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1 Project Summary

Medical image analysis is an established research field as well as a multi-billion dollar industry. However, the lack of a
shared software environment within which research is performed limits the reuse of algorithms by other groups, minimises the
achievement of long-term objectives and inhibits the uptake of techniques by commercial organisations. In this proposal we
intend to trial TINA, a proven image analysis research environment, as an open source medical image analysis system. The
OSMIA consortium will implement and validate a distribution and contribution framework around the software and establish

a user community. We will develop and trial an open software interface system to enable commercial organisations to rapidly
assess the algorithms available. We will also establish a license framework enabling both the free exchange of research ideas
under a public license as well as providing conditions for commercial exploitation.

The goal of this project is to establish the OSMIA release of TINAh&senvironment of choice for medical image analysis
researchi, by building on an existing, proven technology. In particular the consortium shall;

o Establish a developer community to support and encourage the adoption of OSMIA

o Validate and demonstrate the benefits of using the OSMIA release in research, ensuring the co-operative sharing of
algorithmic ideas

e Specify and introduce a software interface enabling OSMIA executables to be driven from third party commercial
products

¢ Validate and demonstrate this interface as a means of enabling commercial organisations to rapidly evaluate and asses:s
research techniques for exploitation and provide clinical end users with access to state-of-the-art research algorithms

e Disseminate and promote the use of OSMIA at relevant exhibitions and conferences
In order to achieve a stable, supported open source release of OSMIA suitable for co-operative research the consortium will;

o Install the existing TINA codebase onto a centralised access point (server) and provide repository services such as CVS
for the distribution and contribution of code

¢ Improve the client side installation of the system by introducing auto-configuration tools and extending the existing GUIs
to include GTK and/or Tcl/Tk

¢ Introduce a range of documentation and community related support systems, such as email lists and a developer website

e Establish a user group of consortium members and other related parties in order to assess the systems implemented an
ultimately bootstrap the user community

e Establish a public license for OSMIA
In order to improve the clinical uptake of research techniques the consortium will promote OSMIA to commercial organisations

by;

e Introduce a open software interface using a technology such as a remote procedural call or object brookering to allow
commercial or other products to execute functionality in OSMIA based software.

e Implement a compatible interface in a leading commercial medical visualisation program and use it to evaluate algorithms
in OSMIA for commercial exploitation

o Establish exploitation conditions for algorithms in OSMIA (compatible with the public license)
Finally to disseminate OSMIA technology to both industry and academia the consortium ;

e Promote OSMIA at exhibitions targeting clinical end users, commercial organisations as well as researchers, (ECR)
e Demonstrate OSMIA at conferences (MIUA, MICCAI) in Europe and the US.

e Distribute OSMIA with Linux distributions and with versions of medical visualisation software
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2 Project Objectives

2.1 Why Open Source Medical Image Analysis (OSMIA)?

Image analysis is now an established and invaluable field of medical technology. Advances in magnetic resonance, absorbsion
and emission tomographies and ultrasound imaging have transformed many areas of medical diagnosis and treatment. Today
medical imaging is a multi-billion dollar world wide business with some of the worlds largest companies (General Electric,
Siemens and Philips) gaining substantial revenue from sales of scanner and supporting services. A recent study of computed
tomography (CT) sales showed that in 1997 approximately 3,300 scanners were sold world-wide with a revenue representing
1.5 Billion US dollars. The quantities of image data becoming available for diagnosis already exceed what realistically can be
interpreted by a clinician. Developing techniques to analyse such a wealth of image data and present clinicians with the most
useful diagnostic results requires a concerted effort by the international community of medical image analysts.

The development of medical imaging software for leading edge clinical research is almost exclusively a commercial endeavour,
resulting in proprietary code which has a low visibility (restricted access to source code). This is inhibits dissemination and du-
plication of experimental results, which are the very cornerstones of scientific research. Failing to understand the consequences
of using alternative packages prohibits comparative evaluation of results. Fortunately in a field such as medical image analysis
the entire experimental apparatus is encapsulated within the software and data. Thus, the free distribution of code would give
other researchers the opportunity to recreate experiments and evaluate techniques under fair circumstances. Un-hindered avai
ability would also promote the use of a consistent environment within which researchers could benefit from and contribute to,
the work of others. Open source software development and community based interaction are concepts which resonate with the
ideals of scientific research.

A lot of research is conducted with short or medium term objectives (3 years). All too often practical results are lost because the
expertise is not retained (such as Ph.D. students) or cannot be utilised by others in smaller or isolated university departments.
The potential for commercial development of techniques has a very small window of opportunity even though the approaches
themselves may represent the state of the art for many years. Encapsulating the work of individual projects in a widely used,
open environment would greatly improve the robustness of such project work by virtue of a support community. Researchers
utilising such a resource would have a greater chance of increasing the longevity of their work beyond the lifetime of the
funding. This would also facilitate the co-operative achievement of long term objectives despite the transient nature of the
funding and personnel.

If the rate at which research techniques become available to clinical groups is to improve then the barriers which inhibit
commercial exploitation of research technologies need to be removed. Freely distributing research software under a public
license, within a common environment, would ensure that the work of contributors enjoys the greatest possible exposure to the
widest of audiences. This would enable commercial organisations to review and evaluate such techniques more rapidly and
efficiently felping to overcome the conventional obstacles in commercial up-take of new technologies.

A recent article in the British Medical Journal (BMJ 2000;321:976) by an associated editor highlighted many of the benefits
of employing the open source model in medical software. The high visibility of open source software being praised in terms
of improving medical knowledge (fewer software secrets) and also in reducing costs by ensuring that the systems installed in
clinical environments can continue to be developed regardless of the supporting company.

2.2 Thetask

The aim of this project to provide an open source software development environment for medical image analysis research which
facilitates the free and open exchange of ideas and techniques (dissemination) with a minimum of effort. An infrastructure
within which long term research objectives can be achieved, co-operatively via incremental stages. Mechanisms will exist which
enable clinical end users (non-developers) to access these state-of-the-art techniques at early stages, using interfaces appropric
to their level of expertise. These mechanisms will also provide commercially interested parties with the opportunity to rapidly
assess the potential of research technologies for custom integration into applications, without the need to re-implement. This
represents a co-operative model for open source and commercial developers to collaborate without restricting either community.

2.3 Background

Medical image analysis software may be broadly categorised as eitt@ution or an environment. Solutions focus on
delivering a relatively complete package targeted at enabling the user to tackle particular analysis tasks, often providing a range
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of supporting tools (integration into patient databases, support for common file formats, online help, etc) but with a specific
(limited) set of analysis technigues. In comparison, environments are typically less functional as standard. Instead they provide
a language and set of tools with which the user is expected to develop applications themselves. Although this encourages a wide
variety of applications to arise, they rarely form a coherent suite and usually require familiarity with the processes of software
development in order to be used.

In the past 15 years TINA (an existing medical image analgaisronment described later has been used, developed and
contributed to by over 50 developers at several sites within the UK. It has provided the software basis to many funded research
projects most recently on NOVICE (EP26342), IERAPSI (IST-1999-12175) and the UK national 4 site Medical Research Coun-
cil multidisciplinary IRC project. The algorithms within TINA have formed the basis of over 200 peer reviewed publications.

All this work has been achieved at just a few institutions around 50 developers. With the support of this project this consortium
expects the full potential of an open source approach to research to benefit the entire community, potentially thousands of
developers and for them to benefit it.

It is important to identify the categories of individuals who will benefit from this work. Table 1 summaries broadly how the
different categories of user relate to the software types described earlier and how this enables us to identify members of the
open sourceommunity group and of the&eommercial group (some individuals may fall into both). Ti@ontribution field

shows how that category of user utilises that class of software, often as both a user and a supplier (the dominant method is given
first).

Category Software type Class of Software Contribution
Academic developer | Environment Open Source Supplier/User
Hospital developer Environment/Solution| Open Source/Commercial User/Supplier
Commercial developef Solution Commercial Supplier
Academic clinical Environment/Solution| Open Source/Commercial User

Hospital clinical Solution Commercial User

Table 1: User categories for medical image software development

2.4 The project aims

Using TINA as a basis the consortium aims to establish OSMIA as the environment of choice for researchers into medical image
analysis. This will be done in a way which facilitates the greater up-take of research algorithms by commercial organisations
whilst allowing each area of work, research and business, to continue working in its current model.

The current distribution of TINA does not have some of the important attributes expected of open source software. In particular
it lacks features such as auto-configuration, repository services for distribution and contribution, automated test schemes and
complete documentation. This consortium will address these issues in order to increase the ease of adoption, to attract the
largest possible number of users to OSMIA. Specifically it shall;

e Setup a centralised access point for source code distribution and contribution, supporting a number of access protocols
including HTTP, FTP, CVS and RSYNC. ISBE will also reduce the manual configuration needs of the software to a
minimum, streamline the software into a more efficient codebase and produce a packaged demonstrations of particular
algorithms.

e Establish a community framework for external developers to contribute to the libraries and provide infrastructure (email
lists, messaging systems, etc) to allow effective communication. Also to maintain up to date documentation and support
material, such as example datasets.

e Promote and disseminate OSMIA both electronically (indexing to various search and catalogue web sites) and at aca-
demic and industrial conferences and exhibitions throughout Europe (such as the European Congress of Radiology).

To promote algorithms within OSMIA toommercial organisationsthe partners shall develop a generic interface mechanism
which will allow access by third party applications and facilitate data transfer between them. This work will be done in con-
junction with commercial partner Voxar, who will produce a compatible system for their medical image visualisation software,
Plug n View 3D (PnV). These interfaces should allow PnV to become a clinical front-end to functionality in an open source
research environment. Once in place, this interface mechanism will provide PnV developers with access to current and future
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developments. The specifications and code for the OSMIA interface will be integrated as open source and will thus be available
to other organisations who wish to develop similar interfaces. Voxar will use this mechanism to evaluate existing algorithms
within TINA for full custom integration into their software.

To ensure that the procedures adopted are appropriate for the wider community the academic partners at the Vision Systems Lab
Dublin City University (VSL) and the Computer Science Dept., University of Western Ontario (UoWO) will act as example
community developers They will assess the software, including all aspects of the community releases under typical working
practices. This will involving integrating existing software from the partners, providing functionality currently not present in
TINA. They will provide regular feedback which will be used to refine the community release of the software.

The project manager will also organise a user group with both participants and representatives from other algorithmic de-
velopers, clinical end users and manufacturers of other software systems. This user group will assist in reviewing documents
and advice in establishing the specifics of the OSMIA open source license. It will also assist in establishing the non-exclusive
license mechanisms for algorithms identified as potentially useful, ensuring they can be exploited at reasonable cost without
loss to the open source distribution. Ultimately this user group will form the basis of the OSMIA open source community.

The table below summarises the objectives of this project together with the criteria for assessing each objective.

Objective Assessment Criteria

Open source release of OSMIA based on TINA - Delivery of distribution and support infrastructure
Promote OSMIA as a platform for medical image analysis - Numbers of enquiries

Demonstrate research use of OSMIA - Output from community evaluation projects
Demonstrate commercial use of OSMIA - Successful evaluation of algorithms

Establish developer community - Establish user group

- Increased number of developers
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3 Participant List

Role No. | Participant Name Participant| Country Date Enter | Date Exit
Short Proj. Proj.
Name
C 1 ISBE, University of Manchester, UK ISBE United Start of Proj. | End of Proj.
Kingdom
P 2 Voxar Ltd. UK \oxar United Start of Proj. | End of Pro;j.
Kingdom
P 3 Vision Systems Lab., Dublin City Univer: VSL Ireland Start of Proj. | End of Proj.
sity, IE
P 4 Computer Science Dept., University ofUoWO Canada Start of Proj. | End of Proj.
Western Ontario, CA

Table 2: Participants
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4 Contribution to Key Action Objectives

The strategic objective of the IST programme isdalise the benefits of an information society for Europe both by acceler-

ating its emergence and by ensuring that the needs of individuals and enterprises are médtis project directly addresses

this objective by supporting an environment within which new medical image analysis research techniques can be developed
co-operatively. It provides new access routes into such techniques allowing more rapid and efficient commercial exploitation
and clinical exposure.

The work in this proposal clearly constitutes a trial déryhancing the effects of RTD work In fact it achieves this at two
levels. Firstly, it supports the development of an environment for algorithmic research which improves the potential for take-up
by commercial organisations of current and future RTD work. Secondly, the mechanisms used in this project represent a trial
of a more generic model of open source/proprietary partnerships which may be applicable to other areas of business.

TINA is a proven technology in the field of machine vision and medical image analysis and already provides extensive func-
tionality for medical image analysis research. However, until now it has been under utilised within the field due to the limited
resources available for infrastructure development. The quality of the algorithms which already exist should encourage other
developers in the community group to work with, and contribute to its continuing success. Funding this proposal will enable us
to establish OSMIA athe open source medical image analysis packagen area which is poorly served in the open source
software community. Once this project is completed the hundreds of other medical image analysis research groups throughout
Europe will have continuing, shared access to this premiere development environment. This directly addresses the primary
objective of this action lindpstering in Europe development of a much needed free software environment

This proposal mainly targets tfgials of free software developmentocus in particular the fields @o-operative information
production and sharing andusability. A consistent development framework facilitates toeoperative working of research

groups, throughout Europe and the rest of the world, which is becoming vital in performing larger scale trials of medical
imaging techniques, often involving several remote sites. Unifying a dispersed array of community developers within one
environment enables the software to acquiceitical mass which is easier to support and to facilitate for. This is important in

open source software and critical in research, where the community is as important as the code. A common environment also
supports thelissemination of scientific resultsn a practical fashion which complements the traditional publication method.

Providing an interface which enables the often complex image analysis algorithms to be driven from a familiar system greatly
improvesusability and broadens the base of potential users. In turn this will enable those academic clinical and hospital clinical,
who do not have the support of algorithmic developers, to gain access to state-of-the-art algorithms earlier in development and
to work in areas otherwise outside their availability. This improves opportunitiesof@perative information production

and sharingin ways which allows larger and more varied groups of clinical users to participate.

The open interface mechanism will permit commercial organisations involved in medical image analysis software development
to evaluate a broader range of algorithms more rapidly than would otherwise be possible. This would be of particular benefit to
SME’s (of which there are many in this field) for whom speculative market analysis is often a prohibitively expensive endeavour.
The ability to acquire ‘alpha quality’ examples of software freely would enable companies to assess either themselves or
their collaborators (who also have access to the software) to assess on which algorithms development is worth focusing. The
combination of freely available research software driven from commercially established front-ends should widen the appeal of
both platforms; commercial and open source methods working synergistically.

Commercial exploitation of algorithms would be achieved under licenses which do not affect the open source nature of OSMIA
(nor the loss of algorithms). This would provide revenue to the contributors who would be in a position to negotiate development
as external contractors or act as consultants in the process of recoding. In this way development within OSMIA becomes
a promotional tool, presenting the techniques developed by research groups. Success in this would, in turn, attract others
developers.

In summary, by establishing OSMIA as the open source medical image analysis environment the Commissioniwakilagoe
available a European based support service for medical image research free software projeetsthin one environment,
which fulfils the second objective of this action line.
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5 Needs and Benefits

5.1 Status of the technology

Development of TINA [http://www.tina-vision.netJoegan in 1986 at the Artificial Intelligence Vision Research Unit at the
University of Sheffield, UK. Development continues today at the Division of Imaging Science and Biomedical Engineering
(ISBE) at the University of Manchester, UK.

Essentially TINA is a collection of over 150K lines of ‘C’ code organised into libraries providing the facilities necessary
for developing image analysis algorithms. These include; data structures for images, mathematical, statistical and geometric
constructs; higher level vision primitives; functions to read/write data in many formats; GUI for building ‘tools’ used to operate
algorithms and display, modify and analyse data; an extensive array of image processing, numerical and statistical operations,
including a range of familiar as well as many novel pattern recognition and data analysis techniques; solutions to low-level
(feature extraction, primitive fitting) and high-level (object recognition, depth estimation) vision problems. In the last 4 years
TINA has been developed at ISBE, an interdisciplinary 5* rated (highest research rating in UK) university research group, where
it has been used to tackle many problems in medical imaging, particularly in magnetic resonance imaging (MRI). Functionality
has been introduced to support this work at both the low-level, such as file readers and writers for popular medical image formats
such as DICOM and ANALYZE, and at the higher level including; automated rigid body volume co-registration together with
fast re-slice; fMRI BOLD signal analysis with motion artifact analysis; single and multi-spectral tissue segmentation; arterial
blood flow, tissue perfusion and permeability analysis; semi-automated brain structure segmentation.

TINA is currently provided as open source under the lesser-GPL license. It is known to work on several UNIX platforms
including Solaris and Linux using either the Xview or Motif (Lesstif 1.2) GUI toolkits. The code is currently distributed as
snapshots of the ISBE directory tree captured irregularly. Documentation is provided in the form of 3 postscript manuals which
provide user support (how to drive some of the tools to do useful work), the programmers guide and the algorithms guide (a
collection of papers).

Plug N View 3D (PnV) is a high performance medical image visualisation package which runs on desktop PC hardware.
Originally released in January 2000 PnV has gained international recognition for both technical superiority (quality and speed
of rendering) and cost effectiveness requiring only a standard PC (as opposed to a dedicated workstation). PnV provides full
DICOM support including retrieval and transmission to standard hospital patient access systems; 2D multi-planar reformatted
views of volume data; 3D iso-surface and volume rendering of data with preset mappings for analysis such as colonic screening;
supporting functions for radiological report creation. In the last financial year Voxar’s sales of Plug n View 3D reached 1.5
million dollars. Projections for the coming financial year are 4.5 million dollars.

NeatVision[http://www.neatvision.comfp a Java based image analysis and software development environment. Developed by
the Vision Systems Lab. at the Dublin City University it provides over 200 image and general data processing algorithms in a
visual programming environment. It is primarily intended as a resource for constructing system solutions from sets of existing
analysis components. thus would greatly benefit from the inclusion of OSMIA functionality, augmenting this resource with
many new advanced functions specifically the medical image analysis techniques described earlier. NeatVision is currently
provided as shareware.

5.2 Competition

The environments which could be regarded as being in competition with this project fall into two categolfiesvironments
which define both a language and the functionality available to the useiteades which augment an existing operating
system and compiler setup.

The classic full environment example is Matfttp://www.mathworks.com}Some medical image software has been produced

using Matlab, a good example being SRMtp://www.fil.ion.bpmf.ac.uk/spm/spm99.htralkystem designed for functional
neuro-image analysis. ID[http://www.rsinc.com]is another environment which is often used in medical image analysis.

Both are commercial packages. Cost aside this introduces a dependence on a commercial system which is subject to busines
demands, i.e. modifications not necessarily driven by technical merit. There are freeware/open source alternatives such as
Octave[http://www.octave.orglan environment ‘mostly compatible with’ Matlab and[Rtp://www.r-project.org]an open

source statistical analysis environment syntactically equivalenfti®//insightful.com] However, the use of a proprietary
language greatly restricts the direct commercial exploitation of algorithms demanding a complete software rewrite. Further,
although convenient for initial algorithmic development and test, such environments hinder development, particularly as the

1In a manner similar to GNU, TINA expands TdNA IsNo Acronym
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complexity of the system increases. For instance, by imposing some development limitation e.g. performance, or in failing to
support important core or peripheral hardware.

TINA is an example of a library environment providing a range of functionality to the programmer. As such it makes few
assumptions of the system (‘C’ can be regarded as an almost universal computer language) and imposes few limitations on
how the user makes use of the functionality as the library functions can be called in virtually any programming language.
There are a variety of libraries available to support scientific data processing some of which have utility in medical image
analysis. These include; handling formatted data interaction (Hip://hdf.ncsa.uiuc.edu/[DICOM [http://www.offis.uni-
oldenburg.de}; visualisation (PLPLOThttp://plplot.sourceforge.nef]VTK [http://www.kitware.com], numerical and statist-

ical analysis routines (STATLikhttp://lib.stat.cmu.edu] NETLib [http://www.netlib.org/). However, these libraries provide
low-level support to a specific area in a manner which has broad appeal to a range of disciplines. Much of TINA functionality
is at a higher-level than is available elsewhere, although there are many opportunities for TINA to work in conjunction with
such systems.

The Image Understanding Environment (IUBjtp://www.aai.com/AAI/IUE/IUE.htmlproject specifically aimed to produce

a package which would become the preferred environment for general image analysis research. Unfortunately, the lack of
practically useful algorithms and the poor integration of IUE with other systems (other commonly used software) meant the
project was unsuccessful. The IUE project recently mutated into a package callefihitpXL/www.robots.ox.ac.uk/vxl/jvhich
unfortunately does nothing to address these deficiencies. Also by operating a restricted source policy (developer acceptance is
required), VXL remains a package which the majority of researchers will be unable/unwilling to exploit. In comparison, TINA
has evolved within an ongoing programme of research as a mechanism to enhance productivity, under constant assessment an
modification adapting to the needs of the users.

An effort by Intel to introduce an open source library of functions for computer vision optimised for Intel devices has been more
successfulhttp://www.intel.com] The motivation however, is to support the development of Intel devices and so, although the
code is provided as ‘C’ source it is optimised for this family of processors. More importantly the functionality within the library

is limited to a subset of algorithms which Intel believe would provide useful components for the next generation of Human-
Computer Interfaces. Code which does not attend to Intel’s plan is not integrated into the system (all optimisation is done by
Intel employees). There are no provisions for medical image analysis algorithms, what little generic functionality is provided
is better served by other mathematical and statistical function libraries (BLAS, LAPACK).

Analyze [http://www.mayo.edu/birla medical image analysis and visualisation system is the only package known to adopt

a similar approach to that proposed for OSMIA. However, Analyze is a commercial package and is usually provided as a
GUI driven toolkit. To develop Analyze requires acceptance of a submitted proposal, however this does not, under normal
circumstances, include access to original source code. This is regarded as a severe limitation in terms of research worthines:
as it does not promote the understanding of algorithms or the open exchange of research ideas. It also reduces the number o
contributors to a select few and thus focuses the functional content on specific areas in medical imaging. Of more concern is the
way in which closed source restricts access to the specific implementation details of algorithms. As outlined at the start of the
document, the lack of such details can lead researchers working co-operatively to form invalid assumptions making such work
difficult and potentially dangerous. Finally Analyze does not benefit from the diversity of machine vision and generic pattern
recognition techniques already present in TINA, many of which have already been found useful in medical image analysis.

5.3 Innovative aspects

There are three major innovations which this project presents;

o Afull open source release of OSMIA would provideinique resource to the medical imaging communityproviding a
proven array of established and original medical imaging, machine vision and pattern recognition algorithms in a flexible
and consistent environment. Further, OSMIA will allow short term projects to be developed in a framework which
sustains useful algorithms beyond the lifetime of directed funding. Such an approach will allow the larger problems in
medical imaging to be addressed in an incremental fashion.

e The third party software interface would facilitatepid prototyping of commercial grade software directly from
research implementations This gives commercial organisations access to a wide range of research software in one
situation, without the need to re-code, greatly reducing the lead time in clinical up-take. In turn this would allow less
technically able clinical users to experience and evaluate research techniques within the setting of a familiar environment.

e The approach to be adopted providesawel interface between open source and commercial software development
one that does not attempt to redefine how either are performed. It will use the OSMIA library mechanism as a ‘scoop’ for
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analysis techniques, presenting them in a unified system and channelling them toward commercial exploitation and has
the potential to return funding to open source community. This model has the possibility to work in other areas where
open source and commercial solutions co-exist.

5.4 Business cases

Open source developers

In this situation open source developers of medical image analysis techniques can be regarded seratiol suppliers

(utilising or contributing value to OSMIA). To the user OSMIA will increase research productivity by providing both a robust
infrastructure upon which new algorithms can be developed as well as providing access to a large resource of pre-developed
techniques. The open source nature of OSMIA together with the modular use of a ‘C’ library structure will provide easy access
to software in a flexible manner. This is obviously attractive to users who can integrate OSMIA into their current working
practise without large development overhead. It will also be of benefit to suppliers for whom integration of code is relatively
straight forward. Further, open source allows the work of suppliers to be presented to a wide audience which is important in
research if ideas are to become adopted by both peers and commercial organisations.

The addition of a third party software interface means that suppliers contributing code have the potential for their work to
be recognised by organisations not directly associated with the research community. Many in research have constrained their
working practises so as to appeal to companies who might exploit their work. Buffering the interaction between research and
commercial exploitation will allow developers to embrace the practises of open source development and the freedom it brings,
whilst retaining the potential for exploitation.

Commercial organisations

The role of commercial organisations such as Voxar is onasefs(next person in the value chain) of OSMIA technology.

Many of the analysis problems of interest to Voxar have been solved by algorithms already presentin TINA and they are keen to
evaluate some of these algorithms. Developing a generic interface scheme will allow any algorithm to be evaluated, both current
and future. This longer term view demonstrates the degree of confidence that Voxar have in OSMIA as a research platform.
OSMIA could enable Voxar to collaborate with academic and hospital developers and give them a competitive advantage. It
will do this by providing Voxar with early access to algorithms in development, allowing Voxar to demonstrate these techniques
to the clinical organisations and generally becoming involved in shaping the adoption of new algorithms. Voxar have already
received interest from some of their clinical customers regarding the opportunities for developing their own code in PnV. Voxar
envisage OSMIA as one potential mechanism with which this could be achieved.

Voxar understand that as an open source resource, the algorithms in OSMIA will be freely available to anyone, including
their competitors. Despite this, Voxar recognise the need to improve the quality of all clinical software and are confident with
OSMIA they can be competitive in a more technically advanced market.
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6 Community Added Value and Contribution to EC Policies

6.1 European dimension

The proposed project addresses the general problem of the exploitation of complex methods for medical image analysis. OS-
MIA will bring together the necessary skills to complete the work successfully. Specific national projects on related themes are
ongoing but, to our knowledge, they do not support an open source approach to ensure that the outputs will be rapidly exploit-
able in the clinical workplace beyond the lifetime of the project, unlike this proposal. Radiology diagnosis is a pan-European
issue with some 50,000 radiologist in this sector of activity, many of whom could benefit from the availability of superior dia-
gnostic procedures in the daily work but many of these methods are not available in a form which is appropriate for their work.
This project will ultimately support the development and validation automated methods which will provide these techniques in
a manner suitable for their straightforward use in hospitals across Europe.

6.2 Impact on SMEs

The transfer of complex image analysis techniques from the laboratory into the clinical workplace will increase the effectiveness
of diagnostic products and the efficacy of treatment in hospitals. These advantages will be of benefit throughout the arena of
medical software and systems. These new products will be very accessible to SME’s since the barrier to their incorporation
in diagnostic systems will be very much reduced. These new functions will increase the desirability and marketability of such
products in world markets.

6.3 Impact on standards and regulation
The project exploits existing technical standards for client platforms (PC, UNIX) and data storage (DICOM) where appropriate.

The commercial partner Voxar will be expected to carry out the necessary compliance with applicable medical standards and
regulations (CE marking, FDA/EMEA approval etc.) when developing clinical versions of the code for hospital use.
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7 Contribution to Community Social Objectives

7.1 Contribution to quality of life, health and safety

In an era of an increasing number and complexity of imaging modalities, providing larger and larger volumes of more detailed
data on each patient, and an ageing population, there is a strong need to be able to assess and deploy new methods which ce
effectively diagnose a wide range of medical conditions. CT and MR imaging has been identified as an area of priority for
which new technologies need to be developed in order to contribute to improved medical screening, improved patient care, and
greater productivity of radiology professionals. OSMIA will provide a platform which will provide a route by which complex

new methods for biomedical data analysis can be exploited in the clinical workplace and will put in place a mechanism for
the continued development of new image processing methods. OSMIA will also form a solid basis for the continued trialling
of other new technologies developed outside of the project in a controlled manner. Through deployment of the system it will
be possible to ensure that the trials are conducted on appropriate data of sufficient quality and hence that the results of the
analysis are reliable. OSMIA will be extended by contributions from the open source community into other areas of radiology
and through the incorporation of new image processing methods and the development of new applications from the existing
components, the impact of the project will extend to improved quality of life.

7.2 Contribution to employment prospects

The provision of mechanisms by which commercial companies can access the technology will ensure that the complete range
of users can be supported. The system may strengthen the market position of the SME company involved in the project and
successful sales and follow-on projects may create a number of direct jobs in engineering, sales, support, etc. The inclusion
of the developed methods within its existing open-source system for image processing, will also lower the barrier to additional
products and services and will provide direct opportunities for other companies serving the sector (system developers, clinical
trials, etc).

7.3 Ethical aspects (data protection)
The ethical dimension of the processing of medical data is addressed in the following way. The system to be developed does

not at any stage expose patient data to scrutiny outside of the user environment and so we avoid the need for unusual privacy ol
security mechanisms. In any case, the end users are expected to be members of their respective professional bodies.
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8 Economic Development and Scientific and Technological Prospects

8.1 Strategic impact

Target market: It is expected that the OSMIA system will be used by a range of users from academic algorithm developers,
commercial developers and academic and hospital clinical users. The main target group is the developers who are required to
establish a critical mass of development community. There are some 2800 clinical centres in the EU which should be able to
benefit for the platform as end users. These may be reached directly by the commercial partner Voxar as well as via the user
group. Competitive position: Several clinical systems for image analysis exist in the marketplace, the closest being Analyse,
but for reasons already discussed this is not a direct competitor as source code is not provided.

The consortium will, jointly and individually, disseminate OSMIA to the groups identified in the user category table 1.

Impact on market development: The availability of a platform for the developed, assessment and validation of novel methods
for complex image analysis will affect the development of image analysis systems produced by all manufacturers. Successful
completion of this project will expand the range of methods available to clinical users and encourage the carrying out of
comparative studies and ultimately improve in the quality of the diagnostic tools available to all clinicians.

8.2 Exploitation plans

The system has a number of exploitation paths that will be pursued:

e \oxar envisage using the functionality in OSMIA to push their visualisation core PnV deeper into existing markets, as
well as into new markets. Another possible route is via OEM users.

e ISBE and VSL will be able to continue the development of their own algorithms under existing projects, adding to
OSMIA as the dissemination platform. It will form the basis for dissemination of work carried out under the UK Medical
IRC project for ISBE, and the development and teaching of industrial vision at VSL.

e UoWO will play an important role in supporting the take up of the system in North America. It is vital that the project is
seen as being a global effort, and not simply a European one.

Preliminary and final exploitation plans will be prepared during the course of the project to refine the approaches listed here
and to guide the development of individual business plans.

8.3 Dissemination plans

The dissemination activities will operate at three levels.
Consortium
First there is the dissemination of information amongst the consortium members. The activities in this area include;

e ISBE to provide a 2 day workshop for other members of the consortium. The objective of the workshop is to provide the
consortium members with insight into the fundamentals of the environment with which they will work. Documentation
will be provided to the consortium members and will be used as the basis of a tutorial introduction to OSMIA provided
on the website.

e Voxar and ISBE to second personnel. To establish an understanding of each others technology the Voxar developer will
spend a period of one week working at ISBE. During this week the Voxar representative will be taught how the TINA
environment was constructed, what technologies have been used and how the environment is used. This will be followed
by a week were the ISBE personnel is seconded to Voxar for a similar induction into the relevant aspects of Plug N View
3D. In both cases this process will focus on establishing sufficient understanding to enable the interface specification
process of WP3 to be better achieved.

e Establishing an email list. To encourage more informal communication between partners the use of an email list will
be introduced. This will allow discussions to happen in an open fashion, allowing all members of the consortium the
opportunity to contribute.
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IST Programme and User Group

The second level of dissemination is to other projects in the IST programme (mainly projects involved in medical imaging and
related) and the user group. Community support of open source software is critical. The dissemination activities at this level
will focus on establishing a user community for OSMIA. The project manager will establish a user group which will include the
project manager and representatives from each of the project partners (this does not necessarily have to be the person funded
To this group representatives will be invited from the clinical end users in the form of a representative from Hope Hospital

in Manchester, UK. Also invited will be a representative from Philips Medical Systems, Hamburg, Germany, and others who
develop scanning hardware and analysis software as well as Dr. Adrian Clark from the University of Essex UK who has great
experience in open source data analysis software. Representatives of the UK National Health Service have recently expresse
an interested in the open source approach and will be invited to join the user group. The responsibilities of the group are
described in WP5.

Universal

ISBE and Voxar will attend the European Congress of Radiology (ECR) in order to demonstrate the use of both OSMIA

and Plug n View 3D. The ECR is Europe’s largest radiological conference lasting 5 days and typically attracting over 7,000

attendees. The majority of these are clinical radiologists working either in hospital or research environments. It also includes
most of the scanner and software manufacturers in the medical imaging field demonstrating their systems. ISBE and Voxar will
demonstrate the benefits of using the two systems at the exhibition with practical demonstrations of the software. ISBE will
distribute versions of OSMIA on COCategories of user targeted:ALL

ISBE will promote OSMIA electronically, referencing the system on all the major web search engines and also with software
collection sites such as SAL (Scientific Applications on Linfint)p://sal.kachinatech.congnd Freshmedittp://www.freshmeat.net]
This will enable developers searching for applications or libraries with medical image analysis capabilities to easily identify
and locate OSMIA This will raise the profile of the software within the open source community and help extending the user
base.Categories of user targeted:Academic developer, Hospital developer

ISBE will encourage the major Linux distributors (SUSE, Redhat and Debian) to include OSMIA with their distributions. This
should allow developers without high speed access to the internet, such as home users or users in less well developed countrie
to make use of OSMIACategories of user targeted:Academic developer, Hospital developer

Voxar expect to assess whether distribution of OSMIA with certain versions of their Plug n View 3D software is commercially
sensible. Voxar may decide to potentially targeting special versions at customers who have expressed an interest in either de-
veloping their own techniques or evaluating techniques currently unavailable in Plug n Viebagtories of user targeted:
Academic clinical, Hospital clinical

ISBE, UoWO and VSL will present and demonstrate OSMIA at relevant medical image analysis conferences in Europe and
Canada/US. These will include;

e British Machine Vision Conference (BMVQJategories of user targeted:Academic developer, Hospital developer

Medical Image Understanding (MIUAJategories of user targetedALL

Medical Image Computing and Computer-Assisted Intervention (MICCAegories of user targeted:ALL

Image Processing and Medical Imaging (IPMtegories of user targeted:Academic developer, Hospital developer

Computer Assisted Radiography (CARZtegories of user targetedALL

ISBE to ensure OSMIA is highly ranked on all the major web search engines as well as on index sites such as SAL (Scientific
Applications on Linux) and Freshme&ategories of user targeted:Academic developer, Hospital developer

To support these activities a project flyer will be produced and distributed. The OSMIA web resource will act as a web site for
information on the project, as well as related information, as is the current TINA website within NiAC.
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9 Workplan

9.1 General description

The objectives of this project are summarised by the diagrams of figure 1. The diagram on the left of figure 1 demonstrates
the relationship between the software environment OSMIA and the open source and commercial development communities.
The goal is to establish two working mechanisms, each of which exposes OSMIA functionality in a manner appropriate to the
particular community. To the open source community OSMIA is presented via a source code repository service through which
members of the open source community can get access and contribute to it. To commercial organisations OSMIA is accessed
through an software interface mechanism, allowing algorithms within OSMIA to be executed directly from third party software.

Repository Repository

/ Academic
< > Developer ' < > veL
; (NeatVision) |

| Hospital
> Developer

UoWo !

(Optical Flow)

Commercial ;

Commercial /
Developer :

Commercial

Academic
> Clinical /

Voxar

O e;{régurce \
P (Plug n View 3D) | Open Source

Hospital
Clinical

Figure 1: Overview of software relationships (left), overview of partner relationships (right)

The diagram on the right of figure 1 describes how each of the project partners relates to this objective model and identifies
what software they currently provide which will be used in this project. For several years ISBE has been providing TINA as
an open source environment for image analysis research. Until now, however, the facilities and support necessary to establish
TINA within the larger community have never been adequately provided. This project will inject the funds necessary for ISBE

to reorganise the code distribution, introduce new access points to the algorithms and establish a full complement of support
mechanisms. When the project is completed the OSMIA version of TINA will be ready to support world-wide collaborations

of medical image analysis researchers. This work is the focus of workpackage 2 and is summarised in terms of the objective
model in the diagram of figure 2.

Repository

Figure 2: Parts of objective model which form workpackage 2

ISBE will also be jointly involved in the development of the software interface system which will enable third party software
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to execute OSMIA algorithms directly. This will be adopted by a leading medical image visualisation company (Voxar). It
will greatly improving the accessibility of algorithms to both commercial organisations interested in exploitation and clinical
users who wish to trial state-of-the-art techniques. This will enable them to evaluate techniques directly, using the original
OSMIA implementation as a prototype. Once complete Voxar will evaluate OSMIA as a resource for commercial organisations
to exploit, identifying algorithms Voxar would be interested in exploiting. This work is the focus of workpackage 3 and is
summarised in terms of the objective model in the diagram of figure 3

Commercial

Voxar
(Plug n View 3D)

Figure 3: Parts of objective model which form workpackage 3

The third portion of the project involves VSL and UoWO (both leading academic figures in the image analysis communities).
They will take on the role of evaluating the OSMIA open source environment, reporting on the quality of the software, the
distribution mechanisms and the supporting community infrastructure. To do this, they will perform evaluation projects. UoWO
will contribute to OSMIA by integrating optical flow software which they have previously developed (currently not present in
TINA). VSL on the other hand will integrating OSMIA into their own system, NeatVision. These exercises evaluate the two
potential modes of operation of OSMIA, user or supplier. VSL and UoWO will also be instrumental in establishing the user
community. This work is the focus of workpackage 4 and is summarised in terms of the objective model in the diagram of
figure 4

Repository

VSL
(NeatVision) '

ISBE
(OSMIA)

| UoWOo !
» (Optical Flow);

Open Source

Figure 4. Parts of objective model which form workpackage 4

The workpackages identified above will enable the consortium to implement the objectives defined in the model of figure 1. To
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ensure that this work is done to the satisfaction of the other categories of user (those included in the left diagram of figure 1)
the consortium will establish a user group. This group will include representatives from each member of the consortium plus

members representing the hospital clinical, hospital developer and academic clinical groups not involved in the implementation
of the objectives. This group will be given the task of reviewing documentation and assessing the stages of the project in order
to understand the mechanisms provided and to identify and correct potential problems. Ultimately, once this project is complete
this group will form the basis of the community so important to the success of any open source project.

9.2 Workpackage list

The workpackages are summarisedwtekpackage listin table 3, below.

Workpackage | Workpackage Title Lead Con- | Personq Start End Deliverable
No. tractor months| Month | Month | No.
wpl Project Management ISBE 1 0 18 D1
wp2 Open Source Distribution ISBE 10 0 18 D2
wp3 Commercial Interface Voxar 18 0 18 D3
wp4 Community Evaluation VSL 30 0 18 D4
wp5 Dissemination and Exploitation Voxar 8 0 18 D5
wp6 Assesment and Evaluation ISBE 4 0 18 D6

Table 3: Workpackage list

The individual effort breakdown for each partner is summarised in table 4.

Partner ISBE \Voxar VSL UowO Total
wpl 1 0 0 0 1
wp2 10 0 0 0 10
wp3 9 9 0 0 18
wp4 0 0 15 15 30
wp5 2 2 2 2 8
wp6 1 1 1 1 4
Total: 23 12 18 18 71

Table 4: Effort breakdown
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Workpackage Description

Workpackage No. : WP1 Start Date Month O
Participant No. : ISBE Voxar VSL Uowo
Person-months per participant 1 0 0 0

Objectives

e Ensure compliance with contractual obligations

e Ensure the smooth running of the project to the satisfaction of the EU and the project partners

e Provide technical and administrative management

o Liaise with the EU officer

Description of work

A more detailed description of the project management aspect of this appears in section 9.7

e Form a project management committee

o Establish a quality plan
e Organise regular review meetings

e Instigate a user group

Deliverables

D1.1: Project review report (6 Month(D\PP)
D1.2: Project review report (18 Monti{p\PP)

Milestones and expected results

> Regular management reports
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Workpackage Description

Workpackage No. : WP2 Start Date Month O
Participant No. : ISBE Voxar VSL Uowo
Person-months per participant 10 0 0 0
Objectives

e Transform the existing TINA code-base irttte open source environment for medical image aha-
lysis research.

e Provide supporting infrastructure for efficient distribution and contribution of code.

e Provide documentation and information resources to establish and support the user commupnity

Description of work
With reference to the WP2 gantt chart table 7 the main tasks are;

wp2.t1: Install and configure server hardware
wp2.t2: Install and configure OSMIA in the repositories together with all existing webpages and docu-
mentation

wp2.m1: Alpha release of OSMIA

wp2.t3: Debug alpha release with feedback from WP4
wp2.t4: Introduce release control strategies, auto-configuration and contributor repository service
wp2.t5: Introduce developer website and upgrade documentation
wp2.t6: Rationalise code-base, introduce automated test scripts, provide demonstrations and new GUI's
wp2.t7: Integrate commercial interface software
wp2.m2: Beta release of open source OSMIA
wp2.t8: Debug beta release with feedback from WP4

Uy

Deliverables

D2.1: Alpha open source distribution of OSMI@®\ PP)
D2.2: Release of repository systerfi3\PP)

D2.3: Release of developer webgie PP)

D2.4: Release of improved code-bé&B&PP)

D2.5: Open source distribution of OSMIfD\PU)

Milestones and expected results

wp2.m1: Alpha release of open source OSMIA
wp2.m2: Beta release of open source OSMIA
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Workpackage Description

Workpackage No. : WP3 Start Date Month O
Participant No. : ISBE Voxar VSL Uowo
Person-months per participant 9 9 0 0
Objectives

e Specify an interface layer to OSMIA which allows the algorithms to be accessed and controlled
directly from third party applications.

e Produce and open source implementation of the communication layer in OSMIA.
¢ Implement a compatible interface in Plug N View 3D.

o Evaluate the potential usability of several algorithms already in TINA using the interface mechan-
isms.

Description of work

With reference to the WP3 gantt chart table 8 the main tasks are;

wp3.tl: Design interface specifications Voxar, ISBE
wp3.m1: Working specification

wp3.t2:  Development of Plug N View 3D interface Voxar

wp3.t3:  Debug of Plug N View 3D interface \oxar

wp3.t4: Development of OSMIA interface ISBE

wp3.t5:  Debug of OSMIA interface ISBE
wp3.m2: Requirements for evaluation trials

wp3.t6:  Joint debug of interface systems Voxar, ISBE
wp3.m3: Interface systems released to relevant users

wp3.t7: Identification of algorithms of interest Voxar, ISBE

wp3.t8:  Evaluation of TINA algorithms Voxar

Deliverables

D3.1: Working specification of interfaceR(\PP)

D3.2: Interface system for OSMIAL{\ PU)

D3.3: Interface system for Plug N View 3D{PP)

D3.4: Public release of OSMIA interface specificatidt\PU)
D3.5: Algorithms evaluation reporR\PP)

Milestones and expected results

wp3.ml: Interface system released to relevant users
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Workpackage Description

Workpackage No. : WP4 Start Date Month O
Participant No. : ISBE Voxar VSL Uowo
Person-months per participant 0 0 15 15

Objectives

e Evaluation of open source release of OSMIA.

e Integration of OSMIA algorithms into NeatVision system.

¢ Integration of optical flow techniques into OSMIA.

Description of work

With reference to the WP4 gantt chart table 9 the main tasks are;

wp4.tl:  Download, install and evaluate existing TINA distribution

wp4.t2:  Trial and provide feedback for repository debugging

wp4.t3:  Assessment of NeatVision integration task VSL

wp4.t4:  Assessment of optical flow integration task UowoO
wp4.m1 OSMIA workshop

wp4.t5: Integration of OSMIA algorithms into NeatVision VSL

wp4.t6:  NeatVision debug VSL

wp4.t7:  Integration of optical flow techniques into OSMIA UoWO

wp4.t8:  Optical flow debug UoWO

wp4.t9:  Optical flow updates contributed to repositories Uowo
wp4.m2 Optical flow integration

wp4.t10:  Assessment of final techniques

wp4.t11l: Documentation

Deliverables

D4.1: Assessment of TINA technology{, PP)

D4.2: OSMIA integrated with NeatVision{\ PU)
D4.3: Optical flow techniques in OSMIAZ\ PU)

D4.4: Assessment of OSMIAR\ PU)
D4.5: Documentation for softwardR(\, PU)

Milestones and expected results

wp4.m1: OSMIA workshop
wp4.m2: Optical flow integration
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Workpackage Description

Workpackage No. : WP5 Start Date Month O
Participant No. : ISBE Voxar VSL Uowo
Person-months per participant 2 2 2 2
Objectives

e Disseminate information to all members of the consortium in order to minimise technical prohlems,

e Form a user group to bootstrap a support community,

e Disseminate results through a user group to improve the worth of such information,

e Disseminate project achievements to the wider community,

Filter user group responses back to the consortium to improve the benefits of the work,

Description of work
The work pattern will have the following flow;

> Project manager forms user group

> Project manager establishes working practise for mailing lists and IRC meetings
> Voxar second personnel to ISBE

> ISBE second personnel to Voxar

> ISBE seminar to clinical representative on user group

> ISBE seminar to Philips representative on user group

> ISBE run 2 day workshop for consortium

> User group review evaluation reports from WP3 and WP4
> User group assist in establishing open source license

> User group assist in exploitation conditions

> ISBE and VSL OSMIA tutorials at conferences

> ISBE and Voxar OSMIA/PnV exhibit at ECR

> UoWO demonstrations of OSMIA at conferences

Deliverables

D5.1: Dissemination planR\ PP)
D5.2: Dissemination reportR\ PU)

Milestones and expected results
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Workpackage Description

Workpackage No. : WP6 Start Date Month O
Participant No. : ISBE Voxar VSL Uowo
Person-months per participant 1 1 1 1

Objectives

e To assess and evaluate project outputs

e To inform managment in a timely fashion to permit corrective actions

Description of work

WorkPackage Deliverable Review

Criteria

All report deliverables will be circulated amongst the collaborating parties for review.

In addition the following deliverables will be reviewed internally and the results will be collated by the
project manager. Where feasible assessment will be done by party other than the producer (i.¢. when
selecting user group member). Relative to table 5 these are;

WP2 D2.5 User Group Member  Access, usability and content
WP3 D3.4 User Group Member Content and depth
D3.5 ISBE Content, clarity and effectiveness
WP4 D4.1 ISBE Content and depth
D4.4 ISBE Content and depth
D4.5 User Group Member Content and depth
WP5 D5.1 User Group Member Impact, applicability, depth
D5.2 User Group Member  Effectiveness
Deliverables

Milestones and expected results
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9.3 Workpackage descriptions
9.3.1 WHP1: Project Management

The details of the project management are discussed in section 9.7.

9.3.2 WP2: Open Source Distribution

The objective of this workpackage is to transform the current software distribution into a self consistent, easily maintained,
uncluttered code-base with a robust installation procedure available on a wide variety of platforms. This work will be done
exclusively at ISBE. The distribution will incorporate all of the features expected of a high quality open source application,
including simplified configuration utilities and accessibility through several distribution mechanisms (such as FTP and CVS).
ISBE will also ensure that clear and adequate documentation are provided so that inexperienced users can quickly and efficiently
start to the utilise the power of this resource. ISBE will put in place a full and complete framework of communication and
collaboration mechanisms to ensure that the establishing community is adequately supported. All the facilities put in place will
be evaluated by work in WP4 and the feedback used to debug and improve the distribution and resources.

To ensure the longevity of OSMIA as an open source environment once the project is complete, it is vital that a burden of
management is not introduced, requiring unrealistic levels of time or money. ISBE have considered the resources that will be
available once this project is complete and have focused attention on simplifying working practises and automating tasks. ISBE
will make extensive use of other, well supported open source software in order to manage and maintain OSMIA, whilst being
careful not to introduce unnecessary technological dependencies. For example in the re-development of the TINA website
(the focal point of the community resource) ISBE will use the PHP lang(iatte//www.php.net]for server-side webpage
generation, as opposed to developing static webpages. Adopting a dynamic approach to webpage design is more complex
than writing static webpages, however it provides many advantages in semi-automated site management. Similarly, ISBE
will not burden ourselves or site visitors with heavy client-side scripting or imagemaps for navigation. ISBE shall ensure
that the resource is available to the largest audience possible limiting the requirements on site visitors. Simplifying processes
and considering the broader issues, also helps to promote robustness, a feature of the up-most importance in an informatior
resources such as these. ISBE are confident that once this project is complete they will be able to manage the new distribution
of OSMIA with a minimum of effort, potentially funded, in part, from income generated by commercial take up of analysis
techniques.

Tasks

The gantt chart in table 7 in section 9.5 shows the tasks in WP2. After acquiring the repository hardma®elrwebpages

and information resources will be installed on the systewp2.t2. This includes exporting the current TINA code-base to

new repositories for use by CVS and RSYNC. The existing web pages will also be moved to this server together with the
manuals and other information resources. This resource will be situated in ISBE at the University of Manchester where ISBE
has the rooms and infrastructure to support such as system, including a Gigabit ethernet direct fibre-optic link onto JANET
(internet backbone in the UK) and permanent support and maintenance personnel. Retaining control over the primary host
is also preferred if a professional, robust infrastructure is to be managed. Completion of this task signifies that the milestone
wp2.mlalpha open source release will have been reached. Feedback from community developers in WP3 will be used to debug
and improve the repository wwp2.t3.

The objective ofvp2.t4is to introduce software release strategies and improve the client installation process. This will simplify
access to OSMIA for new users and improve the robustness of installations (increasing confidence in the software). ISBE will
evaluate technologies such as GNU autoconfigure and introduce mechanisms for automated configuration of the code once
installed on client machines. ISBE will also establish protocols for handling and redistributing contributor code. In order to
retain management of the software tree ISBE will install a CVS layer to actsagla This will be separate from the core
directory tree and provide an interface for the community to acquire the latest code. ISBE will install automated systems to
reconcile this layer with the core distribution tree on a regular (daily) basis. However, this will also allow us to disseminate
information regarding code changes to the community in order to promote support activities such as third person code trawling.
Although code management system such as CVS can provide massive advantages for multi-user code management, they cann
replace manual code analysis.

In wp2.5, the development of the supporting information and access resources will be done. Specifically ISBE will establish a
developer websiteith dedicated facilities for community developers including access to code contribution and exchange areas
(based on the protocols developedaip2.t4), logs of contributions to the CVS repositories and email lists. Another area of

development will be the documentation which will be updated to represent the release structure of OSMIA. The documentation
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will be represented in a contribution framework so that, like the code, it can be kept updated by community wide action. The
webpages will be updated to reflect the resource changes and will be re-engineered to increase levels of automation. This will
include providing facilities to ensure that the latest information, code changes and developments are presented to the users a:
quickly and efficiently as possible.

In wp2.t6 ISBE will implement a series of rationalisation exercises aimed at simplifying and improving the robustness of the
existing code. ISBE shall also introduce code testing strategies which will allow the integrity of the code-base to be evaluated
automatically when updates are performed. As part of this task ISBE will also produce a series of focused applications which
demonstrate the capabilities of OSMIA in a specific domains. These will be useful in demonstrating the capabilities of OSMIA
(at a functional level) to potential users as well as developers who, currently, have a particular application or application need
in mind. By demonstrating OSMIA in this way we may attraotepergroups, i.e. those who come to OSMIA for specific

use purposes then slowly make use of more of the software. Typical applications include standalone versions of the image
calculator for prototyping image processing algorithms; the volume-to-volume co-registration and re slice tool for automated
co-alignment of medical datasets; the tissue segmentation tools for identifying the quantities of different tissue types in neuro-
images. These demonstrations have been selected on the basis of our experience regarding quantitative analysis requirements
clinical research projects. The appeal of these demonstrators will be enhanced by augmenting the existing graphical interfaces
(Xview/Moatif) with GTK+ [http://www.gtk.org]and/or Tcl/Tk[http://www.scriptics.cominterfaces which operate on a broader

range of platforms. We shall use these interfaces to enable OSMIA to run on non X-Windows platforms including Microsoft
Windows.

The interface system developed in WP3 will be integrated into the code-bagRit¥ The documentation and webpages will

be updated with the details of how this system can be utilised. Once this task is complete the second mi2#hengeta

open source release will have been reachewp.t8 the repository and community resources will be debugged, based on the
assessment and feedback from WP4. Completion of this tasks results in the delivery of the first public release of the software
which forms deliverabl®?2.

9.3.3 WP3: Commercial Interface

The rate at which new medical image analysis techniques are adopted by commercial software can be addressed by improving
the visibility of research ideas. Tackling this problem in OSMIA is the objective of WP2. The aim is to develop an software
interface mechanism which will allow algorithms to be accessed without the need to program, setup or interact with OSMIA
directly. The interface developed in this workpackage will provide an alternative control mechanism for the executing toolkits.
Toolkits are executable applications which are produced during the development of the underlying algorithm as a way of
evaluating and controlling that area of functionality. Much of the infrastructure they provide is targeted at the developer and
is often confusing for the non-expert user and, from the user point of view, unnecessary. The interface system will allow
functionality in an OSMIA application (a suite of toolkits) to be invoked remotely from a third party application. It will also
enable data to be transfered between the two. The specification for this interface scheme will be made available and open source
in order to promote the idea so others may make use of this scheme.

Once such an interface is established Voxar will be able to more rapidly assess the performance of algorithms within OSMIA,
than if they were required to integrate the code directly. This is because the interface mechanism would work at the very highest
level, exposing only the functionality required to operate the overall system. New algorithms in OSMIA will become almost
instantly accessible from PnV, providing Voxar with a prototype. From this point Voxar would be free to assess the general
behaviour of the algorithm from within PnV. If satisfied with this stage, they could move on to develop a more appropriate (better
integrated, targeted at particular users) interface to the OSMIA algorithm, at the PnV side. This could involve introducing levels
of automation such as utilising information regarding the data capture process in order to reduce the number of configuration
parameters. At each stage Voxar would have access to a working model of the completed system. Indeed the complete
integration of sets of algorithms in OSMIA could be assessed and prototyped without the need to include any non-PnV specific
code, requiring only that the interfaces be developed. Once Voxar are satisfied with the performance of the system they can
consider full integration of the algorithm. Even at this stage the prototype has use as a ‘gold standard’ for comparison to the
final implementation.

The interface mechanism might also allow Voxar to distribute potential new techniques to interested third parties (clinical or
developer) for external evaluation. Similarly, resources developed by groups associated with Voxar might be presented using
OSMIA as the transport mechanism.

Tasks

The first part of this workpackagep3.t1 will focus on producing the specification of the interface protocols. A collaborative
effort between ISBE and Voxar will identify the technologies which will be used to achieve this. This includes reviewing object
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broker schemes such as CORBA and COM, as well as the potential to use a Java API to implement a client-server system and
also object protocols such as SOAP. At the start of the project the developer from Voxar assigned to the project will be seconded
to work at ISBE for a period of one week. During this time the personnel will be familiarised with the technology within TINA

in particular mechanisms relevant to the interface development. The developer at ISBE will then work for a similar period at
Voxar becoming familiar with the technologies used. This training will be used to assist in establishing the specifications for
the interface mechanisms. Voxar and ISBE will work together on identifying the technology and the protocols for the interface.
At the end of this task the working specification for the interface will be delived&dl.

In taskswp3.t2 andwp3.t4 work will commence on realising the interfaces in both OSMIA and PnV. Monthly reviews, in-
cluding site visits by partners will ensure the synchronisation of this work. Duvp@}t3 andwp3.t5 both teams will enter

the software debugging phase. At the end of this phase both Voxar and ISBE will provide beta release software for the other
partner. This will also include presentations by each partner on the details of the final implementation. This information will
be used to define the final trials which need to be performed before the interface can be releap8d6lihe two teams will
commence a program of joint debugging. During this phase each of the trials outlined in the previous task will be completed to
the satisfaction of both partners. Only once this series of trials is complete will the interface systems be released. This release
will coincide with the public release of the interface specification.

Taskswp3.t7 andwp3.t8 will be conducted by Voxar. During/p3.t7 Voxar will survey the algorithms currently available in
OSMIA in comparison to their product development “roadmap”. From this Voxar will select between four and eight algorithms
which are of interest and which they would consider to provide suitable extra functionality for their products. In this stage Voxar
will also consider market suitability of these algorithms. Voxar will then specify a set of requirements for these algorithms and,
using the newly developed interface system, evaluate these algorithms iwg@gB. The following general criteria will be

used in their assessment;

e Stability: As a company producing commercial clinical software, it is necessary to ensure any code integrated into each
application is as stable as technically possible. This will not focus on the stability of the implementation (which in a fully
integrated version would be different) rather the stability of the results in relation to the input data.

e Statistical accuracy: Voxar has a responsibility to provide clinical customers and their patients with software that is
accurate.

e Complexity of integration task: One of Voxar's greatest strengths is code optimisation. Voxar will investigate the code
implementations to assess the potential for speed improvements. They will also produce estimates of the timescales on
which code could be integrated into PnV.

9.3.4 WP4: Community Evaluation Projects

To properly assess the suitability of the open source releases of OSMIA for community development two evaluation projects
will be run. Both of which follow this workpackage structure. The work by the VSL at the Dublin City University will involving
using OSMIA algorithms in an existing software system. The second will involve contributing existing code into OSMIA. This
combination tests the two ways in which OSMIA can be used, as a supplier and user of OSMIA. Whilst conducting their work
both sites will be required to feedback results of OSMIA trials, both software and procedural. The communication between
ISBE and VSL and UoWO will be conducted frequently using email and regular Internet Relay Chat (IRC) meetings. At many
stages of this workpackage findings will be communicated immediately to ISBE in order to improve or repair aspects of the
open source facilities.

Tasks

In wp4.t1 the community developers will evaluate the current TINA distribution and prepare a brief summary of the key
components which need to be added, deliveréllel. This process will allow the partners to become more familiar with
TINA and to help prioritise the actions to be taken in developing the support infrastructure in WRZn41t2 whilst the
repository system is being established the example community developers will attempt remote interaction with the system at
regular (controlled) intervals. They will perform a series of trial download-configure-install cycles and feedback their results in
order to optimise the performance of the system. Residual issues will be addressed by ISBE in the debuggingvpase of

The next step will be for the VSL and UoWO to evaluate how they intend to integrate OSMIA with their technolgquiets,
andwp4.t4. Assistance in understanding OSMIA technology will be given by ISBE in the form of community support (IRC
meetings and email communications) as well as providing a two day hands on workshop during this phase of the evaluations,
wp4.mL1 The details of which are discussed in workpackage 5.
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The major component of work by the example community developers will focus on the contribution of existing code into the
OSMIA system inwvp4.t5-wp4.19. The process of contribution of software back into the open source framework is to be tested

by a medical data analysis project relating to Magnetic Resonance data of the heart. This project has been chosen on the basi
of timeliness and the interest and expertise of the partners.

Modern magnetic resonance systems are now capable of generating moving sequences of images of the chest cavity, showin
the beating of the heart. Though potentially very useful for clinical diagnosis these images are very difficult to understand, even
for radiologists, because of the complex physiology. Quantitative techniques are needed in order to extract summary variables
relating to efficiency and normality of heart movement. The variables generally referred to include, ejection fraction, diastolic
volume, systolic volume, ventricular volumes and masses. In addition it is potentially possible to extract quite comprehensive
variables relating to heart deformation elasticity and strain. Computing such variables automatically is a very difficult problem
which has been the focus of many research groups, but should still be considered as unsolved [Frangi et.al.].

Prof. John Barron, at the UoWO, has worked in the area of machine vision for many years and is widely regarded as an expert in
this field. He has developed techniques for the quantitative measurement of movement using algorithms based upon the concep
of optical flow. These techniques combine the information present in sequences of images together with constraints on possible
motion in order to resolve the problem of establishing the most probably movement giving rise to the differences observed
between two sets of data. Prof. Barron has identified the possibility of applying these techniques to magnetic resonance data
of the heart in order to measure the 3D movement of ventricular walls directly. The intention on this project is to facilitate a
contribution of existing software for this task to the open source software repository. Optical flow algorithms will be provided

as set of C functions which have been modified to conform to a minimal set of OSMIA data structures.

Prof. Paul Whelan, at VSL, also has many years of experience working in the area of machine systems, constructing entire vision
systems for industrial processes. He intends to evaluate the extent to which the open source libraries can be integrated with his
own research software for the purposes of volumetric segmentation of heart ventricles, using the same magnetic resonance dat
sets as Prof. Barron. Again this will result in useful information regarding the difficulty of the software integration process.

In addition the intention is for John Barron and Paul Whelan to exchange ideas and data analysis techniques thus allowing
an assessment of the merits of working with a joint research environment. This will help us to judge the minimum level of
integration necessary between software packages in order to maintain research efficiency and should also inform us of possible
improvements to the initial process.

The work of integrating OSMIA into NeatVision will be conducted during4.t5 andwp4.t6. The optical flow software will

be integrated into OSMIA duringp4.t7 andwp4.t8. One extra step required by the UoWO will be to actually contribute the
results of their work into the newly established code repositories. This will also be used as an opportunity to debug many of
these systems in WP2. Duringp4.t10the groups at VSL and UoWO will assess success of the previous work by performing
collaborative data analysis with the NeatVision system using the UoWO optical flow algorithms all connected via OSMIA.
They will use this as the basis of assessment reports of OSMIA. Both VSL and UoWO will produce a report detailing their
assessment of the capabilities of OSMIA which will form the deliverdae4 Finally in wp4.t11 the teams will document

both the software and their assessments.

References

[1] A.F. Frangi, W.J. Niessen, M.A.Viergever, Three Dimensional Modelling for Functional Analysis of Cardiac Images: A
Review. IEEE, Trans on Medical Imaging, Vol. 20, No.1, 2001.

9.3.5 WHP5: Dissemination and Exploitation

The objectives of the dissemination activities target three levels.
Consortium
First there is the dissemination of information amongst the consortium members. The activities in this area include;

e |SBE to provide a 2 day workshop for other members of the consortium. The objective of the workshop is to provide the
consortium members with insight into the fundamentals of the environment with which they will work.

The first day of this workshop will involve a series of lectures by the members of ISBE responsible for developing TINA.
These lectures will explain the philosophy of the environment (why it was designed the way it was), the basics of what
the system provides together with demonstrations of the results of many areas of the research. The objective of the
first day is to ensure that the consortium members understand the origins of OSMIA and have a detailed overview of
the facilities it provides. the second day of the workshop will involve hands on experience of working with the current
TINA environment. The work undertaken on this day will be driven by the needs of the consortium but will allow the
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members to learn about the practical realities of working with the environment. The second day will also include a series
of discussions of how the environment could be improved.

Documentation will be provided to the consortium members and will be used as the basis of a tutorial introduction to
OSMIA provided on the website.

e \Voxar an ISBE to second personnel. To establish an understanding of each others technology the Voxar developer will
spend a period of one week working at ISBE. During this week the Voxar representative will be taught how the TINA
environment was constructed, what technologies have been used and how the environment is used. This will be followed
by a week were the ISBE personnel is seconded to Voxar for a similar induction into the relevant aspects of Plug N View
3D. In both cases this process will focus on establishing sufficient understanding to enable the interface specification
process of WP3 to be better achieved.

e Establishing an email list. To encourage more informal communication between partners the use of an email list will
be introduced. This will allow discussions to happen in an open fashion, allowing all members of the consortium the
opportunity to contribute. ISBE will establish the resources necessary for the mailing list which will be used as part of
the community infrastructure in WP2.

e Timetable regular Internet Relay Chat (IRC) meetings. IRC will be used to allow more impromptu discussions between
groups to be conducted in real time. A regular IRC discussion will be timetabled involving a representative from each
member of the consortium will, providing the opportunity for any matters arising to be aired. The nature of IRC techno-
logy insures that such meetings can be conducted quickly (taking no more time than a phone conversation) and allows
text to be logged providing a convenient method of capturing the minutes of meetings. ISBE will establish the resource
necessary for the IRC meetings under the guidance of the project manager.

IST Programme and User Group

The second level of dissemination is to other projects in the IST programme (mainly projects involved in medical imaging and
related) and the user group. Community support of open source software is critical. The dissemination activities at this level
will focus on establishing a user community for OSMIA. The project manager will establish a user group which will include the
project manager and representatives from each of the project partners (this does not necessarily have to be the person funded
To this group representatives will be invited from the clinical end users in the form of a representative from Hope Hospital

in Manchester, UK. Also invited will be a representative from Philips Medical Systems, Hamburg, Germany, and others who
develop scanning hardware and analysis software as well as Dr. Adrian Clark from the University of Essex UK who has great
experience in open source data analysis software. Representatives of the UK National Health Service have recently expressec
an interested in the open source approach and will be invited to join the user group. This group will be asked to;

e review publically released report deliverables before submission to the commission,
e advise on the formulation of the open source license used to cover OSMIA,

e advise on specifying the conditions under which algorithms within OSMIA can be commercially exploited.

This group will meet once every 6 months to review the status of the project. Once the project is over the size and format of the
user group will change allowing the group to be usetddotstrap establishing the OSMIA user and developer community.

ISBE will present a seminar to the clinical representative and to the representative from Philips summarising the objectives of
the project and the technologies involved.

Universal

The final level of dissemination is the universal dissemination of results to all. Activities in this area will continue throughout
the project when appropriate. They will include but may not be limited to;

e ISBE and VSL to present OSMIA at conferences in Europe such as the British Machine Vision Conference (BMVC),
Medical Image Understanding (MIUA) and Medical Image Computing and Computer-Assisted Intervention (MICCAI).
ISBE and VSL will provide tutorial style presentations at at least two such meetings.

e ISBE and Voxar will present OSMIA and Plug N View 3D at the European Congress of Radiology (ECR). The ECR is
Europe’s premiere meeting for the dissemination of clinical and technical results. It also represents one of the largest
exhibitions of medical image analysis hardware and software with all the major manufacturers exhibiting systems. The
average delegate attendance is 7000 over the 5 days.
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e UoWO will present OSMIA to relevant conferences and workshops in Canada and the Northern US such as Image

Processing and Medical Imaging (IPMI) and Computer Assisted Radiography (CARS).

e |ISBE to approach the major Linux distributors to include OSMIA with future distributions

e ISBE to ensure OSMIA is highly ranked on all the major web search engines as well as on index sites such as SAL

(Scientific Applications on Linux)

9.4 Deliverables list

The project deliverables are summarised indbverable list of table 5, below.

Deliverable Deliverable Title Delivery Nature | Dissemination
No. Date level
(Month)
D1.1 Project review 6 R PP
D1.2 Project review 18 R PP
D2.1 Alpha open source distribution gf 2 D PP
OSMIA
D2.2 Release of repository systems 6 D PP
D2.3 Release of developer website 12 D PP
D2.4 Release of improved code-base | 17 D PP
D2.5 Open source distribution of OSMIA 18 D PU
D3.1 Working specification for interface| 1 R PP
D3.2 Interface system for OSMIA 13 D PU
D3.3 Interface system for Plug N View 13 D PP
3D
D3.4 Public release of OSMIA interface 13 R PU
specification
D35 Algorithm evaluation report 18 R PP
D4.1 Assessment of TINA technology | 2 R PP
D4.2 OSMIA integrated with NeatVision] 15 D PU
D4.3 Optical flow techniques in OSMIA| 15 D PU
D4.4 Assessment of OSMIA 18 R PU
D4.5 Documentation for software 18 R PU
D5.1 Dissemination plan 2 R PP
D5.2 Dissemination report 18 R PU

Table 5: Deliverable list
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9.5 Project Planning and timetable

Workpackages
© IEEE R
a0 B o 2
44 -f-]-1 33 2
- N
O 3
= =
S
=
N —
N U
© = o
= ol
W
s & 3 .
3 & 3 o
N © 0)
n _— -
N <
o (-T)
01 o =
N — s
Task | Who Title Start YWeekd Pufatior|{yve :k% .
wp2 | ISBE OS Distribution 0 o V8l [ ] Bl
wp3 | ISBE, Voxar | Commercial Interface O —1 V8 %
wp4 | UoD, UoWO | Evaluation Projects | 0 @ I 78 3
= S
Milestone | Title ~ o Datg (Week)
start Project Start i =
wp2.m1 | Alpha OSMIA Release o F 1t S
wp2.m2 | Beta OSMIA Release o 411 | [ &
wp3.m3 Interfaces Released 56 %
wp4.m2 OF and NeatVision Integration Comple{e60
end Project End 78

Table 6: Project Overview
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Table 7: WP2: Open Source Distribution
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Table 8: WP3: Commercial Interface
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Table 9: WP4: Community Evaluation Projects
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9.6 Graphical presentation of project components

The diagram of figure 5 breaks down each of the workpackages outlined in figures 2, 3 and 4 into a series of tasks and shows
the relationship between of each of the major technical components.

Optical

Flow
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TINA | Open Source
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WP4
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- Release > Debug > Release » Integration > Debug >
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Figure 5: Diagram of technical component dependencies (PERT)

9.7 Project management

9.7.1 Project manager

The project management will be the responsibility of ISBE. ISBE will appoint a project manager (from ISBE) who will be
responsible for overseeing and controlling the management of the project and liaising with the EU project officer. This person

will have overall responsibility for the day-to-day management of the project as defined in work package 1. This includes
monitoring resource usage, preparing management reports and supervising all deliverables.

9.7.2 Project management committee
The project will be organised around a project management committee (PMC) representing one member from each partner. This
body will maintain overall visibility on the project regarding resource usage and technical progress. It will identify synergies

between the various teams and propose actions to exploit these synergies. It will approve all deliverables and management
reports. This committee will be chaired by the project manager. It will meet at least twice a year.

9.7.3 Quality assurance

At the start of the project the project manager will develop and circulate amongst the consortium a quality assurance plan.
This plan will be used to ensure that all aspects of work on the project are completed to the satisfaction of the consortium and
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Risk Level Contingency

Change of personnel Medium | At each site at least two persons will be kept involved in the project at all times
Unforeseen technical complexity Low Reduce complexity of interface systems

Lack of domain expertise Low Utilise alternative technology

Public/private license conflict | Low Reduce technological overlap

the commission and that the work complies with the contractual obligations. The plan will detail arrangements for meetings,
together with report templates, meeting minutes, etc. All deliverable reports will be prepared using Word under Office2000.
The technology supplier partners will follow their own internal procedures (ISO9000 or similar) to cover issues of quality
control (QC/QA), version control, supplier control, record keeping, data backup, recovery procedures, etc. Copies of these
quality documents will be submitted to the project manager.

9.7.4 Reporting and communications

Meetings of the PMC will be held on a roughly quarterly basis to review progress in the previous period and report on re-
source usage and technical progress, identify deviations from the project plan and recommend corrections and approve reports
Announcement of meetings (why, who, where, when) will be circulated a month in advance, with a draft agenda issued a
week before. Standing items will include introductions, apologies for absence, status of the various active work packages,
dissemination activities, exploitation news, any other business and date/location/participation of the next meeting.

Other forms of communications employed will be;

e Secondment of personnel between partners for periods of up to a week to understand technological issues,
e Seminars and tutorial workshops between partners to improve understanding of technological issues,

e An email list including all partners will be established by the project manager and all project emails will be circulated on
this list in an open fashion. This email list will be archived for future access by project partners,

e Consortium members will be informed (via email list) of the details of all dissemination activities prior to the date. In
the case of publications this will include a copy or outline of the paper,

e Informal Internet Relay Chat meetings between all partners with a frequency dictated by the needs of the project but to
occur at least bi-monthly. Meetings will be logged and available for review by all partners.

9.7.5 User group
A user group will be established in the manner of an advisory board, including one member from each of the partners as well as
a clinical representative and representative from another equipment manufacturer. Unlike the project management committee

this group will have no powers and can take no action on the project but will advise on issues arising which have implications
for a wider community of users. For instance on the issues of licenses.

9.7.6 Risks and contingencies
9.7.7 Conflict resolution
Whenever possible decisions will be made by consensus. When a dispute arises it will be referred to the project management

committee and, where appropriate, to the user group. It will be discussed by the PMC. A decision will be made by a simple
majority show of hands. In the event of a deadlock, the chairman will have the casting vote.
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10 Other Contractual Conditions
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