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Description:
The Resourceome Working Group of the NIH Roadmap National Centers of Biomedical Computing (NCBC) (www.ncbcs.org/) proposes a biositemaps protocol to address the issues of (i) locating, (ii) querying, (iii) traversing, (iv) composing or combining, and (v) mining biomedical computing and computational biology software tools and information resources on the Internet.  The working group recommends both an efficient technological approach and suggests that NIH leadership foster widespread adoption.  
In brief, NIH recommends that all grantees, institutions, centers, departments, foundations, organizations, or users voluntarily generate and install an XML file (biositemap.xml) on their root web sites.  For example, a component of the University of State instantiates www.UniversityofState.edu/component/biositemap.xml which describes attributes of all computational tools and informational resources which are developed, distributed, or used by this University’s component.  Each site’s biositemap.xml conforms to a defined XSD schema and is tagged by a resource ontology.  
Currently, a prototype schema, resource ontology, and related tools may be found at www.biositemap.org/.  The prototype uses the schema www.ncbcs.org/biositemaps/biositemaps-v04.xsd and the resource ontology hierarchy is available at bioontology.org/projects/ontologies/SoftwareOntology/.  The long-term plan is to maintain a permanent, stable Biomedical Resource Ontology (BRO), and a first draft can be found by navigating from the BioPortal web site http://alpha.bioontology.org/ (click browse and scroll down to Biomedical Resource Ontology and then click on explore).  The corpus (content) of biositemap.xml may be discovered, interpreted, and used by anyone on the Internet by automatic web crawling discovery using a client, e.g., http://iTools.ccb.ucla.edu (click on Use iTools now!), by standard web-search engines, e.g., Google(filetype:xml biositemap), or by direct web-browser access using known biositemaps URLs.  The corpus of biositemap.xml throughout the Internet will represent a distributed inventory of biomedical tools and information resources.  The biositemaps consortium will provide user-friendly tools (GUIs) to help content providers create their biositemap.xml and also a ‘how to’ description at the www.biositemap.org/ site.  
This approach borrows from the www.sitemaps.org initiative of Microsoft, Google, and Yahoo, e.g., Google(filetype:xml sitemap), but acknowledges the historical legacy of numerous computer science initiatives such as BioMoby, the Cancer Data Standards Repository, BIRNLex, and the Neuroscience Information Framework (NIF), and others which are in the list of References (Appendix C).  With active leadership from NIH and other agencies, this conforming approach offers the possibility of a wide range of uses such as (i) locating, (ii) querying, (iii) discovery of resources, (iv) composing resources (e.g., software pipelines) across heterogeneous hardware and software environments, and finally (v) statistical data mining software tools and information resources.  The functions of (i) locating, (ii) querying, and (iii) discovering of biositemaps and their resources are prototyped and visualizing biositemaps are prototyped in the iTools application http://iTools.ccb.ucla.edu/. The function of (iv) composition is a future extension of biositemaps which is expected to provide the ability to pipeline applications across the Internet either real time or at least in principle.  There is a specific data-driven hands-on illustration of this protocol at www.loni.ucla.edu/twiki/bin/view/CCB/NCBC_iTools_PipelineIntegration and http://cms.loni.ucla.edu/iTools/integration.aspx).   Finally, the (v) mining capability will provide the ability to evaluate usage, peer rating, and possibly provide hints about associations among applications, researchers, institutions, and scientific applications.  Other than the above-mentioned utility that would arise out of widespread adoption, this approach has attributes of being distributed, un-intrusive, and scalable.  There are a number of related efforts at NIH which should be engaged (Appendix B.1). 

Technical Specification:

The content is the set of biositemap.xml files, which are each located in the root URL directories of biomedical institutions throughout the Internet. One of the attributes of biositemaps is that it is unobtrusive. Thus, biositemap content exists side-by-side with any existing or future method of inventorying or registering resources on the Internet.   Biositemaps are also simple; the only controlled elements (or ‘standards’) are the XML schema(s) and the resource ontology(s) (the plan is to use the BRO as described above, which may be a single hierarchy or a cluster of hierarchies, and which is available on BioPortal http://alpha.bioontology.org/).  The current prototype has developed a single schema and resource ontology.  Parelleling sitemaps, so long as the schema remains technologically scalable (i.e. future versions are backward compatible) it may be possible to retain a single schema in perpetuity.  This would be a significant achievement of leadership and would be enabled if the majority of key initiatives and programs at NIH were to endorse biositemaps.  The current resource ontology has been built by the resourceome working group under the NCBCs (www.NCBCs.org/) in consultation with interested experts from the biomedical research community. Currently, the image processing community has been most represented and the ontology represents some maturation in that domain.  The working group is reaching out to other domains and in each case we will work to develop a resource ontology which is useful and complete for that domain.  Some domains will have sufficient complexity or existing classification schemes that may require extension to a cluster of resource ontologies.  In this case the leadership issue will need to focus on (i) agreeing on a location where the Internet community can access the resource ontologies and (ii) working to minimize the number of resource ontologies consistent with provision of coverage as required by all interested domain communities.  The following sections provide technical details about the prototype XML schema and resource ontology and how these are integrated into the biositemaps initiative. 

1. XML Schema(s).  The schema specifies required and optional attributes that describe resources. Each site chooses the granularity of resources (a) that are developed under the site’s own auspices or (b) which resources the site uses (and ‘finds useful’) and which are developed elsewhere.  A good reference for XML editors is at http://en.wikipedia.org/wiki/Xml_editor (see also the tools listed under External Links).  In the coming months we will develop a user-friendly web site so that biositemaps can be created using (hopefully simple) GUIs.  The biositemap.xml file may also be created by hand (this is appropriate only for a site which intends to expose countably-few tools or information resources) or programmatically generated from existing inventories, clearinghouses, databases, or registries.  The current prototype schema is defined at www.NCBCs.org/biositemaps/biositemaps-v04.xsd and is also described in Appendix A.  Specific items to note are the use of both optional and required fields and the resource ontology field (see next section).  New fields can be readily added so long as the process is reasonably constrained in such a way that old schema versions are maintained and new schema versions are backward compatible.  Of the proposed new fields, two are key to the problem of composing tools and information resources: API, and Web Services (not shown in Appendix A).  Descriptions of APIs and Web Services (anonymous ftp, CVS download, Grid Access, Databases, etc.) may enable semi-automated discovery and composition (real-time or by delayed association) of applications across geographically dispersed and heterogeneous software and hardware environments.  The goal is to do this in a scalable, reusable, and decentralized manner.  This is clearly a long-term goal.  The Neurscience Information Framework has already made progress in that area, however version 1.0 of biositemaps will simply provide only a placeholder for this functionality.  We are considering migrating the technology from XML to OWL in the near future in order to guarantee forward compatible with these kinds of semantic web functionality.
2. Resource Ontology.  The prototype resource ontology can be viewed in Protégé output format at bioontology.org/projects/ontologies/SoftwareOntology/.  The elements of the ontology (formally ‘classes’) are intended to be entered into the appropriate attribute field of each biositemap.xml (Appendix A) and thus provide sensitivity and specificity which can be used by applications which mine the biositemap.xml files on the Internet.  The prototype resource ontology is a hierarchical set of controlled classes which are connected by the classification, sometimes called ‘is-a’, relationship.  The control is implemented through an API which is planned to be implemented at www.ncbcs.org/biositemaps/resourceontology/api and thus used by tools which mine the System to validate resource entries. 

Commentary on Technical Specification:

1. Distributed/Decentralized:  The content of biositemaps are the distributed set of biositemap.xml files on root URL directories across the Internet associated with grantees, institutions, centers, departments, foundations, organizations, or users.  For example, the university of State department of biochemistry instantiates www.UniversityofState.edu/biochemistry/biositemap.xml which describes attributes of computational tools and informational resources which are developed, distributed, or used by the biochemistry department.  It does not matter if other grantees, institutions, centers, departments, foundations, organizations, or users report on the same tool; indeed multiple reports will be an additional parameter that will aid data mining of the distributed information resource across the Internet. The design principles of biositemaps are: simplicity, minimal central control and management, and avoid closing the door to future development paths.  The minimal set of managed entities are the XML schema(s) and biomedical Resource Ontology(s) as described in the technical specification.

2. Un-intrusive and Reusable:  The content of biositemaps are the distributed set of biositemap.xml files on root directories across the Internet associated with biomedical research institutions, users, foundations, or organizations.  This requires maintenance on the part of participating institutions either to create a new biositemap.xml file from scratch using an XML Editor tool, or to use an automated software algorithm to extract relevant information from existing registries or inventories.  Biositemaps does not require that outside access conform to any particular visualizing or mining tool; indeed, one of the strengths is that anyone on the Internet can automatically find the content by crawling, e.g., Google (filetype:xml biositemap), and that this content can be used in any appropriate way.  Regardless of how the biositemap.xml files are created, they may co-exist with any other method for query, browse, composition, or mining.  The key issue relating to leadership is that interested parties promote a minimal biositemaps schema and resource ontology, and that these be in a persistent, well-known location on the Internet.

3. Scalable:  The key leadership issue is to limit the expansion of the XML schema and resource ontologies.  New attributes may be added relatively easily to the schema without breaking tools that use the biositemap.xml files, and the future implementation of attributes for API and Web Services may lead to improved ability to compose and mine information tools and resources across the Internet.  We are considering migrating the technology from XML to Resource Description Framework (RDF) or OWL web ontology language in the near future in order to guarantee forward compatible with these kinds of semantic web functionality.
Leadership Issues: The key issue relating to leadership is that interested parties promote a minimal biositemaps schema and resource ontologies, and that these be in a persistent, well-known location on the Internet.

Appendix A: Prototype Biositemaps XML Schema

The current version (v04) of the XML Schema which is used to generate the biositemaps.xml content across the NCBC Centers is (www.NCBCs.org/biositemaps/biositemaps-v04.xsd). For example, the biositemaps.xml which is currently on the NCBC National Center for Integrative Biomedical Informatics (NCIBI) portal (https://portal.ncibi.org/portal) was generated using this schema and the tool ‘XMLmind’ http://www.xmlmind.com/xmleditor/.   The list of defined metadata elements is currently (March 2008) being formalized by the Resourceome working group—a minimal set is as follows:

· Resource Name

· Resource Description

· Resource Authors

· Release Version

· Keywords
· Ontology Label 

· Data Input and Output (this currently needs further specification)
· Supported Platforms

· License

· Organization

· URL
Commentary: Future versions of the biositemaps schema are expected to have fields to define data types and query interfaces for both online data services and online analytic services.  Future versions may also leverage the Resource Description Framework (RDF) or the OWL web ontology language to improve the use of Web Services in such a way that on-line applications can be composed and mined.  This is a scalable, future extension of biositemaps.

Appendix B: Biomedical Resource Ontology

The prototype biositemaps uses the resource ontology http://bioontology.org/projects/ontologies/SoftwareOntology/.  The long-term plan is to maintain a Biomedical Resource Ontology (BRO), and a first draft can be found by navigating from the BioPortal web site http://alpha.bioontology.org/.
Appendix C: References

1. Other similar initiatives: http://www.loni.ucla.edu/twiki/bin/view/CCB/NCBC_ToolIntegration_XMLtology_2006_OtherArchives.  Related efforts (not limited to): OpenArchives http://www.openarchives.org/; Protocol for Web Description Resources (POWDER) Working Group (POWDER) http://www.w3.org/2007/powder/; Open Directory Project http://www.dmoz.org/index.html
2. The current list of biositemap.xml files (basically, the NCBC prototype) can be accessed by Google(filetype:xml biositemap).
3. Sitemaps.org: consortium of Microsoft, Google, and Yahoo to improve web searching http://www.sitemaps.org/
4. The BioMoby initiative has very similar objectives as biositemaps http://biomoby.org/
5. Cancer Data Standards Repository http://ncicb.nci.nih.gov/NCICB/infrastructure/cacore_overview/cadsr
6. Society for Neuroscience Database Gateway has experimented with a similar effort http://ndg.sfn.org/; the Neuroscience Information Framework (NIF) initiative has experimented with a similar effort 
7. http://neurogateway.org/catalog/goto.do;jsessionid=F8D6AC6F12C236FB082879CF3D24867C?page=.home
8. XML Editors: http://en.wikipedia.org/wiki/Xml_editor, see tools under external links, e.g., the biositemaps.xml which is currently on the NCBC National Center for Integrative Biomedical Informatics (NCIBI) portal (https://portal.ncibi.org/portal) was generated using the tool ‘XMLmind’ http://www.xmlmind.com/xmleditor/
9. Dinov, ID., Rubin, D., Lorensen, W., Dugan, J., Ma, J., Murphy, S., Kirschner, B., Bug, W., Sherman, M., Floratos, A., Kennedy, D., Jagadish, HV., Schmidt, J., Athey, B., Califano, A., Musen, M., Altman, R., Kikinis, R., Kohane, I., Delp, S., Parker, DS., Toga, AW., (2008) iTools: A Framework for Classification, Categorization and Integration of Computational Biology Resources. In review.
Appendix D: Graphical Illustrations
The figures below demonstrate visually the core infrastructure and utilization of Biositemaps.
1. Construction of Biositemap.xml file
a. Gather the Resourceome inventory that needs to be biositemapped.
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b. Export as much Resourceome information automatically as possible.
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c. Manually complete the missing information for each resource description
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- <resources name="ccb">

- <resource>
<name>Imaging Data Archive (IDA)</mame>
- <description>
‘The LONI Image Data Archive (IDA) provides a simple and effective means of securely storing, searching and organizing neuroimaging data on the LONI storage network. The easy-to-use web
browser interface provides complete data de-identification, dafa transmission, search and download functionality. The LONT Emage Data Archive System also provides a secure system for the archival

of collaborator collected image data, ensuring confidentility, and restricting access to authorized users (hitp:fida oni ucla edw/LONT_IDA_User_Manual pdf)
<fdeseription>
<authors> Asthur W. Toga, Karen Craword, Scott Mew<fauthors>
- <keywords>
imaging, database, dafa service, storage data transfer, anonymization
<fkeywords>
<ontologyLabel>Database; Data Management</ontologyLabel>
<url>hitpfida loni ucla.edu/<fhul>
<license>LONT License</license>
- <datalnput>
3D Image volumes (raw data or models) in any planar or vohumetric e format, pls elinically relevant subject information
<fdatalnput>
- <dataOutput>
3D Image volumes (raw data or models) in any planar or vohumetric e format, pls elinically relevant subject information
<fdataOutput>
<resourceType>Web-service Database</resourceType>
<organization>UCLA Laboratory of Neuro Imaging (LONT)<forganization>
- <alsVersion>
<version>3</version>

<releaseDate>3/1/2006</releaseDate>
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At his point, there is a valid and complete Biositemap.xml file constructed, which represents the biomedical resources developed and disseminated by one center, group, institute or organization.

2. Dissemination of Biositemaps

a. Place this Biositemap.xml file in the proper (root URL directory) online.
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“This XML file does not appear to have any siyle information associated with it. The document free is shown below.

- <nchc:resources name="NCIEI" xsi:schemaLocation="
- <nche:resource>

“acbe biositemaps:v04 biositemaps-v04.zsd">

<nche:name>Cytoscape<inche:name>
- <nche:description>
Cytoscape is an open source bioinformatics software plaiform for visualizing molecular interaction networks and integrating these inferactions with gene expression profiles and ofher state dafa
<fncbe:description>
<nche: authors>David States</nche:
- <nche:keywords>

wthors>

data management, microarray, information refining, natural language processing, molecular interactions, gene expression regulation, network visualization, open source
<fncbe:keywords>

- <nche:ontologyLabel>

Biotool - Data Management - Information refrieval, traversal and querying, Atomic - Software Function - Genomic & Phenotypic Analysis - etwork characterization; Atomic - Software Function -
Genomic & Phenotypic Analysis - Regulatory!Signaling network reconstruction; Atomic - Software Funcion - Naural Language Processing; Atomic - Biological Concept, Atomic - Software Function|
- Interaction Modeling, Atomic - Software Function - Visualization - Graph Viewers, Atomic - Software Type - Analytical
<fnche:ontologyLabel>
<nche: organization>NCIBI</nche: organization>
<nche:url>hitp:ffwww. cytoscape.org/<fnche:url>
<fnche:resource>
- <nche:resource>
<nche:name>MEAD</nche:name>
- <nche:description>

MEAD is a publicly available toolkit for rmuli-lingual summarization and evaluation. The toolit implements multple summarization algorithms (at arbitrary compression rates) such as position-based,

Centroid[RIBO0], TE*IDE. and auery-based methods. Methods for evaluating the auality of the summaries include co-selection (precision/recall. kappa, and relative utiity) and content-based.
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b. Wait for Yahoo and other web search/query engines (e.g., iTools Crawler) to find see this new Resourceome Biositemap.xml file. This may take up to 2 weeks.
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At this point you have correctly and widely broadcasted your Resourceome to the entire community via the NIH Biositemap protocol. To validate, try a common web search to find your Biositemap.xml file via a “biositemap filetype.xml site:your.site.org” site-specific search, using any search engine.

3. Utilization of Biositemaps

The utilization of your Biositemap Resourceome will vary based on who, why and how is interpreting your computational and biomedical Resourceome.

a. Biositemap users – the following are the most common human users of Biositemap Resourceomes.

i. Funding Agencies

ii. Colleagues and collaborators within your discipline

iii. Researchers and investigators from other fields
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is & public domain Java image processing

progran inspired by NIH Tnage for the Macintosh. It runs,
either as an online applet or as a donloadable application,
on any computer with a Java 1.1 or later virtual machine.
Domnloadable distributions are available for Windows, Mac 0,
Mac 05 X and Linux. |Tt can display, edit, analyze, process,
save and print -bit, l6-bit and 32-bit images. It can read
many image formats including TIFF, GIF, JPEG, BUP, DICOH,

FITS and 'rav'. It supports 'stacks', a series of images that
shere a single window. It is multithreaded, so time-consuming
operations such as image file reading can be performed in
parallel with other operations. |It can caloulate area and
pixel value statistics of user-defined selections. It can measure
distances and angles. It can create density histograns

and Line profile plots. It supports standard image processing
functions such as contrast manipulation, sharpening, smoothing,
edge detection and median Filtering.|It does geometric
transfornations such as scaling, rotation and flips. Inage

can be zoomed up to 32:1 and down to 1:32. ALL analysis and
processing functions are available at any magmification factor.
The progran supports any mumber of windows (images) simultaneously,
Linited only by availsble memory.|Spatial calibration

is available to provide real world dimensional measurements

in units such as millineters. Density or gray scale calibration
is also available.|Inage] vas designed with an open
architecture that provides extensibility via Java plugins.
Custon acquisition, analysis and processing plugins can be
developed using Inagel's built in editor and Java compiler.
User-uritten plugins make it possible to solve aluost any image
processing or analysis problen. |Inaged is being developed

on Mac 05 X using its built in editor and Java compiler,

plus the BBEQit editor and the Ant build tool. The source code
is freely available. The author, Vayne Rasband (vayne@codon.nih.gov),
is at the Research Services Branch, National Institute

of Hental Health, Bethesda, Naryland, USA.
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b. Meta-Resourceomes – machine-based Resourceome interpreters

i. iTools (iTools.ccb.ucla.edu)

ii. NSDL (nsdl.org/browse/ataglance/browseBySubject_netmac.html)

iii. Others (www.loni.ucla.edu/twiki/bin/view/CCB/NCBC_ToolIntegration_XMLtology_2006_OtherArchives)
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“This XML file does not appear to have any siyle information associated with it. The document free is shown below.

efinitions targetNamespace="hiip://soapinterop.org">

WSDL created by Apache Axis version: 1.4
Built on Apr 22, 2006 (06:55:48 PDT)
—
- <wsdl:message name="findResourcesRequest'>
<wsdl:part name="keyword" type="ssdstring'/>
<wsdl:part name="category" type="ss:string'/>
<fwsdl:message>
- <wsdl:message name="findResourcesResponse">
<wsdl:part name="findResourcesResul” type="szsdstring'/>
<fwsdl:message>
- <wsdl:portType name="

- <wsdl:operation name="findResources" parameterOrder="keyword category">

plfindResourcesRequest” name="findResourcesRequest'/>
<wsdl:output message="mplfindResourcesResponse" name="indResourcesResponse'/>
<fwsdl:operation>
<fwsdl:portType>
- <wsdl:binding name="resourcesFinderSoapBinding" type="mpl ResourcesFinder">
<wsdlsoap:binding style="rpc" transport=""itp/schemas xmlsoap.org/soap/hiip'f>
- <wsdl: operation name="findResources">
<wsdlsoap:operation soapAction="1>
- <wsdl:input name="indResourcesRequest">

<wsdL:input messag

<wsdlsoap:hody encodingStyle="hitpfschemas zmlsoap.org/soapfencoding/” namespace="http:fwwiw.loni ucla. edul CCBfitools" use="encoded'f>

<fwsdl:input>
- <wsdl: output name="findResourcesResponse">

<wsdlsoap:hody encodingStyle="hitp fschemas zmlsoap.orgsoapfencoding/” namespace="http:fwwiw.loni ucla. edul CCBfitools" nse="encoded'f>

<fwsdl:output>
<fwsdl:operation>
<fwsdl:binding>
- <wsl: service name="ResourcesFinderService">
- <wsdl:port binding="smpl resourcesFinderSoapBinding’ name="resourcesFinder">
<wsdlsoap: address location="tpfwvww loni ucla eduiToolssvefwebservicesiresourcesFinder'f>
<fwsdl:port>
<fwsdl:service>
<fwsdl: definitions>

S =4 & D Done
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“This XML file does not appear to have any siyle information associated with it. The document free is shown below.

- <soapenv:Envelope>
- <soapenv:Body>
- <findResourcesResponse soapenv:encodingStyle="hitp/schemas xumlsoap.orgfsoaplencoding™>
- <nsl:findResourcesResult xsi:type="ssd:siring">

19 resources found <resources> <resource> <name>Brain Image<fname> <description>Brainlmage is an advanced 2D and 3D image processing and analysis program for the Apple Macintosh PowerPC computers that has been developed in our
Laboratory over the past several years. The original program desiga for Brainlmage was based on the public domain application, NTH Image.|Although a signiicant mumber of advanced features specific to processing and analysis of three-dimensional
MRI data have been added to Brainkmage as a result of source cods addifions or modifications to this program by Dr. Reiss and associates, Brainlmage retains the original infuiive user-interface and feaures of NIH Image including bui-in procedures
and fnctions that can be accessed with a Pascal-like macro programming language. This affords the end-user the opporhumity to rapidly and automatically repeat andfor combine procedures or functions that otherwise would be quie fime-consuming if
performed manually and sequentially [Recent work on this software includes the incorporation of several new interactive procedures for 3D MRI quantiication inchiding semi-automated procedures for removing non-brain tissues from images, fizzy
segmentation of tissue compartments, global or local parcellation (based on the Talairach aflas), region-growing, ete. </deseription® <authors>Dr. Allan L. Reiss and Staff of the Stanford Psychiatry Neuroimaging Lab<fanthors> <keywords>HBP
supported, segmentation, visualization, volume </keywords> <url>hitp:fsprl stanford.edutools/brainimage him<furl> <platforms>MacOS<fplatforms> <fresource> <resource> <name>Brain Image<iname> <description>Brainlmage is an advanced
2D and 3D image processing and analysis program for the Apple Macintosh PowerPC: computers that has been developed in our Laboratory over the past several years. The original program design for Brainlmage was based on the public domain
application, NTH Image. |Although a significant mumber of advanced feafures specific to processing and analysis of three-dimensional MRI data have been added to Brainmage as a result of source code adifions or modifications to this program by Dr.
Reiss and associates, Brainmage retains the original infuiive vser-interface and feaures of NIH Image including bui-in procedures and functions that can be accessed with a Pascal-ike macro programming language. This affords the end-user the
opportunity to rapidly and automatically repeat andor combine procedures or functions that otherwise would be quite time-consuming i performed manually and sequentially.[Recent work on this software inchudes the incorporation of several new
interactive procedures for 3D MRI quantification including semi-automated procedures for removing non-brain fissues from images, fuzzy segmentation of fissue compartments, global or local parcellation (based on the Talairach atlas), region-growing,
ete. </description® <authors>Dr. Allan L. Reiss and Staff of the Stanford Psychiatry Neuroimaging Lab<fauthors> <keywords>HBP supported, segmentation, visualization, volume<fleywords> <url>hiip:fspnl stanford.edultoolsfbrainimage him</url>
<platforms>MacOS</platforms> <fresource> <resource> <name>lmageMagick</name> <description>lmageMagickTM is a robust collection of tools and libraries to read, write, and manipulate an image in many image formats (over 68 major
formats) including popular formats lice TIFF, JPEG, PNG, PDF, PhotoCD, and GIF. With ImageMagick you can create images dynamicaly, making it suable for Web applications. You can also resize, rotate, sharpen, color reduce, or add special
effects to an image and save your completed working the same or differing image format. Image processing operations are available from the command line, as wel as through C, C++, and PERL-based programming interfaces. (From the web
site)</description> <keywords>visualization</keywords> <url>hiip:/forww.imagemagick. org/<furl>

<platforms>Linuz, MacOS, OS/2, UNIX, VMS, Windows<fplatforms> <tlsVersion> <version>6.2.6 <fversion® </sVersion> </resource> <resource> <name>Scion Image</name> <description>Scion Image for MacOS is an extended version of
NIH Emage, written at the National Instinstes of Heath, the most popular image acauisition and analysis program for the Macintosh. Scion Image may be used to capture, display, analyze, enhance, measure, annotate, and output images. Scion Image
extensively supports all Scion frame grabber boards, and provides a powerful and complete image acquisition environment [The modifications which Scion has made to NIH Image involve advanced capturing capabilies, video export abilies, and the
display of 24 bit color images. Complete support has been added for the Scion CG-7 RGB color frame grabber including high resolufion capture, color frame averaging and frame summation, and color on-chip infegration. Scion Image supports video
rate frame averaging, blank field shading correction, and mathematical operations with the Scion AG-5 frame grabber. Exporting vidso images to vidso printers is supported on Scion frame grabbers with video outputs.[Scion Image is available free of
charge. Frequent updates of Scion Image are mads to keep it current with NIH Image. Scion provides full technical support to users of Scion Image.| (From hitpifwwnw. scioncorp. com/pages/scion_image_mac him)</description™
<authors>NIH</avthors> <keywords>visualization</keywords> <url>hitpffwww scioncorp. comfpagesfproduct_prices him#Software<furl> <platforms>MacOS, Windows</platforms> <lresource> <resource> <name>MNIH Image</name>
<description®(From the NIH Image web site; see hitpiicsb.info.nih. govinih-imagefabout him),[NTH Image is a public domain image processing and analysis program for the Macintosh. 1t was developed af the Research Services Branch (RSB) of the
National Institute of Mental Health (MIMEH), part of the National Instinstes of Health (MIH).|A free PC version of Image, called Stion Image for Windows, is available from Scion Corporation. There is also Image(], a Java program inspired by Image
that 'runs anywhere' [lmage can acquire, display, edit, enhance, analyze and animate images. It reads and writes TIFE, PICT, PICS and MacPaint fles, providing compatibiity with many other applications, inchuding programs for scanning, processing,
editing, publishing and analyzing images. It supports many standard image processing fnctions, including conrast enhancement, density profiing, smoothing, sharpening, edge detection, median ltering, and spafial convolution with user defined
kernels.image can be used to measure area, mean, cenfroid, perimeter, efe. of user defined regions of interest. It also performs automated particle analysis and provides tools for measuring path lengths and angles. Spatial calibration is supported to
provide real world area and length measurements. Density calibration can be done against radiation or optical density standards using user specified unis. Results can be printed, expored to text files, or copied to the Clipboard |4 tool palette supports
editing of color and gray scale images, including the abiliy to draw lines, rectangles and text. It can fip, rotate, invert and scale selections. It supports muliple windows and 8 levels of magnification. Al editing, fltering, and measurement functions
operate at any level of magnification and are undoable.[image directly supports Data Translation and Scion frame grabber cards for caphuring images or movie sequences using a TV camera. Acquired images can be shading corrected and frame
averaged. Other frame grabbers are supported via plug-in modules.[image can be customized in three ways: via a bui-in Pascal-like macro language, via externally compiled plug-in modules and on the Pascal source code level. Example macros,
plug-ins and complete source code can be downloaded from the Download page. More information about NIH Image can be found in

the Overview section of the mamal </description> <authors>Wayne Rasband</athors> <keywords>segmentation, stafistical, visualization</keywords> <url>hiip:fesb.info.nih govinih-image/<furl> <lcense>Public domain</license>
<platforms>MacOS<fplatforms> <tlsVersion> <version>1.63</version> <releaseDate>MNovember 19</releaseDate> <stage> 2002, </stage> </rlsVersion> </resource> <resource> <name>lmageTralc</name> <description>ImageTrak is an image
analysis program designed for viewing, converting and analyzing single images or mulfiple image stacks. Although ImageTrak was specifically designed for uorescence microscopy, virtually any type of TIFF image can be imported, cxamined, and
analyzed (eg Western blots). ImageTrak can also import BioRad PIC fles, Nikon ids fles and raw binary image data.</description> <anthors>Peter K. Stys</authors> <keywords>fnctional, microscopy, stafstical, visualization<(keywords>
<u>hitpffuwseww. ohsi calproflesfstys. asp<furl> <livense>freeware</license> <platforms>MacOS</platforms> <rlsVersion> <version®2.0, 2</version> <releaseDate>24 Nov 2003<releaseDate> </rlsVersion> <lresource> <resource> =
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