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Overview:

In this report we introduce the Internet Analysis Tools Registry (IATR).  Instantiated as a web-accessible database (www.cma.mgh.harvard.edu/iatr), this site is devoted to facilitating image analysis tool sharing. This is accomplished by providing a forum for tool developers to describe available tools; and enabling efficient searching of available tools for tool consumers.  This resource, therefore, facilitates tool sharing by enabling more efficient connection between developers, tools, and users.  A secondary benefit to this resource is the potential to minimize overlap of tool development, provided that an existing tool for a specific need can be identified, reducing the need to develop redundant functionality merely for lack of knowledge about other resources.  Figure 1 shows the IATR homepage.

Approach:

The infrastructure of the IATR is a PostgresSQL database.  The frontend to this database is implemented in PHP.  The database schema, shown in Figure 2 is designed to capture the essential elements of tool description.  The registry is designed to be self-moderated.  This means that all tool entries are 'owned' by some responsible party who enters the tool information, and keeps it up to date via the Web.  Tool owners (usr, in this schema) have email contact information and an IATR password, in order to secure the information they provide about their tools.  Each tool has one owner.  Table 1 includes a listing of the set of detailed tool features that are provided by the tool owner.  The entries can contain html markup to enable hyperlinks for web pages and email addresses and other formatting niceties, if the tool owner chooses to enter them.  Other elements of the tool schema shown in Figure 2 are generated by the system.  These include: id – a unique identifier for each tool; user_id – the unique identifier for the subscribed tool owners; last_updated – a system generated time-stamp for the date of last update of the IATR listing by tool developer; format – indicates if the tool entry contains HTML formatting or TEXT formatting.  

The tool developer is expected to classify the tool functionality by selection of keywords.  These keywords are an important aspect of tool ‘findability’ as part of the database search functions.  We supply a set of ‘standard’ image processing keywords, and provide the flexibility for users to add additional keyword terms.  For the system-supplied, primary keyword terms the following functionality is implied:

Atlas: A tool that delivers an atlas or supports atlas interpretation of images.

Functional: A tool supporting functional image analysis.

Microscopy: A tool supporting analysis of microscopy images.

Registration: A tool supporting image registration.

Surface analysis: A tool supporting surface-based analysis

Statistical: A tool supporting statistical inference and analysis.

Segmentation: A tool that supports segmentation analysis.

Visualization: A tool that provides a significant visualization capability.

Volume: A tool that provides volumetric analysis.

Warping: A tool supporting warping spatial transformations.

Table 2 provides a snapshot of the tool counts for each of the primary, system-supplied keywords, as well as the user-defined keywords that have matched on two or more tools.  Tools may match multiple keywords; no curation is applied to substantiate the keyword claims of the tool developer. The commonly used user-defined keywords will be considered for incorporation into a revised keyword list for a future revision of the system. 

Tools also indicate what operating systems and computational platforms they are supported on.  The current selection list, and the number of tools supporting each are shown in Table 3.  As with the functionality keywords, user-supplied platform keywords are permitted to augment the system supplied options.  From the database schema point of view, these function and platform keyword lists are maintained in separate database tables.

Finally, due to the relationship between the IATR developers and the Human Brain Project (HBP: http://www.nimh.nih.gov/neuroinformatics/), and the Neuroimaging Informatics Technology Initiative (NIfTI: http://nifti.nimh.nih.gov/) Data Format Working Group, special keywords are maintained for tools that are supported, in total or in part, by the Human Brain Project (currently 32 tools); and tools that support the NIfTI-1 data format (http://nifti.nimh.nih.gov/nifti-1) (currently 9 tools).  Tools with these keywords are also displayed with special icons in the tool listing pages.

Website Functions

From the website homepage, the user can access all major site functions.  These include: access to the ‘about’ page for information regarding the design and philosophy of the website; access to the database for searching or listing of tools; account functions, including account creation, sign in as a specified user, and forgotten password functions (note that an account is only necessary for the creation and maintenance of tool entries, not for searching or listing of tool information); non-tool listings of relevant programming languages, developer resources and image databases; a set of links to outside resources for other image analysis relevant resources; and a user feedback opportunity. 

The principal function for users interested in finding tools is the ‘search’ function.  Searching is facilitated by a tool specification form, where the user can specify specific function or platform keywords, indicate if tools must be ‘open source’, and/or select tools by cost (free / not free).  Also, free text searching for tools with matching text anywhere in the tool description or other fields is supported.  The set of tools resulting from the search are subsequently presented on a separate search results page.  

Current Status:

As of the writing of this report, 145 tools are registered.  At this point in time, the site is receiving approximately 3500 hits per month.  Outreach is continuously being performed to increase the sites visibility, obtain more listings and keep the existing listings up to date.  Existing listings are periodically verified by the administrative staff.  Periodically, about twice a year, ‘tool owners’ are requested by email to update the tool information and appraised of any recent site enhancements that have occurred.  

The principal challenge of this type of site is to avoid the material becoming outdated with the continual updates that occur in the listed software tools.  Thus it is imperative that the tool owners maintain up to date information on their listings.  There is an automated, system generated IATR tool field for the last time that the tool information has been updated; this is an important field for prospective tool users to pay attention to, as it indicates how up to date the current tool information may be.  

The IATR site also supports some ‘administrative entries’ for known important tools in the field that, for various reasons, have not been entered and supported by the appropriate tool developers.  These tools are indicated with an asterisk in the various tool listings.  About 15 of the current tools listed are administrative entries.  Many of these administrative entries come from commercially available tools that do not necessarily have an interest in maintaining an entry at such a community site.  IATR staff makes an effort to glean the relevant information from the tool websites to complete the tool entry; however, these listings are acknowledged to be potentially incomplete. Tool ownership will gladly be passed upon notification to the appropriate developers.

Tool listing is easy.  Anyone who has tools that have been developed and shared is encouraged to: 1) Designate someone to be the tool contact to maintain the site entry; 2) Have the tool contact person create a ‘new account’ for editing tool information at the IATR site; and 3) Create entries for all the tools that have been developed and shared.

Discussion:

The IATR is a work in progress.  Efforts are continuing to attract additional tools to be listed at the site, and to facilitate the needs of individuals searching for appropriate tools.  As the number of listings becomes larger, specific tool searches will result in numerous potential tools for various problems.  Users looking for tools need additional assistance in obtaining information about usability, currency, productivity and other factors that will help select from multiple tools that could be used to solve specific problems.  Table 4 provides a snapshot of the intersection between types of tool functions, as derived from the developer supplied tool function keywords, and the hardware and software platforms supported by instances of these tools.  The type of display helps identify ‘tool function-platform spaces’ that are both densely and sparsely covered by current shared (and registered) image analysis resources.  
The IATR also should interoperate with other resources designed to assist user to find appropriate resources. Specifically, the Neuroscience Database Gateway (NDG) (big.sfn.org/NDG/site) lists tools among the resources it catalogues (Gardner & Shepherd, 2004).  These listings should be coordinated with tools listed in the IATR to facilitate keeping the domain specific knowledge represented in the IATR up to date with the comprehensive set of resources listed in the NDG.  The tool listing database and support infrastructure could be reused to support registries of other resources, such as databases and tools for functions other than image processing.  Groups expressing interest in reuse of this underlying infrastructure will be accommodated, if possible.  Future extensions to the system are envisioned.  These include mechanisms to collect and maintain user feedback and comments on tool performance, particularly with respect to ease of installation, accuracy of function and platform specification, and adequacy of documentation.  These comments will be coupled with developer responses, so that a fair and balanced dialog can be presented to the outside community.  New tool functionality description will be developed in order to control the vocabulary of the user supplied tool description keywords.  This will result in a better tool description ontology.  Finally, enhancements to the site for updating tool descriptions are being pursued.  Specifically, automated methods to keep current release version and date synced with the tool development sites are being explored.  Also, simplified methods for keeping publication lists up to date, and including PubMed indexing is underway.

In summary, the IATR is a functional and thriving site for the sharing of information about available image processing tools (Gardner, et al, 2003).  It is hoped that future development will encourage even broader acceptance for listing available tools at the site, and use of the site for finding the ‘right tool for the right job’.
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Figure Captions:

Figure 1:  IATR homepage.  This is the main page, supporting access to the various site functions.  These include searching and listing tools, account access for tool entry, and support for links to other related resources.

Figure 2:  IATR database schema.  The database is constructed out of base tables that include usr (the tool owners); tool (for tool description); keyword (for tool functionality keywords); and platform (for hardware and operating system keywords). 

Table 1: User Supplied IATR tool information categories and their description.

	Information Category
	Description

	Name
	Name of the tool.

	Byline
	Short institutional or laboratory attribution for tool source (i.e. the tool NIH Image is attributed to the Research Service Branch, NIMH).

	Description
	Brief description of the tool functions and purpose.

	NIfTI-1 Support
	A description of how the NIfTI-1 image data format is supported, if applicable.

	Creator
	Name of person, group or institution claiming credit for the creation of the tool.

	Contact
	Email contact information to obtain information about the tool.

	URL
	Tool website.

	Availability
	Indication regarding the availability of the tool to the public.

	How to get
	Instructions regarding how to obtain the tool.

	Current Version
	Current software release version of the tool (i.e. the tool NIH Image is in version 1.63 at the time of this writing).

	Current Version Release Date
	Release date for the current software version (i.e. the current version of the tool NIH Image was released on November 19, 2002).

	Open Source?
	Indication of whether the tool is open source.

	License
	Indication of what license the tool and/or source code is distributed under, if any.

	Available Free of Charge?
	Indication of whether there is a cost to obtaining the tool.

	Requirements
	Requirements for tool use.  Includes special hardware or software dependencies.

	Technical Publications
	Listing of publications regarding the technological background of the tool.

	Application Publications
	Listing of publications indicative of applications of the tool.

	Other Information
	Free text field to provide any additional information the tool developer deems appropriate.

	Keywords
	A selection of system supplied keywords to categorize the types of functions that the tool is designed to perform.  User-supplied keywords are permitted to cover functions not included in the system-supplied keyword list.

	Platforms
	System supplied check list of the platform(s) that the tool will run under.


Table 2: Tool Keywords and Associated Tool Counts 

	Keyword
	Count
	Source

	visualization
	92
	Primary

	volume
	59
	Primary

	functional
	46
	Primary

	statistical
	43
	Primary

	segmentation
	42
	Primary

	registration
	37
	Primary

	HBP supported
	32
	Primary

	surface analysis
	23
	Primary

	atlas
	21
	Primary

	warping
	18
	Primary

	microscopy
	15
	Primary

	API
	4
	User

	DICOM
	3
	User

	reconstruction
	3
	User

	alignment
	2
	User

	Daemon
	2
	User

	deconvolution
	2
	User

	diffusion
	2
	User

	fiber tracking
	2
	User

	perfusion
	2
	User

	region of interest
	2
	User

	resampling
	2
	User

	ROI
	2
	User

	stereology
	2
	User

	Talairach
	2
	User


Table 3: Operating system platform keywords and tool counts.

	Platform
	Count
	Source

	Windows
	75
	System

	Linux
	68
	System

	MacOS
	55
	System

	SunOS
	54
	System

	UNIX
	53
	System

	IRIX
	49
	System

	HPUX
	29
	System

	MATLAB
	17
	System

	IDL
	9
	System

	Java
	7
	User

	AIX
	2
	User

	DEC Alpha
	2
	User

	Solaris
	2
	User

	all platforms
	1
	User

	Alpha TRU64
	1
	User

	X11
	1
	User

	cygwin on Windows
	1
	User

	FreeBSD
	1
	User

	Java 1.3+
	1
	User

	JVM
	1
	User

	MacOS X
	1
	User

	Mac OS X/UNIX
	1
	User

	NetBSD
	1
	User

	OpenBSD
	1
	User

	OS/2
	1
	User

	OSF/1
	1
	User

	Platform-independent
	1
	User

	Solaris x86
	1
	User

	VMS
	1
	User


Table 4: Tool instances by function keywords and platform keywords.  Only keywords with 5 or more tool instances are listed.  * indicates system supplied keywords.
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Figure 1: IATR Homepage, www.cma.mgh.harvard.edu/iatr
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Figure 2: IATR Database Schema

