamplingbrain MRI,
compressedwith gnuzip (losslesscompression).

Figure3: SampleJIV application:evaluatingthemis-registrationof two brainMRI-s,
after tissueclassi�cation. Bottom: thecolormaprangesliders(window/level) canbe
usedto restrictthevisible tissueclasses.

Results& Conclusion:
An onlinedemoaswell asthesoftwareareavailableat theWebaddressin thetitle.

JIV is aconvenientandplatform-independentsoftwarefor theremotevisualizationof 3D med-
ical imagedata; for example,it canbe usedin remotedataprocessing– whendatagoesto
a central,well-equipped,site for imageprocessingandstorage.This softwareproved useful
(both remotely, asan applet,andasa stand-aloneapplication)for ef�cient simultaneousvi-
sualizationandcomparisonof many 3D imagedatasets,suchasevaluatingthe performance
of registrationor segmentationmethods(�g. 3). It canalsobe usedasa PACS viewer in a
radiologyenvironment.
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