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Abstract

We present here an open source software package called
UsimagTool which consist of a set of algorithms and a
graphic user interface (GUI) specially designed for re-
search purposes in Ultrasound image processing. This tool
is based on the C++ open source libraries ITK, VTK and
FLTK. One of its main features is its modular and �exible
architecture, which allow developers to modify or include
image processing algorithms very fast.

UsimagTool includes several algorithms developed
speci�cally for Ultrasound data processing, that has been
coded using the ITK and VTK convention. The algorithms
included and described here are new implementations and
they are not part of the of�cial ITK or VTK releases. They
are three �lters (anisotropic Wiener, Speckle Reduction
Anisotropic Diffusion, and Tensor guided Anisotropic Diffu-
sion) one segmentation algorithm based on a Markov ran-
dom �eld model, and a demons registration suitable for US
data.

There is also a user friendly GUI designed for segmenta-
tion and registration tasks, with three independent viewers
to display simultaneously three different data sets. The GUI
can be easily adapted or modi�ed with little effort for other
tasks, for instance it can be redesigned for clinical use.

1 Introduction

The extraordinary growth experimented by the medical
image processing �eld in the last years, has motivated the
development of many algorithms and software packages for
image processing. One of the most important set of algo-
rithms for image processing can be found in the Insight
Toolkit (ITK) [11] open source libraries for segmentation
and registration of multidimensional data. At the same time,
several software packages for medical image visualization
and analysis have been developed using ITK and the visu-
alization toolkit (VTK) [26] libraries. There are also some

efforts to develop software that could be easy to modify by
other researchers, for example the Medical Imaging Interac-
tion Toolkit (MITK) [32], is intended to �ll the gap between
algorithms and the �nal user, providing interaction capabi l-
ities to construct clinical applications.

Therefore, many software packages for visualization and
analysis of medical data are available for the research com-
munity. Among them we can �nd commercial and non com-
mercial packages. Usually, the former ones are focused on
speci�c applications or just on visualization being more ro -
bust and stable, whereas the latter ones often offer more
features to the end user, and they are usually available as
open source projects. Some of the non commercial pack-
ages equipped with graphic user interface (GUI), are 3D
Slicer [21, 10], Julius [24], Osirix [25], ITK-SNAP [34],
Medical Studio [30], MedInria [8], Amide [15] and Fusion-
Viewer [16], to cite some of them. Other important com-
mercial software packages are Analyze [19], Amira [20]
and 3D Doctor [2].

The requirements that we look for in a medical imaging
software package for researchers can be summarized in the
following list:

� Open source code: to be able for everyone to modify
and reuse the source code.

� Ef�ciency, robust and fast: using a standard object ori-
ented language such as C++.

� Modularity and �exibility for developers: in order to
change or add functionalities as fast as possible.

� Multi-platform: able to run in many Operating systems
to be useful for more people.

� Usability: provided with an easy to use GUI to interact
as easy as possible with the end user.

� Documentation: it is important to have a well docu-
mented web site as well as a complete user and devel-
oper manuals or tutorials.
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Figure 1. UsimagTool Architecture

Among the non commercial packages mentioned before,
Amide and FusionViewer do not accomplish all these fea-
tures because they are not specially designed for developers,
and they are not well documented for that, Osirix is only
available for Mac OS, MedInria is not open source, Med-
ical Studio is in an early stage of development, and only
ITK-SNAP, Slicer and Julius accomplish almost all of the
features mentioned, but their structure is relatively complex
compared with the architecture of UsimagTool, thus they do
not offer a �exible architecture for researchers. We propos e
here a package that ful�lls all these requirements and at the
same time is equipped with a set of algorithms for US image
processing, which makes this package one of the few soft-
ware packages developed for Ultrasound image processing.

The paper is structured as follows: next section de-
scribes the architecture of UsimagTool, section 3 describes
the graphic user interface and the visualization capabilities.
Then we explain in section 4 the processing algorithms im-
plemented, and �nally we present our conclusions and fu-
ture work.

2 Architecture

UsimagTool is built over the C++ libraries Insight
Toolkit (ITK) (that implements image processing routines),
the Visualization Toolkit (VTK) libraries (that implements
3D visualization) and the Fast Light Toolkit (FLTK) li-
braries [27] (that implements graphic objects), as shown in
�gure 1. It has three main classes: UsimagToolBase, the
base class that de�nes and declares the basic objects and
types (�lters, images and viewers), UsimagToolGUI which
is inherited from the previous class and that implements all
the graphic objects (windows, buttons, menus, etc.) and the
class UsimagToolConsole, which is also inherited from the
previous one and that implements the callbacks of the but-
tons declared in the UsimagToolGUI class. These callbacks
set up the parameters of the image processing functions, and
connect and execute the pipeline between the input and the
output. The scheme of classes is shown in �gure 2.

This simple architecture allows a rapid and modular de-
sign of new functionalities in our software package. More-

3D Viewers

(VTK)

(FLTK)

2D Viewers

Image Processing

Libraries (ITK)

UsimagToolGUI

UsimagToolBase

UsimagToolConsole Callbacks implementations

Graphical objects and parameters

definitions and declarations

Basic objects, functions and types

definitions and declarations

Figure 2. UsimagTool class diagram

Figure 4. Dialog windows to set up the param-
eters of the Wiener �lter (left) and the demons
registration (right)

over, the graphic part is designed using an open source tool
called �uid which is an easy and intuitive program to design
GUIs in FLTK.

The algorithms for image processing are included as li-
brary modules, most of them are already included in the
ITK libraries, and they are compiled and linked with the
main interface separately. The process to include a new al-
gorithm to the package is relatively simple, once the ITK
class code is done. Mainly three steps are needed, one for
every class: �rst we need to include and declare the new
type and object associated to our new algorithm in the base
class. The second step is to include the graphic objects in
the GUI class, to interact with the user to introduce the pa-
rameters and execute the algorithms. Finally we include in
the console class the callback code called from the previous
class that connects the pipeline from the input to the output.

3 Graphic User Interface

A screen-shot of the GUI is shown in �gure 3. The GUI
is divided into three viewers, a control panel at the left side
with input/output controls, and functionalities divided into
tabs, a menu, a state bar that indicates the percentage of
progress of algorithms being executed, and several quick ac-
cess buttons (Open, 3D viewer, auxiliary result viewer and
exit).



Figure 3. UsimagTool Graphic User Interface

We also show some dialog windows in �gure 4 designed
to interact with the user to set up the parameters of the se-
lected function, in this �gure an anisotropic Wiener �lter
and a demons registration.

3.1 Visualization

Visualization is performed in three main viewers as men-
tioned above. Each viewer shows two dimensional slices
from different 3D data, and support the following functions:
zoom, display any of the three orthogonal views, �ip the x,y,
or z axis, transpose the axis of the slice being viewed, dis-
play points selected, show image details, view a color over-
lay image, show pixel value and location of cursor, change
intensity window and level, and switch between different
visualization modes.

Our experience tell us that for research purposes it is im-
portant to see at the same time different data sets, for in-
stance the original data, the �ltered data and the segmented
data in the case of a segmentation pipeline, or the source
the target and the registered data in the case of a registration
algorithm. For this reason we have three separate viewers
to show three different data sets. For every process, the user
decides the input image and the output viewer in the upper
part of the control panel. The sliders of two viewers syn-
chronizes automatically when the data have the same size in
any two viewers, thus allowing a better comparison of the
data. The user can also use an auxiliary viewer (in a sep-
arate window) with the same visualization features as the
main viewers, (see �gure 5) and also a 3D viewer to show a
volume rendering of the data.

4 UsimagTool Functionalities

UsimagTool provides input/output support for several

Figure 5. Auxiliary viewer

data formats: DICOM, MetaHeader, Raw Data, GE Volu-
son, and 2D formats such as TIFF, PNG, and JPG. Notice
that Voluson data format is used for US, which is not usually
supported by other software packages.

Regarding the image processing functionalities of
UsimagTool we have divided them into four categories: Ba-
sic Operations, Filtering, Segmentation, and Registration,
that are organized into tabs in the GUI control panel. We
will explain now in detail the US image processing algo-
rithms developed in our tool.

4.1 Basic Operations

In order to support pre and/or post processing of the
data images, some basic operations are included in this tool.
They include gradient magnitude computation, addition and
multiplication of images, relabeling of segmented images,
connected components labeling, and binary morphological
operations (erosion, dilation, opening and closing). All of
them are implemented using standard �lters of ITK.



4.2 Filtering

There are several classic �ltering methods implemented
in UsimagTool such as Gaussian, median, bilateral, or
anisotropic �lters. Additionally we have developed three
new �lters speci�c for US images: a Speckle Reduc-
ing Anisotropic �lter (SRAD) [33], a Tensor guided
Anisotropic Diffusion �lter (TAD) based on [31] and an
anisotropic Wiener �lter for speckle removal based on [18].

4.2.1 Speckle Reducing Anisotropic Diffusion (SRAD)

Anisotropic diffusion is a well known and widely used tech-
nique in image processing, since it offers a good compro-
mise between noise removal and edge preservation; the
original formulation by Perona and Malik [22] was based
on the heat diffusion equation, where the gray level of the
image, I , acts as the temperature that drives the heat con-
duction over the image. The diffusion equation follows:

@I

@t
= r � (c (krIk) � rI) (1)

where c(x) is the diffusion parameter; the higher the value
of c, the faster the diffusion. In the particular case that c is
a constant, eq. (1) can be rewritten as @I=@t = cr2I , with
r2 the Laplacian operator, whose solution is the convolu-
tion of the initial state of the image, I(x; 0), with a Gaussian
kernel whose standard deviation grows with t. Obviously,
as time passes by, the smoothing is greater, so noise is re-
moved, but edges are not preserved at all.

The solution is to design a diffusion parameter that
avoids the smoothing of edges. The function c(x) is in-
tended to decrease as the value of krIk increases, so that
near the image contours, where the gradient magnitude is
large, diffusion is stopped, meanwhile in homogeneous re-
gions the smoothing is more severe. The most usual forms
for c(x) are:

c(x) =
1

1 + (x=k)2
(2)

c(x) = exp
�

�(x=k)2
�

(3)

where k is a parameter that needs to be estimated, see [3]
for details. Once c(x) is de�ned, the partial differential
equation (PDE) in eq. (1) is solved with a �nite difference
scheme.

Although this approach is very useful in the case of addi-
tive noise, this may not be the case with US imaging, where
this model cannot be assumed. We use here the ideas pro-
posed in [33], substituting this gradient-driven diffusion co-
ef�cient with a coef�cient based on adaptive �ltering the-
ory; the coef�cient of variation used in adaptive �ltering

for speckle removal [13, 9] is casted into the PDE environ-
ment writing it in terms of the discrete approximations to
the derivatives of I , say rI and r2I , and so an �instan-
taneous coef�cient of variation�, q, is obtained that can be
seen as a discrete version of the following expression:

q2(x; y; t) =

1
2
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I

�2

� 1
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And then the diffusion coef�cient is estimated as fol-
lows:

c(q) =
1

1 + (q2 � q2
0) = (q2

0 (1 + q2
0))

(5)

where q0 � q0(t) is a parameter that needs to be iteratively
estimated.

Although the formulation of SRAD is deduced in [33]
only for the 2D case, we have extended it to a 3D case.
Moreover, given the templated nature of the ITK software,
the same source code, with no modi�cations, is valid for
both the 2D and 3D scenarios. A �ltered image using this
method is shown in �gure 5, using as input the image shown
in the left viewer of �gure 3.

4.2.2 Tensor Guided Anisotropic Diffusion Filtering
(TAD)

One of the main issues with anisotropic diffusion �ltering i s
the numeric scheme used to solve the PDE given by eq. (1).
The most usual way is the explicit implementation by means
of �nite differences: at a given iteration, the right hand si de
of the equation is computed given the current estimates of
I(x; y; t), and then the partial derivative in time is approx-
imated by @I=@t ’ (I(x; y; t + �) � I(x; y; t))=� so that
I(x; y; t+�) can be easily found by forward differences as:

I(x; y; t+�) = I(x; y; t)+�r�(c (I(x; y; t)) � rI(x; y; t))
(6)

The problem with this scheme is that it needs a very low
value of � (typically � < 1=4 in the 2D case) for the system
to be stable, so many iterations are needed to converge to
the steady state. The solution given in [31] is to use a semi-
implicit scheme, which has been proved to unconditionally
converge for any value of � ; the expression is as follows:

I(x; y; t + �) =I(x; y; t)+

�r � (c (I(x; y; t)) � rI(x; y; t + �))
(7)

The method is said to be semi-implicit because one uses
the gradient in the next time sample but the diffusion co-
ef�cient is assumed to be the one computed in the current




