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Abstract. The usage of image processing has become an important and contin-
uous growing field in medical imaging. Although a large amount of algorithms is
available, only few are routinely applied within applications for clinical diagno-
sis support and treatment planning. New tools are required that allow for efficient
evaluation and comparison of algorithms as well as the generation of dedicated
user interfaces with sophisticated visualization for clinical applications. We pro-
pose a generic integration of ITK algorithms into the visual programming and
rapid prototyping platform MeVisLab. One of the main limitation of ITK is its
lack of visualization and interaction functionality through a dedicated develop-
ment platform. MeVisLab provides a modular visual programming interface with
a comprehensive suite of image processing and visualization tools. The linkage
of ITK algorithms to MeVisLab is based on a two step process that consists of
a generic XML description for each ITK algorithm and an automatic code gen-
erator to create new MeVisLab modules, which will be made publicly available
within the free version of MeVisLab. Each module can handle different image
types and data dimensions dynamically at runtime. Example applications using
registration, segmentation, and visualization modules are presented in order to
show the capabilities of the described integration concept.

1 Introduction

Medical image analysis and visualization are rapidly growing fields that have gained
importance in several medical disciplines. With an ever growing amount of data ac-
quired by medical imaging devices, the variety and complexity of post-processing al-
gorithms and the need for an interactive handling is widely increasing. Therefore, a
common software framework containing a large set of standard as well as advanced
algorithms is an indispensable tool. The Insight Segmentation and Registration Toolkit
(ITK) [1], with the first official public release in 2002, has since then become one of
the most popular libraries for the analysis of medical image data, and is already being
used in a wide range of different applications (see e.g. [2]).

An important requirement for the development of novel image analysis techniques,
their evaluation, and for their routinely applicability in a clinical setting is a user-
friendly handling through a dedicated user interface. Typically, this addresses several
generic problems irrespective of the specific application, including the efficient support



of image import and export using medical image format standards such as DICOM,
multi-dimensional visualization, user interaction, and image analysis. All of these tasks
usually take a substantial amount of development time before any usable application
can be delivered to practitioners or specialists. New tools are required that allow for
an efficient evaluation and comparison of algorithms, and the generation of sophisti-
cated user interfaces for applications used in clinical diagnosis support and treatment
planning. Today, no platform is available that satisfactorily combines the algorithmic
strengths of ITK with a modular visual programming interface plus a rapid application
prototyping environment.

Fig. 1. Development platform MeVisLab [3] with an example network that combines ITK and
MeVisLab modules. Different colors denote image processing, visualization, and macro mod-
ules. Several inspectors such as a module search interface and detailed module and connection
inspectors are shown. Furthermore, the module panel of a basic load operator is shown.

A number of dedicated software platforms for medical and scientific image analysis
such as Analyze [4], SCIRun [5], VolView [6], or [7] are available that integrate ITK to
some extent within their scope of supply. However, a full or generic integration of ITK
as well as a simple and user-friendly or even automatic wrapping of ITK functionality



is still missing. Thus, an update to a new ITK version that contains interface changes or
new algorithms might be tedious.

Besides several software platforms, a number of medical image processing libraries,
such as the Medical Imaging ToolKit or the Medical Imaging Interaction Toolkit (MITK),
are available from different research groups [8, 9]. They combine features of ITK and
a visualization library such as VTK [10] in a unified framework. Since any graphical
user interface is usually missing within these tools, a long period of vocational training
is required for the user. Moreover, the usage of these libraries requires advanced C++
development skills and in-depth knowledge of ITK, the used visualization library, and
of the actual wrapping library.

The aim of this paper is to introduce a seamless integration of ITK into the flexi-
ble research and development platform MeVisLab [3]. To this end, we propose a code
generator that automatically creates MeVisLab modules from ITK algorithms such that
they are accessible per drag and drop for visual programming. Most ITK algorithms are
incorporated into the software, including image to image filters, the flexible and extend-
able framework for image to image registration, and level set methods. The capability
of our integration is shown by means of example applications.

2 Methods

2.1 The research and prototyping platform MeVisLab

MeVisLab combines a number of design concepts for rapid prototyping. The multiplat-
form software (MS Windows, Linux) provides a comprehensive suite of general image
processing and visualization tools for multi-dimensional medical images as well as ad-
vanced methods for specific organs and clinical tasks.

Image Processing. An integral part of MeVisLab is the object-oriented MeVis Im-
age Processing Library (ML), that provides a general framework for image processing.
Each algorithm is represented as a self-descriptive module inside the development en-
vironment. These functional units can be arbitrarily combined to form a network via an
intuitive graphical user interface (see Fig. 1 and 2 (a) for examples). Image processing
is done in a strictly request-driven way using sophisticated paging, caching, and mul-
tithreading strategies. Various concepts for local, global, and kernel image processing
are supported, as well as special assistance for global access to large images. Currently,
more than 200 image processing modules are available, including image filtering, seg-
mentation, and statistical analysis.

Visualization. For visualization and interactive graphics programming, the open
source Open Inventor 3D visualization toolkit [11] is fully integrated into MeVisLab.
Based on a 3D scene graph, Open Inventor includes a rich set of objects such as geo-
metrical primitives, polygons, text, materials, cameras, lights, trackballs, handle boxes,
3D viewers, and editors. Furthermore, additional functionality has been added, includ-
ing state-of-the-art volume rendering using 2D and 3D textures, customizable 2D and
3D viewers and annotations, and advanced MPR techniques.

Extensibility and Application Development. New image processing algorithms
and visualization tools can be easily integrated as new C++ modules using a standard-



ized software interface. Module wizards as well as an interface for customized wiz-
ards add further usability. Macro modules that allow for a hierarchical encapsulation
of networks can be used to easily reuse available developments. Efficient design of
graphical user interfaces can be achieved by an abstract, hierarchical module definition
language (MDL), hiding the complexity of the underlying module network to the end
user (Fig. 2). Dynamic functionality on both the network and the user interface level
can be added using JavaScript 2.0 or Python. MeVisLab can be fully integrated into
the radiological workflow (PACS and DICOM integration). See [3] and the provided
documentation therein for further details.

2.2 The Insight Segmentation and Registration Toolkit (ITK)

The open source and cross-platform toolkit ITK is an object-oriented library, provid-
ing an extensive collection of C++ classes for image segmentation and registration of
medical image data. An automated wrapping process for other programming languages
such as Tcl and Python is currently under development. One of the core concepts in
ITK is generic programming using the template programming mechanism, which pro-
vides both developer and user with great flexibility. Similar to MeVisLab, a page-based
processing of a data pipeline is used. Due to the strict partition between algorithms and
user interface, no support for visualization or graphical user interface design is available
within ITK. See [1] and [12] for further details.

2.3 Integrating ITK into MeVisLab

We propose a framework that integrates the advanced image analysis techniques of ITK
into the MeVisLab programming environment. Using the original class name as module
name, each ITK algorithm can be clearly distinguished from other MeVisLab modules
by its itk-prefix. The generation of a new MeVisLab module from an ITK filter consists
of two steps.

1. XML description of ITK algorithms. In a first step, a detailed description of
the targeted ITK algorithm is automatically generated and saved into an XML structure.
The current coding styles suggested by the ITK project [1] are used for a contextual
parsing of files. This is especially difficult, since not all ITK algorithms strictly follow
these guidelines yet. Various types of algorithms are integrated such as image filters,
optimizers, or interpolators. The structure can be largely divided into a basic class de-
scription and a parameter description section.

(i) General algorithm description:
- Number and type of input/output image
- Algorithm type, e.g. image filter, interpolation, metrics, or optimization
- Data type limitations, e.g. only integer or float
- Superclass hierarchy

(ii) Parameter description:
- Names and get/set methods
- Types and default values
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Fig. 2. Example application that combines both ITK and MeVisLab algorithms. The applica-
tion uses a seeded region growing algorithm to generate a tumor segmentation. Input image data
can be selected via a DICOM browser tool. (a): Module network and (b) complete description
of user interface via MDL. (c): Screenshot of corresponding graphical user interface and (d) its
schematic representation.

Due to the generic programming approach in ITK, it was important to extend the search
for a correct parameter type or missing parameters to all superclasses of the class hierar-
chy. Furthermore, a dedicated analysis of the methods of a class has been implemented
in order to find all available parameters and their default values. The resulting XML
description is independent of the image processing platform, and could be used in other
systems as well.

2. Module generation. In a second step, the XML based algorithm description is
used as input of an automatic code generation process. Depending on the type and im-
plementation of an ITK algorithm, various paging and caching strategies can be used.
Since images in ITK are templated over the data type and the spatial dimension, code
instances have to be generated separately for each type and dimension. Similar concepts
are also established for other data objects of the ITK project. Thus, an important feature
of the developed integration process is the coverage of different available image types



and data dimensions within a single generated MeVisLab module. Our current imple-
mentation includes 8, 16, and 32 bit scalar data types (signed/unsigned, float, double)
as well as complex data structures such as vectors. Image dimensions from 2D to 6D
are supported.

Each resulting module will appear as a regular, self-descriptive module in MeVisLab,
containing a number of input and output fields as well as further parameter fields. This
allows the utilization inside the visual programming environment without limitations.
Thus, a user can easily select and combine ITK and MeVisLab modules and interac-
tively change parameter settings, while the correct precompiled ITK algorithm instance
is dynamically selected at runtime. This adds new flexibility to ITK on the one hand
and greatly extends the MeVisLab functionality by a set of new algorithms on the other
hand.

Besides image to image filters, further components such as the generic registration
framework, level set algorithms and read/write methods of ITK are integrated. Addi-
tionally, exception handling, status, and tracing functionality of ITK is fully linked to
MeVisLab. An example network combining a set of different ITK registration compo-
nents is shown in Fig. 1.

3 Results

We successfully integrated most of the ITK toolkit functionality into the MeVisLab en-
vironment in a generic fashion. At the moment about 180 modules from ITK algorithms
are available, ca. 50 of them as part of the registration framework (transforms, interpo-
lators, metrics, optimizers). Due to a visual programming interface, no specific ITK
programming expertise is required to use these algorithms. Each algorithm is available
as a module via an intuitive user interface inside the software development environment.
Modules for image processing and visualization can be combined with ITK algorithms
to form a network via simple field connections. Parameter fields can be synchronized
by drag and drop as well, e.g., in order to synchronize slicing through original and seg-
mented datasets, as shown in Fig. 2 (a). Consequently, algorithms based on examples
described in the ITK Software Guide [1] can be analyzed by selecting and connect-
ing the required modules along with an appropriate visualization functionality from
the MeVisLab module database. Networks for more than 80 algorithms have already
been added, and a direct link to the online web pages of each ITK algorithm has been
established.

In order to show the potential of our approach, Fig. 2 shows an exemplary applica-
tion that incorporates algorithms of both ITK and MeVisLab. Different levels of detail
(C++, network, and user interface level) are addressed, allowing for an efficient encap-
sulation of components. Fig. 2 (c) shows the graphical user interface of a segmentation
application, based on the module network shown in Fig. 2 (a). The corresponding user
interface description is given in Fig. 2 (b).

Besides an utilization of ITK within a visual programming environment, a further
objective of this work was to provide a tool for the evaluation of algorithms, and for the
development of application prototypes that can be integrated into a clinical workflow,
respectively. To this end, two different applications are subsequently presented.



Fig. 3. Combining ITK and MeVisLab for the generation of flexible test environments and
rapid application prototyping. (LEFT) Test environment for evaluation of ITK image registration
algorithms. The data were obtained from the BrainWeb project [13]. (RIGHT) Application pro-
totype for semi-automatic brain volume quantification used for diagnosis support and therapy
monitoring.

3.1 Test environment for algorithm evaluation

The ITK toolkit contains a continuous growing set of various image processing al-
gorithms. One of its exceptional features is a general framework for image to image
registration, that provides a flexible combination of transforms, interpolators, metrics,
and optimizers, depending on the analyzed problem [1, 12]. Fig. 1 shows the realization
of this registration suite in MeVisLab.

Besides a general registration framework, the support of a comparison between
combinations of different techniques within a dedicated software tool is also desirable.
The utilization of a visual programming and rapid prototyping platform provides a pow-
erful way to generate such a test environment as shown in Fig. 3 (left).

3.2 Rapid application prototyping

Modern medical workstations offer a wide range of tools for manipulating and visualiz-
ing images in two, three and four dimensions. However, customized solutions are often
required, and new algorithms for medical image analysis need a systematic evaluation
within a clinical workflow. Therefore, a rapid prototyping environment that allows for
various levels of detail depending on the purpose of the prototype is a valuable tool.
Fig. 3 (right) shows an example of an application prototype for semi-automatic brain
volume quantification developed with MeVisLab. New image data can be imported
into the system via a configurable DICOM browser interface. A structured reporting
functionality is available for a convenient case management of the different application
steps.

4 Discussion and Conclusion

In this work, a generic integration of the open source toolkit ITK into a flexible visual
programming platform is proposed, suited for the efficient development of test environ-
ments and rapid prototyping of clinically valuable applications. Based on an extensive



XML description, a sophisticated linkage of ITK algorithms to the platform is gener-
ated. Our approach allows for an arbitrary combination of modules and various data
types without any recompilation, and the ability of efficient graphical user interface
generation. Different parameter settings can be interactively explored. Algorithms from
upcoming ITK release versions can be easily integrated.

Future work will focus on an automatic integration of all not yet supported ITK
algorithms. We further plan to integrate VTK into MeVisLab, using a similar approach
for module generation as presented in this work for ITK. Our integration will be made
publicly available as a package of the free version of MeVisLab.
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