Despite significant advances in biological and biomedical imaging and analysis, the resources for identifying and accessing the software tools for image processing and analysis are limited. The survey of the Euro-BioImaging community emphasised the importance of such a resource and the requirement for its construction. In this Deliverable, we summarise the technical outputs from a collaborative meeting and follow up work that aims to build the database and tools that are the foundation of the Imaging Resource Portal (IRP). We also provide analysis of the utility of an existing open source tool repository technology, bio.tools, as a foundation for the IRP and an analysis of the existing metadata models and ontologies for use in the IRP.

Introduction

Digital imaging is now routinely used across both the life and biomedical sciences and has become an essential tool for all aspects of research, training and clinical practice. Scientists in these disciplines generate a substantial amount of imaging data, and therefore are constant users of software tools that acquire, process and handle imaging data. One of the major challenges for users and technology developers is the large number of software tools that are currently available, as well as new ones that appear every week. For users, it is extremely difficult to identify the range of tools that should be considered for any task and to access any existing knowledge, example applications or publications that use any specific tools. For developers, assessing the current state of the art and identifying opportunities for future development and innovation is challenging. Moreover, once new tools are developed, there isn't a defined mechanism to get them into users hands rapidly and efficiently so that users are guaranteed to be using the latest technologies and new tools are rapidly assessed, tested and used by the community. Inspired by this community feedback and definition of requirements, Euro-BioImaging Prep Phase II's WP6 aims to establish a public, community-based Imaging Resource Portal ("IRP") that catalogues available tools, applications, datasets and repositories across the full range of the biological and medical imaging communities that make up for the Euro-BioImaging. In this Deliverable, we report on the technical progress towards a fully functional IRP, and in particular the evaluation of technologies that can serve as the database and technical foundation for the IRP.

Previous Work-biii.info

As part of its proof of concept (PoC) work in Euro-BioImaging Prep Phase I, WP11, along with several others, helped sponsor a meeting of image analysts, imaging software developers and users at the 2013 European Biological Image Analysis Symposium (EUBIAS2013; http://eubias2013.irbbarcelona.org/). 2 This first taggathon meeting built a first generation catalogue of image analysis and processing tools for the biological domain, the BioImage Informatics Index (biii.info, http://biii.info ). All the resources added in the catalogue were created by community submission, and annotated using a combination of controlled vocabularies and free-text. The result is the first version of vocabulary developed by the community for describing and annotating biological image analysis. Since its establishment, biii.info has evolved through a follow up taggathon meeting organized by France BioImaging (http://eubias.org/eubias2015/?page_id=52) and ongoing curation efforts by a growing community of bioimage analysts (which has subsequently matured into a European COST action Neubias, see below). This ongoing consistent activity demonstrates the commitment of the biological imaging community to the construction such a resource. Biii.info provides the foundation for the work now being undertaken by Euro-BioImaging Prep Phase II, WP6, but will need to be further developed by providing a more structured semantic for annotations and to extend it as Euro-BioImaging needs to also account for the needs of the medical community . D6.2 D6.2 Taggathon Meeting, to update the catalogue of image processing … and capabilities Date: 19/09/2016 4

Technology for Tool Repositories

A resource like the IRP requested by the community in the Euro-BioImaging surveys requires a combination of defined data structures and relationships (a "data model"), that includes a domain specific vocabulary (a list of semantic terms organized in taxonomy) , a database that supports the data model, a standardised interface for accessing the data in the database and a public-facing usable interface, preferably accessible from a web browser. WP6 aims to assemble all these functions and deploy them into a production Euro-BioImaging IRP. Given the scale of the task, WP6 will need to, wherever possible, reuse existing technologies and interact with other projects and communities to use its resources efficiently, make rapid progress, and develop a resource that has the best chance for community adoption. In particular, this includes a data model, a database that uses this data model, ontologies for annotation, and an interface and framework for building a user interface.

As originally conceived, this Deliverable was focussed on curating and expanding the annotations in biii.info. Curation is necessary because, while many submissions are wellannotated, there are inconsistencies in the annotations used that reduce the value of data in biii.info. A survey of the metadata stored in the current version of biii.info (as of June 2016) is shown in Appendix 1. The annotations are quite comprehensive (2132 tags are included), but inevitably include some duplications (e.g., "voronoi, voronoi diagram, voronoi labelling, voronoi transform"), mis-spellings (e.g., "whatershed thinning" [sic]), poorly defined terms (e.g., "edit"), and inconsistent spelling (e.g., "color", "colour"). These are classic problems in community annotation that can be solved by introducing the use of ontologies and user interfaces that direct data entry and linkage.

Since the original definition of this Deliverable, new technology and resources have become available that Euro-BioImaging can leverage to build the IRP. In particular, WP6 has identified the ELIXIR's Tool & Data Services Registry (https://bio.tools/), which provides essential scientific and technical information about analytical tools and data services for bioinformatics. Its data model and database resources provide a solution that could be adapted to the needs of the Euro-BioImaging IRP. Therefore, instead of the originally planned Taggathon we convened a meeting to analyse and review the existing bio.tools catalogue, its data model and annotation strategy, in order to evaluate its suitability for IRP development and deployment and compare it with the features provided by biii.info. This was a strategic decision to engage with an emerging technology that is actively built and maintained by a partner ESFRI infrastructure. Moreover, the partnering of Euro-BioImaging, bio.tools and Neubias potentially combines existing work and expertise that can potentially synergise to build a comprehensive and useful controlled vocabulary of terms and categories that extend EDAM and underpin the IRP.

IRP Data Model and Database-bio.tools

The review meeting was held in Dundee, from June 21-23, 2016. The meeting was attended by IRP project participants and bio.tools developers with the goal of assessing the existing bio.tools data and metadata model, establish how this model aligns with the data already 1), and discuss how bio.tools could be extended to support future data submissions and annotations ("tagging"). The meeting produced a full analysis of biii.info, including depth and limitations of its annotations, as well as a full analysis of the current bio.tools data model and how the data model would need to be extended to include imaging tools from both biological and medical domains. This analysis revealed a substantial, useful mapping between existing metadata concepts present in the existing bio.tools data model and those required to support the existing catalogue of tools listed in biii.info (Table 1). Moreover, the requirement for the IRP to implement ontology-based annotations for tools tagging is also satisfied by bio.tools, as this project has standardised on and implemented the EDAM ontology, a community-accepted ontology for defining the components and capabilities of bioinformatics operations, tools, datasets and formats (http://edamontology.org/). The bio.tools development team helps maintain the EDAM ontology, so that updates and changes needed for successful implementation of the IRP can be made easily and quickly. Also, the bio.tools developers indicated that updates of the bio.tools data model planned for 2016 can include support for the specific needs of the imaging community. On this basis, initial work on mapping imaging tool metadata into bio.tools has begun, with the intention of leveraging its ongoing development and its linkage with ELIXIR. Work is continuing through the Summer of 2016, in preparation for a second meeting of the WP6 and bio.tools development teams along with members of Neubias tagging team (see below).

IRP Annotation and "Taggathon"-Global BioImaging and Neubias

As noted above, the development of the IRP is a strong priority for the Euro-BioImaging community. Other initiatives have also identified the development of a similar resource as a priority in their own projects and for their communities. Euro-BioImaging and Global BioImaging (http://www.eurobioimaging.eu/content-page/global-bioimaging-project) work closely together, and have shared aims to build a usable interface for the IRP. Neubias (http://eubias.org/NEUBIAS/) is a COST Action that is establishing a network of BioImage Analysts across Europe and aims at building a web-based platform for biological imaging. Given these shared interests, Euro-BioImaging Prep Phase II WP6 has partnered with these projects to develop and deliver a coordinated, synergistic effort. The Neubias network is committed to organising community meetings ("taggathons") to assemble and annotate on-line catalogues of data processing tools in biological bioimaging. Therefore, Euro-BioImaging WP6 aims to, wherever possible, work closely with the Neubias community to exchange data and develop compatible solutions, so as to avoid duplication of efforts. To this end, representatives of WP6 and bio.tools will participate in the Taggathon meeting organized by Neubias in Barcelona on 14-16 September 2016 (http://eubias.org/NEUBIAS/?page_id=228). Similar effort will be put in place to engage the medical community and extend the above mentioned strategy to include medical imaging tools and resources. The following main categories of the data model were defined in biii as follow: Software/Library: A package of various components. Workflow: Image analysis workflow (a sequence of components) for biological research.

Component: The implementation of image processing and analysis algorithms.

Only a portion of the data model contained in biii.info is decribed in this table, when identified as relevant for the IRP. 
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  Test data for running the workflow. More EXCELERATE WP2 concern / some data could be in IDR 2.0 will handle test data via links. Links will be typed in 2.0 to provide a hint on what they point to.

				Preparatory Phase II, Project N. 688945 Preparatory Phase II, Project N. 688945
						D6.2 D6.2
	EDAM		Output data type	Free text with guidelines in biii		vocabularies (Look at "Points" format in
	output type				MULTIMOT project)
	Publication	Reference			Might need choosing
	N/A		Example Image URL	DOI in biii, automatically linked to"		DOI/PMID/PMCID
			(see	Biblio" resource in biii, not described
			http://biii.info/node/2	here.	
			637)		
	Contact			Overlap with Author in biii.info		Ask/find email address of one of the
			What links here	authors or the Author URL Link to specific "components" ressources. Will be handled by "Relationship"
						between workflow component and
	Short		Description			Need to define guidelines in the workflow
	description	(Strengths,			long term
	1. SOFTWARE/LIBRARY Limitations) Description Comments/instruction			-
			s		
	EDAM format	Supported formats			In progress
	Bio.tools field N/A	Biii.info field (not a separate Ratings	Comments		2.0 (proposed improvements) X
			field, part of		
	Name		Title description) Applicable to (Sample	d		-	2.0 will handle sample data via
			data)	In biii link to the resource "Sample Data"	links. Links will be typed in 2.0 to
	Language / Registrant	Ecosystem Submitted by	In biii was a free text with a list of not described here.		Extend language CV as needed. -provide a hint on what they point
	Resource type		examples.		to.
	N/A		Image (screenshot)	Extend with tool logo instead (Include
	Publication	Reference	image in link) Converting to DOI or PMID		-
	Platform (OS)	Platform (OS)	In biii, selected from a CV (controlled	Extend CV from biii input
				vocabulary) list of platform (see	
				Appendix 1) . Extend Bio.tools CV	
	2. 3.	WORKFLOWS COMPONENTS	(Controlled Vocabularies) as needed.
	Homepage Bio.tools Bio.tools field	Link / URL Biii.info field Biii.info field	URLs (components) and Links (libraries Comments Comments 2.0 (proposed improvements) -2.0 (proposed improvements)
	(URL) field				
	Name		Title		-
	N/A Name		Target audience Workflow	In biii was free text with guidelines		Consider extension for small CV -
	Home		URL / Link		-	(user, analyst, developer, manager)
	Home		Workflow URL			-might be redundant with other -
	N/A		Package/library	In biii linked to the resource	existing fields (e.g. Managers need [component] <is_plugin_for>
	EDAM		Tags	"Software/Library"	Platforms, etc.) In progress [workbench|library]
	Resource type Credit Credit	Type Workflow author Author		-	TBC ("Script" is something of an -
				In biii was free text with guidelines		issue. "Examples" could be handled
	N/A N/A		Dependencies Workflow	as links. Where framework/workbench is [component] <is_included_in> [workflow] In biii the selection was linked to the list In biii linked to the resource
				of "Software/Libraries " Resources (one "Workflow"	required, we can use "Relationship"
	N/A		Interoperates with	In biii was free text with guidelines or several)		Will be supported in bio.tools by
	Description	Description		-	the notion of a relationships by
	Language EDAM		Workflow language Tags	In biii the selection was linked to the list biiieeeeeeeeIn biii.info, the tags were WIP	Some biii.info entries are just tools entries protocols/usage notes and not
	EDAM topics, operation, data	Tags	eeIn a list of terms, (semi-controlled) which biii.info, the tags were selected from of "Language " Resources (one or selected from a list of terms, several), not described here. (semi-controlled) which	executable therefore out of scope In progress Extend CV as needed either
	type (I/O),		could be extended by any curators. The could be extanded by any	language or new workflow
	format			EDAM ontology is structured and curators. The Edam ontology		language
				controlled and could be completed with is structured and controlled
	Data type		Dimension	selected terms. Possibly part of "Data type" and can be extended.		Include dimension in datatype.
						Capture notion of dimension in
	N/A Publication	Rating Reference		-	Not considered for now in IRP EDAM data for images (2D, 3D,
				Linked to the resource DOI		time series).
			Authors			It will be "Credits". Assign to
	type EDAM input N/A	Input data type Ratings	Free text with guidelines in biii	X	credit ontology / CV (OME?) to annotate personal credit or institutional Extend EDAM or use another
						imaging inputs/outputs
	License		License			Extend CV as needed and align
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http://www.eurobioimaging.eu/content-page/documents-gallery

Organized by Sebastien Tosi, Julien Colombelli ( both IRB Barcelona) and Kota Miura (EMBL Heidelberg). The list of contributors is available here: http://biii.info/about.
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Appendix 1: Biii.info Data (collected Jun 2016) The initial structure of biii (workflow and component notion in particular) was conceived by Sébastien Tosi (IRB Barcelona) and Kota Miura (EMBL Heidelberg) and subsequently extended during Taggathons.

The list of taggers and supporting institutes are available on biii.info (http://biii.info/about).

Here we provide the flat list of tags published on biii.info which WP6 aims to use as a starting point to extend the EDAM ontology. The tags were extracted using web scraping as the full biii.info database was not available. Due to this limitation, terms are missing and the list is not exhaustive.

All tags (2132)

Preparatory Phase II, Project N. 688945 D6.2 D6.2 Taggathon Meeting, to update the catalogue of image processing … and capabilities Date: 19/09/2016 10 from beads, computefeatures, computer aided diagnosis, computer-vision, concatenation, configure, confocal, confocal microscopy, conformation, connect to server, connected components, connected particles, connected sets, consistent, constrained collapse, content database, contour, contour map, contrast, contrast enhancement, control, conversion, convert, converter, convex hull, convolution, correction, correlation, correlation analysis, cost matrix, costes, costes algorithm, count, count cells, count chromosomes, count neighbours, count nuclei, count objects, counter, counting, counting per, counting spots per cells, countours, cover, cplex, create dataset, create project, create roi, create tags, creating, crop, cropping, cross correlation, cross-language, cross-section, crosshair, csv, ct, cuda, curvature, curve, curve analysis, curve evolution, curve extraction, curve fitting, curve point detection, curve to spline conversion, curve2spline, curvilinear skeleton, customizable, customization, cut, cutting, cutting plane, cytofluorogram, cytology, cytoplasm, dab, daemon, dalaunay triangularization, damas, darkfield, data, data analysis, data exchange, data formats, data interpretation, data organization, data processing, data protection, data sharing, data storage, data visualization, dataexporter, data-importer, database, datatype, daubechies, daubechies wavelets, deblurring, debugging, decay, decision tree, decoder, deconvolution, deformable models, deformation, delaunay, delaunay triangulation, delauney, delete component, delineation, deltavision, demo, dendrite, dendritic tree, denoise, denoising, density, density counting, density filtering, density plot, deph of field, deprecated, depth, depth field, derivatives, design, desktop interface, detect objects, developer, developmental biology, dialog generator, dialogue, diameter, difference, differentiation, diffraction, diffusion, digital connectivity, digital histology, digital phantom, digital slide, digital topology, dilate, dilation, dimensions, direction, directional, directional filter, discrete mathematics, dispersion, displacement, display, distance, distance analysis, distance map, distance of histograms, distance transform, distortion, distortion correction, distributed computing, distribution, distribution estimation, distro, dithering, divide, division, django, doc, documentation, domain, dose response, double labelling, downsample, draw, draw a ball, draw arrow, draw curve, draw ellipse, draw field, draw line, draw rect, draw spline, draw torus, draw triangulation, drawing, drg, drift, drift correction, drop, dual-screen, duration, dye, dynamic, dynamic range, e-coli, e.coli, easy, ebimage, ec50, eccentricity, eclipse, ecology, edge, edge detection, edge enhancement, edge preserving, edges, edit, edit roi, editing, editor, effcient, eigenvalues of hessian, elastic, elastic alignment, elastic deformation, electron microscopy, elements, elevation, ellipse, ellipse fit, ellipse identification, ellipsoids, emai generator, encoder, end point assays, end point detection, end-point voxel, ending points, endosomes, endothelial tube formation assayenhance, enhance contrast, enhancement, enlarge, entropy, eosin, equalization, equation, equivalence, erode, erosion, error correction, euclidean binary skeleton, euclideian ball, event classification, event detection, event management, evolution, example, excel, execnet, expand, experiment design, exponent, exponential, export image, export metadata, export of results, export to omero, exporter, expression level, extended depth of field, extended view, extensible, extensible/plugin-ins/modules, extract, extract tags from names, ezplug, f-factor, fading, faking, farenheit, fast, fast marching, fast marching algorithms, fast prototyping, feature, feature calculation, feature descriptor, feature detection, feature selection, feature tables, ffmpeg, fft, fiber, fiber analysis, fiber , lucas-kanade, lung, lut, mac, machine learning, macroscopy, magenta, magic mouse, magnification, manage groups, manage users, manager, manders, manders coefficient, manipulate, manual, manual contour, manual delineation, manual edit, manual editing, manual segmentation, manual tracing, manual tracking, manually, manupulation, map, marching cubes, mark, mark cells, marker, mask, masking, match query images with different rresolution, matching, math, mathematica, matlab, matlab common runtime environment, matlab exporter, matlab importer, matlab toolbox, matlab-clone, matrix, maven, max, max diameters, max filter, max homogeneity, maxentropy, maxima, maximum, maximum correlation thresholding, maximum entropy, maximum flows, maximum intensity projection, maximum likelihood, maximum projection, maxlocal, mcib3d, mean projection, mean square displacement, meanfilter, measure, measure angle, measurement, measurement display, measuring, measuring intensity, median, medical, medical image, medical image analysis, medical imaging, membrane, menu, mereo, mereotopology, merge, merge color, merging, mesh, mesh flattening, mesh noising, mesh smoothing, metadata, metadata viewer, metamorph, meyer watershed 4d, mice, micro-manager, micrograph, microscopy, microscopy simulator, microsope format, microtiter plate, microtubules, middlebury, migration, min, minerror, miniature, minima, minimum, minimum length, minimum projection, mip, mip-rendering, mirror, mitosis, mixture, mixture of gaussians, mobile device access, model, model analysis, model fitting, model-based, modeling, modelism, modellling, molecular devices, moment features, moments, monitor, monitoring, montage, mops, morphing, morphogenesis, morphological dynamics, morphological filters, morphological operations, morphological reconstruction, morphological transforms, morphology, morphology demo, morphometric, morphometric analysis, mosaic, motion, motion analysis, motion model, motion quantification, mouse, move, move data between groups, movement, movement analysis, movement filtering, movie, moving average, moving cell, moving roi, mpeg, mr, mri, msd, msrcr, mult, multi raw, multi touch, multi-channel, multi-core, multi-dimensional, multi-dimensional images, multi-dimensional plots, multi-methods, multi-modality, multi-platform, multi-roi, multi-threaded, multi- selection, semi automated, semi-automatic, semi-automatic tracing, semi-manual, separable, separate cells, separate channels, separating cells from nuclei, separating point detection, sequence, sequential filter, series, server, server-client, set to background, shanbag, shape, shape analysis, shape context, shape descriptor, shape distance, shape features, shape filtering, shape fitting, shape matching, sharing, sharp, sharp edges, sharpening, shepp-logan, shift, shock, sholl, sholl analysis, shortest path, show off, sieving, sift, sigma filter, signal processing, signed, signed curvature, similarity, similarity transform, simple, simulate cell image, simulate focus, simulate noise, simulate optical path, simulation, simulator, sinusoid, size, size filtering, skeleton, skeleton decomposition, skeleton pruning, skeleton smoothing, slab voxel, slic superpixels, slice, slice viewer, slicing, slide scanner, slidebook, slope, smaller, smooted histogram, smooth, smoothing, snake, snap, snapshot, sobel, sobel filter, socket, software, soma, sort, space partition, space-time plot, sparse, sparsity, spatial, spatial calibration, spatial colocalization, spatial distribution, spatial randomness, spatial statistics, spatial transformation, specific application, speckles, speckling, spectral, spectral decomposition, speed, speed measurements, sphere, sphere structuring element, spherical aberration, spim, spine tracking, spinning disk, splash, splash screen, spline, spline drawing, spline gradient, spline interpolation, split, split channels, split colours, split objects, split spectral channels, split view, split view figure, spot detector, spot segmentation, spreadsheet, sqlite, squared roi, squeeeze, ssim, stabilization, stabilize, stable, stack, stack rotation, stain, stain quantification, stain separation, staining, stand alone, stand-alone application, standard, star wars, statistical analysis, statistical modelling, statistical significance, statistical test, statistics, statistics to object link, steerable, steerable wavelets, stereo, stereo view, stereo vision, stereoscopic 3d, stereoscopy, stitch, stitching, stk, stk file, stl-like, storage, stretch, structure, structure analysis, structuring element, structuring element editor, subpixel, substance, substraction, subtract, super resolution, supervised, supervised learning, supervised segmentation, support vector machines, sure, surf, surf features, surface, surface rendering, svm, swap dimensions, swap time and channels, swap time and z, swimming pool, swing, synapses, unsigned, untile, unwarp, update, upsample, usability, user-friendly, utility, v factor, vaa3d, valley, variable number, variance, variance filter, vascularization density, vector graphics, vector map, velocity, velocity measurements, vertical, vessicle tracking, vessles, vicinity, video, video importer, video microscopy, video recorder, view image, view plate per row, view roi, viewing, views, vigra, virtual camera, virtual memory, virtual optics, virtual stack, visualbasic, visualization, visualize, volocity, volume, volume