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ABSTRACT

This paperproposesa userinterfacefor remoteaccesof the National Library of Medicine’s Visible Humandigital image
library. Userscanvisualizethe library, browsecontents)ocatedataof interest,andretrievedesiredimages. The interface
presents a pair of tightly coupled views into the library data. The overview pnagidesa globalview of the overallsearch
space,and the preview image providesdetails about high resolutionimagesavailablefor retrieval. To explore,the user
sweepsthe views throughthe searchspaceand receivessmooth,rapid, visual feedbackof contents. Desiredimagesare
automaticallydownloadedover the internet from the library. Library contentsare indexed by meta-dataconsistingof
automaticallygeneratedniniaturevisuals. Theinterfacesoftwareis completelyfunctionalandfreely availablefor public use,
at: http://www.nlm.nih.gov/.
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INTRODUCTION

The Visible Human

The National Library of Medicine (NLM), for its Visible

Human Project[NLM90Q], is in the processof creatinga

large digital library of anatomicalimagesof the human
body. It contains MRl and CT scans, as well as

cryosectionimages (digital color photographsof cross-
sections,Figure 1). Two cadavers,one male and one

female, were carefully chosenas the subjects. The male

datasetMRI and CT images were captured using the

respectivemedical imaging scanners. The MRI images
werecapturedat 4mmintervalsthroughoutthe body. Each

is 256x256 pixels in resolution with 12-bit gray level

encoding. The CT imageswere capturedat Imm intervals
to correspondwith the cryosections. Eachis 512x512
pixels, also using 12-bit gray level. To capture the

cryosectionimages, the cadaverwas first frozen solid

inside a large block of blue gel. Then,1mm thick slices
were successivelycut away from an axial cross-section
(planar cut perpendicularto the longitudinal axis of the

body), and digital color imageswere takenof eachnewly

exposecross-sectionA total of 1878cryosectiorimages
weretaken,spanningthe body from headto toe. Eachis

Figure 1:

A Visible Human cryosection image of the
male’s head. Library cryosection images are fultolor and
have 2048x1216 pixel resolution, larger than most CRTSs.

24-bit color andhasa resolutionof 2048x1216pixels. The
total resultis a 15 Gigabyte image datasetof the male
body. The female datasetwill be capturedat 1/3rd mm
slices and, thus, is expectedto require three times the
storagespaceof the male dataset. In addition, 70mmfilm
of cryosectionsmay be scannedat higher resolutionsfor
details of various anatomical structures.

The NLM provides public accessto the Visible Human
digital library via the internetThe entiredataset residesn
a high capacitystoragesystemwith a high speedinternet
connection. A simple license agreementwith NLM,
intendedfor tracking datausage,allows any userwith an
internet capable computer to remotely accessthe full
dataset. Eachimageis storedon the archiveasa separate
file with numericallyindexedfilenamesorderedfrom head
to toe. Using“ftp”, a userremotelylogs onto the archive
machinewith a speciallogin ID and passwordprovided
with the licenseagreementand downloadsany numberof
imagefiles by specifyingthe correctnumericalfilenames.
The images can then be displayed locally using an
appropriate image browsing software package. Also,
several sample imagesare available to those without a
licenseagreemenbn the Visible HumanWorld Wide Web
page at http://www.nim.nih.gov/.

Becausethe library is available to the public, the user
communityis diverse. Usersare of varying backgrounds
andcovera wide rangeof expertisén humananatomyand

computer skills. The most prominent user groups are

medical professionalsand studentsinterestedin using the

images foreducatiorandmodelingpurposesandcomputer
science researchersand software developers creating
medical imaging applications. Other users include

elementaryschool teachers,curious internet surfers, and

even martial arts experts! Some userswish to simply

explore the datasetin an open-ended fashion, and

downloada samplingof imagesto browse. Other users,
who desirea specific portion of the dataset,use a more

directed searchto locate and download images. Some
desireonly a singleimageor small setof images,perhaps
to use as overheadswhile teaching an anatomy class.
Others download an entire continuousblock of images
representingsome portion of the body. In this case,the

images are often used for 3D modeling of anatomical
structures. For example a medicalexpertmight download
all the cryosectionimagescontainingthe heart, and load

them into advancedsoftware, such as Mayo Clinic's

ANALYZE to visualize ventricle chambers. Very few

attempt to download the entire library, since it would

require weeks of continuousinternet activity as well as
overwhelming storage capacity.

Unfortunately,usingthe Visible Humandigital library can
bedifficult. The ftp interfacemerely presentauserswith a



long list of sequentiaimagefilenames. Browsingthe data
requires a trial-and-error process of guessing a file,

downloadingit (which could take several minutes), and
displayingthe imagelocally. A Web pageinterfacethat
displaysthumbnailsof the library imageswould allow the
user to visually browse the contentsof the library, but
would require pagingthroughhundredsof thumbnailsthat
must be downloaded for each access.

Whether a user wants to simply browse the library or

retrieveimagesfor someotheruse,it is importantto avoid
unnecessargownloads. Becausehe datasets extremely
large andwould take weeksto download,andit is desired
that users with smaller computerswith limited storage
capacity have access,the ability to remotely explore a
visual representatiorof the datasetand download only

desiredimagesis a requirement. Hence,thereis a great
need for an effective user interface to assist users in

browsing the library and retrieving images.

Related Work

As digital librariesquickly increaseén number,researchers
are continually developing improved pubdiccessnethods
for the many different typesof library information. The
primary user interface approach,especiallyfor libraries
containing unstructured collections of heterogeneous
documents,s the keyword query method. In this case,
Information Retrievalsystemgreprocesslocumentsn the
library, usually using automatedalgorithms, to generate
comprehensivandices (meta-data). Then, when a user
entersa query, the systemcan quickly generatea list of
matchingdocuments.Sincemanyof theselibrariescontain
textualdocumentnly, suchascomputersciencetechnical
reports[Van94], and usestrictly textualqueries,interfaces
are often text-basedor simple WWW or teletypeaccess.
More advancedsUI interfacesafford additionalcapability
to manipulate and visualize the textual query
[VN95,YS92]. Imagelibrariesmay alsoprovidefor query
by image content [FEF94]. In this case, images are
indexed by content features and, if available, textual
annotations. These interfaces allow users to specify
exampleimages, interactively sketch objects, or use an
image content description languageto create a query.
KMeD [CCT95] is an exampleof a multimedialibrary in
the medical domain which combines both textual and
medicalimageelements.Digital videolibrariesexpandthe
qguery method further, using speechrecognition on the
audio tracks of videos for textual indexing [GAE94].
While the query method may be an effective meansfor
retrievingdocumentdasedon keywordsor imagefeatures,
it doesnot provide the capability to “explore” or build a
mental model of the contents of a library.

However,if the documentswithin a library are organized
using some consistent,natural, comprehensible orderly

structuring method, then interfaces using a browsing
approachare also applicable. Advanced user interface
techniquesfor information exploration can be used to

explore the library structure,usually specified by meta-
data, and its contents. This gives users a way to ¢dsout
thelibrary andlocateinterestingdocumentswithout relying

on keyword search. Severalcommonstructuringmethods
exist[Lev95]. ForexampleHypertextsystemssuchasthe

WWW organizedocumentsn a hierarchyor other graph
representation. With an interface for browsing graph
structured information (see [Kor95] for a review of

several),userscan utilize the links, perhapsrepresenting
relationships between documents, to discover related
documents that might be found using a query.

Implementationsncludeutilizing the Dewey Classification
hierarchy to browse a library catalogue [All94] and

reference citations to browse articles [RPH95].

MeSHbrowse [KS95] is an interface for browsing a

medical terminology hierarchy containing arbitrary inter-

relationships(meta-data)as an index to a medicalimage
digital library. Another structuring method organizes
information by defined textual and numerical attributes.
Doan applies dynamic query interface techniques to

arbitrary distributed information of this form, allowing

usersto quickly learn overall contents,find trends, and

locatedocumentf interestiDPS95]. Browsingcomputer
sciencditeraturehasbeenhandledby attributestructureas
well, using authornames publicationdatesand sizes,etc.

[HHN95]. Someinterfacesusethe map motif to browse
spatial information, in which case attributes represent
geographicalocations[KJ95, Pla93]. All of thesesystems
are examplesof how advancedinformation-exploration
userinterfacetechniquesan capitalizeon the structureof

an organizedlibrary to add a new dimension,namelythe

capabilityto browse,to the user’stool setfor the task of

information retrieval.

The Visible Human digital library exemplifies another
organizational method for structuring libraries. The
medical imagery, although un-annotated,is concretely
structured. That is, the imageshave a strict sequential
orderingdefinedby the physicalobjects(the humanbody)
represented. Hence,becauseof the previously described
successesye expectthat a userinterface,which utilizes
this structureto providea browsingenvironmentwould be
an effective means for users to retrieve desired images.

Guiding principles for designinga user interface for the
Visible Human library come from related researchof
browsing techniques. Firstly, direct manipulation, with
compelling success in many exploration interfaces,
provides these principles: [Shn92]

e Visual representation of the search space;

* Rapid, incremental, reversible exploratory actions;
e Pointing and selecting, instead of typing; and



* Immediate, continuous, visual feedback of results.

Research in digital medical atlases has developed
reconstructionand visualizationtechniquesfor annotated,
segmented3D medical image data [HPR95]. Interface
elementsandstrategiedor browsingindividual 2D images
are thoroughly identified [PCS95]. In particular, a
coordinateddetail view and overview giving contextual

Quit Subject Image Tupe Hbout... Help...

feedbackaswell asextraneouslatadownloadavoidance,
are essentialelementsfor remotely browsing very large
images [CPH94]. Work on Query Previews [DPS95]
showsthe benefitsof previewing downloadabledataas a
filtering processby issuingdynamicquerieson meta-data.
With this technique usedragsliders,click on options,and
receive rapid visual feedbackto identify desired data

— Overuiew

— Image Select

Single Full-5ize Image...

Lozal Image Directorys:

Atmpduhinages]

— Range Select

Top:

Bottoms:
Copyright <ci 1995

Humah-Computer
Interaction Lab

University
of HMaryland

Images: 309

Range of Full-Size Images...

at College Park
MBytes: 2201

HeaL

Figure 2: The Visible Human Explorer user interface, showing a reconstructed coronal section overview and an
axial preview image of the upper abdominal region. Dragging sliders animates the cross-sections through the bod:



available for retrieval. With these principles as our
motivation, we designedthe interface describedin the
following section.

THE INTERFACE

We have developeda direct manipulationuser interface,
called the Visible Human Explorer (VHE), for remotely
exploringthe Visible Humandigital library and retrieving
images. It allows usersto rapidly browse,on their own

machine, a miniaturized version of the Visible Human
datasetand, basedon that exploration,downloaddesired
full resolution library images. The miniature dataset
provides an overview of library contentand acts as a

previewmechanisnfor retrieval. Theinterface,alongwith

the miniature datasetjs downloadedin advanceand then
usedas an accessotto the archive. The payoff is quick,

sincedownloadingthe VHE is equivalentto only about3

image retrievals. With this paradigm, although
implemented completely outside of any existing web

browser,the interface can be thoughtof as an advanced,
dynamic web-page application for browsing a medical
image digital library.

The VHE direct manipulationinterface(Figure 2) presents
the userwith a coordinatedpair of orthogonal2D cross-
sectionviews of the Visible Humanbody. The left view-
window, or overview, displaysa miniaturecoronalsection,
a front-view longitudinal cut of the body. It actsas an
overview of the library, giving the user a general
understandingf the contentf the body from headto toe.
The imagesfor this view were reconstructedlirectly from
the cross-sectiofimages taking advantagef the structural
organizationof the library, by samplinga single row of
pixels from successivémagesto simulatea perpendicular
cut. The resolution is decreasedto approximately
150x470. The right view-window, or preview, displaysa
miniature axial section,the type of cut typically seenin
medical atlas textbooks. The imagesfor this view are
reduced resolution thumbnail images (300x150) of the
original library cross-sectionandactasa previewof those
higherresolutionimages. The magnificationof this view is
twice that of the overview, giving the usermore detail of
the library.

A horizontal indicator on the overview indicates the
vertical position,on the body, of the axial sectionshownin

the preview. The indicatoris attachedto a vertical slider
widget spanningthe height of the overview and can be
draggedvertically acrossthe body to sweepthe cut, shown
in the preview, throughthe body. As the userdragsthe
indicator, the preview provides smooth, rapid feedback
(<100msecYyeflectingthe axial cross-sectiorat the sliding

cut plane,resultingin a dynamicanimatedeffect of motion
throughthe body. This givesthe userthe ability to easily
explorethe contentsof the entirebody. Likewise,a sliding

indicator in the preview controls the view shownin the
overview. For example the usercanslide the overviewto
show a coronal sectionnearerto the front or back of the
body. (Seevideo report [NK95] for a demonstratiorof
the dynamic interaction.)

While exploring, whenthe userlocatesan axial sectionin
the preview for which high resolution data is desired,
pressingthe Full-Size Image button opensthe Retrieval
dialog box (Figure 3). This dialog handlesthe details of
accessinghe Visible Humanlibrary archive. After users
type their Visible Humanlogin ID and passwordinto the
correspondingextboxesand pressthe Retrievebutton,the
systembeginsto download the requestedfull resolution
cryosectionimage from the NLM digital library over the
internetto the user'scomputer. Sinceretrieval may take
several minutes, dependingon internet traffic, a status
meter providesfeedbackon the progressof the retrieval.
Usershave the option to cancelthe downloadingat any
time. Once the meter reaches100%, the download is
completeandthe imageis then displayedin a large detalil
view.
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Figure 3: The VHE Retrieval dialog box meters
downloading from the Visible Human digital library.

Since downloading over the internet can be a time
consumingprocess,the systemdoes have provisions for
userswith computerscontainingample storagespace. It
can accumulateretrieved high resolutionimageson the
user’s computer,therebyallowing the userto browsenot
only the remotelibrary but also a local cacheaswell. A
vertical bar alignednext to the overview image showstic
marksindicatingwhich axial cryosectionsare containedin
the local cache. When one of these cross-sectionds
previewedby placingthe cutplaneslideroveratic mark,a
flag in the previewwindow highlights to indicatethat the
correspondindull-size imageis in the cache. Clicking on
the Display button will then display the image from the



cache,savingthe downloadtime. Below the overview, a
text box showsthe nameof the user selectabledirectory
containing the local image cache. This feature is
particularlyusefulfor userswho acquiretheir own copy of
the Visible Humandigital library, since they can usethe
VHE to browse it as well.

The VHE also provides the capability to download asgr
specifiedrangeof cross-sectioimagesinto this cacheat
once. The usersimply placesrangeindicatorsnextto the
overview slider, and selectsa button to begin retrieval
using the Retrievaldialog box. Two smalleraxial cross-
sectionviews display imagesof the top and bottom slices
of the user specifiedrange. Feedbackon the number of
imageswithin therangeandthetotal size,in megabytesof
those library imagess alsoprovided. This featureis useful
for retrieving commonly examinedportions of the body a
priori, or for obtaininga continuousblock of imagesfor
use in 3D modeling applications.
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Figure 4: VHE menus for selecting amongst datasets.
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Also, usingthe icon buttonsadjacentto the overview, the
user can selectamongstdifferent overview image types,
including the coronal section, sagital section (side view
longitudinal section),and a simple front view of the body
(no cut). This gives the user a variety of views of the
overall searchspace. Menu options (Figure 4) enable
selectingbetweerthe maleor femalesubjectsandbetween
the MRI, CT, and cryosection medical image types.

Currently, only the male cryosection meta-data is loadable.

Implementation and Performance

The VHE is implemented in the UNIX X/Motif

environment on a Sun Sparcstation. The key to

implementationis the use of meta-dataconsistingof the
miniature Visible Humanthumbnailimages,which actsas
the library index. The benefitis two-fold: Firstly, the
meta-datgprovidesa manageablalatasetfor interactively
browsing the library.  Secondly, each axial section
thumbnail provides a preview of and an index to the
corresponding full size library image for automated
retrieval purposes.

For optimal browsingperformancethe meta-datds stored
locally on the user'smachineandis preformattedn 8 bit

XImage [Nye90] format. Hence,as a slider is dragged,
new thumbnailimagescan be moveddirectly from disk to

screenusing X Windows sharedmemory. On an older

Sparcstatioril+, imagesare updatedat approximately20

persecond. As a result,we expectthat animplementation
onaPC or Mac with reasonablé/O capabilitiescould also
yield acceptable interactive performance.

The meta-datas pre-generate@nd comespackagedwith
the VHE software. To createthe meta-dataye developed
severaltools to automaticallygeneratet from the library
images. The thumbnail meta-datapreformattedfor the
axial preview window is cropped,spatially sampled,and
color quantizeddirectly from library images,and requires
under20 Megabytef storagespace. The overviewmeta-
dataformattedas coronalimagesis spatially sampledand
reconstructedrom the axial meta-dataandrequiresunder
5 Megabytesof space. The total cryosectionmeta-datas
1/600th of the total size of the full resolutioncryosection
library data.

Benefits

The VHE interfacedesignwas chosento be in harmony
with user tasks. The tightly coupled 2D views of the
dataset,combined with rapid, dynamic user control of
movementthroughthe third dimension,providesa highly
interactiveinterface yet avoids unnecessargomplexities.
The resultis an elegantinterfaceaffording convenientuser
explorationof the imagedata,for both novice and expert
users. The needfor learningtime is essentiallyeliminated.
Feedbackis fast enoughto engagethe user. Userscan
quickly learn about the entitidrary by sweepinghe views
throughthe body, absorbing20 MB of datain just a few
seconds. Then, slower smaller movementsto carefully
examine interesting portions of the library help locate
optimal imagesfor downloading. Also, when dragginga
slider, visualizing the resulting motion of the structural
patternsn the cross-sectiothumbnailsprovidesadditional
insight over, for example,simply viewing thumbnailsside
by side or in a click-and-wait incremental fashion.

As hasbeendiscoveredn explorationinterfacesfor many
othertypesof data,a visual overview of the dataspaceis
extremelyhelpful [Shn94]. Whenuserssearchfor specific
data,the VHE overviewquickly guidesthemto the desired
location. It provides context for the axial preview
thumbnails someof which would otherwisebe difficult to
interpretexactly. It alsopromotesuserexplorationof the
library, by eliminating the penalty of the possibility of
gettinglost or not beingableto returnto a desiredlocation
in a timely fashion. The preview allows usersto select
images filtering out unwantedinformation, and download
and zoom only on desired detailed data on demand.



DISCUSSION

Orthoviewer

While developingthe VHE interface we alsoimplemented
anothermprototype,dubbedthe Orthoviewer(Figure5), that
generalizeghe VHE motif. It presentsthe userwith all

three orthogonalviews (sagital, coronal,and axial) of the

Visible Humanbody simultaneously. Eachview contains
both a vertical and horizontalindicator line which reflects
the position, with respectto the view, of the cutplanesof

the othertwo views. Eachof thesesix indicatorscan be

draggedasin the VHE, to slide one of the views through
the body. Pairs of correspondingindicators are tightly

coupled. For example,draggingthe vertical indicator in

the sagital section animates the coronal view andstitdes
the horizontalindicatorin the axial section,which reflects
the position of the samecutting plane. Interestingly,we

discoveredthat the Orthoviewerinterface confusesmany
users. The addition of a third view and four indicators
makesit difficult to decipherwhich indicator manipulates
which view. Users typically resortto a trial-and-error
procesgo find the appropriatendicatorto operate. Also,

since each indicator is tightly coupled to 2 other
components,when dragging an indicator, the user is

distractedby the additionalmotion. The interfacesimply

providestoo much dynamicinformationfor many usersto

process.Users’cognitionis consumedy the Orthoviewer
interfaceinsteadof the dataitself. As aresult,we designed
the VHE interfacewith a distinctoverview-previewpair, as
used in many successfulbrowsing interfacesin other
domains [KPS95].

User Feedback
In July 1995, we publicly releasedhe VHE systemon our
Web site, enablingusersto downloadand useit to access
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Figure 5: The Orthoviewer prototype interface shows
three orthogonal views of the body. Dragging any of
the six indicators animates corresponding views.

the Visible Humanlibrary. Our accesdogs indicate that
over 300 users,from all over the world, havedownloaded
the software,after just 2 months. As a result,we received
someinformal feedbackaboutthe interfaceand its usage
from actualusers. We received34 responses. Of those
who indicatedtheir occupatioror field of study,userswere
evenlydistributedbetweenmedicineandcomputerscience,
andbetweenprofessionabhndstudent. Otherswere simply
curiousinternetusers. The medical usersidentified their

useof the library information being primarily for learning
and teaching gross anatomy and as a reference for

radiology. The computerscientistddentified their primary
usage as test data for image processingand computer
graphicsalgorithmsresearch. All of whom gavein-depth
commentgeportedthatthe VHE interfacewasvery helpful

for visualizingthe Visible Humanlibrary. Oneuserstated:
“Now | havea far betterunderstandingf how the whole
data-setlooks.” Userswho needto download specific
individual imageswere very pleasedthat, with the VHE

interface, they were finally able to quickly locate and
retrieve the proper library image. “Before using W¢E it

was always a bit of a problemto get theright images.”
Short responsesndicated the users’ excitementwith the
interface’s highly interactive nature, fast feedback, and
quick learnability, trademarksof a direct manipulation
interface. Also, somesuggestiongor improvementwere
offered. Multiple userssuggestedncreasinghe sizeof the
preview image by a factor of 1.5 or 2, enabling
visualization of most major organs. One user felt that
simply displaying the existing preview images larger,
without an increasein actual data resolution, would be

sufficient. Several users were wary of the 25MB size of the

meta-data. Another suggestionwas to display MRI, CT,
andcryosectiorpreviewssimultaneouslyenablingthe user
to browse all three portions of the library at once.

Generadlizations and Limitations

The VHE interfacedemonstratea browsingapproachthat
could be generalizedo otherimage setsin which images
are sequencedin some meaningful progression. The
Visible Human library containspatiallysequenced@nages,
or volumetric data. While medical imaging is the most
commonform, the interfacecould be usedto browseother

cross-sectional or volumetric datasets, such as geological or

atmosphericsamplings.allowing usersto visualize pattern
changesin sedimentationlayers or storm turbulence.
Imagescould also be sequencedby time of capture,asin
digital video. In this case, axial cross-sectionswvould
correspondo individual framesof the video sequenceand
longitudinal sectionswould showmotion patternsof video
action across frames [ED94]. In fact, we originally
encodedhe VHE meta-dataasan MPEG video, but opted
for anotherrepresentatiorior performancereasons. Also,
the imagesthemselvescould be visual representationsf
more abstract scientific measurements. For example,



astronomerscould browse a library of spectrograms
collectedover a period of time to view changesn wave
patterns. Applying the VHE interfaceto thesedifferent
datasetswould simply require creation of the miniature
meta-datgwe developedoolsto automatethis procesdor
the Visible Human project), and alteration of interface

dimensions to accommodate the appropriate image sizes.

Currently, the VHE interface approachis limited to
libraries containingsuchsequencedmages. For libraries
containingheterogeneousollectionsof arbitrary,unrelated
imagesor textual documentsthe overviewwindow would
needto be redesignedo showa meaningfulrepresentation
of the library. For example,chronologicaltimelines or
simple page numbers would provide additional
understandingf library contents. In this case,the ability
to quickly flip throughmanyimagesor pageslike flipping
through a book, would be very helpful when exploring
large libraries.

Future Work

With respecto the VHE interface,improvementould be

made, including those suggestedn the User Feedback.
Also, a helpful new capability might allow the user to

browsehigher resolutiondetaileddata (retrievedfrom the

Visible Humanlibrary) of a smallerportion of the body in

the samefashionusedto browsethe initial miniaturebody.

For example,if the userwishesto seethe heartin higher
detail, retrieving portions of all the library axial cross-
sectionscontaining the heart might be preferredover a

singlelargeaxialimage. A schemacould allow the userto

specify a small sub-regionof the body to zoom on, then,
after retrieval, the entire interface would be reusedfor

exploring that sub-region in higher resolution. The

overviewandpreviewwindowswould displayviews of the

zoomed sub-region, for example, a coronal and axial

section (respectively)of the heart. Naturally, the user
could return back to explorethe initial miniature Visible

Humanbodyat anytime. With this zoomingmethod,users
could browsehigh detaileddata using the sameinterface
techniquesas describedin this paper,insteadof simply

viewing high resolution data only as single large axial

images.

In addition, investigation of other visual overview
representatiorand browsing techniquesfor this type of
digital library structureis needed. As computerhardware
progresses,3D representationtechniquesare becoming
more tractableand attractive. Human factorsresearchis
required to determine usability measuresof differences
between 2D representationspf which the VHE is an
example, and potential 3D representations.

In the broadermpicture,asthe Visible Humandigital library
grows to include textual annotations,segmentedmages,

attribute indexes, relationship graphs, video animations,
and many other forms of information, additional user
interface browsing techniqueswill apply. The graphical
interface approach presentedin this paper could be
combined with Korn's textual browser intended for
navigating a medical terminology hierarchy containing
links to the Visible Humanimages[KS95]. If the two
interfaceswere tightly coupled, manipulating either the
graphicalor textual interfaceelementswould immediately
show effectsin the other domain. Users could browse
using a combined strategy, utilizing their knowledge of
both medicalterminologyand visual appearancef human
anatomy. We believe that integrating different interface
approachegor variousinformation typeswould provide a
rich comprehensive browsing environment for an
expanding Visible Human digital library.
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SOFTWARE
The VHE interfacesoftwareis fully functional and freely
availablefor public use. For information on obtainingit,
see:

http://www.cs.umd.edu/projects/hcil/Research/1995/

vhe.html
or anonymous ftp to:
ftp.cs.umd.edu in /pub/hcil/Demos/VHP.
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