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Abstract

This case study presents a medical web service for the automatic
analysis of CTA (Computer Tomography Angiography) datasets.
It aims at the detection and evaluation of intracranial aneurysms
which are malformations of cerebral blood vessels. To obtain a
standardized 3D visualization digital videos are automatically gen-
erated. The time-consuming video production caused by the man-
ual delineation of structures, software based volume rendering, and
the interactive definition of an optimized camera path is consider-
ably improved with a fully automatic strategy. Therefore, a previ-
ously suggested approach [11] is applied which uses an optimized
transfer function as a template and automatically adapts it to an in-
dividual dataset. Furthermore, we introduce hardware-accelerated
morphologic filtering in order to detect the location of mid-size and
giant aneurysms. The actual generation of the video is finally in-
tegrated into a hardware accelerated off-screen rendering process
based on 3D texture mapping ensuring fast visualization of high
quality. Overall, clinical routine can be considerably assisted by
providing a web based service combining automatic detection and
standardized visualization.

Keywords: Medical visualization, segmentation, automatic web
service, video generation

1 Motivation

The increasing capabilities of magnetic resonance imaging (MRI)
and multislice spiral computed tomography (MSCT) to acquire vol-
umetric data with near isotropic voxels makes three dimensional
postprocessing a necessity, especially in studies of complex struc-
tures like intracranial vessels.

While interactive use of 3D visualization is often helpful it holds
the danger of being user dependent and thus leading to inaccurate
results [8]. Therefore, standardized visualization procedures which
generate well defined video sequences can be evaluated for sensitiv-
ity and specificity and should more and more replace individual in-
teractive 3D visualization in the future. Due to the significant effort,
the required high technical and medical background and the avoid-
ance of user dependency, the video sequences should be generated
fully automatically. This relates not only to the video production
but also to the complete preprocessing part, including segmentation
and visualization.

Hardware supported 3D texture mapping is a common approach
for interactive visualization which can be used also for producing
the video sequences. The drawback of this approach is the need for
expensive graphics workstations. To avoid these costs remote visu-
alization using the internet is a necessary approach. One approach
is that large volume data sets will be rendered on the server-side and
a stream of resulting images is sent back to the client [1, 2]. On the

client side only a 2D viewer is required to display the received im-
ages. As an advantage of this approach expensive high-end graph-
ics hardware is efficiently used from different locations. Besides,
there are further applications which use VRML-plug-ins to render
the data set in a web browser [6, 9] where the user can manipulate
the data set directly.

In this case study a web service is presented to generate digital
video sequences for 3D documentation automatically. The com-
plete process is split into several subtasks, like defining the camera
path, segmentation, detecting the aneurysm and rendering, which
are described in Section 2. After a brief overview of the used web
architecture in Section 3, some results are discussed which show
the usefulness of the presented application in Section 4. Finally
Section 5 presents conclusions and ideas for future work.

2 Automatic video generation

In this case study the automatic generation of digital video se-
quences is integrated into a web service in order to avoid requiring
expensive graphics hardware on the user side. The complete pro-
cess, which is shown in Figure 1 is separated into several tasks. The
web service is responsible for most of the tasks, including segmen-
tation, rendering and video generation. The physician only has to
provide the medical data together with some parameters. All tasks
on the server side are performed automatically which will be shown
in the following section.
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Figure 1: Process flow of the complete web service. The task of
the user is reduced to providing the volume data together with dif-
ferent parameters, like video format and length of the video. The
web service is responsible for segmentation, rendering and video
generation.



2.1 Segmentation

Generating high quality digital video sequences requires a number
of segmentation tasks. Typically CT data sets contain a lot of noise
and irrelevant information. In order to get a high quality visualiza-
tion it is necessary to reduce the unwanted information. We decided
to use transfer functions for this task.

Segmentation is also used to detect the position of the aneurysm.
This information is used to define the camera path. There are
mainly two parameters for the camera path which depend on the
position of the aneurysm. One is the view point of the camera, the
other one is the distance between camera and aneurysm. To detect
the position of the aneurysm we use a simple threshold operation
and the morphologic erosion operator. The following subsection
describes the two segmentation methods in more detail.

2.1.1 Transfer functions

The need for the use of transfer functions [5] is obvious: It allows
to reduce the information and it enables semi-transparent rendering
of volume data sets. The drawback of this technique is that the def-
inition of the transfer function requires high technical and medical
experience. To avoid these requirements it is necessary to integrate
an automatic approach for generating optimized transfer functions.
For this part an existing approach from Kindlmann [10] and a modi-
fication by Rezk-Salama [11] is used. The idea is to use a reference
data set and a transfer function as templates to generate an opti-
mized transfer function for the specified volume data set. The so
called position function of the reference data set, which describes
the average distance of a data point to a boundary, will be computed
by a non-linear distortion for optimal alignment for both position
functions. Depending on the parameters of the transformation dif-
ferent information is given (see Figure 2). The left image demon-
strates the complete size of the aneurysm, showing predominantely
the thrombosis, while the right image demonstrates the blood filled
parts of the aneurysm. Both aspects are necessary for optimized
therapy planning.

Figure 2: Automatic generation of transfer functions. The visible
results depend on the different parameters for the transformation.
Using the transfer function without adaptation (A), with histogram
adaption (B) and with adaption based on gradient derivation.

2.1.2 Detection of the aneurysm

To make sure that the video records the aneurysm from a suitable
position (the camera should not be inside the aneurysm and not
be too far away) and that it always points into the direction of the
center of the aneurysm, it is necessary to detect the intracranial
aneurysm. The detection of intracranial aneurysm is mainly based
on visual inspection of the generated video sequences. In some
patients more than one aneurysm is found and the size may vary
ranging from 2 mm to more than 20 mm. This makes automatic de-
tection difficult. In such cases where a large aneurysm with a size

of more than 15mm is present, an automatic approach which finds
the position of the aneurysm and calculates its size has been inte-
grated. By doing so two image processing methods are combined :
a simple thresholding and the morphologic erosion [3, 4].

Most of the CT data sets contain bones whose intensity values
are found in the highest intensity regions. In order to allow the
erosion to remove the bone, a simple thresholding is used with the
threshold chosen from a predefined region of high values. The ad-
vantage of this thresholding is that, after removing the bone, we can
assume that the aneurysm is one of the largest objects in the volume
data set. However, it is required that the intensity values of the data
set are transformed by the generated transfer function.

In order to reduce the complete volume data set down to the
aneurysm a 3D erosion operation is used. A 3D filter manipulates
the data by testing if all elements inside the filter fulfill a defined
criterion. Thereby all intensity values of the image, which are cov-
ered by the filter mask, will be added to the respective filter value.
The intensity values, which are covered by the center of the mask,
are set to the minimum of all these values. The result is that ir-
regular or small structures are removed by the filter. If we apply
the filter several times, the largest and homogenous objects, with
regard to the structure, are preserved. To speed up the filtering pro-
cess we integrate the hardware based approach by Hopf [7], where
the morphological operations are performed in the frame buffer of
the graphics hardware. We use a diamond shaped filter which can
be split into 3 one-dimensional filters.

Assuming that just a small number of objects are retained in the
data set after the filtering, the object with the largest extent has to
be searched. For this purpose we have to look for objects whose
intensity values are above a specified threshold. All these points
represent a seed point for the following volume growing method on
the eroded data set.

Finally, if the largest object and its position has been found we
assume that this is the aneurysm. For further processing we ad-
ditionally compute the bounding box of this object. To obtain the
original diameter of the object it is necessary to consider the struc-
ture of the filter and the number of filtering iterations.

2.2 Standardized Camera Path

To generate a video documentation automatically, it is necessary
to use a standardized camera path to observe the aneurysm. The
experience of physicians is necessary to define an appropriate cam-
era path. Usually, clinicians examine individual patient data in a
similar way. At first, an overview of the complete data set is used
for the purpose of orientation and in order to search for patholog-
ical regions. The camera follows several predefined circular paths
around the complete volume. It starts with a posterior overview of
the aneurysm followed by a lateral overview. Figure 7 shows this
idea.

To get a more detailed view it is necessary to take an overview
from a closer distance. To find an optimal viewing distance to the
aneurysm it is necessary to get as close as possible to the aneurysm.
At this point bounding box as computed before is used. The dis-
tance from the camera to the aneurysm is limited by the edges of
the bounding box which is somewhat larger than the aneurysm it-
self. We span a circular path around the small bounding box from
which we obtain an optimized view of the aneurysm.

2.3 Hardware supported rendering

Hardware supported rendering is one of the most prominent vari-
ants for interactive direct volume rendering. Using 3D texture map-
ping allows interactive manipulation due to the high frame rates
which can be achieved by using this technique, even if the limited
size of the texture memory might require bricking of the data set.



In the presented application 3D texture mapping is used for the
rendering process as well as for the segmentation by using morpho-
logical operators. 3D graphics, however, is mainly used in interac-
tive screen based applications. In order to obtain hardware acceler-
ated off-screen rendering for our web service approach we employ
a special OpenGL/GLX extension: The pbuffer.

3 Architecture

This section describes the architecture of the complete process
which covers the data transfer, the segmentation and rendering and
the video generation. All these processes are embedded into a web
service for physicians.

First of all the user enters several data parameters into a web-
frontend, which is built from dynamically generated HTML-pages.
For this purpose JavaServer Pages (JSP) are used, which offer easy
handling and platform independence and are used very frequently.
Additionally, JSP engines are available for virtually any platform.
The flexibility of web servers and JSP engines is important because
we do not want to run the web server on the SGI render server thus
avoiding unnecessary web traffic on the graphics machine. In our
application a Linux machine serves as a web server.

Using two different machines requires communication between
these two machines. Data is sent via HTTPS from the users local
machine to the web server. The data is then forwarded to the ren-
der server. In order to communicate between these two machines
Java RMI (Remote Method Invocation), a convenient way to support
communication between several processes, is used. Integrated into
the JSPs, the RMI starts the visualization process from the Linux
web server on the SGI machine. Figure 3 shows the communica-
tion process.
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Figure 3: Architecture of web service

The automatic video generation starts with the segmentation,
next the camera path has to be adapted to the volume data set ac-
cording to the local bounding box of the aneurysm. The following
rendering process is controlled by a special node of the scene graph
library OpenInventor, on which the existing rendering tool is based.
The engine class allows to animate parts of the scene in a convenient
way. In the presented application a camera engine which animates
the described camera path is used. Inside the engine class the single
positions of the camera, depending on the elapsed time, are calcu-
lated. Additionally there is a special node in the scene graph which
generates single images and combines them to a video stream. Af-
ter converting the single images to a digital video the user will be
informed by email from where the video can be downloaded.

4 Results

This section presents comparisons with respect to the quality and
the time requirements of the presented application and describes
the evaluation in a clinical context. The achievable quality depends
on the generated transfer function and how good the position of the
aneurysm could be detected. The time requirement depends mainly
on the size of the volume data set.

4.1 Quality

Figure 4 shows a 512 � 512 � 121 volume data set which contains
an aneurysm with a diameter around 16 mm close to the base of
the skull. The first image (A) of the series shows the original data
set, (B) shows it after applying the generated transfer function. The
reduction of noise and unimportant information is clearly visible.
This forms the starting point which will be used for rendering later.
(C) and (D) show the data set after using simple thresholding and
after the filtering process.

For the erosion several filter kernel sizes have been tested and a
filter of size of 9 with filter values -164 0 0 0 0 0 0 0 -164 was used
to remove the small blood vessels and the rest of the bone structure.
The figures 5 and 6 show results in the volume rending tool during
the various segmentation steps.

4.2 Time requirements

The segmentation and rendering process was performed using an
SGI Octane with an EMXI graphics board and 4MB texture mem-
ory.

The following table shows the elapsed time of the different sub
tasks for producing a digital video of 600 frames from a volume of
256 � 256 � 64 voxels.

Sub task Computational time
Generation of Transfer functions 30 sec
Segmentation of aneurysma 30 sec
Rendering time incl. saving 330 sec
Rendering time without saving 50 sec
Video conversion 280 sec

Table 1: Elapsed time of the different sub tasks of the automatic
video generation process.

Above all, the total time of the procedure is within an acceptable
range and suggests the practical use of this web service. The time
for the individual sub tasks is also of interest and provides informa-
tion for potential improvement of the algorithms.

To generate and segment the data set only 60 seconds are needed.
This compares well to the manual adjustment of transfer functions
which usually needs significantly more time than our automatic ap-
proach.

The actual rendering time itself is relatively short which indi-
cates a high rendering performance. This has been achieved by
using hardware supported techniques not only for the volume ren-
dering but also partly for the segmentation. Obviously the overall
processing time is dominated by writing and reading data to and
from the disk. We will try to reduce this in the future by converting
the images directly from the memory.

4.3 Evaluation

Our clinical cooperation partner at the University of Erlangen com-
pared their existing interactive visualization tool to our web service
for several patient data sets. The most important feature for them
was the reproducibility of the diagnosistic evaluation of the radio-
logical structures. Until now the comparison of diagnosis in clinical
studies is difficult due to the different procedures. Using the auto-
mated approach the results are comparable between different users.
The approach represents an extremely time and cost saving process
which supports the physicians in various ways. The produced video
sequences are also easily integrable into the existing environment.
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Figure 4: (A) shows the original data set, (B) after applying the generated transfer function, (C) after thresholding and (D) after erosion

5 Conclusions and Future Work

The presented approach is a first step towards the standardized and
reproducible 3D visualization of medical volumentric data. The ap-
proach is integrated into a web service to avoid the need of expen-
sive graphics hardware. The fully automated approach, including
segmentation, rendering and video generation, offers a convenient
and fast way to produce video sequences of large volume data sets
with high quality and good response times for the physicians.

Due to the time required and the difficulty of manual adjustment
of transfer functions the automatic generation of this implicit seg-
mentation is a great advantage for the physicians. The automatic de-
tection of a certain class of aneurysms notably improves the overall
procedure. Therefore inaccurancy of the automatic segmentation
process can be tolerated. Further tests show that a minimum size
of the aneurysm is required for our approach. Small aneurysms
(around 7 mm) are removed by the erosion filtering. In some cases
the aneurysm resides close to the skull base and cannot be visual-
ized clearly and segmented by transfer functions. We will try to
solve this problem by using a volume growing method or a water-
shed transformation.

Compared to interactive visualization tools many parameters are
fixed by our approach and cannot be changed by the user. The
main advantage of the standardization is a consistent presentation
which can be exchanged between several physicians. Therefore all
parameters like the camera path which can affect the quality of the
videos or which could occlude the view of the aneurysm or other
interesting regions have to be fixed. However the representation
of the blood vessels (transparent or opaque) can be selected by the
user, because this parameter is not error-prone.
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Figure 5: CTA data set 1 (512 � 512 � 77): (A) original data set in the volume rendering tool, (B) after
applying the generated transfer function, (C) after thresholding and (D) after erosion
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Figure 6: CTA data set 2 (512 � 512 � 121): (A) original data set in the volume rendering tool, (B) after
applying the generated transfer function, (C) after thresholding and (D) after erosion
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Figure 7: Standardized procedure for the analysis of intracranial aneurysms. (A) shows an overview of
the entire path, (B) shows the posterior overview and (C) the lateral overview


