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Virtual Tissue Properties
Biomechanical and Physical Modelling of the Handling
Characteristics of Tissues and Organs During Surgical Interventions.

Figure 1a: compliance of pig liver and spleen.
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Program Summary

Computer-based simulators offer a promising future for surgical training, treatment planning, and instrument
design. These systems must incorporate information about tissue elasticity in order to display realistic defor-
mation and give true tactile feedback during interactions. There is little data about soft tissues properties for
abdominal surgery.

The objectives for this project were: (1) to develop testing methods and perform extensive investigations into
the biomechanical properties of intra-abdominal soft tissues and organs, and (2) to produce mathematical
models to predict soft tissue behavior during specific surgical manipulations.
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In Phase 1, indentation tests were performed on excised animal solid organs (liver and spleen) in the labora-
tory to produce force-strain curves having the same characteristic shape as similar tests on other types of bio-
logical tissue. In Figure 1a, the compliance of different solid organs such as spleen and liver is significantly
different in the low-strain, physiological range. We modeled tissue behavior for deformation using a large
diameter probe (30mm) in Figure Th. However, boundary conditions for a smaller, more physically realistic
probe (4.5mm diameter) were much more complex. Due to the highly non-linear nature of the material, the
fact that the incompressibility constraints must hold throughout the whole volume has to be considered, and
since the problem involves a large local deformation, there were many difficulties in solving the boundary
value problem. The solution was to use 4-point Gaussian quadrature rule, discretising to a square macro-
element mesh, in order to remove the possibility of a non-physical deformation occurring in the model.

Phase 2 of the project involved developing instrumentation for in vivo testing on human subjects during
surgery to validate the mathematical models using human solid organ data. The Dundee Single Point
Compliance Probe (Figure 2) was successfully used in lab trials and on six patients undergoing open surgery.
The sensitivity of this instrument (Figure 3) shows data from patients with normal liver tissue compared to
that of an obstructed liver, which behaves as a slightly stiffer material. The in vivo human data was found to
be very similar to animal ex vivo data at low strains (up to 10%) and we therefore feel that the mathematical
models for solid organ deformation will be suitable for in vivo tissue modeling.

Technology Transfer

We are investigating the potential of the single point compliance probe for use in detection of breast lesions
and collaborating in the European Minimally Invasive Surgery SIMUlator (MISSIMU) project to provide data
for simulators.

PI: Professor Sir Alfred Cuschieri
44 Organization: University of Dundee, Department of Surgery
voice: 00 44 1382 60111 ext:2174 - fax: 00 44 1382 641795 - a.cuschieri@dundee.ac.uk
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Tissue Force Measurement

Figure 1

Surgical Force
Signatures

Figure 2

Figure 3

Project Summary

Our project goal was to improve the scientific understanding of the biomechanics and human factors of sur-
gery. The first task involved development of an endoscopic surgical grasper with computer control and a
force feedback (haptic) user interface. Experimentally, this device was able to discriminate by palpation
between internal organs like normal small bowel, lung, spleen, liver, colon, and stomach. The second task
incorporated three axis force/torque sensor into a laparoscopic grasper for measuring forces and torques at
the surgeon-hand/tool interface during a standardized surgical procedure. These measurements showed dis-
tinct differences between expert and novice surgeons. Novices spent more time performing each maneuver
and expended a greater magnitude of forces and torques to perform a task. A custom software package for
a simplified use of the computationally intensive Hidden Markov Model analysis was developed for this
application. We expect that these studies and those that derive from them will have application to the
refinement of telesurgery, clinical endoscopic surgery, surgical training, and research.

Technology Transfer

The current prototype model has generated interest from the biomedical device manufacturing industry and
the principal investigator is pursuing possible commercialization opportunities. No application beyond labo-
ratory investigation has been performed at this time.

Figurel: Computer controlled Force feedback endoscopic grasper mounted on its storage base

Figure 2: Instrumented endoscopic grasper—A three axis force/torque sensor implemented into the outer
tube in an addition to a force sensor located at the instrument handle

Figure 3: Real-time graphic user interface of force/torque information synchronized with the endoscopic
view of the procedure using picture-in-picture mode.

Pl: Blake Hannaford, Ph.D. and Mika Sinanan, M.D., Ph.D.
Organization: University of Washington, Department of Electrical Engineering 45
voice: (206) 543-2917 - fax: (206) 543-2197 - Blake@ee.washington.edu - http://rcs.ee.washington.edu/brl/
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Haptic Input Device for Telesurgery

The Look and Feel
Project: Haptic
Interaction

for Biomedicine

Figure 2

Figure 1

Project Summary

There is a completely new class of surgical instruments which extend the ability of surgeons beyond the limi-
tations of traditional laparoscopic surgery. These are the computer-enhanced or telesurgery systems, which
have the goal of improving the surgeon’s ability to perform complex surgical procedures, such as coronary
artery bypass grafting, while imparting a minimum of trauma to the patient. This project focused upon the
development of increased mobility and sensory feedback for a surgical telerobot (Figure 1) designed to per-
form minimally invasive procedures. In between the master and slave is a computer with highly sophisticated
programming that allows the surgeon to actually feel anything the end effector (Figure 2) touches. The soft-
ware exactly mimics pressure applied by the surgeon, as well as the resistance encountered by the Falcon's
wrist and fingers. The fingers, or end effectors, acquire the resistance of the tissue and the system uses the
commercial product PHANToM to provide the sense of touch to the surgeon's fingers. Developed by project
team member Akhil Madhani and known as the Black Falcon, the system provides touch, or haptic, feedback
to users and a proof-of-concept for several important solutions in telesurgery technology.

Technology Transfer

Aspects of the technology have been licensed by Intuitive Surgical, Inc. of Mountain View, CA, for their com-
mercial product, DaVinci Telesurgery System. Control of the system was accomplished by the use of a haptic
interface previously developed at the laboratory and now available commercially as the PHANTOM Haptic
Interface from SensAble Technologies, Inc., of Cambridge, MA. The PHANTOM interface was also used by
Boston Dynamics, Inc., of Cambridge as a force reflecting user interface to their anastomosis simulator.

Awards
The winner of the $30,000 Lemelson-MIT Award

PI: J. Kenneth Salisbury, Ph.D.
Organization: Intuitive Surgical, Inc.
voice: (650) 237-7185 - fax: (650) 526-2060 - Ken_Salisbury@intusurg.com



3-D Holographic Image Display

High Definition Image
Volume Projection
Display

Project Summary

Advances in display technologies will provide an entirely new way of interacting with virtual objects in train-
ing and simulation. Dimensional Media Associates, Inc., has developed a revolutionary new 3-D display tech-
nology—Multiplanar Volumetric Display (MVD). A MVD system creates 3-D images from either polygonal or
volumetric computer data in an all solid-state display. The images in the MVD are high resolution and full
color and provide all of the 3-D cues normally associated with viewing real objects. These include normal eye
accommodation (focusing) and convergence, proper stereopsis, and motion parallax in both the horizontal
and vertical directions. The system can create solid textured images, translucent textured images, and wire-
frame images at the press of a key. It is completely OpenGL compatible and is currently driven by an SGI
workstation, but will soon be extended to a PC platform. The system has no moving parts, uses no lasers, and
can be configured as a front-viewed workstation, or as a top-viewed 360° walkaround system. The opera-
tional prototype produces 2.8 million, 6 bit grayscale voxels within a 6” x 6” x 3" volume. A system under
development will have 13.1 million, 24-bit voxels in a 15" x 13" x 9” volume with and volume rate of 40 Hz.

The MVD is a general purpose high resolution 3-D display system. It has numerous military and civilian appli-
cations such as surgical simulation, visualization of medical, scientific and industrial volumetric data, situa-
tion awareness, mission planning and military command and control, air traffic control, an interface for
remotely operated and autonomous aircraft, computed aided engineering and design, and network visualiza-
tion. The figure shows a suspended heart in a MVD system in a 360° walkaround configuration. For use as a
situation awareness display, the system can depict three-dimensional terrain information, the location and
movement of ground, air and space resources, and intelligence information such as the location of hidden
bunkers and minefields or opposing artillery emplacements and firing ranges and sight lines.

Technology Transfer

The prototype system has enabled Dimensional Media Associates, Inc. to raise additional development funds
from private investors. Initial commercialization will begin with limited sales of prototype units. A further
developed commercial system in collaboration with Silicon Graphics will have 18.4 million, 24-bit color voxels
at an image rate of 60 Hz.. We will establish OEM licenses with strategic partners that will market the display
into specific industries such as military, medical, scientific, computer graphics, and entertainment.

Award
Smithsonian (Call Alan for details)

PI: Alan Sullivan, Ph.D.
Organization: Dimensional Media Associates, Inc.
voice: (212) 620-4100 - fax: (212) 620-7771 - as@3dmedia.com - www.3dmedia.com
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Virtual Olfaction

Olfactory Stimuli in
Virtual Reality for
Medical Training
Applications

Figure 2

Figure 1

Project Summary

In order to create the highest illusion of realism in virtual reality simu-
lation environments, all of the senses must be engaged. Under many
circumstances, the sense of smell provides additional information, fre-
quently through subliminal cues, that heighten the sense of presence in
the environment. To date only three of the senses (vision, audio, and hap-
tics) have been incorporated into virtual reality training systems. This pro-
ject is the first effort to develop both mechanical and corresponding virtual
display systems for the sense of smell. The goal is to heighten the sense of realism for
soldiers and medics in simulation training by adding vivid odors to the virtual environments.

In order to present the various smells to the individual, a portable device (Figure 1) was constructed that
would emit a discrete odor in a very short period of time in response to the given stimulus in the virtual envi-
ronment. Although the prototype is bulky, it can be worn in a backpack while the individual walks about a
virtual environment. Figure 2 depicts a virtual accident scene with casualties. The arrows indicate the direc-
tion of the breeze. As the user approaches specific sites in the scene, various odors such as blood, garbage,
spilled gasoline, and smoke are introduced into the virtual environment.

Technology Transfer
The prototype is complete and commercialization efforts are under way for partnerships or licensure. To date,
the response to the application need appears to be minimal and limited to research organizations.

PI: Dr. Myron W. Krueger
Organization: Artificial Reality Corporation
voice: (860) 871-1375 - myronkru@aol.com



Tactile Sensor Device

Conformable Tactile Sensor for Surgical Data Acquisition

Project Summary Powes Gy Procision Gress
Tactile sensation is crucial to surgical ———
tasks in surgical robotic systems as =
well as training devices using virtual
reality simulators. Pressure Profile
Systems, Inc., designs, develops, and
manufactures high performance
multi-element pressure and tactile
sensing systems. The core technology
is a variable capacitance sensor
which provides numerous advantages

over resistance-based sensors, includ-

ing: higher sensitivity, more repeat-

able and stable output, reduced wear

and aging effects, wider range of e

tailor-able force sensitivity, and

better linearity.
y Upper left, single tactile sensor element configuration; upper right, grasp study for

assessing placement of tactile sensors; mid left, prototype tactile glove for mouse
ergonomic study; lower left, USB micro-controller prototype; lower right, perfor-
mance output of the tactile sensor element.

Development of the Conformable
Tactile Sensor (CTS) technology is a
tactile glove that provides pressure
contact information for surgical data
acquisition by conforming to complexly curved surfaces such as the human hand. Development of a Motility
Visualization System for the NIH provides esophageal muscle contraction information of a person swallowing.
The CTS Technology provides 24-32 sensor elements on a gastrointestinal catheter rather than the 3-4 ele-
ments that are currently available.

Technology Transfer

Pressure Profile Systems, Inc., received an Army SBIR contract for development of a Head Pressure Analysis
System that provides fit, comfort, and seal information for head gear such as gas masks, helmets, goggles,
etc. Efforts are focused on capitalization and industrial marketing to transition PPS from government contrac-
tor to commercial sales focused company.

Pl: Jae Son Ph.D.
Organization: Pressure Profile Systems, Inc.
voice: (310) 377-0179 - fax: (815) 425-3194 - jaeson@pressure-profile.com - www.pressure-profile.com
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Addison, Rita DETOUR 37 Carter, Stephen/Stewart, Brent
232 Homestead Lane Handheld Ultrasound
Portsmouth, Rl 02871 University of Washington, Dept of Radiology
(401) 683-2252 raddison@world.std.com 1959 NE Pacific Avenue, Box 357115
Seattle, WA 98195-7115
Aponick, Anthony =~ MEDFAST 23 (206) 685-2693  fax: (206) 543-3495
Foster-Miller, Inc. scarter@u.washington.edu
350 Second Avenue
Waltham, MA 01778 Charles, Steve  Microdexterity Robotic Arm
(781) 684-4310 fax: (781) 684-3959 MicroDexterity Systems, Inc.
aaponick@foster-miller.com 6401 Poplar Avenue, Suite 190
www.foster-miller.com Memphis, TN 38119
(901) 767-4499 fax: (901) 761-0727
Athey, Brian Telepathology Database 17 scharles@worldnet.att.net
University of Michigan Medical School
Departments of Cell and Developmental Conti, Diane/Preston Lensless Microscope
Biology and Internal Medicine Kensal Corporation
1335 Catherine Street 17223 Palisades Circle
Ann Arbor, Ml 48109-0616 Pacific Palisades, CA 90272
(734) 763-6150 fax: (734) 763-1166 (310) 454-6813  fax: (310) 459-0611
bleu@umich.edu www.dmsv.med.umich.edu KensalDKC@aol.com www.kensal.com
Badler, Norman S/IMCOR 38 Cuschieri, Sir Alfred  Virtual Tissue Properties
University of Pennsylvania University of Dundee, Department of Surgery
Comp & Info Sci., 33rd Street Level 6, Ninewells Hospital & Medical School
Philadelphia, PA 19104 DUNDEE, TAYSIDE DD1 9SY
(215) 898-5862 fax: (215) 898-0587 00 44 1382 60111 ext 2174
Badler@central.Cis.Upenn.Edu fax: 00 44 1382 641795
www.cis.upenn.edu/~hms/medisim/medisim.html a.cuschieri@dundee.ac.uk
surgtim.medschool.dundee.ac.uk/compprobe/
Becker, Carol  Artificial Muscles for Robots 25 main.html
SPAWAR Systems Center San Diego Code D894 http://www.dundee.ac.uk/surgicalskills/
53475 Strothe Road Rm 209 ssresearch.htm
San Diego, CA 92152-6355
(619) 553-3906 fax: (619) 553-5667 Daum, Wolfgang Daum Hand
becker @ spawar.navy.mil DAUM Corp.
Regus, Suite 3100
Brock, David Telerobotic Surgical System 21 200 S. Wacker Drive
Brock Rogers Surgical, Inc. Chicago, IL 60606
150 Kerry Place (312) 674-4529 fax: (312) 674-4528
Norwood, MA 02062 medinfo@daum.de
(781) 255-1888 fax: (781) 255-5525
webmaster@brockrogers.com Delp, Scott Limb Trauma Simulator
MusculoGraphics, Inc.
Burns, Michael Medical Smart Textile 7 1840 Oak Avenue
Science, Math & Engineering, Inc. Evanston, IL 60201
45 Manning Road (847) 866-1882  fax: (847) 866-1808
Billerica, MA 01821-3934 delp@leland.stanford.edu
(978) 663-9500 ext. 282 www.musculographics.com

fax: (978) 663-4918
burns@aerodyne.com
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Delule, Michael

Edmond, Charles

Eisler, Robert

Ferrell, Thomas

Flynn, Anita

Goodwin-Johansson, Scott

Direct Digital X-ray System 15
Contact: Dr. Bruce Griffing

GE Corporate Research and Development

P.O. Box 8

Schenectady, NY 12301

(518) 387-6207 fax: (518) 387-6030
griffing@crd.ge.com

Sinusoscopy Simulator 36
Madigan Army Medical Center

Department of Otolaryngology

Ft Lewis, WA 98431

(253) 968-1420

Ballistic Wounding Simulation 6
Mission Research Corporation (MRC)

23052 Alcalde Drive, Suite A

92653-1327

(949) 465-8939 ext 14  fax: (949) 465-8948
robert.eisler.1998@anderson.ucla.edu
http://www.mrc.com

MEMS Microsensors 2
1. Oak Ridge National Laboratory

POB 2008, MS 6123, 45005

Oakridge, TN 37831

2. The University of Tennessee

Dept. of Physics

Knoxville, TN 37996

(423) 574-6214  fax: (423) 574-6210
tferrell@utk.edu

www.ornl.gov/~ 11r/TELESENSOR_ASICs.html

Micro Robot 24
President of MicroPropulsion

330 Panoramic Way

Berkeley, CA 94704

aflynn@micropropulsion.com

Gibbons, Gerard The ABMT DVD 54

Visual Eyes Inc.

31320 Via Colinas, Suite 118

Westlake Village, CA 91362

(818) 707-9922  fax: (818) 707-2693
gerard@visualeyes.com www.visualeyes.com

MEMS Micromuscles 25
MEMS, Electronic Technology Division

P.O. Box 12889

Research Triangle Park, NC 27709

(919) 248-1964 fax: (919) 248-1455

Granek, Herman Intelligent Garment
Bio-Stimu Trend Cor
230 174 Street #60
Sunny Isles Beach, FL 03316
(305) 467-4769 fax: (305) 931-6541
HMGRANEK@compuserve.com

Green, Philip/Jensen, Joel Telesurgery System
SRI International
(650) 859-3911 fax: (650) 859-2658

joel.jensen@sri.com  www.sri.com

Hannaford, Blake/Sinanan, Mika
Tissue Force Measurement
University of Washington
Department of Electrical Engineering
Box 352500
Seattle, WA 98195
(206) 543-2917 fax: (206) 543-2197
Blake@ee.washington.edu
http://rcs.ee.washington.edu/brl/

Hanson, Matthew Operating Environment
of the Future

Integrated Medical Systems, Inc.
c/0 Northrop Grumman Corporation
8900 E. Washington Blvd.
Mail Code: N800/ XA
Pico Rivera, CA 90660
(562) 948-7650 fax: (562) 942-5147
MatthewHanson@LSTAT.com
www.LSTAT.com

Happer, William  Noble Gas Enhanced MRI
Princeton University
Department of Physics
Princeton, NJ 08540
(609) 258 4382 fax: (609) 258 2496
happer@princeton.edu
www.atomic.princeton.edu

Ho, Z. Z. Non-Invasive Lactate Sensor
Intelligent Optical Systems—Physical Optics
Corporation
2520 W. 237th Street
Torrance, CA 90505
(310) 530-7130 fax: (310) 530-7417
Zzho@intopsys.com  www.intopsys.com
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Hoffman, Helene  Virtual Reality Multi-Media 41
University of California, San Diego
School of Medicine, Learning Resources Center
9500 Gillman Drive
La Jolla, CA 92093
(858) 534-3656 fax: (858) 534-1411
hhoffman®@ucsd.edu
http://cybermed.ucsd.edu

Jacobsen, Stephen /-Port 40
PSM (Personnel Status Monitor) 3
Department of Mechanical Engineering
University of Utah
Salt Lake City, UT 84112
(801) 581-6499 fax: (801) 581-5304
jacobsen@ced.utah.edu

Jayarama, Sundaresan The Wearable Motherboard 5
Georgia Institute of Technology
School Of Textile and Fiber Engineering
Atalanta, GA 30332-0295
(404) 894-2490 fax: (404) 894-8780
sundaresan.jayaraman@tfe.gatech.edu

Jolesz, Ferenc/Lorensen, B./Kikinis R./Vining D.
Virtual Endoscopy 18
The Brigham Women's Hosptial
Dept of Radiology
75 Francis Street
Boston, MA 02115
(617) 732-5961 fax: (617) 732-7963
home: (617) 739-0742
jolesz@bwh.harvard.edu

Karron, Daniel Tactical Audio 27
Computer Aided Surgery, Inc.
300 East 33rd Street, Suite 4N
New York, NY 10016
(212) 686-8748 fax: (212) 448-0261
karron@casi.net www.casi.net

Kneale, Todd L[STAT 26
Integrated Medical Systems, Inc.
c/0 Northrop Grumman Corporation
8900 E. Washington Blvd.
Mail Code: N80OO/XA
Pico Rivera, CA 90660
(562) 948-0963 fax: (562) 942-5147
ToddKneale@LSTAT.com  www.LSTAT.com

Kruger, Myron  Virtual Olfaction
Artifical Reality Corporation
Box 786
Vernon, CT 06066
(860) 871-1375
myronkru@aol.com

Lanier, Jaron  Abdominal Surgery Simulator

R. Satava @ Yale University School of Medicine

40 Temple Street, Suite 3A

New Haven, CT 06510

(203) 764-9069 fax: (203) 764-9066
richard.satava@yale.edu

Lind, Eric  Smart T-Shirt

SPAWAR Systems Center San Diego Code D894

Navigation and Applied Sciences Department
53475 Strothe Road Rm 271

San Diego, CA 92152-6320

(619) 553-2671 fax: (619) 553-6305
lind@spawar.navy.mil

Littlefield, Richard MUSTPAC™ 3-D Ultrasound
Battelle Pacific Northwest Division
D.O.E. Pacific Northwest National Laboratory
P.0. Box 999
Richland, WA 99352
(509) 375-3927 fax: (509) 375-3641
Rik.Littlefield@pnl.gov
http://aims.pnl.gov:2080/MUSTPAC-2

Lorensen, Bill  Virtual Endoscopy
GE Corporate Research and
Development Center
1 Research Circle
Niskayuna, NY 12309
(518) 387-6744  fax: (518) 387-5449
lorensen@crd.ge.com

Merril, Gregory |V & Bronchoscopy Simulator
HT Medical Systems, Inc.
55 West Watkins Mill Road
Gaithersburg, MD 20878
(301) 984-3706 fax: (301) 984-2104
info@ht.com  www.ht.com

Morimoto, Alan K.  3-D Ultrasound Imaging
Intelligence Systems and Robotics Center
Telecommuting from Vanderbilt University
Sandia National Laboratories
Box 5800, MS 1003
Albuquerque, NM 87110-1003
(505) 844-0112 akmorim@sandia.gov
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Mukherjee, Ranjan  Flexible Robotic Manipulator 29
Michigan State University
2555 Engineering Building
East Lansing, Ml 48824
(517) 355-1834  fax: (517) 353-1750
Mukherji@egr.msu.edu
www.egr.msu.edu/ "~ mukherji

Oakely, Clyde Combat Ultrasound 14
Tetrad Corporation
357 Inverness Drive South, Suite A
Englewood, CO 80112-5816
(303) 754-2315  fax: (303) 754-2329
COakley@tetradcorp.com

Raibert, Marc/Playter, Robert
Anastomosis Simulator 35
Boston Dynamics Inc (BDI)
(617) 868-5600 ext 23  fax: (617) 868-5907
http://www.bdi.com/

Satava, Richard Abdominal Surgery Simulator 32
Yale University School of Medicine
40 Temple Street, Suite 3A
New Haven, CT 06510
(203) 764-9069 fax: (203) 764-9066
richard.satava@yale.edu

Salisbury, Kenneth Haptic Input Device
for Telesurgery 46
Intuitive Surgical, Inc.
1340 W. Middlefield Road
Mountain View, CA 94043
(650) 237-7185 fax: (650) 526-2060
Ken_Salisbury@intusurg.com

Schodek, Daniel /Intelligent Bathroom 9
Harvard School of Design
48 Quincy Street, RoomGund 20TA
Cambridge, MA 02138
(617) 495-2294 fax: (617) 495-8916
email: dschodek@gsd.harvard.edu

Son, Jae Tactile Sensor Device 49
Pressure Profile Systems, Inc.
5757 Century Blvd. Suite 700
Los Angeles, CA 90045
jaeson@pressure-profile.com
www.pressure-profile.com

Stansfield, Sharon SIMCOR
Sandia National Labs
MS-0951, P.O. Box 5800
Albuquerque, NM 87185
(505) 844-1396 fax: (505) 844-6161
sharon@isrc.sandia.gov
www.sandia.gov/vris/vrais.html

Sullivan, Alan  3-D Holographic Image Display
Dimensional Media Associates, Inc.
22 W. 19th Street
New York, NY 10011
(212) 620-4100 fax: (212) 620-7771
as@3dmedia.com www.3dmedia.com

Sun, Hoi Cheng Non-invasive CO2 and 02 Sensor
Princeton Electronic Systems, Inc.
196 Princeton-Hightstown Road
Princeton Junction, NJ 08550
(609) 275-5384 fax: (609) 799-7743
pes@pesinc.com

Wang, Allan  Non-Invasive Burn Analyzer
Physical Optics Corp, Intelligent Optical
Systems Division
2520 W. 237t Street
Torrence, CA 90505
(310) 530-7130 ext 121
azwang@intopsys.com

Wang, Yulun  Unified Man-Machine Interface
Computer Motion, Inc.
130-B Cremona Drive
Goleta, CA 93117
(805) 968-9600 fax: (805) 685-9277
ywang@computermotion.com

Weghorst, Suzanne Virtual ER
Human Interface Technology Lab
University of Washington
Box 352142, 215 Fluke Hall
Seattle, WA 98195-2142
(206) 616-1487 fax: (206) 543-5380
Weghorst@u.washington.edu
www.hitl.washington.edu

Zyda, Michael SIMCOR
Naval Postgraduate School
Dept. of Computer Science, Code CS/Zk
Monterey, CA 93943
(831) 656-2305 fax: (831) 656-2814
zyda@acm.org
http://www.npsnet.nps.navy.mil
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“Medical technology is neutral, it is neither
good or evil. It Is up to us to breathe moral and
ethical life into it . . . And then apply it with
compassion and empathy.”
R.M. Satava
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