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Abstract

The CenSSISimage Database Systemis a scienti ¢
databasethat enables effective data manayement and
collaboration to acceleate fundamentalreseach. This
paper describesthe designand use of a state-of-the-art
relationalimage databasemanajementsystemaccessible
througha standad web-bowserinterface Theapplication
utilizes a robust security architectue and is designed
for efcient data submission. The CenSSIS-DBquery
engine provides comple query capabilities to facilitate
fastand efcient dataretrieval. Thesystenoffers a highly
extensiblemetadataschemaywith the optionof storingdata
within a hierarchical format.

1. Intr oduction

The Centerfor Subsurfce Sensingand Imaging Sys-
tems(CenSSIS)a National ScienceFoundationEngineer
ing Center seeksto revolutionize our ability to detectand
imagebiomedicalandervironmental-cvil objectsor condi-
tionsthatareundeground,undervater or embeddedvithin
cells or inside the humanbody Our uni ed, multidisci-
plinary approachcombinesexpertisein wave physics,sen-
sor engineering,jmage processingand inverse scattering
with rigorous performancetestingto createnew sensing
prototypeghataretransitionedo our industrypartnersfor
furtherdevelopment.

A major barrierfacingCenSSlISesearchers the stor
ing, indexing, andsharingof subsurbceimageandsensor
data. The geographicakeparatiorbetweerandthe diverse
disciplinesof CenSSISnmembersnale collaborationa par
ticular challenge.In addition,scienti ¢ disciplinessuchas
biology andthe earthsciencesave recentlybeengenerat-
ing dataat enormougates,makingit dif cult for scientists
to trackandorganizethesevastrepositories A centralized
databasesystemto store,organizeandretrieve subsuréce
imagingdatais key to addressinghesechallenges.

The creation of the CenSSISweb image database
(CenSsSIS-DB) has had a dramatic impact upon the
Centers mission. Its major contribution has been to
provide a commonmodelfor scienti ¢ datasharing. The
CenSSIS-DBalso facilitatesdata collection by providing
a framework for experimentalannotationsand the assign-
ment of variables. Thesedatamanagementools remove
the burdenof managingimagesandimage metadatdrom
thescientist.

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

This paperis organizedasfollows. Section2 discusses
relatedwork. Section3 is a brief introductionto the em-
bryo viability researchproject, which is supportedby the
CenSSIS-DBSection4 presentgetailsof the datamodel
designandsections describe®urimplementationSection
6 demonstratethe queryandsubmissiorcapabilitiesof the
CenSSIS-DBWe summarizeanddiscussuture directions
in section?.

2. Relatedwork

Thereis a considerablemountof existing work on sci-
enti ¢ databaseshat provide supportfor researchefforts.
Here we describesomebioinformaticsdatabasegmost of
which containimages)andsomenon-bioinformaticscien-
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



databas€éGenBank) 3], humangenesandgeneticdisorder
databas€OMIM) [14], and molecularmodelingdatabase
(MMDB) containing3-D macromoleculastructureq27].
The CBCTR databasd13] in NCI provides clinical data
for specimenslistributedto clinical researchersExamples
of otherbioinformaticdatabasemclude PDB [26], BioSig
[17, 18], CCDB [6], and ECHBD [8, 9]. PDB (Protein
DataBank)is the singleworldwide repositoryfor the pro-
cessinganddistribution of 3-D biological macromolecular
structuredata. BioSig is animagingbioinformaticssystem
for studyingphenomicsandintracellularsignaling. CCDB
populatesmmunogtochemicaldataon the 3-D distribu-
tion of cellular constituentswvithin realisticcompartmental
neuronalmodels. ECHBD is optimizedfor viewing and
analyzingbrain specimens.Most of thesebioinformatics
databasesontainimages.

Non-bioinformatics scientic image databasesin-
clude SkySener [24], SIMBAD [20], ADEPT [12, 21]
and DIMES [32]. SkySener provides online access
to the public Sloan Digital Sky Surwy [25] data. The
SIMBAD astronomicatiatabasg@rovidesbasicdata,cross-
identi cations anda bibliograply for astronomicabbjects
outsidethe solar system. ADEPT is a distributed digital
library of spatialmap setscaovering mostof the world and
includesimagesfrom satellite, spaceshuttle, aerial, and
othersources.DIMES is an earthsciencedatasystemthat
acceptsmetadatasubmissionsn ary valid XML format,
thusplacingnorestrictionson metadatantries.

Sincethe CenSSIS-DRontainsdothbioinformaticsand
non-bioinformaticsmagedata,while designingoursystem,
we studieddatabasesom bothdomains Welookedateach
of the systemsn orderto ascertairtheir functionality and
limitations, focusingupontheir datamodelsanduserinter-
facesto determinebestpracticesaswe developedour own
system.

3. Embryo Viability Reseach

The classeof imagingproblemsaddresseth CenSSIS
include medical, environmental, biological, and civil ap-
plications. Many of theseproblemscomefrom the most
pressingsocietalissuesn these elds: breastcancerdetec-
tion, bridgedeckassessmentardio-\asculamplagueimag-
ing, landminedetectionembryoviability, andcoralreefas-
sessment.In this section,we describeone of theseprob-
lems: embryoviability researchWe will usethis example
frequentlyin the paper

3.1.Intr oduction to Embryo Viability Reseach
Sincethe rst succes®f in vitro fertilization (IVF) [22],

morethanone million IVF babieshave beenborn. How-
ever, the successate of producinglive babiesafter IVF is

only around25%. To increasethe rate of successmore
thanoneembryois transferredo the mother leadingto a
higher chanceof twins andtriplets. Multiple births cause
an increasedchanceof perinatalmorbidity and mortality,
in additionto physicalandemotionalstresson the parents.
The low rate of IVF successs largely dueto the inability
to properly asses&mbryoquality using presentbiochem-
ical, genetic,and imaging methods. Accurateevaluation
of oogytes(unfertilizedeggs)andembryosis a key to IVF
success. Embryo viability researchis aimed at develop-
ing genetic,immunological,and imaging methodsto as-
sesgpreimplantatiorembryohealthsothatonly oneembryo
needbetransferreackto themother

Womenundegoing IVF are treatedwith hormonesto
stimulateproductionof upto 20 oogytesperhormonecycle.
After fertilizationandseveraldaysof culture the”best” em-
bryosmustbe chosenfor transferbackto the mother The
preimplantatiorperiodof developmentstartsatthemoment
of fertilization and continuesuntil implantationof the em-
bryointo the uterinewall, whichis 5-6 daysin humansand
4-5 daysin mice. During the preimplantationperiod the
embryosare free- oating in the reproductve tract. This
makesit possibleto remove the oocgytes or embryosfrom
their mothersand subjectthem to well-controlled experi-
mentalprotocols.A mousemodelsystemcanbe employed
to carry out thesecontrolledstudies. The stagesof mouse
preimplantationrembryodevelopmentare shovn in Figure
1.

3.2.Parametersfor the Evaluation of Preimplanta-
tion Embryos

IVF clinics evaluateoog/tesandembryosbasecon mor-
phology Theembryosaregivenagrade whichis basedn
overallmorphologyandthenumberof cellsin eachembryo.
This gradeis thenusedto calculatethetotal numberof em-
bryosto transferbackto the recipientmother If oneem-
bryo couldbeidenti ed with avery high grade thensingle
embryotransferwould be possible.Thefollowing sections
discusstwo parametersl1) mitochondrialdistribution and
2) the numberof cellsin anembryothatarecurrentlyused
in the mousemodel systemto de ne embryograde. Cur
rentresearclis focusedon measuringhesetwo parameters
using non-invasive imaging methodsthat producea large
numberof imagesthat needto be storedand annotatedn
the CenSSIS-DB.

3.2.1 Mitochondrial Distrib ution

Thereis a growing body of literaturethat suggestshatthe
numberanddistribution of mitochondrian oogytesandem-
bryosaredirectlyrelatedto their potentialto giveriseto live
offspring[1, 2, 5, 19, 29, 31]. Mitochondrial distribution
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Figure 1. Mouse Preimplantation Embryos

changeswith developmentof the embryo. Figure 2 illus-
tratesthree patternsof mitochondrialdistribution that can
beseenn oog/tesor two-cellembryos It remaingo bede-
terminedwhich of thesepatternds associatedvith healtty
embryos.Mitochondriacanbe visualizedusing uorescent
stainsand a laserscanningconfocalmicroscopg(LSCM),
whichis unsuitabl€or usein anlVF clinic becausef toxi-
city issuesNon-irvasve techniquegor imagingmitochon-
drial distribution couldhave asigni cantimpactontheabil-
ity to identify viable,healtly embryos.

@
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Figure 2. Patterns of Mitoc hondrial Distrib u-
tion in Two-Cell Embryos

3.2.2 Cell Counting in Embryos

Thenumberof cellsin anembryois anothemparametethat
is relatedto embryoviability [28]. A largernumberof cells
atagiven pointin time during post-fertilizationindicatesa
fastercleavagerate.Duringtheearlystageof preimplanta-
tion developmentthecellsin theembryoarelargeandeasy
to count. By the blastogst stage asshavn in Figure1(E),
cellsaredifferentiatedto form two tissuetypes. The outer
cellsform thetrophectodern{TE), andtheinnercellsform
theinnercell mass(ICM). The numberof cellsin the ICM
is relatedto embryoviability, with highercell numberscor
relatedwith increasedVF successHowever, it is very dif-

cult to countthecellsdueto thecompleity of theembryo
atthis stage.Fluorescenstains,suchasHoechststain,can
be usedto label and countcell nuclei usinga uorescent
microscope but as statedabove for stainedmitochondria,
therearemajortoxicity issues.No methodcurrentlyexists
for countingthe numberof cellsin a late preimplantation
stageembryoswithout the useof dyesor invasive imaging
methods.

3.3.Imaging Modalities for Embryo Viability Re-
search

Several technologieshave beenusedto image oogytes
and embryos. Light microscoly and uorescentimaging
have beenwidely applied. For example,a scoringsystem
basedon morphologicalcharacteristicshas beende ned
with differential interferencecontrast(DIC) microscoy
[30]. Mitochondrialdistribution hasbeenvisualizedusing
uorescentstainssuchas Mitotracker and a confocal mi-
croscopeor by using NADH+ auto uorescencewith a 2-
photonlaserscanningconfocalmicroscope The numberof
cellsin the ICM of an embryoshasbeenvisualizedusing
uorescentstainsfor cell nuclei suchas Hoechst. How-
ever, no existing microscopecandistinguishembryohealth
without compromisingviability. For example,DIC is un-
able to countthe numberof cellsin embryosbeyond the
8-cell stage. Imaging with high powered microscopeor
with stainingis toxic, invasive anddamagingo theembryo.
New state-of-the-arinstrumentsarebeingdevelopedin or-
derto noninvasively assesembryoviability, including the
guadraturéomographianicroscopgQTM) andthe Keck-
funded3-D fusionmicroscopg3DFM), describedelon.

The QTM is a new imaging systemthat has beende-



velopedin CenSSIg7, 11, 23]. It combinescorventional
light microscoly with interferometricquadraturedetection
techniqueso yield a simultaneousneasuremerdf boththe
amplitudeand phaseof the electric eld. The low power
laserof the QTM enablesionirvasive imagingof biological
sampleswithout causingphysiologicaldamage.Shavn in
Figure3 areoogyte imagesobtainedwith ve microscopic
techniguesDifferentialInterferenceContrastDIC), Laser
ScanningConfocalMicroscopy (LSCM), Re ectanceCon-
trastMicroscopy (RCM), Two PhotonLaserScanningMi-
croscop, andQuadraturefomographidvicroscopy. These
ve modalitieswill becombinedn asinglemicroscopethe
3DFM. The QTM candistinguishnormalfrom fragmented
oog/tesand canimageinternalstructurein oogtesthatis
not visible with othertechniquesFigure4 givesan exam-
ple of QTM resolvingambiguoudifferencesetweenwo
oooytes. The useof this information could help selectthe
bestoogytesandembryosto usein IVF clinics.

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

The 3DFM, shawvn in Figure 5, combines ve imag-
ing modalitiesinto a singleplatform sothatspecimengan
be evaluatedat the sametime and at the sameplacewith

ve complementaryimaging methods. The imagespro-
ducedby thesemodalitiesareregisterecandfusedfor three-
dimensionaldisplay and analysis. This instrumentallows
accuratespatial registration amongdifferent microscopic
modalities,so that featuresabsentin one modality canbe
identi ed with structuresthat are only apparentusing an-
othermodality.

A goal of embryo viability researchis to distinguish
healtty from unhealtly oog/tesandembryosn orderto in-
creasepregnang rateandreducebirth defectsin IVF clin-
ics. The embryoviability researchs now in its datagath-
eringanddataanalysisstage.Eachyear morethan20 GB
of imagedatawill be produced.In addition,someof these

‘ Viable ‘ ‘ Non-Viable ‘

Figure 4. QTM resolving ambiguous diff er-
ences between two oocytes
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Figure 5. The 3D Fusion Microscope

imageswill be disseminatedo otherresearchgroupsfor
processingand statisticalanalysis. Currently embryoim-
agesarestoredon CD-ROMs and metadatas recordecby
handin laboratorynotebooksHowever, dueto therapidin-
creasan dataacquisitionratesandtheresultingabundance
of data,alternatve imagemanagemennethodsareneeded.
A centralizedmagedatabassystemsuchasthe CenSSIS-
DB will provide animproveddatastorageandretrieval sys-
tem. The CenSSIS-DBprovidesef cient storage,search-
ing, andexchangeof large quantitiesof both raw andpro-
cessedmageandsensordata. The CenSSIS-Dbhierarchi-
cal dataschemets nicelyinto anexperimentalframevork
andfacilitatesimagesearching/brasingandstorage.



4. Data Model Design

Thebroadresearctbaseof the CenSSISommunitycre-
ateda signi cant challengdn satisfyinguserrequirements.
We began by incorporatingseveral key image modalities
in our model. However, it is likely that additionalimage
typeswill beidenti ed. Therefore,while developing the
datamodelandchoosinga databasasystem, e xibility, ex-
tensibility andreliability wereour key considerations.

4.1. Characteristics of the imagedata

A CenSSlSmagedatasetis de ned asconsistingof two
parts. The rst is animagedata le, providedin eitherbi-
nary or asciitext format. The seconds informationabout
theimagedataset(i.e., metadata).The CenSSIS-DBsup-
portsa rangeof standardmageformats,including JPEG,
FIG, TIFF, MATLAB, andDICOM. Datasetsareclassi ed
into cateyoriesaccordingto imaging methodsand modali-
ties. Every datasetbelongsto a uniquecategory.

Metadatas dataaboutdata. Every imagedatasetis ac-
companiedyy a genericsetof metadataincludingthe date
theimagewasacquired who acquiredit, anda textual de-
scription aboutthe image. In addition, eachcateyory in-
cludesanadditionalsetof metadataelds whicharespeci c
to theimagingmethod. This additionalmetadatalescribes
the conditionsunderwhich the datasetis acquired thein-
strument(susedfor dataacquisition,andwhetherthe data
setconsistof raw or processedata. Thefollowing section
discussesur datamodelin moredetail.

4.2. Datamodel

The multi-disciplinary natureof CenSSlshasled to a
rangeof metadatasschemasnd dataformats,asdiscussed
above. In addition, nen catejoriesare continually being
de ned as new imaging methodsare developedand ad-
ditional datasettypesare submittedto the CenSSIS-DB.
Ourdatamodeldesignraccommodatethesaliverserequire-
mentswhile illustrating the commonalitiesbetweendis-
paratedatasets.

Our approachwasto rst separatehe metadatafrom
data les. Metadatais storedin a relationaldatabasenan-
agementsystem(Oracle),while data les are storedon a
separatele sener (seesection5.2). Metadataand data
les arelinked by an uniqgueimageidenti cation number
generatedor eachdataset.

Figure 6 presentsa simpli ed entity-relationship(ER)
datamodelof our metadataschema.Eachbox in the dia-

gramcorrespondso an entity (i.e., table)in the database.

Entities are relatedby relationships,representedy solid
lines. Differenttypesof relationshipsare representedy
thediamondbetweerentities.

USER DATA

DATA_RELATIONS

Login S ] Parent_Id
Name Category Child_1d
Update_Permission ]

(Other Metadata...)

View_Permission

INSTRUMENT Tagged Data

Instrument CATEGORY
Date_Created |
Owner Category
(Other Metadata...)
[ [ [ |
HYPERSPECTRAL DATA | | ACOUSTOPHOTONIC EMBRYO DATA OTHER DATA
DATA Data_Id Data_Id
Data_Id Age (Other Metadata...)

Scattering Medium
Separation Strain
(Other Metadata...) (Other Metadata...)

(Other Metadata...)

Figure 6. Simplied CenSSIS data model

A setof commoncharacteristicshave beenidenti ed
asthe core metadataset. Thesecharacteristicare stored
within the DATA entityandincludedwith all datasets.Core
metadataelds includeauniquedatasetidenti cation num-
ber, viewing and updatingpermissiongseesection4.3.3),
and instrumentationpwner, and tagginginformation (see
sectiord.3.4).

Catagory-speci ¢ metadatas storedin entities having
anlIS_A relationshipwith the DATA 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 table correlatego a row in the DATA table
usingtheuniquedatasetidenti cation number This design
allows us to extendthe DATA entity for new imagetypes
with minimal redundang andwithout impactingthe exist-
ing databasschema.

In orderto createhierarchiesof datasets,we designed
a bill-of-materials data structure using the DATA and
DATA _RELATIONS entities. This data structureis a
mary-to-mary recursve relationship that allows us to
generatean unlimited number of relationshipsbetween
dataentitiesandthusallow clientsto organizedatasetsinto
collections(seeFigure?).

4.3.Newand EnhancedFeaturesof the Data Model

The data model discussedabore has enhancedthe
CenSSIS-DBs functionalityin thefollowing ways.

4.3.1 Hierarchical Collections

Theability to organizedatasetsnto collectionsandprojects
is critical to our clients. The datamodel describedabove
enablesclientsto createhierarchiesof datasetsor collec-
tions, organizingtheminto experimentsor projects. As il-

lustratedin Figure7c, a client cancreatea root node,such
asaproject(nodesl00,400and500). Within thisnode the
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Figure 7. Representation of the Bill of Mate-
rials data structure in the CenSSIS-DB 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)

clientcanaddadditionalnodes suchasfolders(node210)
or datasets(nodes200, 220). This hierarcly is potentially
limitless, offering eachclient the e xibility of namingand
organizing his or her own datasets,while adheringto the
generaimetadatachemalescribedabove.

For example,the QTM constructsa 3D modelof thein-
ternal structureof a cell from multiple raw images. Each
raw imagecorresponds$o onedataset; however, datasets
canbelinked usingthe collectionrepresentatioto capture
datarelationshipg(in this casethe setof raw imagesused
to constructhe single3D model).

4.3.2 A Project Centered Environment

The CenSSIS-DBalsoprovidesresearchera collaboratve
researclervironment,basediponthe BioCoREsystent4].
In additionto using our public query engine,clients can
createand manageprojects,representedy an online web
page. A projectcanbe thoughtof asa sharedrepository
Projectownerscanaddor remove additionalCenSSIS-DB
memberdo a projectin orderto sharedatasetsandinfor-
mation.

4.3.3 Security Model

The metadataschemeaprovidesa strongsecuritymodel. In
orderto gainsubmissiori.e., write) accesso theCenSSIS-
DB, a client mustobtaina systemaccount. At this time,
clients must be membersor afliates of CenSSISRgyis-
teredclientscansubmitnew data,updatedata,andmanage
instrumentpro les. They canalsocreateandjoin projects.
Application-level securitymeasureareadministeredy
assigningpermissiongo all datasetsand projects. Upon
submissionof a dataset, a client must assignread/write

SecurityLevels | Users

Public Anyonewith awebbrower
CenSsSIS RegisteredCenSSIS-DBisers
Project A prede nedgroupof users
Client A registerecclient

Table 1. CenSSIS-DB security levels

permissiongo that dataset. Thesepermissionsre listed
in Table 1. Projectpermissionsare administeredoy the
projectowner(s). Projectowner(s)canadd nev members
to aprojectto allow privilegedaccesso a project.
Additional securitymeasureareappliedwithin our sys-
temarchitectureandarediscussedh section5.4.

4.3.4 Image Tagging

We arecurrentlydevelopinga capabilityto allow aclientto
tagareaf animage.Uponselectinganareaof theimage,
apopupwindow will shav theenlagedanddetailedpicture
of thatarea,with atext eld for theclientto Il out (i.e.,
tag). Thetagsarestoredin an XML format.

Tagging imagesallows researcherso identify regions
and annotatethem for future reference. In addition, tags
will be stored,indexed and queriedas part of the meta-
dataschemasenhancingthe query capabilitiesof the sys-
tem. Figure 8 givesa simple exampleof how we canuse
imagetaggingto labelembryodevelopingstages.

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

5. Implementation of the CenSSIS-DB

The implementatiorof the CenSSIS-DBcanbe divided
into the following three sections— overall hardware and
softwarearchitecture,le sener organization,andsystem-
level securitymeasures.

5.1. Architecture

The CenSSIS-DBsystemis implementedwith a three-
tier designasthe underlyingarchitecture[10]. The three
layersincludethe web-applicatiorfront-end,businessand
transactiorogic middle-tier andthe dataaccesdayer

Application Front-End:  The application front-end
providesaccessisinga standardveb browser The appli-
cation presentsa seriesof dynamicallygeneratedHTML
screenghataredrivenby theapplicationlogic.



<xml versi on="1.0" encodi ng="UTF-8" ?>

<embry 0>

<descr i pti on>E mbryo deve | opin gs tages< / descript ion>

<featu rel abel= “1" xPosl=*29" yPosl="33" xPo0s2="48" yPos2="50">
1lcell embryo</feat ure>

<featu rel abel= “2" xPosl=“50" yPosl="28" xPos8="70" yPos2="40">
2 cell embryo< / feat ure>

<feat ure |abel =“3" xPosl= “5" yPosl= “5" xPo0s2="25 yPos2="20">
4cell embryo </fea ture>

</embr yo>

Figure 8. XML Image Tagging

Application Logic: Themiddletier containsthe appli-
cationlogic andthewebsener. The applicationis written
using JavzaBeans Java Servlets,Java Sener Pages(JSP),
and Java utility classes.The web sener delivers dynam-
ically generatedveb pagesto the client and parsesclient
requests. In addition, this layer containsthe appropriate
driversto connecto thedataaccesdayer

Data Accesd.ayer: Thedataaccesdayeris comprised
of arelationaldatabasenanagemergystem(Oracle)anda

le sener. The databasés accessedrom the application-
level Java classeghrougha JDBCdriver. The le seneris
mountedupontheapplicationsenerto allow directsystem
accesdo all directoriesand les.

This multi-tiered architecture provides high perfor
mance, exibility, and maintainability while hiding
applicationcompleities from the client.

5.2.File Storage

Data les could be storedin the databasetself or in a
separatele system.Thereweresomecompellingreasons
to storethemin aseparatde systemwith links to thedata
storedwith thedescriptve metadataFirst, mary of thedata
les arein binaryformatandstorageof binary datais not
standardizedacrossrelational databasesystems. Second,
by keepingtheimagedata les ona le sener, they remain
easilyaccessibl¢o othertoolsthatmayneedto manipulate
the data. Third, the imagedatawill consumegigabytesof
spacesodisentanglinghe metadatdrom the data les re-
sultsin muchmoreef cient I/O accessyersusinterlearing

themetadatan theimage le.
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Figure 9. The CenSSIS-DB System Architec-
ture

5.3. SystemSecurity

The standardweb protocol, HTTP (hypertect transfer
protocol),transmitgequestandresponsem plaintext over
theInternet. Transmissionsanbe capturedandeasilyread
by third parties. In orderto prevent this, we are using a
secureweb sener with HTTPS (securehypertet transfer
protocol).

HTTPScreatesasecureonnectiorbetweerawebclient
and web sener, ensuringthat all transmissionsare en-
crypted. Thus,if transmissionsre capturedthey cannot
bereadby athird party HTTPSis a standardextensionfor
securedatatransmissiorover the World Wide Weh

6. Usingthe CenSSIS-DB

The CenSSlISdatabasecan be accessedthrough a
web browser independentof the geographicallocation
(http://censsis-dbl.ece.neu.edu)n this section, we de-
scribethe CenSSIS-DBRjueryengine datasubmissiorand
provide queryexamples.

6.1. The CenSSIS-DBQuery Tool

Clientscanretrieve image/datasetsusingthe CenSSIS-
DB GUI querytool onthe CenSSIS-DBwvebsite. Theinter-
faceprovidesbothSQL andforms-basedjuerymodes.The
SQL querymodeis designedor clientsfamiliar with SQL



syntax. It allows themto createandrun SQL querieson
the database.The form-basedquery modeprovides com-
prehensie searchcapabilitiesthrougha menuof options,
without the needto know ary SQL syntax. Several key
guerytypeswereidenti ed for ourform-basedjuerymode:

ID Search: The simplestway to searchfor animageis
by the imageidenti cation numbey a unique numberas-
signedto eachimagedatasetuponsubmission.

Keyword Searcch: A text searchoption is available
which scanghe descriptve metadataelds for the entered
keyword(s).

Complex Queries: For eachmetadataeld, the query
engineprovideseitheran emptytext box or a dynamically
generateddropdavn menuin a web form. As illustrated
in Figure 10(a), clients can selectmultiple searchoptions
and the query enginedynamically builds an SQL query
Searchesnay be speci ed usingthe logic operatorsAND
or OR, to performamorecomple query

Subtree Search (Hierar chical View): Clientsselecta
datasetasaroot elementandthe searctreturnsatreerep-
resentatiorthe root's children. This representatioan be
expandedandreducediponrequestThis presentslatasets
in ahierarchicaformatthatis easyto navigate.

While building a query the client canindicatewhether
results should be presentedindividually or aggreated.
Also, clientsmay opt to view thumbnailsof the datasets
within aresultset.In afuturereleaseclientswill alsohave
an option of addingdataset(s)to a shoppingcart for later
review anddownload(seeFigure10).

@ (b)

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

6.2. Data Submission

The CenSSIS-DBprovides for simple uploading and
downloading capabilities. Clients chooseto createa new
projector adddatato analreadyexisting project.For added
conveniencegxisting les canbeusedto specifyall default
settingsfor future submissions.

Submissioris doneusinga menu-baseaveb page.The
client lls out a web form with the appropriatemetadata,
attachesherelevant le(s) andsubmitstherequest.

The metadatagoesthrougha syntaxcheckbasedupon
expectedvalues.If thereareno errors,the metadataandan
index to the correspondingles arestoredin the database
andtheattachedle(s) arestoredonthe le sener.

Upon submission,a datasetis immediately available
for retrieval. However, the new submissionis notedwith
a conditionaltag to alert clients that the dataset hasnot
yetbeenreviewed by theadministratorOnceapproved,the
conditionaltag is removed andthe datasetis availableun-
conditionally The approval processwas implementedn
orderto meettwo con icting systemrequirements.First,
clientsneedto be ableto sharevery large datasetsquickly.
These les areoften too large for standardemail seners;
the CenSSIS-DBorovidesanonline repositoryto facilitate
sharing. However, in orderto ensuresystemintegrity, we
needto have control over andbe ableto remove problem-
aticsubmissionsThereforewe adoptedheabore approval
procesgo provide the maximumamountof e xibility and
security

6.3. DatabaseQuery Examples

Our query engineprovides rapid searchingof databy
dynamicallybuilding databasejueriesto matchclient re-
guests,as discussedn Section6.1. As an examplehow
thedatabasevill work, this sectionpresentsamplequeries
frequently requestedoy embryo viability researchersnd
brie y discussesiow the queriesarehandledby the query
engine.

Somesamplequerieswe might generaténclude:

Q1. Findimageshasedon username experimentname,or
date.

Q2. Find imagesbasedon mousestrainor sampleorgan-
ism.

Q3. Findimageshasedn the stageof embryonicdevelop-
ment,tissuetype,or cell type.

Q4. Findimageshasedn theinstrumentused.

Q5. Find imagesbasedon a combinationof the abore
parameter$Q1- Q4).

Q6. Find the annotationdor an image, given the image
identi cation number

Q7. Find the experimentalprotocolsusedto producean
image.



Q8. Find theraw datafor a processedmageandthe series
of imagedeadingto the nal images.

Q9. Find “matched”"imagesof a singlesampletakenusing
differentmodalities.

Q10. Find images demonstratingsimilar patterns or
characteristicsvithin amodality

Q11. Find images demonstratingsimilar patterns or
characteristicbetweemmodalities.

The rst sixquerieQ1- Q6)aresimplemetadata-based

gueries.By indexing the relevant metadataelds, we pro-
vide ef cient executionof thesequeries.Thenveb applica-
tion generateshe appropriateSQL query and forwardsit
to the database The databaseeturnsa resultsetwhich is
formattedinto auserfriendly webpage(s)seeFigurel0b).

Queries Q7, Q8 and Q9 are more comple re-
cursive queries and use the hierarchical data table
DATA _RELATIONS (Figure 6). The sameraw datacan
producedifferent processedmagesdependingupon the
protocol used; accessinghe dataset protocols(Q7) is a
commonclientrequest.

Our clientsarealsoconcernedvith the history of a data
set. An experimentmay containboth raw and processed
data.Relationshipbetweerdatasetsarerepresenteh the
DATA_RELATIONS table. A raw datasetcanbe thought
of asa parent,andthe parentcanhave mary children(i.e.,
processedlatasets). Also notethat a single child canbe
producedby multiple parentgseeFigure?7, node700). By
nding the Parentld(s) of a processedlataset,we canre-
trieve theraw datasetsthatgeneratedhe processediata.

The 3DFM usesimage modalitiesupon the samedata
sample. Query 9 (Q9) represents typical requestto see
all datageneratedor a particularsample. By de ning a
collection(e.g.,embryosample5), andaddingall datasets
generatedor this sample,this collection can later be re-
trieved using, again, the relationshipsrepresentedn the
DATA _RELATIONS table.

QueriesQ10and Q11 arecontent-baseduerieswhich
posequestionsaaboutimagecontentthat may not bein the
originalimagemetadataFor example automatiddenti ca-
tion of healtty mitochondrialdistribution patternsat differ-
entstagesof embryodevelopmentwould be a nonirvasive
methodfor identifying viable, healtty embryos. Also, the
retrieval of datasetsbaseduponthe stageof embryode-
velopmentasidenti ed by morphologicakharacteristicer
cell countswould facilitatethe identi cation of viable em-
bryos. Content-basedetrieval is presentlyunderdevelop-
mentin theCenSSIS-DB.

7. Summary

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

sensingandimagingdata. Our CenSSIS-DBadoptsa e x-
ible and extensibleframenork to handlethe complex and
diversemetadataf differentimagingapplicationsOur de-
sign includessecurity functionsin orderto protect privi-
legedinformation.

Ourmajorcontributionis providing acommonmodelfor
scienti ¢c imagedatasharingandmanagementiWe worked
closelywith biologicalresearcherandCenSSlSngineers
to developa e xible andextensiblesystemto meetcurrent
andfutureresearchstoragaequirementsTheCenSSIS-DB
providesresearcherwith the ability to shareandsearchon
imagedataef ciently. Our systemalso enablesCenSSIS
to develop solutionsto problemsusing real data, as well
asto develop new solutionsthat bridge traditional disci-
plinary boundaries.The CenSSIS-DBis presentlyonline
andbeingpopulatedwith a diversesetof subsurécesens-
ing and imaging datasets. Several researchgroupsfrom
differentacademicpartnersand stratgyic af liates are us-
ing the database The succes®f the CenSSIS-DBs only
possiblethroughthe combinedefforts of mary individual
researchersvorking toward a commonvision. We will
continueto collaboratewith other CenSSISmembersto
broaderthe scopeof our datacollection.

Futureresearchopicsincludenew indexing technology
andnew toolkit development. New designsfor views, in-
dicesandaccesdunctionswill beincorporatedo provide
betteranswersandallow a wider rangeof querycapability
Speci cally, we will focuson content-basethdexing and
retrieval (CBIR), multidimensionaldatabaséndexing and
content-basetinagetaggingandsearching.

Different toolboxes have beendevelopedto manifest
one centralthemeof CenSSIS- the conceptof "Diverse
Problems/Similasolutions”.Incorporatingheseoolboxes
within the CenSSIS-DBwill accelerateCenSSISesearch.
In addition, we are developing new tools to ensuretrans-
parentimage format interchangeand developing an ad-
vancedgraphicalinterfaceto allow researchert annotate
andquerypartsof ary image.
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