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Abstract:

This paper describes the architecture and services devdigpled ARC Special Research
Initiative GRANI projectfor the Australian Nanostructural Analysis Network Organizatidre
aim of GRANI wago provide the NANO community with a scalable, distrégditiata
management solution and a secoollaborative environment to ensiigh speed, seamless
sharing of their data, instruments, analystical services and expArtise-enabled, distbuted
system has been developed that links the major Australienoscopy instruments to an
underlying distributed national imagery database, a netefarkcroscopy experts and
analyticalserviceghroughan authenticate@eb Portal The aspects that are particularly
innovative and that will be described in deptHude:
¢ The Nano Image Database (NIDBJhat provides indexed, storage and access to a
distributed archive of images captured directly from the advanced instruments and
archived in the National Data Facility via Gridftp;
e Access t oghpeRontadce coputing (HPC) facilitieandgrid environment
for high speedile movementjmage analysis and 3D reconstruction;
e Realtime videoconferencing and videannotation service® support remote access to
advanced microscopy instruments.

1 Introduction

The useof advanced chargarization facilities is expandingpidly. Scientists from across the
biological, materials and chemical sciences are generating very large volumes-of multi
disciplinary image data. Advances in microscopy techniquesasuateltime video and 3D
electron tomographsnicroscopes, have increased the speed, resoldlimensionand scale at
which images are being collected. Scientists and microscopy centres are struggling with the
problem of efficiently managing, processing, sharingeimag and retrieving these large image

collections. The aim of the GRAN(Grid-enabledArchive ofNanostructuralmagery project



is to provide theAustralianNanostructural Analysis Network Organization (NANO) with a
scalable, federated, distributed datanagement solutidha secure Web portal @Grid-based
image archival and analysis systédentral to thisolution isthe NANO Image Database

(NIDB)- alargescale distributeddatamanagement systerimagesarecaptured directly from

the instruments and selectively uploaded stodedin alocalimage servenode ofthe NIDB.

Long term archival is supported by storing a copy of the images at the National Data FPacility.
Web interface provides searchable accedhd¢ images analsoallowsusers to definaccess
privilegesand Creative Commoridcenseg1] for specific users and images. Angprehensive

set of metadats captured with the images, enabling advanced saadtintelligent image
matching Figurel illustrates heweb-enabledportalwhich provides accesgo stored

data/imagesgxpertise, instrumentanalytical toolsand annotatioservices.
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Figure 1: Web Portal for the Participants of the NANO network



The remainder of the paper is structured as folld&destion 2 describes related projects; Section
3 describes the overall system architecture and technologies employed; Seetsonlzes the
user interface; Section 5 describes the-teleroscopy services; Section 6 outlines future work

plans and conclusions.

2 Related Work

A number of projects have bedavelopng tools andnfrastructureo support research
communities utilimg advancedcientific instrumentso advance the knowledge in their fields
TheLarge Hadron CollidefLHC) being built at CERN near Genekasextensivelyemployed a
grid based approach, OptorSj&j, which outlines the extensive need for grid basegtisoisto
provide scalable infrastructurlEDIGRID [3] is a French project exploring the use of the

GRID technologies for tackling the processing of huge medical image databasBieuroGrid

[4] project started in 2005, with the apnovide enablingapabilities for the neuroimaging
community by using Grid technologwe have adopted and combined several of the successful
strategies from these projecta. I. Roland et. al.§] in 2004 created a web based medical
image databaghathas usefuinterfaces for viewing imges and comprehensive metadata,
similar to component of the NIDBGridPACS- A Grid-enabled System for Management and
Analysis of Large Imaged6,7] is an example providing successful management for large images
in the medical domairSIDB (Scientific Image Databayé opensource software for archiving

2D and 3Dmicroscopy image[8]. BIRN (Biomedica Informatics Research Networf9]

project bcuses on collaborative accéssand analysis of images and datasets generated from
neuroimaging studies. It uses thmrage Resource Brokil(] for thedistributed data
management middleware lay&he Open Microscopy Environme(®ME) [11] produces open
tools andadoptable XML basestandards to support data management for biolobtsl

microscopy.The GRANI project has evaluated each of these previous related projects and



adopted and integrated those components that provide a robust, extensible and scalable
framework. In particular we have adopted OME for the metadata schematj@nedldatabase
(MySQL) for the metadata store which contains URIs to multiple copies of the files. At this
stage, we have chosen not to use SRB because of concerns regarding its stability and robustness.
We may move to SRB or IRods at a later date, vihege systems are more mature or if they
offer any clear advantages over our current approbrchddition, we have built oremoteor

i t @ imieroscopywork thatbegan at the hiversity of Queensland in 20007] as anoutreach
programto secondary scluds in remote regions. We have refttand extendethis woik to
provide a reatime annotatiorservicefor highres video streamsnda backend image database
to support the more sophisticated requirements of the research comnwindiase the NANO
MNRF.

3 System Architecture

Figure2 illustratesthe overall architecturand tetinologies fora single node aheNANO
DistributedimageData StoreFigure 3 illustrates the national distributiohnetworked
characterizatiotaboratories and instrumentggionalstorage nodes and the National Data
Facility (NDF) in CanberraFilesoriginate from a particular instrumenta Labandarethen
uploaded tdhe local node of thBlIDB using thesecureweb interfacgShibboleth). AMySQL
database is used to store the metadata, file infiadsunique global file identificatiordnd
information that is needed WyAMS (File Access and Management System). FAMS provides
the interface between thdDB node and the Grid environment aménages file movement
across the Grid using Gridftp and RFT (Reliable File Trandfesjrumentspecificpost
processing workflows arapplied to theapturediles to extract metadatal hese are designed
for easycustomizatiorto support new instruments perform additional compuiatensive tasks

(such as segmentation) usigigd HPC facilities
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Figure 2: System Architecture

MNetworked Microscopy Labs

Personal
Storage

Networked M|c:r|:| copy Labs  wetworked Microscopy Labs

ge
1K

1

%
i

(JE%-m-

Metadath/g Metad —
etadatni Eland Metadata &
Starage Stare - Storage Store Storags|siore -
Regional|Mode Qid Regional Mode MW Regional|Mode YwA,
GridFtp

Mational

Data Long-term

Facility Archival

AMU

Figure 3: National Overview of Architectural components



3.1 PHP Interface & Web Technologies

The dynamic web site has been programmed using PHPwas chosen becausesta

platform independent, wetentric[13], well-supported language enablirapid development
across theliversity of environments and platforms that exist withi@ NANO communityEach
of the NANOnNodesare able to easilgeploy thePHR-based web frontrel to the database. The
Web Portal provides a single federated user interface to the ldeplgyed veb sitesand
storage nodes. Security is provided via the Shibboleth user identification and authorization which
authenticates users across institutions via the institutional identity proviteirsbnailsare
dynamicallygeneratedrom the captured highesfiles using Image Magic[14]. PECL PHP
librariesprovide SSH access to the live lab work areas and file systems. AJAX, JdMascript
and CSS arthe underlying technologies that ensure dynamic web inteyfscalable high speed

performance and highlresponsive interactivity

3.2MySQL Database

A MySQL database is used fstoringthe structured XML) metadata description#An

extensible XML schema was designed to document the metadata captur@adirdenvariety of

instrumants. There are three levels of metadaganeric, instrumerdpecificand extensions'he

terms and structure that we are using are based on a subset of thRENIIMEereric metadata

comprises those attributes that all image files will possesdikegqametitle, creator, date,

instrument, projectsampleld, disciplinelnstrumentspecific metadata (e.gi,Scanni ng EI| ect
Mi cr os c o p ¢comns atdbatéthat@re commomamonga class ofnstrument®.g.

scan speed, Micron Marker , magnificatiorgriing distance, acceleratingpltage, spotige,

Thelastclasse f met adat a, 0 Bak thearemminirgg metadata generated by the

instrumentplus anyad-hoc custom metatta The generic and instrumesgecific metadata



values arestoredin structuredjndexed tables, ensuririgstsearch and retrievalhe metadata

extensiongable adds flexibilityand adaptibility

The AFi mantalrsa ceeord of files and their locatios . AContr ol Dat ao

record of files that need taebmoved or processed by the grid environment.

3.3 GridFTP and the FAMS

The Nano mage database makes use of a numbgridtechnologies to manage the transfer of

files between NIDB Nodes aride APAC (Australian Partnership for Advanced Computing)

Data Stores. A GridFTP server, a parallel version of FTP for the @Bjdi$ installed on every

node and data store and is used for transferring files between locations. The Globus 4 Reliable
File Transfer service is used for managing the numerous @QPidE$sions, and ensuring that

failed transfers are restarted. The RFT service runs on an APAC Gateway ma6hamsl[is
independent from any of the nodes. There are numerous RFT services which could be used,
providing a degree of tolerance against maefialures. Using the combination of GridFTP and

RFT provides a high performance and reliable backbone for transferring data between nodes and

institutions around Australia.

In order to connect the NIDB web portal with the RFT service an extensible dgvientovn as
FAMS, has been written. FAMS connects to the MySQL database and reads control information
which has been stored there by other parts of the NIDB database. FAMS makes use of two
different sets of control information, the first is the queueles to transfer, this table is either
createdby usersmanuallymoving files with the web interface, or though automated tool like
POSTP (see section 3.4). The second set of control information is the queue of files to delete.
FAMS uses this control infaration in order to schedule transfers and deletes with the RFT
service. Files are scheduled in batches, so that the image and any number of support files are

transferred together. Using RFT allows for a transaction based approach to transferring files,



either all files arrive at the destination, or none arrive. FAMS makes ukes# transactions to
make sure accompanyitfiges (see section # The Upload Interfacealways remain with the

image. During a transfer all status informatiowrgttento the déabase

FAMS is run as a background process, continually monitoring the database for new information,
as well as monitoring the status of active tfarss Because the tool only performsnitoring, it

consumes minimal CPU time, and only modest memoryress.

3.4 Automated Post Processing and Metadata Extraction

A postprocessing step streamlines the metadata extraction from the instrument/file header and
ensures that the images and metadata are validated and of the highest quality. This semi
automated dta curation stepelievesthe user from having tmanually enter copious amnts of
mundane metadata. THexible metadataschemahat we have developed can be completed by
parsing and mapping the file header generdiexttly fromeach instrumentAn extensibleJava
tool, known as POSTP uses informatgiared in the MySQL database to determine whilek
and data require processing. The Jaased frameworklsoallows for easy integration with
grid-based compute and storage facilitlr®STPcarriesout common processing tasks such as
file compression and manipulatices well as instrumesspecific analyticablgorithms and
metadata parsers. POSTP runs continuously ibdbkgroundactively utilizing availabldocal,
remote or gridesources to perforcomputentensive tasks on s ehel@ls. An example of a
task that is performed on a regular basis would be the extraction of mdtadafde-headers

and ingestion of the metadata in the database

3.5 Dynamic Storage Space Manageent
The scientific community is producing an exponehtialcreasingamount of data each year.

Many current storage solutions anadequatenon-scalableand provide no suppoior long



term data storag&ach node has a potentially finite amount ofage space, serving a
potentially infinite amount of dataeing produced. A Java tool has been develdpatdmanages
the local storage space available at each niduke configurable storage space tool monitors the
local storage resources to ensure thatels always space available for new data. A defined
upper and lower limit is used to trigger and stop file archiVale tool uses metadatarimarily
access frequencfrom the MySQL database to determine which files shoulstheduledo be
movedto the data centre for archival’he tool alsgrovides a mechanism for deleting

inconsistent and obsolete data, such as unused thumbnails.

3.6 Identity Management and Shibboleth

Shibbolethis used to providéhe federated identity managemant authentidson of users.
Shibbolethallows users to sigim to the systemand access nodes at external institutions, using
thecredentialgrovidedfrom thar home institutionlt enablesransparentseamlessecue
accesso multiple sites. ldwever a Lorchet al[17] explains, Shibboleth doe®t provide a
comprehensive and dynamic solutitor a Grid environmentrid and applicatiomesources are
made available to the user througbtontrolledagentbased approadcind Gridsystem
certificategprovided bythe APAC Certification Authority (CA)) To overcome the problems of
poor interoperability between Shibboleth and Grid authentication, we have adopgroach
which works around APAC personal certificatesvhich the application is provided witltes
to all available resources and managed performs actions on behalf of the u€anrent trends
are moving towarda morecomprehensive integration of grid access amitbboleth similar to
the GridShib project developed by David Spence etld] [andthe Shebangsproject[19], which

may offer a promising alternative in the future.



4 NIDB User Interface
In atypical workflow, files originateim A L a b E n where thensoientistssersconduct
their experimentsThe system enables tBeientist/user to savbeir files along with the

metadatalirectly from the instrumeninto their private workspace.

The lab environmentThe lab environment provides a small temporaoykspace The user
can access view and access their files inddrtlge lab environmats within any of the nodes, all
through thesingleintegratedand secure Weportal. After selectinga particular lab environment,

theinterface illustrated ifrigure4 is displayed.

Laks ir Up Upload Priority: Off-Peak A

Path: fusr/home/cmmelient/devtest/brendan@nano.org. au/M filament,/

Directory

= ..

2 fract30Kv0O0

2 fract3oky

File NIDB
w SE fracture wire. tif Upload =
W SE fracture wire.txt Upload =@
w blown lower tip. tif Upload =P
w blown lower tip, txt Upload =@
fract 30KV, srf Upload =»

Figure 4: View of Files in a Lab Environment

To upload a fileao the NIDB,the usecklicks on the upload link& arrow) under the NIDB
coumnThefipri orityo combo box on the whilpisri ght <ca

dynamically managed by the FAMS.

The upload interface: The upload windowi-igure5, is usel to complete an uploagquest. The

interface allowanyi Accompanying Files and Folderso to b
accompanying file or folder any file thatshouldbe saved with the primaryldithat has been
uploadedin the examfe inFigure5t he f il e Afract 30KV.txto (mai

and two files assmated with it. These files/folders will heloadedo the NIDBwith the file



Image Upload: fract 30KV.txt

Please Complete the Required Metadata:

SAMPLE: |Fracture ‘
EXPERIMENT REFERENGE: [12e |
INSTRUMENT: [G.sME4EDLA v
PROJECT AFFILIATION: [ MIDB Cpen Gallery v

v Metadata Value Changed to "12c"

Select Accompanying Files & Folders:

Files & Folders Select
w SE fracture wire. tif

w SE fracture wire.txt

W blown lower tip.tif

v hlown lower tip.txt

fract 30Kv.srf

fract J0KY.tif

fract 30KW.txt

fract30KY . ASwW

2 fract3okvon

2 fract3okv

project_folder.ico

+ File upload Request Complete
Figure 5: File Upload Interface

The edit Interface:Files that have been uploaded to theadase can be edited. The editing
interface shownin Figure6, allowstheuser todefine accesprivileges,edit metadata as needed

and attachCreativeCommonsLicenses 1] to their work.

eBaCK XDelete ‘ Image: Fruit fly eye_6.tif

ORIGIMNAL FILE:

Fruit fly eye_g.tif (3.52MB)

ACCOMPANYING FILES & FOLDERS:

1160612773_Fruit fly eye_6. tif.zip

18kU X1, BES ZJee CHM Uof@

META DATA:
INSTRUMENT: | UaJsmB4B0LA v =
PROJECT AFFILIATION: | Gone Semming v =
SAMPLE: [ Fruit Fly Eye | =
OPERATOR: | Cyberstem | =
CAPTURE DATE: | 2008-10-12 | =
EXPERIMENT REFERENCE: | 175 | =
FILM_NUMBER: | oo0g | =
FORMAT: | JEOLEC | =
MERGE: [on | =
PHOTO: [on | =
TIME: [10:26:28 AM | =
VACUUM: | | -
VERSION: [11 | =
Enter Custom | 5 |Enter Custom | '#

Figure 6: Edit File Interface



Search Interface:A comprehensive interfachasbeen created to allow users and their
collaborators tsecuely search the database via thetadata.Thedifferent search categories
supported corresportd the metadata generated fralfferentinstruments e.gSEM-Scanning
Electron Microscope metadat&ach category can be chosen frodr@p down list. In the
example below the ASearch Categoryo that
compare the search terms against file namése NIDB Figure?7 illustratesthe auto complete

feature The list will updateand show the terms containing the current letter sequence.

Search Category: | File Mame hd

Search Terms: Em|

ogogzi_zBochrs_anode zroositif
ogogei_=28ochrs_ancde _gooomtif
ogogzi_zBochrs_ancde_slectrolyte_i17oom.tif
ogogzi_=zBochrs GDL_anode layer ggos.tif
ashlev@nano.crg.aurar
ashley@nano.org.aui.rar
ashley@nano.org.anz.rar

Fireant en face mandibles & sting1 ol .tif
Fireantiglyv tif

Fireantiglv txt

Fireant8kv.txt

Figure 7 : Search with Auto-Complete

Figuue8s hows an example of returned results.

used to refinsearches. This features wolily search the files that have beeturned by the

previous search, allowing users to build comprehensive and specific searches.

has

The



Viewing Files: Figure9, is an example ahe interface that is used to view an image,

exampléfile is afractured tungsten cathode.i$lnterface presents a thumbnail of the image and
the metadata associdteith the image. Aleast onaylobaly uniqueURL is created for every

file in the database so that it can be directly referenced and accex@degthe user has access
privileges. Direct file references play an important role within scientific commagribr

example the complete URJ used byadvanced annotation tools such\éennotea anthe

Annotea Side Bdr20]. The assigne@reativeCommonsLicensg1] , andalink to the complete

Search Nano Image Database:
Search Category: | File Mame v
Search Terms: |Fireant] Bk tif
| File Match Host
Fireant15kw. tif "Firgant15ky. tif' uQ
[ Search Current Results Only ] [ MNew Search ]

Figure 8: Positive Search Match

license descption, appears below the image.

View File:

<& Back B Annotations = (=) Print Similar _/7 Edit

Image:W SE fracture wire.tif

FILE SIZE: 3.52MB

INSTRUMENT: UQJISM6460LA

SAMPLE: Fractured tungsten filament
OPERATOR: KIMS

CAPTURE DATE: 2006-03-15

PROJECT AFFILIATION: Gone Semming
EXPERIMENT REFERENCE: 12c

LAST ACCESSED:2007-06-18 11:48:29
MICRON MARKER: 20um
MAGNIFICATION: 700

WORKING DISTANCE: 15

ACCELERATING YOLTAGE: 15

SIGNAL: SEI

SPOTSIZE: 50

SCAN SPEED:

COMMENT:

FILM_NUMBER: D000

FORMAT: JEOL/EO

PHOTO: ON

TIME: 8:54:40 AM

YACUUM:

YERSION: 1.1

LINK DIRECTLY TO THIS FILE Y14 NIDB:
https: //nidb.nano.org.au/NIDB/master.php?fileld=1

@ MEE)| This work is licensed under a Creative Commans Attribution-Noncommercial-No Derivative
e No No

B ‘Works 3.0 License .

Figure 9: View File Interface




Move Files FigurelOillustrates thenterface which is used to schedule file movements between
the nodes across thegh speed AARNET network over the grid emviment. The status of all

of the usets file movements are able to be viewed and refreshed.

Origen:| UQ b Priority: | Oft-Peak v
Files Gurrently Available to be Moved or Copied Select
1158707714 _xI30_07.tif

1158707 734_xI30_08.tif
1156393917_Bandaid gauze. tif
1156393927_\W SE fracture wire.tif

ooonno

Destination: Move| Copy | USYD v

¥ Your selected files have been scheduled to be copied from UQ to USYD

File Movement Status: £1)

File origen Destination Status
1156393916_Au and Pyrite Fe BSC.tif g usyD Active: 33%

Figure 10: Move Files Interface
5 Interactive Microscopy over High Speed Networks
Remote microscopy increases the accessibility and utilisation chighunique specialised
instruments by allowing users from geographically disperse locations to characterize their
samples. We have developgdovel web based tool that allows a usenteract with a
technician driving the JEOL6460LA scanning electron microscope at the Centre for Microscopy
and Microanalysis, the University of Queenslarithe remote session todligurell, streams
high-resolution video footageaptured through the secondary electron detector or backscatter
detectorWe have extended and refined the CyberSTEM system developed pre\iguklky
CMM staff[12] and integrated it witithe NIDB. Remote users can highlight points of interest to
thetechnicianoperding the microscope by drawing a delineator box on thetimal video
display This systenhas leen integrated into the portal to provide the scientist with seamless

access toheremote instruments, collaboration tools and high resolution images



Figure 11: Remote Microscopy with Annotation Tool

6 Conclusiors and Future Work

We have presented antensible scalable, easitdeployedframeworkthatcan be usgto

provide the foundations difie cybefinfrastructure foAu s t r a |l | a &lsaactersptiam d i n g
network.In particular GRANI has delivered a distributed image archival sy&iétin advanced
metadata and search capabilitiasd collaborive telemicroscopy support serviceBhe ong
term archival aspects, developed in partnership MRAC, will prevent loss of datagduce
duplication and facilitate sharing anduse of resultsThe signifi@nce of this project is that the
system enakk morecosteffective,efficient acces$o and management of the instruments,
services and data tieNANO community Further work is required to provide users with a
search tool to find NANO staff with expertise in a particular instrumeapplicationarea.The
potential impact of thportalis huge, given the range disciplines,industries and organizations
thatuse NANO failities. Each of the eight AMMRRodes haan average ad00currentclients
coveringdisciplinesfrom nanematerials Qovel cdalyss andsunscreen materialgo
developments idrug delivery, biescaffolding and the development3iD tomographic images

of cellular components.



