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Abstract

The CenSSISImage DatabaseSystemis a scienti�c
database that enables effective data management and
collaboration to accelerate fundamentalresearch. This
paper describesthe designand use of a state-of-the-art
relational image databasemanagementsystem,accessible
througha standard web-browserinterface. Theapplication
utilizes a robust security architecture and is designed
for ef�cient data submission. The CenSSIS-DBquery
engine provides complex query capabilities to facilitate
fastandef�cient data retrieval. Thesystemoffers a highly
extensiblemetadataschema,with theoptionof storingdata
within a hierarchical format.

1. Intr oduction

The Centerfor Subsurface Sensingand Imaging Sys-
tems(CenSSIS),a NationalScienceFoundationEngineer-
ing Center, seeksto revolutionizeour ability to detectand
imagebiomedicalandenvironmental-civil objectsor condi-
tionsthatareunderground,underwater, or embeddedwithin
cells or inside the humanbody. Our uni�ed, multidisci-
plinary approachcombinesexpertisein wave physics,sen-
sor engineering,image processingand inversescattering
with rigorous performancetesting to createnew sensing
prototypesthataretransitionedto our industrypartnersfor
furtherdevelopment.

A major barrierfacingCenSSISresearchersis the stor-
ing, indexing, andsharingof subsurfaceimageandsensor
data.Thegeographicalseparationbetweenandthediverse
disciplinesof CenSSISmembersmake collaborationa par-
ticular challenge.In addition,scienti�c disciplinessuchas
biology andtheearthscienceshave recentlybeengenerat-
ing dataat enormousrates,makingit dif�cult for scientists
to trackandorganizethesevastrepositories.A centralized
databasesystemto store,organizeandretrieve subsurface
imagingdatais key to addressingthesechallenges.

The creation of the CenSSIS web image database
(CenSSIS-DB) has had a dramatic impact upon the
Center's mission. Its major contribution has been to
provide a commonmodel for scienti�c datasharing. The
CenSSIS-DBalso facilitatesdatacollection by providing
a framework for experimentalannotationsandthe assign-
ment of variables. Thesedatamanagementtools remove
the burdenof managingimagesandimagemetadatafrom
thescientist.

In addition to serving as a data managementtool,
the CenSSIS-DBpromotesthe sharing of data between
researchgroupsto enableteam-basedsolutions. It forces
consensuson data and imaging standardswithin the
CenSSIScommunity, thus facilitating the developmentof
toolboxes and other data managementtools that bridge
traditionaldisciplinaryboundaries.The CenSSIS-DBalso
provides a valuable resourcefor CenSSISeducational
initiativesby providing real datafor studentsto usein the
classroom.

This paperis organizedasfollows. Section2 discusses
relatedwork. Section3 is a brief introductionto the em-
bryo viability researchproject,which is supportedby the
CenSSIS-DB.Section4 presentsdetailsof the datamodel
design,andsection5 describesourimplementation.Section
6 demonstratesthequeryandsubmissioncapabilitiesof the
CenSSIS-DB.We summarizeanddiscussfuturedirections
in section7.

2. Relatedwork

Thereis a considerableamountof existing work on sci-
enti�c databasesthat provide supportfor researchefforts.
Herewe describesomebioinformaticsdatabases(mostof
which containimages)andsomenon-bioinformaticsscien-
ti�c imagedatabases.

Well-known and publicly available bioinformatic
databasesinclude the NCBI [15] and the NCI [16]
databases. NCBI is a national resourcefor molecular
biology information, and includes a genetic sequence



database(GenBank)[3], humangenesandgeneticdisorder
database(OMIM) [14], andmolecularmodelingdatabase
(MMDB) containing3-D macromolecularstructures[27].
The CBCTR database[13] in NCI provides clinical data
for specimensdistributedto clinical researchers.Examples
of otherbioinformaticdatabasesincludePDB [26], BioSig
[17, 18], CCDB [6], and ECHBD [8, 9]. PDB (Protein
DataBank) is thesingleworldwide repositoryfor thepro-
cessinganddistribution of 3-D biologicalmacromolecular
structuredata.BioSig is animagingbioinformaticssystem
for studyingphenomicsandintracellularsignaling.CCDB
populatesimmunocytochemicaldataon the 3-D distribu-
tion of cellularconstituentswithin realisticcompartmental
neuronalmodels. ECHBD is optimized for viewing and
analyzingbrain specimens.Most of thesebioinformatics
databasescontainimages.

Non-bioinformatics scienti�c image databases in-
clude SkyServer [24], SIMBAD [20], ADEPT [12, 21]
and DIMES [32]. SkyServer provides online access
to the public Sloan Digital Sky Survey [25] data. The
SIMBAD astronomicaldatabaseprovidesbasicdata,cross-
identi�cations anda bibliography for astronomicalobjects
outsidethe solar system. ADEPT is a distributed digital
library of spatialmapsetscovering mostof the world and
includesimagesfrom satellite, spaceshuttle, aerial, and
othersources.DIMES is anearthsciencedatasystemthat
acceptsmetadatasubmissionsin any valid XML format,
thusplacingno restrictionsonmetadataentries.

SincetheCenSSIS-DBcontainsbothbioinformaticsand
non-bioinformaticsimagedata,while designingoursystem,
westudieddatabasesfrom bothdomains.Welookedateach
of the systemsin orderto ascertaintheir functionality and
limitations,focusingupontheir datamodelsanduserinter-
faces,to determinebestpracticesaswe developedour own
system.

3. Embryo Viability Research

Theclassesof imagingproblemsaddressedin CenSSIS
include medical, environmental,biological, and civil ap-
plications. Many of theseproblemscomefrom the most
pressingsocietalissuesin these�elds: breastcancerdetec-
tion, bridgedeckassessment,cardio-vascularplaqueimag-
ing, landminedetection,embryoviability, andcoralreefas-
sessment.In this section,we describeoneof theseprob-
lems: embryoviability research.We will usethis example
frequentlyin thepaper.

3.1.Intr oduction to Embryo Viability Research

Sincethe�rst successof in vitro fertilization(IVF) [22],
more thanonemillion IVF babieshave beenborn. How-
ever, thesuccessrateof producinglive babiesafter IVF is

only around25%. To increasethe rate of success,more
thanoneembryois transferredto the mother, leadingto a
higherchanceof twins andtriplets. Multiple births cause
an increasedchanceof perinatalmorbidity and mortality,
in additionto physicalandemotionalstresson theparents.
The low rateof IVF successis largely dueto the inability
to properlyassessembryoquality usingpresentbiochem-
ical, genetic,and imaging methods. Accurateevaluation
of oocytes(unfertilizedeggs)andembryosis a key to IVF
success. Embryo viability researchis aimedat develop-
ing genetic,immunological,and imaging methodsto as-
sesspreimplantationembryohealthsothatonly oneembryo
needbetransferredbackto themother.

Womenundergoing IVF are treatedwith hormonesto
stimulateproductionof upto 20oocytesperhormonecycle.
After fertilizationandseveraldaysof culture,the”best”em-
bryosmustbechosenfor transferbackto themother. The
preimplantationperiodof developmentstartsat themoment
of fertilization andcontinuesuntil implantationof theem-
bryo into theuterinewall, which is 5-6daysin humansand
4-5 daysin mice. During the preimplantationperiod the
embryosare free-�oating in the reproductive tract. This
makes it possibleto remove the oocytesor embryosfrom
their mothersand subjectthem to well-controlledexperi-
mentalprotocols.A mousemodelsystemcanbeemployed
to carry out thesecontrolledstudies.The stagesof mouse
preimplantationembryodevelopmentareshown in Figure
1.

3.2.Parametersfor the Evaluation of Preimplanta­
tion Embryos

IVF clinicsevaluateoocytesandembryosbasedonmor-
phology. Theembryosaregivenagrade,which is basedon
overallmorphologyandthenumberof cellsin eachembryo.
Thisgradeis thenusedto calculatethetotalnumberof em-
bryosto transferbackto the recipientmother. If oneem-
bryo couldbeidenti�ed with a very high grade,thensingle
embryotransferwould bepossible.Thefollowing sections
discusstwo parameters:1) mitochondrialdistribution and
2) thenumberof cells in anembryothatarecurrentlyused
in the mousemodelsystemto de�ne embryograde. Cur-
rentresearchis focusedonmeasuringthesetwo parameters
using non-invasive imaging methodsthat producea large
numberof imagesthat needto be storedandannotatedin
theCenSSIS-DB.

3.2.1 Mitochondrial Distrib ution

Thereis a growing bodyof literaturethatsuggeststhat the
numberanddistributionof mitochondriain oocytesandem-
bryosaredirectlyrelatedto theirpotentialto giveriseto live
offspring [1, 2, 5, 19, 29, 31]. Mitochondrialdistribution
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Figure 1. Mouse Preimplantation Embr yos

changeswith developmentof the embryo. Figure2 illus-
tratesthreepatternsof mitochondrialdistribution that can
beseenin oocytesor two-cellembryos.It remainsto bede-
terminedwhich of thesepatternsis associatedwith healthy
embryos.Mitochondriacanbevisualizedusing�uorescent
stainsanda laserscanningconfocalmicroscope(LSCM),
which is unsuitablefor usein anIVF clinic becauseof toxi-
city issues.Non-invasive techniquesfor imagingmitochon-
drial distributioncouldhaveasigni�cant impactontheabil-
ity to identify viable,healthy embryos.
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Figure 2. Patterns of Mitoc hondrial Distrib u­
tion in Two­Cell Embr yos

3.2.2 Cell Counting in Embryos

Thenumberof cellsin anembryois anotherparameterthat
is relatedto embryoviability [28]. A largernumberof cells
at a givenpoint in time duringpost-fertilizationindicatesa
fastercleavagerate.Duringtheearlystagesof preimplanta-
tion development,thecellsin theembryoarelargeandeasy
to count. By theblastocyst stage,asshown in Figure1(E),
cellsaredifferentiatedto form two tissuetypes. Theouter
cellsform thetrophectoderm(TE), andtheinnercellsform
theinnercell mass(ICM). Thenumberof cells in theICM
is relatedto embryoviability, with highercell numberscor-
relatedwith increasedIVF success.However, it is very dif-

�cult to countthecellsdueto thecomplexity of theembryo
at this stage.Fluorescentstains,suchasHoechststain,can
be usedto label and count cell nuclei using a �uorescent
microscope,but asstatedabove for stainedmitochondria,
therearemajor toxicity issues.No methodcurrentlyexists
for countingthe numberof cells in a late preimplantation
stageembryoswithout theuseof dyesor invasive imaging
methods.

3.3. Imaging Modalities for Embryo Viability Re­
search

Several technologieshave beenusedto imageoocytes
and embryos. Light microscopy and �uorescent imaging
have beenwidely applied. For example,a scoringsystem
basedon morphologicalcharacteristicshas beende�ned
with differential interferencecontrast (DIC) microscopy
[30]. Mitochondrialdistribution hasbeenvisualizedusing
�uorescentstainssuchas Mitotracker and a confocalmi-
croscopeor by using NADH+ auto�uorescencewith a 2-
photonlaserscanningconfocalmicroscope.Thenumberof
cells in the ICM of an embryoshasbeenvisualizedusing
�uorescent stainsfor cell nuclei suchas Hoechst. How-
ever, no existing microscopecandistinguishembryohealth
without compromisingviability. For example,DIC is un-
able to count the numberof cells in embryosbeyond the
8-cell stage. Imaging with high poweredmicroscopesor
with stainingis toxic, invasiveanddamagingto theembryo.
New state-of-the-artinstrumentsarebeingdevelopedin or-
der to noninvasively assessembryoviability, including the
quadraturetomographicmicroscope(QTM) andtheKeck-
funded3-D fusionmicroscope(3DFM), describedbelow.

The QTM is a new imaging systemthat hasbeende-



velopedin CenSSIS[7, 11, 23]. It combinesconventional
light microscopy with interferometricquadraturedetection
techniquesto yield asimultaneousmeasurementof boththe
amplitudeandphaseof the electric �eld. The low power
laserof theQTM enablesnoninvasiveimagingof biological
sampleswithout causingphysiologicaldamage.Shown in
Figure3 areoocyte imagesobtainedwith � ve microscopic
techniques:DifferentialInterferenceContrast(DIC), Laser
ScanningConfocalMicroscopy (LSCM), Re�ectanceCon-
trastMicroscopy (RCM), Two PhotonLaserScanningMi-
croscopy, andQuadratureTomographicMicroscopy. These
� vemodalitieswill becombinedin asinglemicroscope,the
3DFM. TheQTM candistinguishnormalfrom fragmented
oocytesandcanimageinternalstructurein oocytesthat is
not visible with othertechniques.Figure4 givesanexam-
ple of QTM resolvingambiguousdifferencesbetweentwo
oocytes. The useof this informationcould help selectthe
bestoocytesandembryosto usein IVF clinics.

DIC LSCM RCM

TPLSM QTM

Figure 3. Oocyte images with �ve diff erent mi­
croscopic modalities

The 3DFM, shown in Figure 5, combines� ve imag-
ing modalitiesinto a singleplatformsothatspecimenscan
be evaluatedat the sametime andat the sameplacewith
� ve complementaryimaging methods. The imagespro-
ducedby thesemodalitiesareregisteredandfusedfor three-
dimensionaldisplayandanalysis. This instrumentallows
accuratespatial registration amongdifferent microscopic
modalities,so that featuresabsentin onemodality canbe
identi�ed with structuresthat areonly apparentusingan-
othermodality.

A goal of embryo viability researchis to distinguish
healthy from unhealthy oocytesandembryosin orderto in-
creasepregnancy rateandreducebirth defectsin IVF clin-
ics. The embryoviability researchis now in its datagath-
eringanddataanalysisstage.Eachyear, morethan20 GB
of imagedatawill beproduced.In addition,someof these
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Figure 4. QTM resolving ambiguous diff er­
ences between two ooc ytes
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Figure 5. The 3D Fusion Micr oscope

imageswill be disseminatedto other researchgroupsfor
processingandstatisticalanalysis. Currently, embryoim-
agesarestoredon CD-ROMs andmetadatais recordedby
handin laboratorynotebooks.However, dueto therapidin-
creasein dataacquisitionratesandtheresultingabundance
of data,alternative imagemanagementmethodsareneeded.
A centralizedimagedatabasesystemsuchastheCenSSIS-
DB will provideanimproveddatastorageandretrieval sys-
tem. The CenSSIS-DBprovidesef�cient storage,search-
ing, andexchangeof largequantitiesof both raw andpro-
cessedimageandsensordata.TheCenSSIS-DBhierarchi-
cal datascheme�ts nicely into anexperimentalframework
andfacilitatesimagesearching/browsingandstorage.



4. Data Model Design

Thebroadresearchbaseof theCenSSIScommunitycre-
ateda signi�cant challengein satisfyinguserrequirements.
We began by incorporatingseveral key imagemodalities
in our model. However, it is likely that additionalimage
typeswill be identi�ed. Therefore,while developing the
datamodelandchoosinga databasesystem,�e xibility , ex-
tensibilityandreliability wereourkey considerations.

4.1. Characteristicsof the imagedata

A CenSSISimagedatasetis de�nedasconsistingof two
parts. The �rst is an imagedata�le, provided in eitherbi-
naryor ascii text format. Thesecondis informationabout
the imagedataset(i.e., metadata).TheCenSSIS-DBsup-
portsa rangeof standardimageformats,including JPEG,
FIG, TIFF, MATLAB, andDICOM. Datasetsareclassi�ed
into categoriesaccordingto imagingmethodsandmodali-
ties.Everydatasetbelongsto auniquecategory.

Metadatais dataaboutdata.Every imagedatasetis ac-
companiedby a genericsetof metadata,includingthedate
the imagewasacquired,who acquiredit, anda textual de-
scription aboutthe image. In addition, eachcategory in-
cludesanadditionalsetof metadata�elds whicharespeci�c
to the imagingmethod.This additionalmetadatadescribes
theconditionsunderwhich thedatasetis acquired,the in-
strument(s)usedfor dataacquisition,andwhetherthedata
setconsistsof raw or processeddata.Thefollowing section
discussesourdatamodelin moredetail.

4.2. Data model

The multi-disciplinary natureof CenSSIShasled to a
rangeof metadataschemasanddataformats,asdiscussed
above. In addition, new categoriesare continually being
de�ned as new imaging methodsare developedand ad-
ditional dataset typesare submittedto the CenSSIS-DB.
Ourdatamodeldesignaccommodatesthesediverserequire-
mentswhile illustrating the commonalitiesbetweendis-
paratedatasets.

Our approachwas to �rst separatethe metadatafrom
data�les. Metadatais storedin a relationaldatabaseman-
agementsystem(Oracle),while data�les arestoredon a
separate�le server (seesection5.2). Metadataand data
�les are linked by an uniqueimageidenti�cation number
generatedfor eachdataset.

Figure 6 presentsa simpli�ed entity-relationship(ER)
datamodelof our metadataschema.Eachbox in the dia-
gramcorrespondsto an entity (i.e., table) in the database.
Entities are relatedby relationships,representedby solid
lines. Different typesof relationshipsare representedby
thediamondbetweenentities.

Figure 6. Simpli�ed CenSSIS data model

A set of commoncharacteristicshave beenidenti�ed
as the coremetadataset. Thesecharacteristicsarestored
within theDATA entityandincludedwith all datasets.Core
metadata�elds includeauniquedatasetidenti�cation num-
ber, viewing andupdatingpermissions(seesection4.3.3),
and instrumentation,owner, and tagginginformation (see
section4.3.4).

Category-speci�c metadatais storedin entitieshaving
anIS A relationshipwith theDATA entity. For example,an
EMBRYO DATA entity is a subtypeof the DATA entity.
It storesmetadataspeci�c to the embryo viability group
(e.g., embryoageand mousestrain). A row in the EM-
BRYO DATA tablecorrelatesto a row in the DATA table
usingtheuniquedatasetidenti�cation number. Thisdesign
allows us to extendthe DATA entity for new imagetypes
with minimal redundancy andwithout impactingtheexist-
ing databaseschema.

In order to createhierarchiesof datasets,we designed
a bill-of-materials data structure using the DATA and
DATA RELATIONS entities. This data structure is a
many-to-many recursive relationship that allows us to
generatean unlimited number of relationshipsbetween
dataentitiesandthusallow clientsto organizedatasetsinto
collections(seeFigure7).

4.3.Newand EnhancedFeaturesof the Data Model

The data model discussedabove has enhancedthe
CenSSIS-DB's functionalityin thefollowing ways.

4.3.1 Hierar chical Collections

Theability toorganizedatasetsintocollectionsandprojects
is critical to our clients. The datamodeldescribedabove
enablesclientsto createhierarchiesof datasetsor collec-
tions,organizingtheminto experimentsor projects.As il-
lustratedin Figure7c, a client cancreatea root node,such
asaproject(nodes100,400and500).Within thisnode,the



Figure 7. Representation of the Bill of Mate­
rials data structure in the CenSSIS­DB data
model. (a) Relationships between DATA and
DATA RELATIONS. (b) Sample entries in the
DATA RELATIONS table. (c) A hierar chical
representation of the data in (b)

client canaddadditionalnodes,suchasfolders(node210)
or datasets(nodes200,220). This hierarchy is potentially
limitless,offering eachclient the �e xibility of namingand
organizinghis or her own datasets,while adheringto the
generalmetadataschemadescribedabove.

For example,theQTM constructsa 3D modelof thein-
ternalstructureof a cell from multiple raw images. Each
raw imagecorrespondsto onedataset;however, datasets
canbelinkedusingthecollectionrepresentationto capture
datarelationships(in this case,thesetof raw imagesused
to constructthesingle3D model).

4.3.2 A Project CenteredEnvir onment

TheCenSSIS-DBalsoprovidesresearchersa collaborative
researchenvironment,basedupontheBioCoREsystem[4].
In addition to using our public query engine,clients can
createandmanageprojects,representedby an online web
page. A projectcanbe thoughtof asa sharedrepository.
Projectownerscanaddor remove additionalCenSSIS-DB
membersto a projectin orderto sharedatasetsandinfor-
mation.

4.3.3 Security Model

Themetadataschemaprovidesa strongsecuritymodel. In
orderto gainsubmission(i.e.,write) accessto theCenSSIS-
DB, a client mustobtaina systemaccount. At this time,
clients must be membersor af�liates of CenSSIS.Regis-
teredclientscansubmitnew data,updatedata,andmanage
instrumentpro�les. They canalsocreateandjoin projects.

Application-level securitymeasuresareadministeredby
assigningpermissionsto all datasetsandprojects. Upon
submissionof a dataset, a client must assignread/write

SecurityLevels Users
Public Anyonewith awebbrower
CenSSIS RegisteredCenSSIS-DBusers
Project A prede�nedgroupof users
Client A registeredclient

Table 1. CenSSIS­DB security levels

permissionsto that dataset. Thesepermissionsare listed
in Table 1. Projectpermissionsare administeredby the
projectowner(s). Projectowner(s)canaddnew members
to aprojectto allow privilegedaccessto aproject.

Additionalsecuritymeasuresareappliedwithin oursys-
temarchitectureandarediscussedin section5.4.

4.3.4 ImageTagging

Wearecurrentlydevelopingacapabilityto allow aclient to
tagareasof animage.Uponselectinganareaof theimage,
apopupwindow will show theenlargedanddetailedpicture
of that area,with a text �eld for the client to �ll out (i.e.,
tag).Thetagsarestoredin anXML format.

Tagging imagesallows researchersto identify regions
and annotatethem for future reference. In addition, tags
will be stored, indexed and queriedas part of the meta-
dataschema,enhancingthe query capabilitiesof the sys-
tem. Figure8 givesa simpleexampleof how we canuse
imagetaggingto labelembryodevelopingstages.

This tagging feature will be invaluable to both re-
searchersand clinicians. It will provide researcherswith
enhancedmeans of gathering, assessingand collating
relevantdata,andassistcliniciansin diagnosticassessment
andfeatureidenti�cation.

5. Implementation of the CenSSIS-DB

Theimplementationof theCenSSIS-DBcanbedivided
into the following three sections– overall hardware and
softwarearchitecture,�le server organization,andsystem-
level securitymeasures.

5.1. Ar chitecture

The CenSSIS-DBsystemis implementedwith a three-
tier designas the underlyingarchitecture[10]. The three
layersincludethe web-applicationfront-end,businessand
transactionlogic middle-tier, andthedataaccesslayer.

Application Front-End: The application front-end
providesaccessusinga standardweb browser. The appli-
cation presentsa seriesof dynamicallygeneratedHTML
screensthataredrivenby theapplicationlogic.



<xml versi on=“ 1. 0” encodi ng=“ UTF- 8” ?>

<embry o>
<descr i pti on> E mbryo deve l opin g s tages< / des cript i on>

<featu r e l abel= “ 1” xPos1= “ 29” yPos1= “ 33” xPos2= “ 48” yPos2= “ 50” >

1 cell  emb r yo < / feat ure>

<featu r e l abel= “ 2” xPos1= “ 50” yPos1= “ 28” xPos8= “ 70” yPos2= “ 40” >
2 cell   embryo< / feat ure>

<feat ure l abel =“ 3” xPos1= “ 5” yPos1= “ 5” xPos2=“ 25 yPos2=“ 20” >
4 cell  emb r yo  </fea t ure>

</embr yo>

Figure 8. XML Image Tagging

Application Logic: Themiddletier containstheappli-
cationlogic andthewebserver. Theapplicationis written
using JavaBeans,Java Servlets,Java Server Pages(JSP),
and Java utility classes.The web server delivers dynam-
ically generatedweb pagesto the client andparsesclient
requests. In addition, this layer containsthe appropriate
driversto connectto thedataaccesslayer.

Data AccessLayer: Thedataaccesslayeris comprised
of a relationaldatabasemanagementsystem(Oracle)anda
�le server. The databaseis accessedfrom the application-
level Java classesthrougha JDBCdriver. The�le server is
mountedupontheapplicationserver to allow directsystem
accessto all directoriesand�les.

This multi-tiered architecture provides high perfor-
mance, �e xibility , and maintainability, while hiding
applicationcomplexities from theclient.

5.2.File Storage

Data �les could be storedin the databaseitself or in a
separate�le system.Thereweresomecompellingreasons
to storethemin aseparate�le system,with links to thedata
storedwith thedescriptivemetadata.First,many of thedata
�les arein binary format andstorageof binary datais not
standardizedacrossrelationaldatabasesystems. Second,
by keepingtheimagedata�les ona �le server, they remain
easilyaccessibleto othertoolsthatmayneedto manipulate
the data. Third, the imagedatawill consumegigabytesof
space,sodisentanglingthemetadatafrom thedata�les re-
sultsin muchmoreef�cient I/O access,versusinterleaving
themetadatain theimage�le.

Tomcat Web Server

Java Server Pages
Java Servlets
JavaBeans

Suppor ting Java classes

User Interface Database /
File Server

Web Server / Application

Oracle

File Server

Request

Response

Metadata

Data Files

JDBC

Figure 9. The CenSSIS­DB System Architec­
ture

5.3. SystemSecurity

The standardweb protocol, HTTP (hypertext transfer
protocol),transmitsrequestsandresponsesin plaintext over
theInternet.Transmissionscanbecapturedandeasilyread
by third parties. In order to prevent this, we are using a
secureweb server with HTTPS(securehypertext transfer
protocol).

HTTPScreatesasecureconnectionbetweenawebclient
and web server, ensuringthat all transmissionsare en-
crypted. Thus, if transmissionsarecaptured,they cannot
bereadby a third party. HTTPSis a standardextensionfor
securedatatransmissionover theWorld WideWeb.

6. Using the CenSSIS-DB

The CenSSIS databasecan be accessedthrough a
web browser independentof the geographicallocation
(http://censsis-db1.ece.neu.edu).In this section, we de-
scribetheCenSSIS-DBqueryengine,datasubmissionand
providequeryexamples.

6.1. The CenSSIS­DBQuery Tool

Clientscanretrieve image/datasetsusingtheCenSSIS-
DB GUI querytool on theCenSSIS-DBwebsite.Theinter-
faceprovidesbothSQLandforms-basedquerymodes.The
SQL querymodeis designedfor clientsfamiliar with SQL



syntax. It allows themto createand run SQL querieson
the database.The form-basedquerymodeprovidescom-
prehensive searchcapabilitiesthrougha menuof options,
without the needto know any SQL syntax. Several key
querytypeswereidenti�ed for our form-basedquerymode:

ID Search: Thesimplestway to searchfor an imageis
by the imageidenti�cation number, a uniquenumberas-
signedto eachimagedatasetuponsubmission.

Keyword Search: A text searchoption is available
which scansthedescriptive metadata�elds for theentered
keyword(s).

Complex Queries: For eachmetadata�eld, the query
engineprovideseitheranemptytext box or a dynamically
generateddropdown menuin a web form. As illustrated
in Figure10(a),clientscanselectmultiple searchoptions
and the query enginedynamically builds an SQL query.
Searchesmay be speci�ed usingthe logic operatorsAND
or OR,to performamorecomplex query.

SubtreeSearch (Hierar chical View): Clientsselecta
datasetasa root elementandthesearchreturnsa treerep-
resentationthe root's children. This representationcanbe
expandedandreduceduponrequest.Thispresentsdatasets
in ahierarchicalformatthatis easyto navigate.

While building a query, the client canindicatewhether
results should be presentedindividually or aggregated.
Also, clientsmay opt to view thumbnailsof the datasets
within a resultset.In a futurerelease,clientswill alsohave
anoptionof addingdataset(s)to a shoppingcart for later
review anddownload(seeFigure10 ).

(a) (b)

(c)

Figure 10. The execution of a comple x quer y
and its results. (a) Query, (b) Result, (c) Detail
of one result

6.2. Data Submission

The CenSSIS-DBprovides for simple uploading and
downloadingcapabilities. Clients chooseto createa new
projector adddatato analreadyexistingproject.For added
convenience,existing �les canbeusedto specifyall default
settingsfor futuresubmissions.

Submissionis doneusinga menu-basedwebpage.The
client �lls out a web form with the appropriatemetadata,
attachestherelevant�le(s) andsubmitstherequest.

The metadatagoesthrougha syntaxcheckbasedupon
expectedvalues.If thereareno errors,themetadataandan
index to the corresponding�les arestoredin the database
andtheattached�le(s) arestoredon the�le server.

Upon submission,a data set is immediatelyavailable
for retrieval. However, the new submissionis notedwith
a conditional tag to alert clients that the dataset hasnot
yetbeenreviewedby theadministrator. Onceapproved,the
conditionaltag is removedandthedatasetis availableun-
conditionally. The approval processwas implementedin
order to meettwo con�icting systemrequirements.First,
clientsneedto beableto sharevery largedatasetsquickly.
These�les areoften too large for standardemail servers;
theCenSSIS-DBprovidesanonlinerepositoryto facilitate
sharing. However, in order to ensuresystemintegrity, we
needto have control over andbe ableto remove problem-
aticsubmissions.Therefore,weadoptedtheaboveapproval
processto provide themaximumamountof �e xibility and
security.

6.3. DatabaseQuery Examples

Our query engineprovides rapid searchingof databy
dynamicallybuilding databasequeriesto matchclient re-
quests,as discussedin Section6.1. As an examplehow
thedatabasewill work, thissectionpresentssamplequeries
frequently requestedby embryoviability researchersand
brie�y discusseshow thequeriesarehandledby thequery
engine.

Somesamplequerieswemightgenerateinclude:
Q1. Find imagesbasedon username,experimentname,or
date.
Q2. Find imagesbasedon mousestrainor sampleorgan-
ism.
Q3. Find imagesbasedon thestageof embryonicdevelop-
ment,tissuetype,or cell type.
Q4. Find imagesbasedon theinstrumentused.
Q5. Find imagesbasedon a combinationof the above
parameters(Q1 - Q4).
Q6. Find the annotationsfor an image,given the image
identi�cation number.
Q7. Find the experimentalprotocolsusedto producean
image.



Q8. Find theraw datafor a processedimageandtheseries
of imagesleadingto the�nal images.
Q9. Find “matched”imagesof a singlesampletakenusing
differentmodalities.
Q10. Find images demonstratingsimilar patterns or
characteristicswithin amodality.
Q11. Find images demonstratingsimilar patterns or
characteristicsbetweenmodalities.

The�rst six queries(Q1- Q6)aresimplemetadata-based
queries.By indexing the relevant metadata�elds, we pro-
vide ef�cient executionof thesequeries.Theweb applica-
tion generatesthe appropriateSQL queryand forwardsit
to the database.The databasereturnsa resultsetwhich is
formattedinto auser-friendly webpage(s)(seeFigure10b).

Queries Q7, Q8 and Q9 are more complex re-
cursive queries and use the hierarchical data table
DATA RELATIONS (Figure 6). The sameraw datacan
producedifferent processedimagesdependingupon the
protocol used; accessingthe dataset protocols(Q7) is a
commonclient request.

Our clientsarealsoconcernedwith thehistoryof a data
set. An experimentmay containboth raw and processed
data.Relationshipsbetweendatasetsarerepresentedin the
DATA RELATIONS table. A raw datasetcanbe thought
of asa parent,andtheparentcanhave many children(i.e.,
processeddatasets). Also note that a singlechild canbe
producedby multiple parents(seeFigure7, node700). By
�nding theParentId(s) of a processeddataset,we canre-
trieve theraw datasetsthatgeneratedtheprocesseddata.

The 3DFM usesimagemodalitiesupon the samedata
sample. Query9 (Q9) representsa typical requestto see
all datageneratedfor a particularsample. By de�ning a
collection(e.g.,embryosample5), andaddingall datasets
generatedfor this sample,this collection can later be re-
trieved using, again, the relationshipsrepresentedin the
DATA RELATIONStable.

QueriesQ10andQ11arecontent-basedqueries,which
posequestionsaboutimagecontentthatmaynot be in the
originalimagemetadata.For example,automaticidenti�ca-
tion of healthy mitochondrialdistribution patternsat differ-
ent stagesof embryodevelopmentwould bea noninvasive
methodfor identifying viable,healthy embryos.Also, the
retrieval of datasetsbasedupon the stageof embryode-
velopmentasidenti�ed by morphologicalcharacteristicsor
cell countswould facilitatethe identi�cation of viableem-
bryos. Content-basedretrieval is presentlyunderdevelop-
mentin theCenSSIS-DB.

7. Summary

We have successfullydelivered a web-baseddatabase
systemfor storing, organizing, and retrieving subsurface

sensingandimagingdata.Our CenSSIS-DBadoptsa �e x-
ible andextensibleframework to handlethe complex and
diversemetadataof differentimagingapplications.Ourde-
sign includessecurity functions in order to protectprivi-
legedinformation.

Ourmajorcontributionis providing acommonmodelfor
scienti�c imagedatasharingandmanagement.We worked
closelywith biological researchersandCenSSISengineers
to developa �e xible andextensiblesystemto meetcurrent
andfutureresearchstoragerequirements.TheCenSSIS-DB
providesresearcherswith theability to shareandsearchon
imagedataef�ciently . Our systemalso enablesCenSSIS
to develop solutionsto problemsusing real data,as well
as to develop new solutionsthat bridge traditional disci-
plinary boundaries.The CenSSIS-DBis presentlyonline
andbeingpopulatedwith a diversesetof subsurfacesens-
ing and imaging datasets. Several researchgroupsfrom
different academicpartnersand strategic af�liates are us-
ing the database.The successof the CenSSIS-DBis only
possiblethroughthe combinedefforts of many individual
researchersworking toward a commonvision. We will
continueto collaboratewith other CenSSISmembersto
broadenthescopeof ourdatacollection.

Futureresearchtopicsincludenew indexing technology
andnew toolkit development. New designsfor views, in-
dicesandaccessfunctionswill be incorporatedto provide
betteranswersandallow a wider rangeof querycapability.
Speci�cally, we will focuson content-basedindexing and
retrieval (CBIR), multidimensionaldatabaseindexing and
content-basedimagetaggingandsearching.

Different toolboxes have been developed to manifest
one central themeof CenSSIS– the conceptof ”Di verse
Problems/SimilarSolutions”.Incorporatingthesetoolboxes
within the CenSSIS-DBwill accelerateCenSSISresearch.
In addition,we aredeveloping new tools to ensuretrans-
parent image format interchangeand developing an ad-
vancedgraphicalinterfaceto allow researchersto annotate
andquerypartsof any image.
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