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1 Introduction

The brain is a mystery, what makes it
all work, how it works and why it works
as well it does. How do a set of neuro
connections and electrical impulses can
build up a conscience, how do we store
memories. Since the brain is so sen-
sitive to physical interaction you can
not really open it up and poke around,
other techniques has to be used to ex-
plore the inner workings of the brain.
Electroencephalography or EEG has
been used to record electrical activity
in the brain, although this will not give
a complete image.

Magnetic resonance imaging, or MRI,
is widely used as a noninvasively
recording of the brain, unlike com-
puted tomography scans which can
be seriously harmful because of X-ray
imaging. Since the magnetic resonance
is not harmful, MRI is an excellent
tool for recording an organs develop-
ment over time, therefore we get func-
tional magnetic resonance imaging, or
fMRI. fMRI are used to diagnose nu-
merous brain related diseases and psy-
chological issues, such as Alzheimer’s
decease. Today the researcher look for

areas in the brain that is being acti-
vated while the specific task is being
performed. In Figure 1 the areas that
are activated are shown in orange. In
the brain the blood-oxygen-level rises
in an area increases when it is active so
if we do a Blood-oxygen-level depen-
dent fMRI or BOLD fMRI we locate
these areas.

Figure 1: Slice view of a brain, recorded while the patient
is performing a memory task

This is not the only use of fMRI, tumor
detection is a very big part of fMRI.
The gray matter in the brain does not
have high accumulation of blood. A
tumor in the brain will gather up more
blood than usual. Detection is done by
inserting a contrast agent in the blood



stream an recording MRI data sets as
the blood flows through the brain then
analyzing the areas where the contrast
agent is accumulating. After the tumor
is detected removal becomes the issue.
A tumor can not be cut out as easily
in the brain as compared to the rest
of the body since, pointed out earlier,
the brain is a very sensitive organ. To
minimize the damage from a surgical
process the surgeons need to know the
exact size, shape and location of the
tumor.

Diffusion tensor imaging, or DTI is of-
ten used for neuro surgical interven-
tions. At a given position the inten-
sity is reduced by the water diffusion
in the brain. So lower intensity means
higher diffusion. The detection of the
direction gradient to the diffusion re-
quires MRI images from several an-
gles. DTI can be used to generate the
tractography of neural connections in
the brain. Knowing the path of the
neural connections can be very useful
for brain surgeons so that when they
do for instance a tumor removal they
will not sever vital neural connections.
These pathways are often visualized as
threads from one part of the brain to
another. In Figure 2 we see the ren-
dering of a tractography, showing neu-
ral pathways acquired from a DTI data
set

The fMRI can be used in many differ-
ent areas. Recent fMRI studies investi-
gate nuns focusing on strong religious
experiences as subjects for the fMRI
scan to see if there is a religious center

in the brain, not unlike what Descartes
suggested several hundred years ago
[3]. Of course he had trouble proving
this.

Regardless of what we are looking for,
if it is brain activity or tumors or other
areas of fMRI, there is the issue of find-
ing the specific features. fMRI data
sets are large. For instance a when
each time step contains 32 slices, hav-
ing a 128 time steps, there would be
4096 images. Having this much data
we need to give a comprehensive illus-
tration of the data set. In this survey
we are going to discuss various tech-
niques for rendering the time varying
volumetric data set.

Figure 2: Image of the tractography in the brain

2 Preprocessing of fMRI

Preprocessing fMRI data sets is an im-
portant field for fMRI analysis and
visualization. The raw data set can
be an unclear set of gray scale im-
ages. Therefore different techniques
for data enhancement has been imple-
mented

To clearly see different, separate areas
in the brain we can create segments of



Figure 3: Using the automated segmentation in Freesurfer to classify different areas.

the different features gathered from a
fMRI scan. Segmenting different ar-
eas in the brain into separate objects is
usually a time consuming process, be-
cause it is done mostly manually. So
there is a large demand for fast au-
tomated segmentation tools in fMRI.
Segmentation is very useful for analy-
sis since one can localize the different
objects and quickly discover anomalies.
In Figure 3 we see the gray matter in
the brain separated into different sec-
tions.

If you have over a hundred time steps
of the brain we need a way to display
the variation through time. Showing a

hundred different objects at once will
only confuse you and the whole per-
ception of time will be lost. Generat-
ing a map of the changes in a brain
you are left with a single object. Sin-
gle objects are easier to handle. A com-
pletely plain map of a blood flow would
be a single color highlighting every area
the blood passed through. However
this will not show all of the information
over the temporal development during
acquisition of the data set. With color
coding we can set a color mapped to
the period in time.



3 Rendering fMRI

When the process of data acquisition
and preprocessing has been completed
the next step is to display the data.
Rendering fMRI is a crucial part in
analysis. Different approaches have
been implemented for different pur-
poses.

Since MRI data are organized as a set
of images, from the recorders perspec-
tive, top to bottom, the most intuitive
way to show them would just be to
show each image separate. If we have a
depth resolution of 32 or more it would
take a lot of view space to show all of
them at once. By having a one im-
age and a depth slider we can easily
move through them all. However an
analyst might want to have another
viewpoint than the MRI machine. So
if we have a plane that cuts through
the whole set of images and then just
map the coordinates from the images
we cut through, we get a slice viewer
from all different angles.

Slice rendering will only produce a 2 di-
mensional image, so browsing through
all of them might be time consuming.
Also the extension of a certain fea-
tures in the data set will be harder
to discover. A technique often used
in neuro surgical planning is surface
rendering. Surface rendering is used
when one is not interested in the mat-
ter inside an object but rather the
shape of brain structures. This ren-
dering technique is usually combined
with some kind of segmentation infor-
mation and semi-transparent contours,

as shown in Figure 4, the extension of a
tumor is clearly visible. Using a regu-
lar iso-surfacing technique such as the
marching-cube algorithm it renders a
segment of the brain as a solid object.
Having the contours of the brain as an
outer shell will give a reference for ori-
entation of the object.

Figure 4: Surface rendering of a tumor(green), gen-
erated using segmentation of an anatomical MR scan,
overlaying fMRI data(yellow, blue and red)

Since surface rendering will not show
a complete picture of an MRI data
set, or there might not be enough time
to go through the preprocessing steps.
Direct volume rendering gives [6] us
the ability to show almost all infor-
mation at once, no preprocessing re-
quired. There are several techniques
where ray-casting is one of the most
commonly used. Ray-casting works by



Figure 5: Direct rendering with magic mirrors using different transfer functions

casting rays through the object accu-
mulating color and opacity. When al-
tering transparency levels and colors
at various intensity levels we can show
a semi-transparent object with clearly
visible elements in the middle. This
type of rendering raises several chal-
lenges, such as how one would explore
through a volume. Previously direct
volume rendering was too expensive in
computation to be run interactively,
today a top of the line desktop will
prove sufficient.

4 Techniques for Enhancing fMRI
Rendering

After rendering an fMRI data set, an-
alyzing what you see is the next log-
ical step. To better analyze an fMRI

data set different exploratory tools can
be applied, an often just tool is the
cutaway tool. The main idea is to
“cut out” the areas which is not re-
deemed important, leaving the areas
underneath exposed. Different solu-
tions are present today, most common
is keeping the fMRI as a solid object,
cutting away volumes. Also combined
with segmentation we can cut away ev-
erything in front of the specific seg-
ment.

Depth perspective is an issue regarding
direct rendering. For instance when we
look at the volumetric image of a brain
we will have a lot of different tissue
that may get in the way of what we
are looking for. By altering the trans-
fer function to a lower opacity level



Figure 6: Opacity peeling of applied to an MRI data set.

we will see the features we are look-
ing for however you might loose the
depth perspective or notion of tissue
thickness in the object. Instead of hav-
ing only one view point, creating “mir-
rors” [4] from three orthogonal sides
will give us a better comprehension of
where some feature are in the 3D space.
In Figure 5 the showing different view-
points clearly enhances the depth per-
spective.

Recent works suggest an opacity peel-
ing in direct volume rendering [7] as
a means to show interesting features
normally hidden by structures with the
same intensity value. The idea is to
when a ray from a ray-caster accumu-
lates to a certain scalar value, the color
an opacity of the ray then will be reset
to zero for then to start again. This
will produce an image which shows ar-
eas covered by the layers of the same
intensity. We can see, in Figure 6, fea-
tures which are normally hidden.

Since computers are getting faster,
combining different techniques is now
possible. In neuro surgical planning
minimizing damage is a high priority.
fMRI can give us a detailed image of

where critical areas are located and
a tractography will give us the neuro
pathways which a surgeon do not want
to sever. As Shown in Figure 7, com-
bining rendering of these data sets[5]
will give a better idea where to make
an incision.

Figure 7: Combining direct volume rendering of fMRI
with a DTI tractography.

Compared to regular MRI or a CT
scan, fMRI is time dependent. This
is vital point when you are visualiz-
ing fMRI. As mentioned in Section 2,
generating a map will give us a cer-
tain view of the variation through time,
however the most obvious way to tra-
verse time is using a playback feature.
Playback does not require any prepro-



cessing as it just renders one volume
after another.

5 Applications in Clinical Use

All of the applications used today are
too numerous to mention. All are
unique in their own way, using com-
bination of different techniques. Fol-
lowing are some of the programs fre-
quently used by analysts.

• AFNI - a free software for display-
ing fMRI, an old tool written in
the mid 90’s. It is a basic slice
viewer, able to view slides from all
orthogonal sides. Used by fMRI
researchers at the Medical College
of Wisconsin.

• Freesurfer - reconstructing corti-
cal brain surface and sub-cortical
structures with MRI, then over-
laying fMRI. Implementing var-
ious techniques such as auto-
mated segmentation and many
other, further information at
afni.nimh.nih.gov/afni/.

• Brainlab - Provides a complete
package from medical acquisition
to analysis software for neuro
surgical planning. Visualizing
tools combining fiber tracking
and volumetric rendering. Fur-
ther information can be acquired
at http://www.brainlab.com/

scripts/website_english.asp.

• BrainVoyager - Commercial tool
for MRI/fMRI analyzing, Brain-
Voyager uses a several different

rendering techniques, such as di-
rect volume rendering, cutaway,
slice-viewer and many more. Fur-
ther information at http://www.

brainvoyager.com/.

• Nordic Neuro Lab - NNL is work-
ing with a tool to visualize fMRI
for various types of medical anal-
ysis, like BOLD fMRI and tumor
detection. NNL utilize sever dif-
ferent aspects of visualization, like
generation maps of blood flow de-
velopment, showing it as one sin-
gle data set.

6 Our Contribution

As competition between visualization
tools are fierce, new techniques are be-
ing researched and implemented in new
tools. Our goal is to utilize the fea-
tures of the volumetric rendering tool
VolumeShop 2.0 to support visualiza-
tion and exploration of fMRI data sets
for particular medical scenarios.

The main focus in our contribution is
the control over the time factor which
exists in an fMRI data set. As one set
contains several different volumes we
need to be able to organize and browse
through the resources. This will give a
better overview of which time step will
be rendered.

7 Goals

As it is illustrated in Figure 8, our goal
is to show the distinct changes from
each separate time step in an fMRI



Figure 8: What happens between and different stages and when do they occur.

data set. Since a single volume gen-
erated from a whole fMRI data set,
which is usually seen in medical ap-
plications, does not show the changes
between the each time steps. The so-
lution is the playback feature for fMRI
data sets. Keeping every time step as
a separate volume, utilizing a familiar
user interface which we see in every me-
dia player. This creates an easy under-
standable tool for traversing through
the time steps.

8 Implementation

The environment that is VolumeShop
2 [2] is an open source project cre-
ated by Stefan Bruckner. It has sup-
port for various data types from dif-
ferent kind of files. It utilizes sev-
eral rendering techniques, most impor-
tantly a slice viewer and a shader level
ray caster.

VolumeShop is a module based envi-
ronment so creating new features in-
dependent of the already existing ones
is fairly simple, however introducing
a new resource type, such as time-
varying volumes, is a slightly more
complex task, as it needs to be regis-
tered in rest of the system. Also a new
loader needs to be written as a regu-

lar volume loader would not now what
to do with a time dependent resource.
Jostein Topland has been working on a
DICOM loader which he generously let
us use. By adapting this to handle an
fMRI data set, we get a loader for arbi-
trary sized fMRI data sets. Since there
is no header file for the DICOM file
sets, there is no information about how
many volumes there are or how many
slides per volume. This was taken care
of by looking at the location for each
slide, when the same depth location
appear we know that it is the begin-
ning of a new volume.

The playback plug-in itself is not a very
complex feature. A small Qt widget
creates the controls and the only task it
needs to do is update the active volume
in the time dependent resource.

9 Results

The playback plug-in for VolumeShop
2.0 turns out to be a very easy tool
for traversing back and fourth between
different time steps. The familiar con-
trols is something everyone can relate
to. However the clinical use for this re-
mains to be tested although this could
prove to be very useful to discover par-
ticular sequences in which different ar-



Figure 10: Screen shots from VolumeShop 2. Large images shows time step 1, 11 and 20. Small images show all time
steps from 1 to 20.

eas in the brain is activated during
various tasks performed by a human
brain. This might then give us a better
understanding of how the brain actu-
ally works. In the large visualizations
in Figure 10 it is clear that an abrupt
change in the volume takes place, and
this is shown clearly in the smaller im-
age series below.

Figure 9: The playback controller.

10 Future implementations

The new time dependent resource is
an excellent starting point for various
techniques to traverse and enhance fea-
tures of various types of data, not only
fMRI. New techniques may be imple-
mented as mentioned earlier the sug-
gested opacity peeling [7] is very useful
for fMRI since a lot of the data has
the same intensity. Jean-Paul Bala-
banian suggests temporal styles as a
method to illustrate the temporal as-
pect of time varying data [1]. With the
new time dependent resource in Vol-
umeShop 2.0 this is now possible to im-
plement. Also time maps, automatic
segmentation and various others can
help VolumeShop to be a leading tool
in medical visualization.
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Other sources of facts and im-
ages

• Nordic Neuro lab: http://http:

//www.nordicneurolab.com/

• fMRI : http://en.wikipedia.

org/wiki/FMRI

• Diffusion MRI : http:

//en.wikipedia.org/wiki/

Diffusion_tensor_imaging

• Figure 1 : http://www.

berkeley.edu/news/media/

releases/2000/11/20_mri.html

• Figure 4 : http://www.slicer.

org/intro/


