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2 Project Summary

Medical image analysis researchers at Oxford are working with clinicians at both the John Radcliffe
and the Churchill Hospitals to investigate the development of novel algorithms for image
segmentation. These multidisciplinary research groups work at different locations: the hospital and

Cance

research laboratories, and one of the collaboration challenges they faceisc | i ni ci ands avail abi

Imaging researchers need fromc | i n i feedbadk énghe performance of the new developed
algorithms and ground truth images, which are images with target shapes manually outlined, while
clinicians are interested in testing, in the research context, the newly developed algorithms more
extensively.

The projecti A Vi rt ual Resmrtarfchir EQan ¢ ® mOielhased at thg @xford R E
Research Centre of the University of Oxford, was funded by the Joint Information Systems Committee
(JISC) under the Virtual Research Environment Programme (VRE) on phase 3 from May 2009 to
February 2011. Its aim is to develop a framework to allow these researchers and clinicians to share
information, images and algorithms.

Initially the project aimed to extend the functionality of the Research Information Centre (RIC 1.0)
VRE jointly developed by the British Library and Microsoft on top on Microsoft Office SharePoint 2007.
Later, the project took a new direction when SharePoint 2010 (SP2010) was released including out of
the box much of the functionality provided by the RIC 1.0. Moving developments to SP2010 created a
more open environment.

The VRE-CI project has now its own SharePoint Sandbox Solution, which allows the functionality to
be installed in other SharePoint 2010 servers with no additional configuration. This includes
functionality to load, curate and group DICOM images in datasets. It also includes functionality to
visualize images with deep zoom functionality (similar to Google maps) and to annotate images which
allow users to provide ground truth segmented images.

Sharing algorithms was approached through the Trident workflow workbench, and an initial library of
Trident activities was developed from one of the most popular image analysis toolkits used by
researchers, the Insight Toolkit (ITK).

Document title: VRE-CI Final Report
Last updated: January 2012

Page 3 of 31



Project Identifier:

Version: 1.2

Contact: Maria Susana Avila-Garcia
Date: 27 January 2012

The project outputs include the VRE-CI SharePoint Sandbox Solution, Trident activities and workflow
examples for ITK, which have been made available on the Codeplex website [12] as open source
under the New BSD license. Reports and documentation will be made available at the project website.

3 Main Body of Report

3.1 Project Outputs and Outcomes

Output / Outcome Type
(e.g. report, publication,
software, knowledge built)

Brief Description and URLs (where applicable)

SharePoint Sandbox Solution
for DICOM image management

The SharePoint Sandbox Solution allows the functionality to be
installed with no additional configuration in other SharePoint 2010
servers. This definition includes functionality to load, curate and
group DICOM images in datasets. The curation functionality
allows the users to define the metadata to be stored in the system
providing flexibility to delete any confidential information that might
be present on the image files and also extend the image and
dataset description by adding keywords which may help them to
identify these objects in the research context.

The SharePoint Sandbox Solution also includes functionality to
visualize images with deep zoom functionality (similar to the one
used in Google maps) and to annotate images which allow users
to provide ground truth segmented images (images with the target
shape manually outlined) and feedback on image analysis results
generated by researchers by pointing regions of interest.

Available in Codeplex at http://vreciss.codeplex.com as open
source under the New BSD license [12].

Trident Workflow Activities for
ITK examples.

50 activities for ITK examples in image filtering and segmentation.
Binary and source code will be made available in Project website.

Report: Upgrading from RIC 1.0
on SharePoint 2007 to
SharePoint 2010.

Available as part of the technical documentation and added as an
appendix in this document.

Microsoft Use Case Study:
Researchers Develop Powerful
Tools to Improve Medical
Imaging Analysis.

Participation on this use case published by Microsoft. Available at:
http://www.oerc.ox.ac.uk/research/lowering-the-barriers-to-cancer-
imaging/project-documents/health-cancer-imaging-final.pdf

Virtual Research Environment
for Cancer Imaging (VRE-CI)
User Guide

Available in Codeplex as part of the VRE-CI SharePoint Sandbox
Solution [12].

VRE-CI Report: An Approach to
Retrieve Image Metadata
Remotely

As a proof of concept the project developed functionality for
accessing image metadata from a Unix server at the Gray Institute
of Radiation, Oncology and Biology (ROB) and documented a
more robust solution to this approach. Available as part of the
technical documentation.

Document title: VRE-CI Final Report
Last updated: January 2012

Page 4 of 31



http://vreciss.codeplex.com/

Project Identifier:

Version: 1.2

Contact: Maria Susana Avila-Garcia
Date: 27 January 2012

3.2 How did you go about achieving your outputs / outcomes?
3.2.1 Background

Imaging researchers at Oxford are working on the development of new methods for colorectal cancer
image analysis research. They collaborate with clinicians at both the John Radcliffe and Churchill
Hospitals. Researchers need input from clinicians including sets of images to be analyzed and the
associated ground truth images. These are mages with the shapes of interest such as body structures
and tumours manually outlined by radiologists and are quite relevant as these represent the target
results researches are looking for. Researchers also need feedback from clinicians on the
performance of the new methods being developed.

On the other hand, clinicians are interested on testing more extensively, in the research context, the
tools developed by researchers but quickly reach a frustratingly low limit of what they can do with
reasonable effort. Furthermore, researchers would need to develop user interfaces for clinicians to
test the software which would be time consuming for them and also may potentially distract them from
the main aim of their research.

One of the major challenges that these multidisciplinary teams face revolves around availability, since
clinicians and researchers work at different locations, such as hospitals and research labs, and given
the demanding nature of the work that clinicians do, face to face meetings and interaction in general
may be limited.

The VRE-CI project aims to alleviate this frustration and to enhance collaboration among these
researchers by providing a framework for researchers to share images and image processing
algorithms. Within this project we leveraged the work that was underway in a Microsoft funded project
on cancer imaging [1] and aimed to expand an existing Virtual Research Environment, the Research
Information Centre (RIC) [2]. This is an open source software project that has created a VRE for
bioscience researchers. It has been a collaborative effort between the British Library and Microsoft
Corporation. RIC is based on Microsoft Office SharePoint Server 2007 and is integrated with
Microsoft Office 2007. Although the RIC 1.0 did not fully meet our requirements we decided to build
on it and extend it for our purposes to include tools for articulating and sharing imaging algorithms i
primarily through the integration of the Microsoft workflow workbench Trident [3].

In October 2008, the University launched a new groupware initiative and after a year of consultation
adopted a Microsoft solution as the integrated framework to support future communications and
collaboration across the collegiate University. Implementation of this groupware solution is an
enormous task and there is a relatively long learning curve to understand just how such an
environment can and should be used within the context of a leading research University. This project
will provide an exemplar within the realm of the Virtual Research Environment and will result, we hope
in a model that can be utilised in other parts of the University.

3.2.2 Aim

The aim of the VRE-CI project was to develop a framework to allow researchers and clinicians
involved in Cancer Imaging to share information, images and algorithms. The project has defined a
prototype example system that can span the two initial use cases to realise dynamically configurable
personalised computational research environments. The first use case focused on meeting the pilot
user group needs and developed functionality for DICOM image management, a medical image
format standard [4]. The second use case concerns the solution of interoperability issues that will
arise with already existing imaging systems and so the project developed functionality as a proof of
concept to ensure that the system can provide that access to a Unix server at the Gray Institute of
Radiation, Oncology and Biology (ROB).
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3.2.3 Methodology

In our initial project plan we defined two use cases for covering the most relevant aspects on cancer
imaging research and addressing interoperability with other imaging systems within the university. For
the first use case we were working with a Cancer Imaging project funded by the Technical Computing
Initiative of Microsoft, for the development of new segmentation algorithms for colorectal cancer
images [5]. Our main contact in this project was Dr Niranjan Joshi. We hold monthly meetings with a
cancer and cardiac imaging group at the Oxford e-Research Centre where we regularly presented
developments made at each point and attendees provided valuable feedback.

For our second use case we investigated the interoperability aspects for accessing an image
repository at one of the UNIX servers at ROB and exposing the image metadata in our system. We
also conducted interviews with a number of researchers at ROB in order to learn about the way they
conduct their research particularly on how they use and share images and algorithms.

Initially, we had planned three deployments to the pilot groups. First deployment would assess
interoperability issues arising for the second use case, where existing imaging systems are working in
a different platform, i.e. Unix. Second development would involve the definition of metadata and web
services for accessing data and image processing algorithms developed by imaging researchers and
the third and last deployment would integrate the functionality of scientific workflows for sharing
algorithms through the use of the Trident Workflow workbench. However, given various challenges
presented during the project including: late a release of the RIC 1.0 software, compared to our work
plan, changes in staff and moving developments to SharePoint 2010, we adapted our plans and
deployments were made face to face with researchers instead of providing free access to the tools.
Comments and suggestions were feedback on a number of prototypes that evolved to our actual
SharePoint Sandbox Solution.

3.2.4 Achievements

Initially, developments were carried out for extending the RIC 1.0 (MOSS 2007) to manage DICOM
images. The project developed functionality for loading and removing any confidential information that
might be present on the image file, as well as searching on DICOM image metadata. This version also
included a web part for the segmentation of colorectal images applying a segmentation algorithm
developed by Joshi and Brady [6]. These developments are shown in Figure 1 and Figure 2
respectively.

(a) e o
: (b)
Figure 1. VRE-CI developments on MOSS 20007. SearchQuery Web part
Functionality o (a) load images in the system, (b) s " (s sl oes o e —
list images and (c) search on image metadata. © o)
c
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segmentation [4]. (a) shows the parameter
specification and (b) the list of files generated by
the image analysis tool.

Research 5
! E E! l Information Centre o
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(b)

Later, when SharePoint 2010 was released, an analysis on the RIC functionality that was already

provided by SP2010 outoft he box was ¢ ar r Upgrdding from RIC iL.6:an ShaeRomtr t  fi
2007 to SharePoint 201049 included in the technical documentation, presents this analysis in detail.
Therefore, we moved our developments to this platform gaining a more open development

environment.

The project team then focused on the development of a site definition for cancer imaging research, as
shown in Figure 3, which includes tools for managing DICOM images. This image format was
chosen, among a humber of specialized image formats, since in general this is the format used by
clinicians for sharing images with researchers.

Welcome to the Virtual Research Environment for Cancer Imaging

OXFORD

e-Research
CENTRE

JISC

(@) (b)

Figure 3. (a) Adding site definition in SP2010, (b) VRE-CI Site definition.

The site definition offers tools for loading and curating image metadata as shown in Figure 4. The

DI COM i mage structure was considered when i mplementin
6Studi esd al | visualize gnade lists ina mere structared and organized way as shown

in Figure 5. The site also enables the user to perform searches on image metadata and keywords as

shown in Figure 6. Keywords are used to extend the image and dataset description into the research

context.

The site definition had the limitations surrounding installation outlined in Appendix B, and so a version

which runs as a SharePoint Sandbox Solution was created.
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Although we had not considered any advanced image visualization in our original plan this proved to
be a necessary feature and therefore the site has incorporated a deep zoom functionality (similar to
Google maps) to allow the user to visualize image regions in detail by adapting for SharePoint an
existing Silverlight image viewer [7]. The viewer as shown in Figure 7(a) works on image tiles
generated during the loading process, all this images are stored and internally linked to the original
DICOM dataset, so that all the files are removed if the original DICOM file uploaded in the system is
deleted.

Users also needed functionality to generate ground truth images and to generate contours that will
serve as initialization for image segmentation algorithms. Therefore, functionality for image annotation
has been provided. This functionality could also be useful for image marking when providing feedback
on image analysis results generated. This functionality is shown in Figure 7(b).

Welcome to the custom site VreciSiteDefinition

Welcome to the custom site VreciSiteDefinition

!

(a)

Figure 7. VRE-CI Image (a) viewer and (b-c) annotation tools.

()

We used the Trident plug-in for SharePoint developed by the RIC team to expose the workflow
catalogue and to enact and monitor the execution of workflows as shown in Figure 8. We also explore
a different interface by exposing activity, workflow and trident job information directly on SharePoint
using the business connectivity service to connect SP2010 to Trident Registry as shown in Figure 9.
This provides a standardized interface to access the external data (SQL database, .net type and WCF
service). The user could modify the data in the list, and the changes will reflect in the database. This
opened the insight on how workflows could be managed in SharePoint. These interfaces need further
developments thought. For example, the plug in displays results that for other specific applications but
not DICOM or image results from image analysis. An initial library of Trident activities and workflows
has been developed from one of the most popular imaging toolkits in the cancer imaging community,
the Insight toolkit (ITK) [8] as shown in Figure 10. This will open the access to non-IT or programmer
users to perform image filtering and segmentation.
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shows the catalogue of activities for ITK.

Due to the change in technology base and personnel within the project we did not fully achieve what
we initially hoped in terms of deploying the system to the research community to provide feedback on
the use of the developed tools. Deployments were made face to face to researchers instead of
providing a free access to the tools. However, we have built links within the research community that
would help, we hope, in embedding these tools within this research scenario. In this regard, the
project will be looking for further funding to accomplish this, improve and fully test the user interface to
the tools.

3.3 What did you learn?
3.3.1 Project management

One of the first tasks for managing this project was to define an advisory committee to evaluate and
advice on the progress and execution of the project. This committee included stakeholders and Prof
Paul Watson, who played the role of our critical friend. We held a number of meetings including a
kick-off meeting (July 2009) and four advisory meetings (March 2010, July 2010, October 2010,
February 2011) where we reported advances in developments. We also provided open access to all
documents and reports generated by the VRE-CI team to all stakeholders in a project created on
Basecamp[9], project management software available online. This allowed stakeholders to be
informed of the steps that the project was following.

3.3.2 Risk management

One of the major risks to the project was a late release of the RIC software. We were confident that
the release of RIC would be in April 2009, it did not happened until late October 2009 though. Then
Pin Hu, the project developer at that time, spent considerable time with the RIC team tracing errors
obtained during the installation of the software. We learnt that the RIC 1.0 requires an Enterprise
version of MOSS 2007whilst the version installed in our server was the Standard version. Working
closely with the RIC development team was essential to find the issue with our installation.

Another of the risks considered was changes in staff. In March 2010 Pin Hu, project developer at that
time, decided to make a change in his career path and left the Oxford e-Research Centre at the
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beginning of April 2010. We manage this by defining a transition plan where technical documentation
was produced by Pin so that the new developers, Xin Xiong (50% FTE), Andrew Tsui and Charlie
Crichton (joint 50% FTE) would get involved in the project and the lessons learnt at that point.

One of challenges we did not identify as a risk in our original work plan was change in software
development platform. The release of SP2010 including out of the box much of the RIC 1.0
functionality placed on the table a decision to make on continuing developments for extending the RIC
1.0 on MOSS 2007 or moving to SharePoint 2010, with the understanding that developers, Xin and
Charlie, would have to deal with the differences between the two platforms. Although this meant to
have another delay on the project, we decided to move developments to SP2010 and by doing so we
gained to work with a more open platform.

Interoperability was initially identified as a factor of success for this project. We have dealt with some
interoperability and versioning issues derived from using different software tools like Visual Studio
(2008 and 2010), .NET framework (3.5 and 4.0), Insight Toolkit (ITK 3.20) and Trident (1.0 and 1.2.1)
as well as various hardware platforms (x86 and x64). Interoperability across the Microsoft toolset has
been surprisingly difficult.

All these challenges lead us to inevitable delays on the deployment of the software tools developed to
the research community but we are now in a good position and with a more robust tool for the
management of medical images.

3.3.3 Development activities

Working together with researchers at the Institute of Biomedical Engineering (IBME) and ROB was
essential for designing the tools delivered by this project. Also, being in contact with both the RIC and
Trident teams has been also essential for moving forward on the issues we have had.

3.4 Immediate Impact

The report we provided on the analysis for upgrading from RIC 1.0 on SharePoint 2007 to SP2010
was used by Microsoft in determining the future of the RIC development.

The functionality provided by the site has potential impact on the way medical images and algorithms
are shared. Images, for example, would not be transported using portable storage devices such as
CDds or USB st i ck sinthelshseem Will dlsb ensuee that cliniciainsdaaddesearchers
are sharing only relevant image metadata, with any confidential information being removed from the
image file. On the other hand, clinicians may find in workflows the environment for executing new
methods for image analysis. Unfortunately we cannot report any immediate impact due to the fact that
the tools have not been yet deployed to the community.

3.5 Future Impact

Microsoft Research and the British Library are now focused on RIC 2.0, branded as a VRE toolkit for

SharePoint 2010. Two maindevel opment | i nes have been defined:

VRE-CI project will contribute with the DICOM management SharePoint Sandbox Solution.

Cancer Research UK and the International Cancer Genome Consortium (ICGC) have funded a
project to identify all the genetic changes involved in oesophageal cancer [10]. This project could
potentially use the tools we have developed for DICOM management. The DICOM metadata work will
be taken forward into the Accel-RT treatment planning project [11].

Furthermore, the Groupware panel at the University of Oxford is rolling out SharePoint 2010 to enable
collaborations and communications among the collegiate University. We hope that the site definition,
reports and documentation produced in this project could be useful within the VRE realm.
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There are plans to publish the results obtained by the project team in Journal or peer reviewed
conference papers.

4 Conclusions

SharePoint is a powerful tool to enhance collaborations. We have pushed the edges by using
SharePoint to share specialized image formats and algorithms. This has been rewarding as we have
gained a strong development platform, but it has also been challenging during the development stage.
Moving development to SharePoint 2010 allowed having a high level access to the hidden and low-
level functionality provided by the RIC 1.0 and MOSS 2007. However, delays were inevitable for
rewriting pieces of code and adapting existing ones.

Working closely together with researchers provided a good insight of the tools they use and to
integrate these in the system. The DICOM management tool can offer a good platform for other
specialized image formats to be imported and managed in SP2010. Hopefully the technical lessons
learnt in this project and detailed in the technical documentation could be useful for similar
developments on SharePoint 2010.

We developed an initial Trident library for activities from ITK, one of the most popular image
processing toolkits and with that we would be able to provide access to these tools to non-IT and non-
programmer users. We could not provide the same support for the MATLAB® image processing toolkit
though due to the license issues involved in this case. The feedback obtained by non-IT or
programmer researchers was very positive. The idea of understanding and being able to manipulate
the solutions provided by their colleagues was very well received.

Since we have reached this stage with tools that will potentially have a huge impact on the way
cancer research is conducted, we will be looking for mechanisms to take this forward to engaging with
a wider research community and deploying these tools for cancer image analysis research.

We believe that a SP2010 VRE in the cloud may be an appropriate future approach.

5 Recommendations

Given that we did not fully achieve what we initially hoped in terms of deploying the system to the
research community due to the change in technology base and personnel within the project, the
advisory committee has highly recommended embedding and testing this software within the user
community.

In general, this SharePoint Sandbox Solution can be used by other organizations with an appropriate
SharePoint licensing scheme in place. One of the advantages of our approach is that SharePoint
2010 could be supported on the cloud leading to a more effective and cheaper use of computer
systems with no system administrator or computer support required, however, the business model for
this at the present is uncertain.

6 Implications for the future

The VRE-CI SharePoint Sandbox Solution is available in Codeplex which will allow tracking the
number of downloads for the site. Since both the binary and the source code will be made available
other projects and potentially users may be benefited by tailoring the application to their own needs by
either extending the existing solution or taking the pieces of interest.

Certainly within the context of Cancer image research we only considered the DICOM format since
this is format clinicians normally share with researchers. However, the software can be adapted and
extended to support other specialised formats such as analyze, metaimage (mhd), vtk, etc. that the

Document title: VRE-CI Final Report
Last updated: January 2012

Page 13 of 31



Project Identifier:

Version: 1.2

Contact: Maria Susana Avila-Garcia
Date: 27 January 2012

user community may find useful. Furthermore, the work conducted in this project could also be useful
for other disciplines using images as part of their research which may need an image viewer and
annotations tools.

The library of Trident activities for ITK can be extended to cover more functionality provided by ITK.
This can be of a wider interest in the image processing community and can also serve as a model for
developing new Trident libraries for other toolkits based on C or C++.

The outputs generated in this project will be included in the RIC 2.0 known as the VRE toolkit for
SharePoint 2010. Since the RIC 2.0 is building a user and development community around
SharePoint 2010 we could then be able to follow up on the impact of the tools we will provide to the
community. Furthermore, a SP2010 VRE in the cloud may be an appropriate future approach.
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8 Appendix A Upgrading from RIC 1.0 on SharePoint 2007 to
SharePoint 2010

Charles Crichton, Xin Xiong, Maria Susana Avila Garcia, Anne E. Trefethen
OERC VRE-CI Project
12/10/2010

The Research Information Centre Framework (RIC 1.0) is built on top of the SharePoint 2007 (MOSS
2007) platform to add functionality that would be useful in a research environment. Building on

SharePointds ability to enable the easy sharing of in
to manage research projects through their entire lifecycle from inception to dissemination.
Much of the extra functionality was 6high |l evel 6, add

processes such as planning studies or applying for funding. However some of the functionality was

61 ow work\ilEng id the gaps that MOSS 2007 did not quite occupy out of the box; especially the

connection between user management and projects. Due to the architecture of MOSS 2007, much of

this extra functionality needed to be built in a monolithic way; all or nothing, and the installation [A1] of

the system was very complicated running to 24 steps and requiring a very particular setup to run.

The o6all or nothingd nature of RI-I&elfatles,ifonexamalé | at i on n
the reference management feature, could not be installed on their own to suit a particular research

need. When taken with the difficulty and time required to install the RIC 1.0, only those interested in

using all of the features would be tempted by installation.

Fortunately, the landscape has now completely changed: SharePoint 2010 has much of the low-level
functionality of RIC 1.0 + MOSS 2007 out of the b
nothingdéd way of thinking s $stanuuchfugheraTind new SharePoit t o t
2010 sandboxing feature enables users, rather than a single administrator, to setup new functionality

as it is needed. Research after all is not monolithic in nature, and different functionality will be useful

to manage different types of research.

The rest of this document will look at the feature set provided by RIC 1.0 and consider how we can

achieve the same functionality from SharePoint 2010 in a modular and lightweight way.

oX,
ake

8.1 Installation and setup

As previouslynot ed, the installation of RIC 1.0 was very dif
SharePoint 2010 terms them, should be used, enabling self-service user installation from within a

running SharePoint site from a Solution Gallery or by user upload.

There is a difficult line to tread between creating a simple, all-in-one installer, and enabling people to

i nstal/l specific versions of software for particular
separately, but also to create an installerthat pl aces those solutions into the
Galleryé, so that wusers can easily find them This do
versioning, signing and release process for each 6sol

8.2 Search adapters

The RIC 1.0 implemented a system of search adapters to access external search services:
i ZETOCG a British Library Table of Contents search service

1 ENTREZa life sciences search engine enabling access to PubMed and PubMed Central
T Windows Live AcademiAn academic search sergjaclosed in 2008.

These search adapters were used by the AjaxLibrarySearch WebPart, QuickSearch WebPart and the
SearchinformationSources WebPart pull in literature information from external sources.

The question has to be asked: Why would users search external services through the RIC, rather than
go directly to the service? There are several possible answers, and these should inform how any
future external search is developed:

1 Aggregating search: Finding the results for the same search in severalrdi#gternal
services simultaneously.
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1 Keeping a centralised search history and/or bookmarks for later review.

9 Facilitating the sharing of search and bookmarks with colleagues.

1 Alternate visualisations of the results, not available on the external resources.
1 Caching of searched information into a local repository.

Alternatively rather than pulling in data, it might be better to build a better launch-pad for going to
external services, listing and linking to them in a compelling way, perhaps enabling users to update
the shared list of search services for particular projects.

8.3 User management

This should simply use the features of SharePoint 2010. Different institutions have different ways of

managing users, and SharePoint already supports these different kinds of configuration. Functionality

concerning users in RIC 2.0, perhaps the functionality linking users to projects, must be built in a

flexible way that enables institutions to link to their existing user management systems.

One of the key requirements of any online research resource is the ability to link users from different

institutions. Many research projects are multi-institutional, bringing different skills from each. Thus, as

well as being able to integrate witsystenmshhereldehdstoed i nst i
be the ability to bring in 6guest accountsd from exte
User management is not just a question of the technology, which is fairly simple to implement, but

also the SharePoint licensing requirements for such a system, which are often difficult to comprehend.

Any future version of the RIC should come with licensing examples and guidelines, helping to

reassure those thinking about deploying these systems that they are doing it correctly. In particular

the issue of whethera site is 06l nternet FlateretrConhectoriLiceased and r equi r
should be set out in detail.

8.4 Social networking

RI'C 1.0 emphasised what we now call O6soci al net wor ki n
and bespoke search. The data model for personal pages was defined in ResearcherProfile.cs with the
following fields:

string  preferredName;

string email= " ;

Uri  pictureUrl;

string  interests;

string aboutme;

string  institute;

string  designation;

string  tags;

string homePhone;

string  officePhone;

string  expertise;

string meetNewPeople;

Users could make lists of other researchero6s profiles
MOSS 2007 and SharePoint 2010 provide built in facilities for u:
and 6My Profiled. These can easily be extended to han

The RIC 2.0 should therefore concentrate of describing how to modify the existing systems to handle
the above fields.

We imagine that any integration with the Zentity repository will enable extra information about a
particular user to be presented.

8.5 Knowledge Management

The RIC 1.0 has features for monitoring research news, searching for publications and storing
information such as bibliography information. Some of this functionality is linked with the search
adapters and social networking functionality discussed above.
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8.5.1 Bibliographies

There is additional functionality for managing Bibliographies which would be a useful tool to bring to
RIC 2.0. In particular the ability to import and export these items in various formats is very useful to
academics as they report their research.

8.5.2 Content Aggregation

There is functionality for aggregating information from multiple RSS feeds. This should be transferred
to SharePoint 2010 as a useful WebPart.

8.5.3 Personal history

The user is able to see a log of the latest activities they took part in, enabling them to easily find the
files that are most relevant to them. This could be a useful WebPart to transfer to RIC 2.0 as it uses
the underlying metadata from the SharePoint auditing features to collect the information.

8.6 Research project management

RIC 1.0 enables the creation of projects, which users are members of, and which go through a
lifecycle from inception to dissemination. The ability to create projects which users are members of
and can contribute is useful. However the mechanisms used to achieve this within the RIC 1.0 were
too heavy and bureaucratic. SharePoint already has the ability to manage who can and cannot see
and administrate particular sites, so the creation of projects using separate functionality was overkill.
Instead projects should be defined as SharePoint Sandbox Solutions within the RIC 2.0, enabling
those users who have been authorised to create sites to create project sites. This would also have the
advantage that the SharePoint Sandbox Solutions for projects could evolve and become specialised
for particular types of project. These project site templates should come with a default set of
workflows for the various stages of a project.

In the RIC 1.0 there are WebParts to manage the status of different project stages, enabling a dash-
board of projects to be viewed. This built upon the uniformity of projects. However if RIC 2.0 is to be
successful then we need to free the projects from these constraints. So how do get a dashboard when
the projects are not as constrained? Simply put we need to define the minimum structure that a
SharePoint site should have in order to be considered to be a project. This could be a particular type
of configuration file, or some functionality that lists it as such in a repository.

8.7 Workflow management

Once a project is up and running, users will start to collect information and process it. Some of that
processing will be uniform, applied to every piece of information of a particular type. Other processing
will be ad-hoc, based upon the whims of the researcher. In both cases workflows can be usefully used
to manage the process.

The Trident workflow system enables workflows to be built on the desktop and uploaded to a Trident
Server for orchestration from within a SharePoint site. What we would really like to see is the ability to
build the workflows from within the browser. This would be a game changer, enabling researchers to
command all of their data, and the processes that run upon it from one online dashboard.

One area where further functionality might be usefully added to RIC 2.0 is in displaying what external
services are available, for example the BLAST Service, and with examples of how to go about using
them.

8.8 Conclusions

I nstead of buil da-mgt i mpdhosysthem, 6ahé RIC 2.0 shoul d
service way. Enabling researchers to use as much or as little of it as they require. With SharePoint

2010 they can already do this for a wide range of tasks out of the box, but many extra domain specific

functions, that users can pick and choose from, would make the system very much more productive.

8.9 References
[A1] RIC 1.0 Installation Guide, http://ric.codeplex.com/releases/view/37474, December 2009
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9 Appendix B i SharePoint Sandbox Solution T replacing
the site definition with a cloud compatible solution

SharePoint site definitions, as described in Appendix A require the system administrator of the
SharePoint site to install and approve them, altering the security configuration of the system to allow
them to run. This adds an extra layer of bureaucracy, and requires that the administrator is convinced
that the extra code now running on the server farm is not going to do any harm to that system.

This is a huge burden, and unless the SharePoint system has been set up explicitly to host this
particular site definition, this is not a risk that system administrators are likely to take lightly.

There is another way to package up code for SharePoint that does not require the intervention of the
system administrator called a SharePoint Sandbox Solution. This is designed to enable code to be run
on vanilla cloud-based SharePoint instances, where a standard SharePoint instance is provided as a
hosted service. In these circumstances there is little chance that a user would be able to get the host
to modify the underlying security settings to enable arbitrary user code to run.

These SharePoint Sandbox Solutions are analogous to apps which run on modern smart phones,
users can upload them to their sites to enable them to run. To keep the system administrators happy
SharePoint Sandbox Solutions are heavily restricted in what they can do [B1]. In particular, for the
VRECI the following functionality is missing:

1 No calling native DLLs i this rules out the ITK libraries.
9 DLLs must have the AllowTrustedCallers attribute i this rules out the DeepZoomTools.DLL
1 No web-part connections T used to communicate the 'selected' image between components.

To resolve these issues we have:

1 Created a modified version of the mDCM library [B2] which is designed to run in the
SharePoint Sandbox and has just enough functionality to get the image and the metadata
from a DICOM file.

1  Written code which produces a minimally functional set of DeepZoom files from an image. So
we don't need the DeepZoomTools.DLL

1 Built the selection of images into the Silverlight viewer.

This means we now have a SharePoint Sandbox Solution which can be run on cloud-based hosted
SharePoint solutions.

The current implementation lacks search features in the Silverlight application. More generally
SharePoint does offer search features, and depending upon the edition of SharePoint installed, these
can be configured to find the data stored within it to a different level of granularity.

9.1 Installation and setup

SharePoint allows the delegation of control of sub-sites to users. These
are known as 'Site Administrators'. Typically these users can define what
is on the site, and who is allowed to access it, who else is allowed to be a
site administrator. It is normal for users to be made the site administrator
of an area of the server they control, and this doesn't give them any extra
rights in terms of managing the overall server, which is still the job of the
system administrator.

Ste Administrator
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9.1.1 Installing a SharePoint Sandbox Solution

To install a SharePoint Sandbox solution the site administrator user has to upload the .wsp file
containing the solution, and activate it. The Silverlight VRECI FileManager application then has to be
placed on a web-page.

Site Actions =| B Browse Solutions i
: A=) Ga\lerles Library Tools
— Edit Page [ % —=_ Site columns . .
}) Medify the web parts on this —M'3| site content types Site Actions @8 Browse Solutions Library
page. Web parts
N List templates $ g b4
1 gle';.at-:gaepage you can Master pages J y
! Themes Uplo Erowse Delete Activate Deactivate Upgrade
customize. Solutid® Office.com

) Solutipns
New Document Library New Commands

= Create a place to store and
N share documents. (b) (C)
New Site
0 Create a site for 3 team or
project.

More Options...

Create other types of pages, Upload Document Bifx
lists, libraries, and sites.
—l, | View All Site Content Upload Document
‘E View all libraries and lists in MName:
this site. Browse to the document - — . =
you intend to upload. VrecitWreci\bin\Release (ESRUIERTE:  Browse... |
Edit in SharePoint Designer
4 Create or edit lists, pages, and Upload Multiple Files...
workflows, or adjust settings. [¥] Overwrite existing files
Site Permissions
< Give people access to this site.
& Site Settings OK Cancel
Access all settings for this site.
W
(a) (d)
Solution Gallery - Activate Solution
~ | Site Actions
[ "‘rjoa Manage site features
Save site as templ
o Reset to site definition
| Version History g-. Delete this site
45 Manage Permissions S!te Web l.l.*al'- 'Epc“ts.
Edit . Activate Site Collection Web Analytics reports
ftem % Delete Item

Manage C-:umma%s (f)

Warning: You should only activate this solution if you trust this sclution. An activated sclution can
read, modify and delete your data.

MName Vreci_v0.0.3

Solution Id {B7D36F2B-8928-4CF8-9F77-C28004B56B41}

Title Virtual Research Environment for Cancer Imaging

Description Components for extra_ctin_g and manag!ng and marking up medical

imaging files. Two activations are required to make this work. Firstly in
the 'Solution Gallery'. Secondly in the 'Site Features' of the site using the
components.

Created at 9/8/2011 12:11 PM by VRECI\Administrator
Last modified at 9/8/2011 12:11 PM by VRECI\Administrator

(e)

Virtual Research Environment For Cancer Imaging

B _
s | Components for extracting and managing and marking up Activate
medical imaging files.

)]
Figure 12: Installing a SharePoint Sandbox solution

In SharePoint 2010 go to the 'Site Settings' page. (Figure 12a)

Pick 'Solutions' from the 'Galleries' section. (Figure 12b)

Pick 'Upload Solution' from the ribbon. (Figure 12c) You may need to click around the web-
page until the ribbon appears.

4. Upload the Vreci_vX.Y.Z.wsp file (where X.Y.Z) is the version. (Figure 12d)

5. Click on 'Activate’ in the popup window that appears. (Figure 12e) This is the first of two
activations.

wn =
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6.

7.
8.

Go to the 'Site Settings' page for the site you want to activate the solutions for. (See Figure
12a again.)

Under 'Site Actions' choose 'Manage site features'. (Figure 12f)

Choose 'Activate’ for the 'Virtual Research Environment for Cancer Imaging' feature. (Figure
12g)

9.2 Creating a page containing the VRECI File Manager

All of the file selection and file viewing functionality has been placed within a Silverlight application
contained in the SharePoint Sandbox Solution. This needs to be added to a page so that it can be

used.

1. Go to the site where the VRE-CI SharePoint Sandbox Solution is activated.

2. Inthe site actions select 'New Page' (Figure 13a) and give it a name (Figure 13b)

3. Onthe page enter some text (Figure 14d) and from the insert ribbon choose the 'Web Part'
button. (Figure 13c)

4. In the Media and Content category, select the Silverlight Web Part and click the Add button.
(Figure 14e)

5. Inthe popup window asking for the Silverlight Web Part details (Figure 15f) add the following
path: /VreciModule/FileManager.xap (Note that the initial slash is important!)

6. Inthe right hand context menu of the Silverlight Web Part choose 'Edit Web Part'. (Figure
15g)

7. Make the WebPart bigger, 800 by 800 pixels, (sensible minimum 640x640) change the
Chrome to None and set the parameter dcmlibrary=Shared Documents and click OK.
(Figure 15h)

8. You should now have a page looking similar to the one in diagram 16.

m New Page g x

=2
2

B

Edit Page
Edit the contents of this page.
Thiz page will be created in the Site Pages library.

New page name:

Create I

New Page
Create a page you can
customize. {b

New Document Library
Create a place to store and
share documents.

New Site
Create a site for a team or
project.

Cancel

More Options...
Create other types of pages,
lists, libraries, and sites.

View All Site Content
View all libraries and lists in
this site.

(b)

Edit in ShareFoint Designer

Create or edit lists, pages, and
workflows, or adjust settings. ERTaialaeE
Site Permissions

Site Adtions = r B rows
Give people access to this site. Siteactions e Browse

Page Format Text

o swssws = E e Bmim
,;é‘%ﬂ} Access all settings for this site. = —=
Table Picture Link Upload Web | Existing Mew
- - File Part List List
(a) Tables  Media Links Neb Parts
()

Figure 13: Creating a page
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Figure 14: Editing the page
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Silverlight Web Part

URL

URL:
Enter the URL of the
Silverlight application
package (.xap) this
application should run from,

I.a"‘u'reciModule,"FiIeManager.xap

Ok Cancel
Silverlight Web Part -
DICOM File Viewer Minimize
Close
W Delete
53 Edit web Fart

(9)

Application

To provide a Silverlight application (.xap)
to use, click Configure.

[E] Appearance

Title

ISi\uerI\ght Web Fart

~
-

Height

Should the Web Part have a fixed height?

(% Yes I 800 IPIXE|5 'I

(™ No. Adjust height te fit zene.

Width

Should the Web Part have a fixed width?

(% Yes I 800 IP‘XEIS 'I

(7 No. Adjust width to fit zone.

Chrome State
" Minimized
& Normal

Chrome Type

I None 'I
Layout

Advanced

=] other Settings

Customn Initialization Parameters

I:lcmlibrary=5hared Documents

OK[\' Cance\l Apply

(h)

Figure 15: Configuring the Silverlight WebPart
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/~ Top - DicomFileView - Windows Internet Explorer =] 3]

@;} - ||:| http: /jvred/SitePages DicomFileView. aspx j *p (| % Bing L2\~

5. Faverits ] Top - DicomFileView

Site Actions - ] Browse
3 5 =
- - - g/ L4
Top » DicomFileView & v
ILike It Tags &
Motes
Home Demo A Test site test? testd tests tests test? Search this site... pel 9

Recently Modified
DicomFileview

DICOM File View

Home

Devl
L These are example DICOM files in a Silverlight app:
How To Use This Library F g FF

Libraries Document Library: Shared Documents

Site P; s N
usgliel= Files | Group Metadata
Shared Documents

ABC Refresh File List

Shadow Document
Library

Lists
Calendar

Tasks

Metadata | Image Annotatiol

Discussions
Team Discussion
\al Recycle Bin

[Zn ANl site Content

Figure 16: The Silverlight File Manager embedded in a page.
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Adding, viewing and annotating a DICOM image

Adding images uses the standard SharePoint system.

1. Simply upload a .dcm file to a document library on the site, we will pick the Shared
Documents folder for this example. (Figure 17 a, b)

2. Go to the page with the Silverlight FileManager webpart installed on it and select the file from
the list. (Figure 18 a, b)

3. The metadata for all of the DICOM files can be viewed and edited in the Group Metadata tab.
(Figure 19)

4. The image can be viewed on the Image Annotation tab. Figure 20.

5. Click on the Annotation enabled/disabled button to toggle between zooming/panning and
image annotation, and simply draw on the image. The data is automatically saved.

Upload Document

Upload Document

Name:
Browse to the document -
you intend to upload. FE—CI Data\PATAnonym PAT\a_im1.dcm  Browse |

Uplaad Multiple Files. ..
[V Overwrite existing files

Library Tools

Site Actions ~ B TG Documents Library

Top » Shared Documents » All Documents -

Share a document with the team by adding it to this document library.

Home| Demo A 5
Libraries I~ Type Name Modified Modified By
SrElRa0es 3] a_imi mew 10/11/2011 11:56 AM VRECT\Admini

Shared Documents

Shadow Document # Add document

(b)

Figure 17: Adding a Dicom file
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site Actions - #f B RECIED

VRECI\Administrator =

(i} Top » DicomFileView

Home Demo A

Recently Modified

DicomFileView

DICOM File View

Home

How To Use This Library
These are the example files in a Silverlight app:

Libraries
Site Pages Silverlight Web Part

Shared Documents Document Library: Shared Documents

Shadow Document

Library Files | Group Metadata
Lists

Calendar a_iml.dcm

Tasks %

Discussions

Team Discussion

iy o
& o
ILike It Tags &
Notes
Search this site... r (7]

Refresh File List

(@)

DICOM File View

These are the example files in a Silverlight app:

Silverlight Web Part

Document Library: Shared Documents

Files | Group Metadata

Refresh File List

a_iml.dcm

Metadata | Image Annotation

Title Value
Instance Number 1

HAcquwmt\on Number o

(b)

Figure 18: Selecting an image file
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DICOM File View

These are the example files in a Silverlight app:

Silverlight Web Part
Document Library: Shared Documents

Files | Group Metadata

Reload Group Metadata

Title Value
Study MRI Pelvis
Study Instance

Series Instance

Series Description MRI Pelvis
Equipment GE MEDICAL SYSTEMS
Modality MR

Metadata = Image Annotation

Figure 19: Viewing and editing Group Metadata

Silverlight Web Part
Document Library: Shared Documents

Files | Group Metadata

‘ Refresh File List |

a_iml.dcm

Metadata | Image Annotation

Annotation Disabled ‘ ‘ Clear Annotation |

Figure 20: Viewing image
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Silverlight Web Part

Files | Group Metadata

a_imi.dcm

Document Library: Shared Documents

| Refresh File List |

Metadata = Image Annotation

| Annotation Enabled |

Figure 21: Annotating an image

Silverlight Web Part

Files | Group Metadata

a_imi.dcm

Document Library: Shared Documents

| Refresh File List ‘

Metadata | Image Annotation

Annotation Enabled |

Figure 22: Annotating an image at different scale

Document title: VRE-CI Final Report
Last updated: January 2012

Page 27 of 31




Project Identifier:
Version: 1.2

Contact: Maria Susana Avila-Garcia

Date: 27 January 2012

9.3 Underlying files

The system creates a 'Shadow Document Library' folder to hold configuration files for each folder the
user adds DICOM image files into. An example of such a 'Shadow Document Library' folder can be

seen in figure 23.

/- Shared Documents - All Documents - Windows Internet Explorer

=10l x|

Go-

77 Favorites Shared Documents - All Documents
Library Tools -
. X VRECI\Administrator ~
Site Actions - g IO Documents Library
Top » Shadow Document Library » Shared Documents » All Documents 7 v
Contains extra configuration and metadata files for the files in the other Document Libraries. Ilike It Tl‘algts &
otes
Home  Demo A Search this site... el 7]
Libraries [T Type Name Medified Medified By
Site Pages Ea a_imi.dcm i0f VRECIVAdministrator
Shared Documents . A . A :
:ﬂ curated.group.metadata & vew 10, VRECI\Administrator —
Shadow Document ; B
Library k= filter.file o Hew 10/ VRECI\Administrator
ﬂ filter.group & Hew VRECI\Administrator
Lists
4k Add document
Calendar LI

Forms/Alltems.aspx?Roo

Figure 23:

Group level data files

The filter.group.xml file, the content of which is in figure 24, is used to filter information that is common
to a group of images. This XML based format defines how information is extracted from a group of
images, contained by the document library.

<?xml version="1.0" encoding="utf-8"?>
://vreci/properties/1/" filter="false">

<Properties xmlns="http

<Item reference="http

://vreci/dicom#8@681038"

<Item reference="http

://vreci/dicom#8@20000d"

<Item reference="http

://vreci/dicom#8@20000e"

<Item reference="http

://vreci/dicom#0@681030"

<Item reference="http

1/ /vreci/dicom#8@880070"

<Item reference="http

://vreci/dicom#8@680068"

</Properties>

title="Study" description="Study Name" />

title="Study Instance" description="Study Instance" />
title="Series Instance" description="Series Instance" />
title="Series Description" description="Series Description" />
title="Equipment" description="Equipment" />

title="Modality" description="Modality" />

Figure 24: filter.group.xml file i used to filter information about a group of images.

Once processed along with some DICOM files, the result is the initial metadata placed in the
curated.group.metadata.xml file. An example of this file is given in figure 25. This is the information
that is displayed and edited by the Group Metadata tab of the Silverlight component shown in Figure

19.

<?xml version="1.@" encoding="utf-8"?>

<Properties xmlns="http:

<Item
<Item
<Item
<Item
<Item
<Item
<Item
<Item

//vreci/properties/1/" filter="false">

reference="http:

//vreci/dicom#8@881030"

reference="http:

//vreci/dicom#ee2eeeed"

reference="http:

//vreci/dicom#@@20000e"

reference="http:

//vreci/dicom#8@681030"

reference="http:

//vreci/dicom#oeesea7e"

reference="http:

//vreci/dicom#0@680060"

reference="http:

category=
category=
category=
category=
category=
category=

wu

wu

wu

wu

title="Study" description="Study Name">MRI Pelvis</Item>

title="Study Instance" description="Study Instance"></Item>

title="Series Instance" description="Series Instance"></Item>

title="Series Description" description="Series Description">MRI Pelvis</Item>
title="Equipment" description="Equipment">GE MEDICAL SYSTEMS</Item>
title="Modality" description="Modality">MR</Item>

//vreci/dimensions#width" title="Width" descripticn="The width of the image" hidden="true">256</Item>

reference="http:

//vreci/dimensions#height" title="Height" description="The height of the image" hidden="true">256</Item>

</Properties>

Figure 25: Filtered group metadata

The metadata for individual DICOM files is extracted according to the filter given in the filter.file.xml
file. An example of this file is given in figure 26.
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<?xml version="1.8" encoding="utf-8"?>
<Properties xmlns="http://vreci/properties/1/" filter="false">

<Item reference="http://vreci/dicom#00200013" title="Instance Number" description="Instance Number" />

<Item reference="http://vreci/dicom#00200012" title="Acquisition Number" description="Acquisition Number" />
</Properties>

Figure 26: filter.file.xml 7 used to filter individual DICOM files.

Each individual DICOM image has a corresponding folder containing the data that is extracted from
the DICOM file along with any annotation that are made. Figure 27 shows an example of such a
folder.

/" a_imLdcm - All Documents - Windows Internet Explorer =18l x|
@\‘—-\/'I http: ffvreciHidden_S ms/Allltems. asy b %L5FS % 2FS 220 j *3|| X Bing P~

75 Favorites a_im1.dcm - All Documents

Library Tools

= . VRECI\Administrator -~
Site Actions = @ TR Documents Library

Top » Shadow Document Library » ... a_im1.dcm * All Documents 4 v/
Ilikelt Tags &

Contains extra configuration and metadata files for the files in the other Document Libraries. =
otes

Home Demo A Search this site... ¥l e
Libraries T Type Name Medified Modified By

Site Pages DeepZoom VRECI\Administrator

Shared Documents @ a_imi.log e VRECI\Administrator

Shadow Document .

Library e, curated_annotation FHEw VRECI\administrator

:‘] curated_metadata new VRECI\Administrator _—

Lists :5] dicom_metadata & wew VRECI\Administrator

Calendar :] frame.0 #new VRECIVAdministrator

L=sk= = thumbnail.48 & rew VRECI\Administrator

Figure 27: A folder containing data extracted from an individual DICOM image

The DeepZoom folder contains tiled image data in the format required for the multi-scale image
component of the Silverlight application, and the log file gives verbose details of the creation of the
folder.

The frame.0.png and thumbnail.48.png files provide images that can be linked to in the user interface.

The dicom_metadata.xml file contains all of the metadata from the DICOM file extracted into an XML
format which is easier to access and process. A shortened example of this file is given in figure 28.
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<?xml version="1.@" encoding="utf-8" standalone="yes"?>
<dicom>
<attr tag="6008@8e5" vr="CS" len="10">ISO_IR 168</attr>
<attr tag="00080008" vr="CS" len="22">ORIGINAL\PRIMARY\OTHER</attr>
<attr tag="eees8ee1s" vr="UI" len="26">1.2.840.10€088.5.1.4.1.1.4</attr>
<attr tag="06008@018" vr="UI" len="64">1.3.6.1.4.1.9590.1080.1.1.342236275011043629220213338962616336462</attr>
<attr tag="eee8e02e" vr="DA" len="0"></attr>
<attr tag="eees8ee21" vr="DA" len="0"></attr>
<attr tag="00080022" vr="DA" len="@"></attr>
<attr tag="0008823" vr="DA" len="0"></attr>
<attr tag="06008e830" vr="TM" len="@"></attr>
<attr tag="eeesee3l" vr="TM" len="@"></attr>
<attr tag="eees8ee32" vr="TM" len="0"></attr>
<attr tag="00080033" vr="TM" len="0"></attr)
<attr tag="0008850" vr="SH" len="0"></attr>
<attr tag="eees8eeee" vr="CS" len="2">MR</attr>
<attr tag="00080070" vr="L0" len="18">GE MEDICAL SYSTEMS</attr>
<attr tag="060080080" vr="L0" len="0"></attr>
<attr tag="000800890" vr="PN" len="@"></attr>
<attr tag="00081030" vr="L0" len="18">MRI Pelvis</attr>

st FamTAAGRRTIA2IY A TCAY TanoT 1Y

<attr tag="7fd1@e1e" vr="L0" len="6">GEIIS</attr>
<attr tag="7fd11018" vr="UN" len="4">ee\ee\ee\ee</attr>
</dicom>

Figure 28: dicom_metadata.xml i extracted DICOM metadata

The filter.file.xml file shown in figure 26 is used along with the data extracted into the
dicom_metadata.xml file, as shown in figure 28 to generate a curated_metadata.xml file as shown in
figure 29. This contains data which the user can go on to edit using the Silverlight user interface as
shown in figure 18b.

<?xml version="1.8" encoding="utf-8"?>
<Properties xmlns="http://vreci/properties/1/" filter="false">

<Item reference="http://vreci/dicom#60280013" category="" title="Instance Number" description="Instance Number">1</Item>

<Item reference="http://vreci/dicom#80200012" category="" title="Acquisition Number" description="Acquisition Number">@</Item>
</Properties>

Figure 29: curated_metadata.xml

When the user annotates images, figures 21 and 22, the data is written to the curated_annotation.xml
file. This contains a series of strokes, consisting of a set of points. A snippet of this can be seen in
figure 30. This corresponds to the XML Schema given in figure 31.

<StrokeCollection runtime_width="256" runtime_height="256" xmlns="http://vreci/annotation/1/">
<Stroke Colour="#FFFF@@@8" OutlineColour="#060000860" Width="3" Height="3">
<Points>
<Point X="91.147178649902344" Y="164.27714538574219" />
<Point X="91.147178649902344" Y="163.97410583496094" />
<Point X="91.4502182006836" Y="163.67106628417969" />
<Point X="91.4502182006836" Y="163.36802673339844" />
<Point X="91.4502182006836" Y="163.86498718261719" />

e
<Point X="155.08807373046875" Y="166.39840698242188" />
</Points>
</Stroke>
<Stroke Colour="#FFFF@@@O" OutlineColour="#00000000" Width="3" Height="3">
<Points>
<Point X="87.132461547851562" Y="33.895591735839844" />
<Point X="86.34210205078125" Y="33.895591735839844" />
é
<Point X="86.34210205078125" Y="33.895591735839844" />
<Point X="87.132461547851562" Y="33.895591735839844" />
</Points>
</Stroke>
</StrokeCollection>

Figure 30: curated_annotation.xml
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Figure 31: XML Schema for image annotation format

9.4 Appendix references

[B1] Restrictions on Sandboxed Solutions in SharePoint 2010, February 2011,
http://msdn.microsoft.com/engb/library/qg615454.aspx

[B2] mDCM for SharePoint Sandbox i A DICOM library in C# based on mDCM,
https://github.com/charlescrichton/mdcm
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