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Abstract

To maintain organization and stability of a project when working with the CreaTools software for medical imaging is very often a
big and tedious problem. Consequently, this report shows the architecture and presents the tool to improve the development
phase of every project made in CreaTools, and simplify the configuration of the project to keep the stability at the time of
building each project. The tool proposed is intended to be backwards compatible with the way of creating projects with the
CreaTools development environment.
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Résumé

Maintenir I'organisation et la stabilité d'un projet lorsqu’on travaille avec le logiciel CreaTools pour I'imagerie médicale est trés
souvent un gros probléeme. Pour cette raison ce rapport présente l'architecture et l'outil pour améliorer la phase de
développement de chaque projet réalisé en CreaTools, et de simplifier la configuration des projets pour maintenir la stabilité au
moment de la compilation de chaque projet. L'outil proposé est destiné a étre rétro-compatible avec le mode de création de
projets a I'environnement de développement CreaTools.

Mots clefs
Gestion des projects de développement logiciel, architecture logicielle, CreaTools, Boite Noire, BBTK, retrocompatibilité.



Introduction

CREATIS (Centre de REcherche en Acquisition
et Traitement de I'lmage pour la Santé) is a
laboratory for biomedical imaging research,
working in information science and technology
along with health sciences. This center is
divided in six research teams dedicated to make
investigations on particular topic of medical
image processing. In addition, an administrative
department and an IT department bring support
to the different activities developed in the
laboratory.

The IT department is divided in two sub-
departments, the hardware and equipment
section and the software development section
(info-dev). The main goal of the info-dev section
is “to put in common and maintain the software
components developed in the lab, so as to
minimize the programming burden of the
researchers”. One of the most known
applications developed by the info-dev team is
CreaTools, an open-source suite of tools that
integrate different open-source technologies
(vtk, itk, gdem, wxWidgets, KWWidgets, boost,
etc.) to create powerful image processing
applications. In addition, CreaTools is licensed
with CeCILL-B for free software?.

One of the features CreaTools provides is a
development environment that lets students and
researchers create their own applications based
on the existing components. Moreover,
CreaTools allows developers to manage their
projects, develop new modules and even
participate to the CreaTools development. To
accomplish this CreaTools uses different
standalone tools to create the different
components of a Crea project and make them
available in multiple platforms (Windows, Mac
and Linux). Additionally, CreaTools use the
CMake technology to configure and compile the
projects. Also, when a Crea project is compiled
it can also be associated to CreaTools as an
additional module, this also achieved by one of
the tools provided by CreaTools.

Today, the task of managing Crea projects
involve the usage of three standalone tools
called creaNewProject, bbCreatePackage and
bbCreateBlackBox to create the project’s

! Taken from the Creatis website www.creatis.insa-
lyon.fr/site/en/info-team (as seen on 13/02/2013)

2 The CreaTools website is available in
http://www.creatis.insa-lyon.fr/site/en/CreaTools_home
(accessed on 13/02/2013)

structure. Besides, it is also necessary to know
well the structure of a project as well as the
technologies that are used within it. Lastly but
not less important, CMake instructions have to
be used to configure and compile the project.
Clearly, managing a Crea project is not an easy
task.

However, an effort to make the tools easier to
use for the developers has been made by
creating a documentation of the available tools
and video tutorials of the usage of them.
Nevertheless, this documentation is not easy to
follow and the videos can easily become
outdated by changes in the software.

This project handles the issue of the complexity
of Crea projects by designing and implementing
a tool called CreaDevManager (from Crea
Development Manager), that unifies all the tools
and technologies involved in the development
process and provides a clean user interface to
manage these projects. Moreover, this tool is
intended to be available in Windows, Linux, and
Mac operating systems.

This report is split into six sections. The first
section explains the main system requirements
the developed software has to accomplish
according to the user needs. Following, a
contextualization of the different medical image
projects managers is exposed and their features
and drawbacks are explored with the aim of
fine-tuning the requirements of the project.
Next, a proposed solution is provided beginning
with a high level explanation of the system and
its integration with the existing software. Then,
the actual state of the software and the
technical issues of the solution are provided.
Finally, the conclusions of the project and the
future work review the goals of the project and
pose future challenges for CreaDevManager.

Due to the two column style of this report some
illustrations could be difficult to read. In spite of
that, the relevant diagrams in the project will be
referenced to the project’'s website, where all
the full-sized illustrations will be available.

System Requirements

When developing applications, the first step is
to define the needs of the users. The UML’s [1]
use case diagram is not only a good method to
explain these needs, but also it allows
presenting the  functional requirements
separated by user type. In Figure 1 the different
users and requirements are presented.
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Figure 1 Project's Use Case Diagram

The requirements are divided in three different
types. First, standard requirements describe
basic requirements present in any project
management  application. Next, specific
requirements represent those requirements that
are only present in CreaTools projects. Finally,
special requirements imply an interaction with
third party tools such as CMake or the different
types of compilers, or utilities that connect the
project with other tools such as BBTK Graphical
Editor®.

In addition, there are two types of users. This
application has both novice and experienced
developers as target users. For this reason, the
development help presented to the user is very
important as it could help beginners to gain
experience in CreaTools.

Furthermore, it is necessary to establish some
restrictions the product must meet in the sense
of behavior, system design, and user
experience. A standard method to express
these restrictions is the quality attributes
identification [2]. To propose a solution for the
CreaTools project management the following
items were selected.

Functionality: The application does the work it
was intended to do, "Manage Crea Projects and
help the user to develop his projects faster".

3 BBTKGEditor is a Graphical editor for the bbtk library.
Description found in http://www.creatis.insa-
lyon.fr/site/en/CreatoolsBBTKGeditor (accessed on
20/02/2013)

Reusability: Components developed in this
project can be used in other projects and tools
to keep the projects' model consistently.

Usability: Users are able to work intuitively with
the application. Also, users should get enough
help to get their projects up and running in less
than half an hour.

Portability: The application can be run in
different operating systems. All the code written
must be available to use in Windows, Mac and
Linux.

Configurability: The application can be
configured by the user in order to work in the
most comfortable way.

Context

As CreaTools, there exist some other toolkits
that help on the task of medical image
processing.

The most known is MeVisLab* which allows the
user to create pipelines and modules to build
applications in medical image processing and
visualization. As this development environment
handles projects, it keeps organized all the
developed filters and pipelines. The process of
application development in this framework is:

1. Connect existing modules to
networks.

2. Develop new modules, if necessary.

Build user interface (GUI).

4. Build macro modules to recycle
complex functionality.

5. Use scripts to control networks, GUIs
and macros.

6. Build installer (only with a special
ADK license).

w

However, this tool does not guide the developer
through the process of creating modules and
packages; it assumes the developer knows how
modules are created making the development
process complicated for the novice developer.
The Figure 2 shows the structure of an image
processing pipeline in MeVisLab.

4 MeVisLab is a development environment for medical
image processing and visualization. Available in
http://www.mevislab.de/
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Figure 2 MeVisLab Sample Image Processing
Pipeline

Second, GIMIAS® is another framework that
works with projects for developing medical
imaging processing plugins that integrate with
GIMIAS. It provides an API for the plug-ins to
interact with them (these plugins can be
widgets, front end plugins or processors).
Figure 3 shows how this framework divides a
project in three parts; modules (where GIMIAS
components are used along with plugins to
create application prototypes), third parties
(external libraries), and plugins (where the
customized plugins are located)

i Your module will |
go here

modules e e oo e s

[ MyProject HMyPn oject_srq

! Your plugin code :
will go here

Figure 3 GIMIAS Projects' structure

These tools provide user manuals to guide
novice developers, but they don’t provide
instant help when using each part of their
projects. It is worth noting that the project
structure of CreaTools differs from that from
these tools. For this, CreaTools projects’
structure had to be treated specially for this
project.

Another known toolkit is LEADTOOLS® Medical
Image Suite which provides non open source
sdk’s and standalone applications for imaging
and DICOM manipulation. As this toolkit only
provides sdk’'s and some standalone
applications, it doesn’t provide a way to manage

° GIMIAS is an environment for solving biomedical image

computing problems. Available at http://www.gimias.org/
LEADTOOLS Medical Image Suite. Available at

http://www.leadtools.com/sdk/engine/medical.htm

i Your external dll |
will go here

projects developed with the provided sdk’s; the
developer has to rely on Visual Studio to work
with his projects.

The third reference tool isn't software for
medical image processing; Eclipse is an open
source integrated development environment
(IDE) for different programming languages’. It
helps to manage general programming projects.
This tool displays a file tree to show the file
hierarchy of open projects, as well as it shows
dedicated controls for each type of project. This
IDE provide code hinting which enhances
noticeably the coding speed and guiding novice
programmers.

As Crea projects have several components, it
isn’'t easy to understand their organization. The
idea of using file trees (Figure 4), as well as
wizards, was taken from Eclipse IDE to develop

the proposed solution.
& Java - BankAccountTests. java - Eclipse SDK
File Edit Refactor Source MNavigate Search Project Run  Window Help
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= _'E org.edipse. banking
= BankAccount.java
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‘= import dedarations Bankhcoco

Figure 4 Eclipse IDE. Project file tree.

System Architecture and Design

To show the development of the proposed
software solution for the Crea projects
management a high level components analysis
diagram is presented in Figure 5 showing the
components involved in the process of creation,
coding and compilation of Crea projects.

The core of CreaTools consists of two main
components, Crea and BBTK. Crea handles the
structure of Crea projects while BBTK handles
the inherent black box architecture of Crea
projects. The CreaTools component provides an

7 . .
Eclipse is an open source IDE. Available at
http://www.eclipse.org/

10


http://www.gimias.org/
http://www.leadtools.com/sdk/engine/medical.htm
http://www.eclipse.org/

end user access to the tools available in
CreaTools. As an example, BBGEditor, a
graphical pipeline authoring tool, is one of
several tools that come with CreaTools.

3 i

bbtk crea

bbGEditor creaTools

Figure 5 High Level CreaTools Components

In addition to the components, Crea relies on a
specific project structure. For this, it was
necessary to create an object diagram (Figure
6) that represented the structure of any Crea

project.
| Projectitern
E—w

1

0f.1

CMakelLists

| PackageSrc | ‘ Library | ‘ Application |

0

1

BlackBox

Figure 6 Project Structure Class Diagram

As Crea uses CMake to prepare the projects’
compilation almost every item in a project has
associated a CMakelLists configuration file.
Furthermore, a project is mainly composed of
packages (containing black boxes), libraries
(located in a folder called lib) and stand alone
applications (located in a folder called appli).
With this structure a project can be well
organized and easily managed. In addition, an
activity diagram was created to understand the
crea projects’ workflow®, which explains how
Crea projects are created and managed until

8 Available at: http://www.creatis.insa-
lyon.fr/~gonzalez/documentationAnalysis.html#creaWork
flow

they are compiled and executed or used with
other tools.

Once the Crea project structure was defined,
the application structure was conceived as a
PAC (Presentation, Abstraction, Control)[3]
where the abstraction keeps the logical
structure of projects, the presentation shows the
user the visual controls to manage projects, and
the control handles the modifications made to
the projects. In contrast to MVC architectural
pattern, PAC treats each part of the application
as an agent; each agent is composed of a triad
(presentation, abstraction and control) which
can hierarchically contain other agents. This
insulates the presentation (view in MVC) and
provides the option for each agent to control
what the user sees. This pattern was chosen
instead of MVC because it could give each part
of a project the power to control the
presentation, and the control of itself and its
children project items.

As explained in the PAC Architecture
Components Diagram®, each project item has
an abstraction, a presentation and a control
component associated. Additionaly, each
project item could have children project items
which also have the three PAC components.

Project items are presented in a window
showing the project folder structure (a tree view)
and the description view of the working project
item. Additionally, a panel with the project
compilation actions and separate help windows
provide support in the process of developing
Crea  projects. An example of the
CreaDevManager Main window presentation is
available in Figure 7.

Finally, an Abstraction Classes Responsabilites
Diagram™ is presented to explain what each
item in the abstraction component is supposed
to do in the final application.

Implementation and Tests

9 Available at: http://www.creatis.insa-
lyon.fr/~gonzalez/documentationDesign.htmI#PACDiagra
m

B Available at: http://www.creatis.insa-
lyon.fr/~gonzalez/documentationDesign.html#MResponsi
bilities
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Figure 7 Crea D_eT/eIopment Manager. Open Project

An interesting fact of the implementation of
CreaDevManager is that it's a Crea project
manager developed as a Crea Project. In fact,
CreaDevManager was developed as part of the
Crea project.

CreaDevManager was implemented using C++
and object-oriented programming style. For
managing the project, eclipse was used along
with CMake (to generate and compile the
project). Moreover, as many other tools at
CREATIS, Git was used as the project’s source
code management system.

Currently, CreaDevManager runs with
CreaTools 2.1.0. It uses both wxWidgets 2.8
and CMake 2.8.8 stable versions. It
implemented all the requirements shown in the
use case diagram, as well as the requirements
stated in the software requirement specification
document™. Due to time, the product could only
be implemented and tested in Linux and
Windows; a version for Mac could not be fully
implemented. Also, because of insufficient time,
some presentation errors are present in the
latest version of the product and are considered
for future work. An example of these errors is
the help dialog handled as a simple string as it
should be formatted and shown perhaps as an
HTML dialog (Figure 8).

1 A full requirements list is available at:
https://www.creatis.insa-
lyon.fr/~gonzalez/documentationRequirements.html

‘Your project is ready!

A project has four main elements:

- Packages: Host the black boxes you make.

- Libraries: Contain the core functions of your programs, they are
called by the black boxes and applications you make.

- Applications: Stand alone programs that use the functions available
on your libraries.

- Configuration file: Contains the information of what should or
shouldn't be compiled from this project.

To the right of the description panel you will find a tree with the
[~ Disable help
Close

Figure 8 Unformatted Help Dialogs

Even  though all requirements  were
implemented, as Crea projects are managed
using different technologies, CreaDevManager
behaves according to each system. In spite of
that, the tools used are not the same or behave
differently from operative system to operative
system.

Equally important, tests were developed
according to requirements and how each action
in the project management process is
performed [4]. Tests were run both for Linux
and Windows and the project was debugged
until all tests passed. These test allowed seeing
the importance of developing an accurate
architecture and a design according to the real
needs of the product.

Currently CreaDevManager is being included in
the latest version of CreaTools and is expected
to be released in the next version along with a
user’s manual document.

Conclusions

It is important to provide a way to organize the
code developed for medical image processing.
CreaTools provides the structure of a project
where code is ordered according to its nature
and purpose.

In addition, having a project manager for
CreaTools increases the productivity of
developers as well as it allows to understand
the structure of Crea projects and simplifies the
development process of CreaTools itself.

Finally, as projects become more and more
complex in a toolkit, it is important to provide a

way to simplify the management of these
projects in order to enhance its productivity.

Future Work
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Despite all requirements collected in the
analysis phase were implemented, there are
still more requirements not featured in the
current version of the application. For
example, the support of bbs scripts, bbg
pipelines, as well as some other needs
identified after the product development
began. A detailed list of “nice to have”
features is presented in the project’s
website'.

In addition, there are some presentation
issues that should be taken in account to
improve the usability of the application. An
example of this was already presented in the
previous section where the help dialogs were
not formatted and look odd as the window
size varies. Some other detected visualization
issues were caused by the multi-system
nature of the application; for example, in
Windows some texts are not correctly
wrapped in multiline text boxes while in Linux
this is already implemented (Figure 9).

Source Location  C:\Users\gonzalez\Documents\Creatis\Proje GOpen

/home/daniel/Documents/Creatis/Proyectos/
Prueba2/Prueba2

Figure 9 Word wrapping difference between
Windows (up) and Linux (down)

Source Location Open

Finally, it is worth noting that even though
there are changes to be made, the
extensibility of the application allows
implementing these changes without much
effort and providing functionality to users.
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