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I. INTRODUCTION

Using the Force Coupling Method [2] to model platelets as
spherical force envelopes, we visualized platelets in an inter-
active immersive virtual environment. Simulation of various
forces were required to keep the cells within vessel boundaries
and to take into account the adhesion of activated platelets to
walls and other platelets. Our hope was to increase the intuition
of 3D platelet data by using a 3D display, a CAVE environment.
Current methods are mainly only 2D and often require multiple
visualizations to correctly portray a single frame of data.

Platelets are small blood cells, usually spanning only 2 to 4
microns in diameter. They play a major role in closing rup-
tures in small blood vessels but can also lead to diseases such as
myocardial infarction. Each cubic millimeter of blood typically
has about 150,000 to 350,000 cells. Ruptures occur hundreds
of times every day, and the study of platelet aggregation is im-
portant in understanding platelet activation and consequences of
platelet behavior. Aggregation occurs in vascular injury, cell-
cell interactions, platelet-vessel walls, and platelet-thrombus in-
teractions [1].

Amtec Engineering, Inc. has produced a commercially avail-
able software package called TECplot, which visualizes large
numbers of platelets on a standard computer monitor. As is the
case with most 3D data, the visualization of 3D platelets is not
easy on a 2D display.

II. METHODS

This project built off of the particle-visualizer framework that
was used for the current ”artery” demo in the CAVE at Brown
University [3]. Support code for controlling frame rate, loading
datasets, and navigating a menu structure was already in place.
Our project consisted of modifying the existing code to incorpo-
rate forward and backward timestepping, as well as speed con-
trol, in an intuitive and conveniently accessible user interface.

We created a mesh, consisting of a cylindrical section of a
blood vessel, and generated preprocessed simulation data for
discrete timesteps. Different colors were assigned to the 3
biological states being modeled: passive, pre-active, and ac-
tive. The user interface consisted of a set of headtracked stereo
glasses and a 3-button wand. Using the wand, the user was
able to access a menu, grab the world to navigate around, and
cycle through various preset viewpoints in the scene. It also
provided convenient access to timestepping and speed controls,
which were essential in being able to effectively and thoroughly
control and examine the animation of the data.

III. RESULTS

To evaluate the effectiveness and success of our visualization,
we invited Peter Richardson of the Engineering Department at
Brown University to test our program. Richardson was able to
locate and point out major features of the blood platelet data.
He commented that most options available for visualizing blood

flow today only allow outside views of the blood vessel, but our
program allowed him to be inside, enabling him to observe each
individual cell up close. Using intuitive body movements, such
as ducking, looking up, and moving side to side, to observe dif-
ferent perspectives of the platelet data, was effective and easy to
adapt to. There was a significant improvement in being able to
see how and which platelets got caught, on other platelets or on
the vessel walls. The visualization was clear enough that the 3
different types of platelets were easily distinguisahble. Richard-
son said the model was simple and straightforward, and it pre-
sented a new phenomenology that was a good way to look at
platelet data with greater insight.

IV. CONCLUSIONS

By using the CAVE to visualize the flow of blood platelets,
users can gain a much better intuition of the data and develop
improved methods for locating and predicting critical locations
in a vascular tree. Next steps would involve a more complex
data model, incorporating such variables as pulsatility, volume
size, and curve data. Using and implementing tools such as the
one completed for this project can further help researchers and
students understand 3D platelet data, and the hope is that they
can develop a better sense for predicting and visualizing flow
patterns.

Fig. 1. An outside view of the blood vessel with an aggregate formation. Being
in the CAVE allows users to observe platelets while being directly inside the
blood flow.
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Abstract

Platelet aggregation is important for closing the
minute ruptures in small blood vessels that occur
hundreds of times daily, but may also lead to arterial
occlusion in the setting of atherosclerosis and trigger
disease such as myocardial infarction. An interactive
system was developed using immersive environment
to visualize the blood platelets in the flow through
small blood vessels.

Introduction

Platelets are blood cells 2 to 4 microns in diame-
ter with a normal concentration in blood of around
150,000 to 350,000 cells per cubic millimeter. Platelet
aggregation is important for closing the minute rup-
tures in small blood vessels that occur hundreds of
times daily, but may also lead to arterial occlusion in
the setting of atherosclerosis and trigger disease such
as myocardial infarction. Platelet aggregation in-
volves platelet activation due to vascular injury, cell-
cell interactions, platelet-vessel walls and platelet-
thrombus interactions[1].

Goals

The primary goal of the project is to visualize the
three dimensional results of simulations with hun-
dreds or thousands of platelets. We want to examine
an interaction of platelets with vessel walls and other
platelets, aggregate formation, its three dimensional
structure and interaction of platelets with the aggre-
gate.

Methods

The visualization tool was built using existing
“artery” demo[2]. A user has an ability to move for-
ward and backward in time. In addition, the user is
able to control the visualization speed. This is impor-
tant, because individual platelet interactions happen

on a small time scales compared to the total simula-
tion time. The user interface was modified to provide
mentioned above. The platelets are visualized as tes-
sellated spheres. Different colors are used to show
different biological states of platelets.

Results

Our visualization tool allows user to observe the
platelets in flow while being directly in the simulated
blood vessel. The ability to have multiple perspec-
tives with relative ease makes the tool more effective
than Tecplot from Amtec Engineering, Inc., which
was used for visualization before. It is easy to follow
each platelet, its interactions with other cells, platelet
aggregate or vessel walls. By controlling the speed
of visualization and playing backwards, if necessary,
user can study these interactions more precisely. The
post-processing time of the simulation data was also
reduced from 15-20 minutes, which were necessary
to generate the files in Tecplot format, to only 1-2
minutes, to generate input files without significant
manipulation of the data.

The visualization system was evaluated by scien-
tific user and got a positive feedback. The user sug-
gested adding more features to the current visualiza-
tion. Among them is having easy access to variables
such as time, aggregate volume, its growth rate and
blood flow rate as a side panel in the CAVE. These
features can be implemented in the future.
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Our system in use. On the left, the YBOCS measure (white) and electrode configurations (red and green boxes) are displayed at coarser
scales. On the right, mood (blue), anxiety (magenta) and pulse width (yellow) are displayed for a single forty-minute adjustment session.

The user selected this day using interval windows (blue) in the coarse scales.

We present a visualization system to explore data
collected on Deep Brain Stimulation (DBS) for Ob-
sessive Compulsive Disorder (OCD). DBS is a new
surgical treatment starting to be applied to OCD in
which electrodes are inserted into a patient’s brain. After
surgery, settings for the electrodes must be adjusted to
find the stimulation that best reduces symptoms. Our
tool is designed for interactively exploring relationships
between the electrode settings and patient response. This
visual exploration allows us to arrive at intuitions and
tentative relationships to target with statistical analyses.

I. BACKGROUND

OCD is an anxiety disorder in which the individual
is overcome by fears, anxieties, thoughts or impulses.
In response to these obsessions, the individual performs
certain acts or rituals, often repetitively. Approximately
2% of the national population is diagnosed with OCD.

The effectiveness of DBS greatly depends on the set-
tings of control parameters. Each electrode can be turned
on or off independently. Many electrical properties can
also be adjusted, such as pulse width and current. These
settings change which areas of the brain are stimulated,
as well as which tissue types are most affected. The
problem is, which settings lead to the best results?

Complicating matters further is the fact that the effects
of a certain stimulation may not appear until the patient
has had hours or days with the setting. In our project,
we tried to find relationships between settings and patient
response for both long- and short-term data.

II. T HE SYSTEM

Our system produces 2D visualizations from data
stored in a SQL database. It can produce several types
of representations, including glyphs representing which
electrodes are on, line graphs and scatter plots.

The user can explore short-term data within a long-
term context by viewing the data at multiple time scales.
These scales are linked together by specifying interval
windows in a coarse-scale visualization. The user can set
the minimum and maximum values of a finer scale by
changing this interval.

The user can also constrain the data by entering SQL
code fragments that our system inserts into its queries.
This is used, for example, to limit the data to certain
electrode configurations, or to show only the so-called
“pre” data — the first ratings collected in a day.

III. R ESULTS

Using our tool, we noticed that mood and anxiety, two
of the acute measures, tend to be inversely related. Dr.
Greenberg confirmed that this was in fact their experi-
ence. This success is important because we were able to
reproduce a clinical finding without prior knowledge of
the results.

We also found some adjustment sessions with links
between pulse width and mood/anxiety. It is hard to tell
how this affects the chronic symptoms, however, since
often the settings were returned to a different value at
the end of the session.

Finally, our collaborators became more convinced that
they did not vary settings in a controlled enough way.
There are few sessions aimed at varying only one param-
eter and keeping the rest constant. This makes it hard to
find relationships using any method. In the future, there
may be more effort to vary parameters systematically.
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Figure 1:  In this example of our visualization tool in use, the researcher has plotted the patient response (YBOCS, HAMA 
and HAMD) against the configuration settings and the date in the first row.  In the second row, the experimenter has 
zoomed in on the interesting portion in the blue box in the first row, and added pulse width information to the plot.  The 
user has further zoomed in on one day in the third row, to examine the acute response for each setting. 

 
 A new treatment for Obsessive Compulsive 
Disorder (OCD) involves stimulating portions of the 
brain with implanted electrodes.  The parameter space 
for the settings of these electrodes is very large, and 
discovering relationships between settings and 
responses is hard.  We have built a visualization tool to 
assist researchers in finding relationships in this high-
dimensional space. 

 
I.  OBSESSIVE COMPULSIVE DISORDER 
 OCD is an illness characterized by recurring 
thoughts and actions that often lead to distress, anxiety, 
and the impairment of normal functioning.  Around 30-
50% of patients do not respond entirely, or at all, to 
modern behavioral or pharmacological treatment.  Of 
those that do respond, many are unhappy with the side 
effects, and discontinue treatment.  Severe OCD has 
been successfully treated by directed lesioning of the 
brain. 
 
II. DEEP BRAIN STIMULATION (DBS) 
 Our collaborator, Dr. Greenberg, is exploring 
DBS as an alternative to brain lesions as a treatment for 
OCD.  Electrodes are surgically implanted into the 
ventral portion of the internal capsule of the brain and 
the surrounding tissue is stimulated.  This stimulation 
can vary in many parameters, such as location, 
frequency, and pulse width.   
 
III.  VISUALIZATION 
 Our visualization tool for exploring this high-
dimensional parameter space consists of two parts:  A 
Structured Query Language (SQL) database and a java 

program that interfaces with it.  The database contains 
patient IDs, the electrical settings used in their implants, 
and the effect on their symptoms, as gathered by the 
researchers.  Symptoms were measured by the Yale-
Brown Obsessive Compulsive Scale (YBOCS), and the 
Hamilton Depression and Anxiety scales (HAMD and 
HAMA). 
 The Java program queries this database, and 
produces visualizations.  In figure 1, our tool has been 
used to visualize the relationship between configuration 
settings and YBOCS, HAMA, and HAMD scores.  
Using the zooming capabilities of the system, the user 
has elected to explore more closely the interesting 
section at the left side of the graph. 
 
IV.  RESULTS 
 Feedback from our collaborators has been 
positive.  They are excited by the prospect of being able 
to inspect this previously intimidating data set in an 
interactive way.  Using this tool, and it's ability to 
rescale axes on the fly, and compare data at different 
resolutions, they hope to find interesting patterns that 
they can later submit to statistical analysis.  In addition, 
they are interested in seeing if non-medical 
professionals can use this tool to find relationships that 
would back up their clinical experience. 
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