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Abstract:  

This paper describes the architecture and services 

developed by the GRANI project for the Australian 

Nanostructural Analysis Network Organization 

(NANO). The aim of GRANI was to provide the NANO 

community with a scalable, distributed data 

management solution and a secure collaborative 

environment to ensure high speed access to and  

seamless sharing of their data, instruments, analytical 

services and expertise. A grid-enabled, distributed 

system was developed that links the major Australian 

microscopy instruments to an underlying distributed 

national imagery database, a network of microscopy 

experts and image processing and analytical services 

through an authenticated Web/Grid Portal. The aspects 

that are particularly innovative and that will be 

described in depth include: 

 The Nano Image Database (NIDB) ïan indexed, 

distributed archive of images captured directly from 

the advanced instruments and copied to the 

National Data Facility using Gridftp; 

 Combining the Australian Partnership for 

Advanced Computing (APAC)ôs high performance 

computing (HPC) facilities and grid environment 

with the Kepler workflow system to enable high 

speed file movement, image analysis and 3D 

reconstruction; 

 Real-time video conferencing and video annotation 

services to improve support for remote access to 

advanced microscopy instruments and experts. 

1. Introduction  

Scientists from across the biological, materials and 

chemical sciences are increasingly employing advanced 

microscopy and characterization techniques to help them 

understand the nanostructure of inorganic and organic 

materials in order to solve complex biomedical, 

scientific and engineering problems. In the process, they 

are generating massive volumes of multi-disciplinary 

image (both 2D and 3D) and video data. Advances in 

microscopy techniques such as atom probes and 3D 

cryo-electron microscopes, have increased the speed, 

resolution, dimensions and scale at which images are 

being generated.  Scientists and microscopy centres are 

struggling with the problem of efficiently managing, 

processing, sharing, indexing and retrieving these large 

image collections generated by distributed virtual teams.   

 

The aim of the ARC-funded GRANI (Gr id-enabled 

Archive of Nanostructural Imagery) project [1] was to 

provide the Australian Nanostructural Analysis 

Network Organization (NANO) with a scalable, 

federated, distributed data management solution ï a 

secure Web portal to a Grid-based image archival and 

analysis system. Central to this solution is the NANO 

Image Database (NIDB) - a large-scale, distributed data 

management system. Images and associated metadata 

are captured directly from the instruments. Users can 

then selectively upload and store required images in a 

local image server node of the NIDB. Long term 

archival is supported by storing a copy of the images at 

the National Data Facility. A Web interface provides 

searchable access to the images and also allows users to 

define access privileges and Creative Commons 

Licenses [24] for specific users and images. A 

comprehensive set of metadata is captured with the 

images, enabling advanced search and intelligent image 

matching. Figure 1 illustrates the web-enabled portal 

which provides access to stored data/images, expertise, 

instruments, analytical tools and annotation services.  

 

Figure 1 : Web Portal for the NANO Network 



The remainder of the paper is structured as follows: 

Section 2 describes previous work and related projects; 

Section 3 describes the overall system architecture and 

technologies employed; Section 4 describes the user 

interface; Section 5 describes the tele-microscopy 

services; Section 6 outlines future work plans and 

conclusions. 

2. Related Work  

A number of projects have been developing Grid-based 

tools and infrastructure to assist research communities 

with managing and analysing  large volumes of images 

captured from advanced scientific instruments. The 

Large Hadron Collider (LHC) being built at CERN near 

Geneva has extensively employed a grid based 

approach, LCG [2], to provide scalable infrastructure for 

international collaborators. MEDIGRID [3] is a French 

project exploring the use of the GRID technologies for 

tackling the processing of huge medical image 

databases. The NeuroGrid [4] project aimed to provide 

image archival, curation and analysis capabilities for the 

neuroimaging community using Grid technology. .  
GridPACS - a Grid-based Image Archival and Analysis 

System [6,7] is an example of a distributed XML -based 

image management system. SIDB (Scientific Image 

Database) ï is open source software for archiving 2D 

and 3D microscopy images [8].  The BIRN (Biomedical 

Informatics Research Network) [9] project focuses on 

collaborative access to and analysis of images and 

datasets generated from neuroimaging studies. It uses 

the Storage Resource Broker [10] for the distributed data 

management middleware layer.  eDiamond [5] targets 

deployment of Grid infrastructure to manage, share, and 

analyze annotated mammograms captured and stored at 

multiple sites. The Open Microscopy Environment 

(OME) [11] produces open tools and adoptable XML 

based standards to support data management for 

biological light microscopy.  

The GRANI project has surveyed and evaluated these 

previous related projects and adopted and integrated 

those components that satisfy the requirements of the 

NANO community (documented through a 

comprehensive user requirements survey) and that we 

believe will provide the most  robust, extensible and 

scalable framework. In particular we adopted OME for 

the core metadata schema, a relational database 

(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 related to its 

scalability, stability and robustness. We use the Grid 

(GridFtp) to transfer replicated files to the location of 

data processing and to the National Data Facility (at the 

Australian National University in Canberra) for long 

term archival. Distributed computing facilities are 

available via the APAC Grid for the high-speed image 

processing. In addition, we have extended remote or 

tele- microscopy work that began at the University of 

Queensland in 2000 [12] as an outreach program to 

secondary schools in remote regions. We have refined 

and extended this work to provide a real-time annotation 

service for high-resolution video streams and a backend 

image database to enable storage of high res images 

captured during tele-microscopy sessions ï these 

extensions support the more sophisticated requirements 

of the multidisciplinary research communities who use 

the NANO Major National Research Facility (MNRF). 

3. System Architecture  

Figure 2 illustrates the overall architecture and 

technologies for a single node of the NANO Distributed 

Image Data Store. Figure 3 illustrates the national 

distribution of networked characterization laboratories 

and instruments, regional storage nodes and the National 

Data Facility (NDF) in Canberra. Files originate from a 

particular instrument in a Lab and are then uploaded to 

the local node of the NIDB using the secure web 

interface (Shibboleth). A MySQL database is used to 

store the metadata, file indices and information that is 

needed by FAMS (File Access and Management 

System). FAMS provides the interface between the 

NIDB node and the Grid environment and manages file 

movement across the Grid using Gridftp [25] and RFT 

(Reliable File Transfer). Instrument-specific post-

processing workflows are applied to the captured files to 

extract metadata. These are designed so that they can 

easily be customized to support new instruments or 

perform additional compute-intensive tasks (such as 

segmentation) using grid HPC facilities. 

 

3.1 PHP Interface & Web Technologies 

The dynamic web site has been programmed using PHP. 

PHP was chosen because it is platform independent, 

Web-centric [13] and a well-supported language 

enabling rapid deployment across the diversity of 

environments and platforms that exist within the NANO 

community. The Web Portal provides a single federated 

user interface to the locally deployed web sites and 

storage nodes. Security is provided via Shibboleth user 

identification and authorization which authenticates 

users across institutions via the institutional identity 

providers. Thumbnails are dynamically generated from 

the captured high-res 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 high speed 

performance and highly responsive interactivity.   



  

 
Figure 2: System Architecture 

 

Figure 3: National Overview of Architectural components


