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Introduction 

Since the beginning of the last century, simulators have been widely used in military and 
aviation. Recently, the use of simulation in medicine and dentistry has brought the attention of the 
research connnunity, looking for efficient ways to increase patient's safety by improving 
surgeon's and dentist's skills. Traditionally, plastic mannequins and cadavers were used to train 
medical and dental students. However, the lack of details and differences on material properties 
(in the case of mannequins), and high costs and ethical issues (in the case of cadavers)- supported 
by the lately improvements of virtual reality, haptics and robotics - have increased the need for 
research and development of realistic haptics-based augmented virtual reality simulators. That is 
the main goal of this project. 

Results 

Prior Augmented Reality Systems 

Rear-projection-based virtual reality devices, including the CAVE® [3) and the 
ImmersaDesk® [4), create a virtual environment projecting stereoscopic images on screens 
located between the users and the projectors. These displays suffer from occlusion of the image 
by the user's hand or any interaction device located between the user's eyes and the screens. 
When a virtual object is located close to the user, the user can place his/her hand "behind" the 
virtual object. However, the hand will always look "in front" of the virtual object because the 
image of the virtual object is projected on the screen. This visual paradox confuses the brain and 
breaks the stereoscopic illusion. When haptic devices are incorporated into the simulators, 
augmented reality systems are more suitable because a half-silvered mirror is used to create a 
virtual projection plane that is collocated with the haptic working volume. The user places his/her 
hands underneath the mirror to interact with the virtual space without occluding the 3D image of 
the virtual objects. Previous haptics-based augmented reality systems are: 

• PARIS"' [5) 
• Reachin display [6) 
• SenseGraphics 3D-MIW [7) 

PARIS™ (Personal Augmented Reality Immersive 
System) is a projection-based augmented reality system that 
uses a translucent black rear-projection screen illuminated by a 
high-end Christie Mirage 2000 stereo DLP projector (Figure 
1). Like the CAVE® and ImmersaDesk®, it tracks the user's 
head to display a correct viewer-centered perspective. 

Visual acuity is a 1neasure1nent of a person's vision. 

~------

Visual acuity for displays can be calculated as Figure I. PARJsrn 
20/(FieldONiew* 1200/resolution) [IO). In the case of 
PARIS"', its visual acuity is 20/(120°*1200/1280 pixels) ~ 20/112.5, making impossible to 
distinguish small details of the virtual objects, and limiting the usefulness of the simulator'. 

1 In the United States, 20/40 is considered the limit at \Vhich auto1nobile drivers are pennitted to drive 
\Vithout the need to wear corrective eye,vear; 20/30 is the lin1it for e1nergency vehicle drivers; and 20/200 is 
the limit oflegal blindness. 
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Reachin display is a low-cost system that renders 3D objects on a CRT monitor (Figure 2). 
Since it lacks a head tracking mechanism, it assumes the user's head is fixed all the time. 
Therefore, the graphics/haptics collocation is only achieved at a particular "sweet spot", and 
totally broken as soon as the user moves his/her head looking at the virtual scene from a different 
angle. 

Figure 2. Reachin Display 

SenseGraphics 3D-MIW is a 
portable haptics-based system that 
displays 3d images on a Sharp Actius 
RD3D laptop (Figure 3). Like most auto
stereoscopic displays, the resolution in 3D 
mode is too low for detailed imagery, 
since each eye sees 512x768 pixels. With 
a FOY of 35°, its visual acuity is only 
20/82.03. In addition to that, the 
haptics/graphics collocation is poor 
because of the lack of a head tracking 
system. 

Figure 3. SenseGraphics 

Design of the lmmersiveTouch™ 

The drawbacks and limitations of the previous augmented reality displaysm otivated the 
design of a new system. The ImmersiveTouch'" is the first system that integrates a haptic device, 
with a head and hand tracking system, and a high-resolution and high-visual-acuity stereoscopic 
display (Figure 4) (2]. 

With a maximum resolution 
of 1600 x 1200 pixels, a 
horizontal FOY of 33°, 
/111111ersiveTouchT" offers an 
unprecedented visual acuity of 
20/24.75. 

Figure 5. Augmented VR environment 
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Figure 4. In1111ersiveT011cltTM hard,vare components 

While head tracking allows ImmersiveTouchrn to 
achieve a perfect graphics/haptics collocation by 
rendering a viewer-centered stereo perspective, hand 
tracking allows users to use both hands to interact with the 
virtual scene. While they can feel tactile sensations with 
the hand holding the haptic stylus, they can hold a tracked 
pointing device with the other hand to move the 3D 
objects, manipulate lights, or define clipping planes 
interactively in the same 3D working volume (Figure 5). 
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Simulators Developed for the lmmersiveTouch™ 

Three haptics-based YR applications were developed using the ImmersiveTouch'" system: 

Haptic Visible Human helps medical students to learn human anatomy exploring and 
"touching" the Human Visible Project® dataset [8] 
(Figure 6). The simulator extracts the polygonal 
isosurfaces of a 3D volume created from MRI or CT 
scanners, which can then be visualized in stereo and 
felt with the haptic device. Haptic properties of bone 
and soft tissue are defined in real time based on four 
pararneters: stiffness, viscosity, static and dynamic 
friction. 

Periodontal Training Simulator, which was 
developed as a joint project with the Department of 
Periodontics at U!C, simulates the procedure of 
scaling and root planning (Figure 7). The application 
provides dental students certain degree of guidance 
when the dental procedure is performed using a set 
of virtual dental instruments. A virtual periodontal 

Figure 6. Haptic Visible Human 

explorer is used to diagnose the sub-gingival roots urface; a virtual periodontal probe, to measure 

Figure 7. Periodontal Simulator 

periodontal pocket depth and diagnose attachment 
loss; and a scaling instrument, to remove 
calculus deposits on the root surface. The simulator 
helps to develop the required skills to evaluate 
haptic textural differentiation of "normal" and 
"abnormal" situations by feeling the texture of the 
virtual teeth as well as the surrounding gingival 
tissues. Specific haptic materials are applied to a 
root surface to simulate calculus, caries, restorative 
overhangs, soft tissue penetration, or a clean root 
surface. A high visual acuity of the stereoscopic 
display was crucial to read the markings on the thin 
tip of the periodontal probe, while a precise haptics 
rendering was important to allow student to rely on 
their tactile sensations to learn what is felt in real 
scenarios. 

Ventriculostomy Simulator has been developed with the Depa1tment of Neurosurgery at 
UIC [!]. Ventriculostomy is a standard neurosurgical procedure for measuring the intracranial 
pressure (ICP) as well as for providing therapeutic 
cerebrospinal fluid drainage to lower the ICP [9] 
(Figure 8). 

After a small incision is made and a bur 
hole is drilled in a strategically chosen spot in the 
patient's skull, a ventriculostomy catheter is 
inse1ted aiming for the ventricles. A distinct 
"popping" or puncturing sensation is felt as the 
catheter enters the frontal horn of the lateral 
ventricle. That sensation is imp01tant to determine 
the proper catheter placement. Using a pressure 
transducer system the excess spinal fluid is 
drained to reduce the ICP. 
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Figure 8. Ventriculostomy Sirnulator 
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Ventriculostomy, commonly employed for treatment of head injury and stroke, is a 
standard, low risk, but high frequency procedure at the University of Illinois Medical Center with 
about 300 interventions performed a year. Thus, the sheer number increases the risk profile and 
the need for an effective training and simulation tool, and standardized evaluation of 
neurosurgeons. 

The simulator allows medical students to practice on the 3D orientation and insertion of 
the catheter improving their skills and therefore, increasing patient's safety. They can feel the 
viscosity of the brain and the popping sensation as the catheter reaches the ventricles. The 
surgeon places the tip of the catheter in the bur hole facing the horizontal plane and then orients 
the catheter moving his/her head to one side of the patient's head to another to locate the 
landmarks in the frontal and saggital planes. Therefore, head tracking was extremely helpful to 
allow the surgeon to visualize the landmarks located in the other planes simply moving his/her 
head, as s/he would do in the real scenario. 

Significance and impact 

Preliminary experiments with dental and medical faculty and students from UIC have 
shown good acceptance and motivation to be trained on the simulators. A study conducted with 
neurosurgical faculty, residents and medical students from UIC on the ventriculostomy simulator 
showed how a learning curve correlated with the neurosurgical educational level of the user. 
During the experiment, medical students improved their performance from 10%-50% to 100% in 
fewer than 30 trials, showing the potential of the ventriculostomy simulator to reduce the need of 
1nannequins and cadavers. 

The University of Illinois has filed a U.S. Provisional Patent Application (see attached 
documentation) for the ImmersiveTouchTM as the first haptics-based augmented reality system 
capable of displaying a high-resolution and high-visual-acuity stereoscopic viewer-centered 
perspective. 

Where might this lead? 

More exhaustive experiments and assessments will be conducted in future. Companies as 
Medtronic and the UIC Medical Hospital have already shown interests in the ImmersiveTouchrn 
system to simulate other medical procedures, for instance the insertion of pedicle screws for 
spinal fusion, lumbar punction, and deep brain stimulation among others. 
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Statement of discretionary funds 

The total award excluding the student's stipend was spent as follows: 

• $400 on books 
• $1800 on software 
• $300 on supplies 
• $335 on registration at HCII 2005 
• $525 on hotel and flight 
• $140 on meals 

How the Fellowship Made a Difference 

It was a great honor to be one of the few recipients of the Link Foundation Fellowship. 
This award allowed me to research on the fascinating world of haptics-based training simulators 
learning with an interdisciplinary group of specialists of Computer Science, Mechanical and 
Industrial Engineering, Dentistry, Medicine and Neurosurgery. Thanks to this fellowship, my 
thesis evolved from the development of a particular VR application to the invention of a complete 
hardware and software solution to some concrete problems cracked by the latest augmented 
virtual reality technology. Undoubtedly, the invention of the ImmersiveTouchnt meant an 
important milestone in my professional career, which would have not been possible without this 
remarkable award. 
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