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Abstract:

This paper desdbes the architecture and services
developedby the GRANI projectfor the Australian
Nanostructural  Analysis  Network  Organization
(NANO) The aim of GRANI wa® provide the NANO
community with a scalable, distributed data
management solution and a seeurcollaborative
environment to ensurehigh speedaccess to and
seamless sharing dheir data, instruments, andlgal
services and expertiseA grid-enabled, disibuted
system wagsleveloped that links the major Australian
microscopy instruments to an umlyéng distributed
national imagery database, metwork of microscopy
experts andimage processing andnalytical services
throughan authenticatedVeb/GridPortal. The aspects
that are particularly innovative and that will be
described in depth include:
e The Nano Image Database (NIDBjan indexed,
distributed archive of images captured directlyrfr

the advanced instruments and copied to the

National Data Facility usingsridftp;

e Combining the Australian Partnership for
Advanced ComputingAPAQOG s ghlpérfamance
computing (HPC) facilitiesand grid environment
with the Kepler workflow system to enaliigh
speed file movement,image analysis and 3D
reconstruction;

e Realtime videoconferencing and videannotation
servicesto improve supportfor remote accesso
advarted microscopy instruments and experts

1. Introduction

Scientists from across the biological, materials and

chemical sciences aiecreasingly employing advanced

microscopy and characterization techniques to help them

understand thenanostructureof inorganic and organic
materials in order to solve complex biomedical,
scientific and engineering problenia.the process, they
are generating massiveolumes of multidisciplinary
image (both 2D and 3D) and videdata. Advances in
microscopy technigue suchas atom probes an®D

cryo-electron microscopes, have increased the speed,

resolution dimensionsand scale atvhich images are

being generated Scientists and microscopy centres are

struggling with the problem of efficiently managing,

processingsharing, indexing and retrieving these large

image collectiongienerated by distributed virtual teams

The aim of theARC-funded GRANI (Grid-enabled
Archive of Nanostructural magery project[1] was to
provide the Australian Nanostructural Analysis
Network Organization (NANO) with ascalable,
federated, distributed data management solutioa
secure Web portal ta Grid-based image archival and
analysis systemCentral to thissolution isthe NANO
Image Databasé\(DB) - alarge scale distributeddata
management systentmagesand associated metadata
are captured directly from the instrumentdsers can
then selectively uploadnd store required images a
local image servernode of the NIDB. Long term
archival is supported by storing a copy of theages at
the National Data FacilityA Web interface provides
searchable access to the imagesalsdallowsusers to
define access pvileges and Creative Commons
Licenses [24] for specific users and images. A
comprehensive set of metadaa captured wh the
images, enabling advanced seaackintelligent image
matching Figure 1 illustrates he webenabledportal
which provides access testored data/imagesxpertise,
instruments, analytical tools and annotatservices.
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Figure 1: Web Portal for the NANO Network



The remainder of the paper is structured as follows
Section 2 describesrevious work andelated projects;
Section 3 describes the overall system architecture and
technolgies employed; Section 4 describes 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 bedevelopng Grid-based
tools andinfrastructureto assist research communities
with managing andnalysng large volumes of images
captured fromadvanced scientific instruments.The
Large Hadron Collide(LHC) being built at CERN near
Geneva has extensively employed a grid based
approach, LC32], to provide scalable infrastructufer
international collaboratorsMEDIGRID [3] is a French
project exploring the use of the GRID technologies for
tackling the processing of huge medical image
databasesThe NeuroGrid f] projectaimed to provide
image archivalcuration and analysisapabilities fo the
neuroimaging communityusing Grid technology..
GridPACS- a Grid-based Image Archival and Analysis
System[6,7] is an examplef a distributedXML -based
image management syster8IDB (Scientific Image
Databasgi is opensource software for archiving 2D
and 3Dmicroscopy image[8]. TheBIRN (Biomedica
Informatics Research Network®] project bcuses on
collaborative accesso and analysis of images and
datasets generated from neuroimaging studies. It uses
the Storage Resource Brokgt(Q] for thedistributed data
management middleware layereDiamor [5] targets
deployment of Grid infrastructure to manage, share, and
analyze annotated mammograms captured and stored at
multiple sites. The Open Microscopy Envonment
(OME) [11] produces open tools aratloptable XML
based standards to support data management for
biological light microscopy.

The GRAN project has surveyed and evaluatbése
previous related projects and adopted and integrated
those componentshat satisfy the requirements of the
NANO  community (documented through a
comprehensivauser requirements survegnd thatwe
believe will provide the most robust, extensible and
scalable framework. In partitar we adopted OME for
the core metadata schemaa relational database
(MySQL) for the metadata store which contains URIs to
multiple copies of the files. At this stage, we have
chosen not to useRB because of concerns relatedtso
scalability, stability and robustnesdVe use the Grid
(GridFtp) totransfer replicated files tthe location of
data processing and the National Data Facility (at the
Australian National University in Canberra) for long
term archival. Distributed computing facilities are

available via theAPAC Grid for the high-speed inage
processing.In addition, we have extendegmote or
tele microscopywork thatbegan at the hiversity of
Queensland in 200019] as anoutreach progranio
secondary schools in remote regions. We have eéfin
and extendethis wolk to provide a reatime annotation
servicefor high-resolutionvideo streamsinda backend
image databas¢o enable storage of high res images
captured during telenicroscopy sessions’ these
extensionssupport the more sophisticated requirements
of the multidisciplinary research communitiesvho use
the NANO Major National Research Facility (MNRF).

3. System Architecture

Figure 2 illustrates the overall architectureand
technologies fora single node othe NANO Distributed
Image Data Store Figure 3 illustrates the national
distribution of networked characterizatiorlaboratories
and instrumentggegionalstorage nodes and the National
Data Facility (NDF) in Canberrdriles originate from a
particular instrumenin a Labandarethen wploaded to
the local node of theNIDB using the secure web
interface (Shibboleth). A MySQL database is used to
store the metadata, file indices and informattbat is
needed byFAMS (File Access and Management
System). FAMS provideghe interface betweelthe
NIDB node and the Grid environment and manages file
movement across the Grid using Gridfgb] and RFT
(Reliable File Transfer) Instrumentspecific post
processing workflows arapplied to theecapturediles to
extract metadataThese are desigd sothat they can
easily be customizedo support new instruments or
perform additional computitensive tasks (such as
segmentation) usingrid HPC facilities

3.1 PHP Interface & Web Technologies

The dynamic web site has been programmed using PHP.
PHP waschosen beause it is platform independent,
Web-centric [13] and a well-supported laguage
enabling rapid deploymentacross the diversity of
environments and platforms that exist within the NANO
community. The Web Portal provides a single federated
user inerface to the locally deployed web sites and
storage node Security is provided vi&hibboleth user
identification and authorization which authenticates
users across institutions via the institutional identity
providers. Thumbnails are dynamically genedafrom

the captured highes files using Image Magick [14].
PECL PHP libraries provide SSH access to the live lab
work areas and file systems. AJAX, XML, Javascript
and CSS are the underlying technologies that ensure
dynamic web interfaces, scalable tig speed
performance and highly responsive interactivity.
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3.2 Relational Databaseand Metadata

A MySQL databasds used forstoringthe structured
(XML) metadata descriptionsAn extensible XML
schema(based on OMEWwas designed to document
the metadata captured fromm wide variety of
instrumaents. There are three levels of metadata:
generic, instrumernspecific and extensionsGereric
metadata comprises those difties that all image
files possess e.g.fle name, title, creator, date,
instrument, project, sampleld, discipline topic
Instrumentspecific metadata
El ectron
that are commo amonga class of istruments e.g.
scan speed, Micron Marker , magnification, working
distance, acceleratingoltage, spotige, etc. The last
class o f met adat a,,
remaining metadata generatedthg instrumenplus
any ad-hoc projectspecific metadéa. The generic
and instrumenspecific metadataalues arestoredin
structured,indexed tables, ensurinigst search and
retrieval The metadata extensionstable enables
additionalflexibility andadaptability in the metadata
schemaThe A Fi fiedd mhimaieaxetord of

files and their locatioss. Theid Cont r ofleld Dat

maintains arecord of files that need to be moved or
processed by the grid environment this stage we
have chosen ndb use the Storage Resource Broker
(SRB) for storing ad managing files due tconcerns
regarding the performance of MCAT and issues
related toS R B idkastness and user interface

3.3 GridFTP and the FAMS

The Nano inage database makes use of a number of
grid technologies to manage the transfer of files
between NIDB Nodes anthe APAC National Data
Facility. A GridFTP server, a parallel version of FTP
for the Grid R5], is 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 GridFTP
sessions, and ensuring that failed transfers are
restarted. The RFT service runs on an APAC
Gateway machinelp] and is independent from any
of the nodes. Therare numerous RFT services
which could be used, providing a degree of tolerance
against machine failures. Using the combination of
GridFTP and RFT provides a high performance and
reliable backbone for transferring data between nodes
and institutions aroundustralia.

In order to connect the NIDB web portal with the
RFT service an extensible Java tool, known 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 datdbase. FAMS makes use of two different
sets of control information, the first is the queue of

files to trarsfer. This table is either createay users
manually moving files via the web interface, or
through an automated tool like POSTP (see section
3.4). The second set of control information is the
queue of files to delete. FAMS usesistitontrol
informationto schedule transfers and deletes with the
RFT service. Files are scheduled in batcheshab t
each image is transferred together with any support
files RFT permitsa transaction basedpproach to
transferring files - either all files arrive at the
destination, or none arrive. FAMS makes uséhekée

. (6.9, Scanni nhnsactions to ewre that anyaccompanyingfiles
Mi c r p sodaing attribMest a d @de 8eftion 4 The Upload Interfadealways remain

with the image. During a transfer all status
information iswritten to the databasé~AMS is run
as a background process, continually monitoring the

ficEoxallt éaei sni so Mygpase for new information, as well as monitoring

the status of active trafess. Because the tool only
performsmonitoring, it consumes minimal CPU time,
and only modest memory resources.

3.4 Automated Post
Metadata Extraction

Processing and

A (Qpostprocessing step streamlines the metadata
extraction from the instrument/file header and
ensures that the imageand metadata are \ddited
through a quality control processThis semi
automated data curation steglievesthe user from
the tedious process ofmanually enteringlarge
anounts ofmetadata. Thdlexible metadataschema
that we have developed can be pdeted by parsing
and mapping the file header generatiectly from
each instrumentAn extensibleJavatool, known as
POSTP uses informatiorstored in the MySQL
database to determine whidiles and data require
processing. The Jadzased frameworlalso allows

for easy integration with gridbased compute and
storage facilities. POSTP carries out common
processing tasks such afle compression and
manipulation as well as instrumerspecific
analytical algorithms and metadata parsers. POSTP
runs continuasly in the background, actively
utilizing available resources to performompute
intensive tasks on s ehelialf. An example of a task
that is performed on a regular basis would be the
extraction of metadatafrom file-headers and
ingestion of the metadain the database

3.5 Dynamic Storage Space Management

The scientific community is producing an exponential
amount of data each year. Many current storage
solutions areinadequate,nonscalablea n d
support long term data storage€Each node has a

potentially finite amount of storage space, serving
users producin@ potentially infinite amounof data

A Java tool has been developdtht manages the

local storage space available at each noblee

donot



configurable storage space tool monitors the local Fol der s 6 t @ndséaeed with the @richayd

starage resources to ensure that there is always space file. For example,in Figure 5, the i | e fifract
available for new data. A defined upper and lower 3 Q0KV. t xt 0 (main file) al so hae
limit is used to trigger and stop file archivalhe tool files associated with it.
usesaccess frequencyextractedfrom the MySQL
database to determine which files should be Labs | [ up | Upload Priority: | Of-Pesk v
ScredUIedto be mOVedO the data Centre for arChiVaI. Path: /usr/home/cmmclient/devtest/brendan@nana.org.aufw filament,
The tool alsoprovides a mechanism for deleting Directory
inconsistent and obsolete data, such as unused |5
thumbnails. 2 fracta0KkvoD

D fractaokv
3.6 Identity Management and Shibboleth W”;:f e UDCZ':")
Shibbolethis used to providefederated identity SElactipliiia Tt Yglexz]
managenentand authentication of users. Shibboleth "7 o= = o >
allows users to sigin to the systenand access nodes fract 30Ky srf Upload =

at external institutions, using tleeedentialgprovided
from ther home institution.It enables nansparent
seamlessecue accesso multiple sites. lwever as
Lorch et al L7] explains, Shibboleth does not provide
a conprehensive and dynamic solutidar a Grid
environment Grid and applicationresources are
made available to the user throumbontrolledagent
based approachand Grid system certificates
(provided by the APAC Certification Authority
(CA)). To overcome the problems of poor
interoperability between Shibboleth and Grid
authentication, we have adopted a workable agent
based approach in which the application is provided
with acess to all avéable resources and manages
and performs actions on behalf of the usurrent
trends are moving towarda more comprehensive
integration of grid access arthibboleth similar to
the GridShib project developed by David Spence et al
[18] andthe Shebangsproject[19], which may offer

a promising alternative in the future.

4. NIDB UserInterface

In a typical workflow, files originate ina ALab
Envi r owhare the stientistssersconduct their
experimentsThe system enables the scientist/user to
savetheir files along with the metadatérectly from

the instrumeninto their private workspace.

The lab environment:The lab environment provides

a small temporaryorkspace The user can access
view and access their files in angf the lab
environmets within any of the nodes, athrough the
single integrated and secure Webportal. After
selectinga particular lab environment, thiaterface
illustrated inFigure4 is displayedTo upload a file to

the NIDB, the serclicks on the upload linkafrow)
under the NIDB columr(Figure 4) The fApri
combo box on the top right can be used to assign a
priority which is dynamically managed by the FAMS.

The upload interface: The Image Upload interfage
Figureb, is used to complete an upload request. The
interface all ows any

fi A ccaremipputetier seqgenceF i | e s

Figure 4: View of Files in a Lab Environment

Please Complete the Required Metadata:
SAMPLE: Fracture
EXPERIMENT REFERENCE: 12c
INSTRUMENT: U0USME4E0LA v
PROJECT AFFILIATION: MNIDE Open Gallery -
v Metadata value Changed to "12c"

Files & Folders Select

W SE fracture wire. tif

W SE fracture wire, txt

W oblown lower tip.tif

W oblown lower tip.tst

fract 30Kv.srf

fract 30KV, tif

fract 30KV, txt

fract30KV. ASW

2 fract30KY00

3 fract3oky

project_folder.ica

+ File Upload Request Complete

Figure 5: File Upload Interface

The edit Interface: The metadata assiated with
files that have been uploaded to theat@tse can be
updated oredited. The editingnterface shown in
Figure 6, allows the user todefine accessgrivileges,
edit metadata as needednd attach Creative
Commonslicenses 24] to their work.

The Search Interface:A secureinterface has been
developedto allow users and their collaborators to
search the database via the metadaldne search
fields dependon the metadata generated fragach
instrumente.g., a JEOL SEM $canning Electron
Microscop@ generates different metadata to an FEI
TEMi(Trapstnission Electron MicroscopeMetadata
search field can be chosen from a drop down list.

Figure 7 illustrates the auto complete featusbich
expedites metadata inputhe list will dynamically
updateto shov only those terms that contain the
and



Only those imageshat the user is permitted to view
(as defined by the access policies attached at file
ingest) will be retrieved from the NIDB.

Drack X pelete

ORIGINAL FILE:

Image: Fruit fly eye_6.tif

Fruit fly eye_s.tif (3.52MB)

ACCOMPANYING FILES & FOLDERS:

1160612773_Fruit fly eye_6.tif.zip

META DATA:

INSTRUMENT: | UgJsMedEaLA v =
PROJECT AFFILIATION: | Gone Sernming v =
SAMPLE: | Fruit Pty Eyve | =
OPERATOR: | cynerstem | =
CAPTURE DATE: | z006-10-12 | =
EXPERIMENT REFERENCE: | 120 | =
FILM_NUMBER: | aooo | -
FORMAT: | JEOLED | =
MERGE: [on | =
PHOTO: [on | -
TIME: | 10:26:28 AM | =
VACUUM: [ | =
VERSION: [11 | =
[Enter Custom : |Enter Custom | &k

Figure 6: Interface for Editing File Metadata

Search Nano Image Database:

Search Terms: Eml

o5ogzi =Boohrs_ancde sgoon.tif

ogogzi =Bochrs_ancds gooomtif
cgogzi_zBoohrs_ancde_electrolyte 17oom.tif
ogogzi_z8cohrs_GDL_ancde_layer_ggos.tif
ashley @nanc.org.au.rar
ashley@nanc.org.aut.rar
ashley@nanc.org.auz.rar

Fireant en face mandibles & sting1 olV tif
Fireantichv.tif

Fireantighv.txt

FireantBlkv.txt

Figure 7 : Search with Auto-Complete

Figure 8 illustratesr et ur ned
Current Resul ts
searches. This featureill only searchfiles that have
been returned by the previous search, allowisers
to buildup comprehensive and specific searches.

Search Nano Image Database:

Search category: Fiehans ]

Search Terms: ‘F\reanﬂ Bk if

[ File

[ Search Current Results Onby ]

Match Host

Fireant15ky. tif "Fireant Lok tif uQ

[ MNew Search ]

Figure 8: Positive Search Match

Viewing Files: Figure 9, is an example of the
interface provided for viewing imageshe example
image is a fractured tungsten cathode. This interface
presents a thumbnail of the image and the metadata
associated with the image. A URL is created for
every file in the database so that it can be directly
referenced and accessed provided the user hassacc
privileges. Direct file references play an important
role within scientific communities, for example the
complete URI is used by advanced annotation tools
such as Vannotea and the Annotea Side Bar [20]. The
assigned Creative Commons License [1] atidlato

the complete description, appears below the image.

View File

\éBack BAnnutatmns (=) Print Slmllar _/)Edlt

Image:W SE fracture wire.tif

FILE SIZE: 3.52MB

INSTRUMENT: UQISM6460LA

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: 0000

FORMAT: JEOL/EO

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

PHOTO: ON Accompanying Files & Folders:

TIME: 8:54:40 AM 1156393927_W SE fracture wire.tif.zip
YACUUM:

VERSION: 1.1

@@@@ This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative
TN /orks 3.0 License .

Figure 9: Interface for Viewing Files

Moving Files:

Figure 10 illustrates the interface developed to
schedule file moements beveen the nodes of the

resul ts grid ovdr RARNETBE Thé Sakus of albf the useds
On b yefine b u t flleOnfove®ents cafbe® vieWed €afd rdfreshedkile

movement is requiretb relocate files to the point of
the data processing/analysis

Move My Files:

otgen[la ¥ Prionty: o Pask 3
Files Currently Available to be Moved or Copied Select

1158707714_x130_07.tif O
1158707734_x130_08.tif O
1156303017_Bandaid gauze tif O
1156393927_W SE fracture wire,tif )

Destination: Move| Copy [USYD v

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

File Movement Status: €9 pefresh

File Origen Destination Status

1156393916_Au and Pyrite Fe BSC.tif ug USYD Active: 33%

Figure 10: Interface for File Movement



5. Image Processing using Kepler technician can then pan and zoom to thenlipted
region and capture images that are instantly updated

We have also begun investigatiige use ofthe to the databas&his systenhas feen integrated into
Keplerworkflow system{26] to streamline the image the portal to provide the scientist with seamless
processing and visualization tasks requirgdNBANO access to theemote instrumentsgxpert technicians,
users and to more closely integrate theimage collaboration tools and high resdhu images

procesing tools with the NIDBand the compute grid
through a Web Portal

Within Kepler, he process of creating a Wwdlow is
centered on eating Java classes that extentuilt

in Actor class.The existing Keplerelease includes a
basic ImageJ actor which enables processing of a
single image usindN | H iBnageJ processing library
[27]. By using this actor to invokdmageJ for
Microscopy plugins [28, NANO users are able to
define workflows that comprise a pipeline of
common microscopy image processing operat
However me of the most challenging and compute
intensive tasks facing advanced microscopy today is
3D reconstruction from electron tomography. 3D
reconstructions are obtained by processing a series of

2D images captured from a sample tilted at défiie Figure 11: RemoteMicroscopy with Annotation
angles. A typal tomographic data sebmprises 151 )
images taken over an angular range 0f°130 order 7. Conclusiors and Future Work

to speed up the process of 3D recarcdton, ideally
the images in the tilt seriese segmenteith parallel,
prior to theimage stackalignmer step. The existing
Kepler ImageJactor can only process a single image
at a time.Hence ve have developed a new Kepler
actor calledimageJStackwhich enables a stack of
images to be processed in paralidle are planning
on evaluating its application tdBD cellular
tomography at the Institute of Molecular Biology.

In this paper, w have presented aaxtensible

scalable, easto-deployframeworkthatwill provide

the cyberinfrastructural foundatiamfor Aust r al i abds
expanding chamcterisation network.In particular

GRANI has delivered a distributed image archival

and analysissystem (with advanced metadata and

search capabiliti9@sand collaborative telenicroscopy

support services.The bngterm arclival aspects,
developed in partnership witAPAC, will prevent

loss of datareduce duplication and facilitate sharing

6. Telemcroscopy and Annotation and reuse ofresearchesults The signifi@nce of this

Remote or telemicroscopy enables users at project is that the system enables meosteffective,
geographically remote locations to access and use efficient accessto and management of the
specialistinstruments without having to travelo the instruments, services and data ofie NANO
actual instument. Users caexaminetheir samples community The potential impact of theortal is
under advanced electron microscopé&sa reaktime huge, given the range dfisciplines,industries and
high-resolution video streaming interface to the organizations thatise NANO failities. Each of the
instrumend s CCD whilst communicatingwith a eight nodes hasan average oB00 current clients
local technician(who is driving the microscopejia covering disciplines from nanematerials Qovel
video or audio enferencing (e.g., SkypeWe have catalyss andsunscreen materig)sto developments
developeda novel web based tool that allows a user in drug delivery, biescaffolding and the development
to interact with a techniciane.g., driving the of 3D tomographic images of cellular components.

JEOLG6460LA scanning electron microscope at the
Centre for Microscopy and Microanalysis, the

Ulniversity of Queenslgnd.The rt_amote. session tool, expanding the svstem to new instrume lovin
Figure 11, streams higfiesolution video footage th(f imag(é:J dataga and archival systemdggrogs gnew
captured through the secondary electron detector or NANO/AMMRF  (Australian  Microscopy ~ and
backscatter detectoWe have extended and refined Microanalysis Research Facilitypodes: further
the CyberSTEM system developed previgusy the implementation and evaluation of the Kepler
CMM staff [12] and _mte_grated_ It W'th_ the NIDB workflow interface grid-enabling the image
Remote users can highlight points of interest to the processing services to expedite the analysis gelar

technician operding the microscope by drawing a lecti £ T .
fidelineator boa on the reatime video displayThe g?/e(ra(t:lt':gnGSrig images by distributingomputation

Future plans include: further usability test and
refinement by users from multiple disciplines



