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Academic Background
Purdue University (B.S. Electrical Technology)
UNC Chapel Hill (M.S. & Ph.D. Computer Science)

Professional Experience
NASA’s Jet Propulsion Laboratory (Voyager)
Northrop-Grumman (Radar jammer)
The University of North Carolina at Chapel Hill
The University of Central Florida

Research (Examples)
Motion sensing / tracking — the Kalman Filter
Virtual Reality (VR) & Augmented Reality (AR)
Human surrogates — real, virtual, and physical-virtual
Applications in healthcare and defense

Expert Witness — patent disputes
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Background Summary

Smart Grid

Future Workspaces
3D Medical Visualization

Patient Simulators

DBS

Tracking &
Kalman Filter
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Purdue University (B.S. Electrical Technology)
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Senior Design Project with Paul Williams

1985 1986

MAY MAYDEC FEB

1987

The Easy Chair: A Microprocessor-Controlled Wheelchair for Children With Muscular Disorders
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Purdue University (B.S. Electrical Technology)
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Senior Design Project with Paul Williams (1985–1986)

The Easy Chair:  A Microprocessor-Controlled Wheelchair
for  Children With Muscular Disorders

Award
Touch Input

Ultrasound “Bumpers”

Custom Processor

Enclosure
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NASA Jet Propulsion Laboratory (JPL)
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Voyager Project — Sequence Design Team
Jet Propulsion Laboratory
California Institute of Technology

Voyager Spacecraft

VOYAGER 2

VOYAGER 2

VOYAGER 1 

Launch
05 SEP 77

VOYAGER 1 

Jupiter
05 MAR 79

Jupiter
09 JUL 79

Saturn
12 NOV 80

Saturn
25 AUG 81

Uranus
24 JAN 86

Neptune
25 AUG 89

“Grand Tour”
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NASA Jet Propulsion Laboratory (JPL)
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Voyager Project — Sequence Design Team
Jet Propulsion Laboratory
California Institute of Technology

Ground Data Systems Engineering Office Flight Engineering Office
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NASA Jet Propulsion Laboratory (JPL)
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Voyager Project — Sequence Design Team
Jet Propulsion Laboratory
California Institute of Technology

“The spacecraft was built in the 1970s, and so that’s the technology 
that we had in those days.  And we didn’t have very much computer 
memory, so we had to be very careful and think through what we could 
do with this tiny amount of computer memory.” (Linda Spilker)

Passant Rabie, “Keeping Voyager Alive: NASA’s Project Scientist Faces Painful Choices 
as the Iconic Mission Nears Its End,” Gizmodo, April 5, 2025.

CCS A CCS B

4096 x 16-bit
(plated wire,
non-volatile)

4096 x 16-bit
(plated wire,
non-volatile)

Flight Protection Flight Protection

OS OS

Managing precious on-board memory

Delay

Event (Cmd)

Delay

Event (Cmd)

Delay

Event (Cmd)

Delay

Event (Cmd)

Delay

Event (Cmd)

Delay

Event (Cmd)
How much memory? Guesses?MEMMAN …4K 16-bit on each of two processors
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NASA Jet Propulsion Laboratory (JPL)
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Voyager Project — Sequence Design Team

Optimized memory usage afforded extra scientific data 
during the Neptune encounter, e.g., additional images.

MEMMAN Memory Management Software

Jet Propulsion Laboratory
California Institute of Technology
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Northrop Defense Systems
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AN/ALQ-135 Electronic Countermeasures

USAF F-15 Eagle

AN/ALQ-135 Band 1.5 and Band 3



University of North Carolina at Chapel Hill

1992–1995 M.S. and Ph.D. in Computer Science
1995–2011 Research Professor (Assistant, Associate, Full)
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Virtual Reality Today
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$300–$1200
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Ivan Sutherland (1960s)
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Ivan Sutherland’s Head-Mounted Display (1968)
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Ivan Sutherland (1960s)
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UNC Chapel Hill (circa 1990) 
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The “Ceiling” TrackerArray of Infrared LEDs in 
precisely machined ceiling 

“Cameras” on the head 
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UNC Chapel Hill (late 1990s) 

16

The HiBall Tracking SystemInfrared LEDs installed in 
normal false-ceiling panels

“HiBall” on the head 
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Single-Constraint-at-a-Time Tracking (Welch)
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“Spiral of Goodness” (Bishop 1982)
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Commercial HiBall Tracking System (circa 2000)
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3rdTech TM

Highest-Performance Tracking
The HiBall-3100 Tracker creates a new 
standard of performance for wide-area 
tracking. Fast, accurate, steady, consistent  
– you've never used a tracker like this. 
Based on results of the wide-area tracking 
research project of the Department of 
Computer Science of the University of 
North Carolina at Chapel Hill — the 
HiBall-3100 optical tracker delivers:

 Low latency and high update rate — 
solid, smooth tracking even with high-
speed sensor motion.

 Precision — the position  and orien-
tation of the sensor are tracked so 
precisely that the system can be used as a 
measurement device for manufacturing.

 Consistency  —  performance  is 
unaffected by metal, magnetic fields, or 
noise, and is high quality throughout the 
tracked space. Built-in redundancy 
overcomes most line-of-sight 
obstructions.

 Scalability — add ceiling beacons to 
cover very large areas, almost without 
limit.

HiBall -3100 Tracker Technology
The HiBall-3100 tracker's revolutionary 
design employs hundreds of individually 
addressable infrared LEDs in Beacon 
Arrays mounted on the ceiling or wall, 
and a HiBall Sensor composed of 6 lenses 
and photodiodes. 
The HiBall Sensor provides 26 individual 
views of the Beacon Arrays and, using a 
single contraint at a time (SCAAT) 
algorithm, updates the position and 
orientation of the sensor at every new lit 
LED sighting — up to 2000 times per 
second. By locating the sensors on the  
person or object being tracked — inside-
out tracking — sensitivity around the 

working area is increased, especially for 
the rapid changes in orientation associated 
with head and hand motions. 
In addition, the tracker area scales simply 
by adding Beacon Arrays. These modular, 
2 ft. long, daisy-chained strips are 
designed to slip easily into a typical 'drop 
ceiling' with no changes required in 
panels, lights, vents, etc. — the more 
strips deployed, the greater the range of 
the tracker. An entire lab, visualization 
display area, movie set, or assembly area 
can be tracked.

AutoCalibration
The HiBall-3100 Tracker system 
incorporates autocalibration — tuning the 
modeled location of individual LEDs 
initially after installation and on every 
update. This makes installation fast and 
simple — no precise measurement or 
alignment is required. It also 
accommodates typical variations in ceiling 
height, as well as shifts and movements in 
the ceiling tiles and Beacon Arrays, 
without loss of accuracy or performance. 

Applications
The HiBall-3100 Tracker's unparalleled 
performance, low latency and scalability 
make it the ideal tool for 'traditional' 
tracker applications like virtual reality, 
simulation and training, and film and 
video production. And its amazing 
accuracy and low noise make it singularly 
well suited for augmented reality, military 
simulation,  and industrial tracking and 
measurement.

 The range and performance of the 
HiBall-3100 Tracker open up new possi-
bilities for large-scale virtual reality such 
as  exploring  full-size architectural 
designs or engineering prototypes. 
Imagine being able to walk freely 
throughout a 1600 sq. ft. space with 

uniform tracking performance.
 The HiBall can be mounted on a small 

probe or stylus, enabling very accurate 
measurements of individual objects within 
a large space. This can be used for 
accurate location of machine assembly 
components or very rapid measurement of 
television, movie or game sets to be 
combined with virtual scenes. No other 
device can provide comparable speed and 
accuracy over such a wide area.

 The HiBall-3100 Tracker's precision 
enables large-scale augmented reality for 
applications in medicine, training and 
entertainment where accurate 
correspondence between physical reality 
and the virtual world are critical. The 
unmatched precision in orientation is a 
must for weapon tracking. This precision 
and speed also enables industrial tool 
tracking in high-precision manufacturing 
applications.

Proven Results
Since its introduction in 2000, the HiBall-
3100 has become the de facto standard for 
high-performance wide-area tracking, 
with installations in major universities, 
manufacturers and government research 
centers. 



3rdTech / HiBall Tracker, Inc.

Infrared LEDs in daisy-chained 
strips that clip to the ceiling
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University of North Carolina at Chapel Hill
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The Kalman Filter — Web Site and Paper

2008 NAE Charles Stark Draper 
Prize to R.E. Kalman

Cited 12,228 times
(Google Scholar, 15 APR 2025)



Cyber-Physical Virtual Reality (UNC-CH)

Virtual experiences that are deeply connected to, responsive to, and 
capable of influencing the physical world through sensing and actuation.
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Ramesh Raskar, Greg Welch, 
and Henry Fuchs

1998 International Workshop 
on Augmented Reality
“Long Lasting Impact Paper” 
award at ISMAR 2016
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Shader Lamps (1998)
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Spatial Augmented Reality (1998)
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Models textured with projected lightWhite physical models

(SIGGRAPH 1998, IWAR 1999 Eurographics 
2001, ACM VRST 2001)

Ramesh Raskar, Greg Welch, Henry Fuchs, et al.
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Ramesh Raskar (MIT)
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(2008)



© 2025 Greg WELCH

“Projection Mapping”
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Fête des Lumières in Lyon (2008)Cinderella’s Castle at Walt Disney World



Cyber-Physical Virtual Patients (UCF)

Virtual humans that are deeply connected to, responsive to, and capable 
of influencing the physical world through sensing and actuation.
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Patient Simulators
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PediaSim

Virtual Patient
(Computer)

Physical Patient
(“Mannequin”)

Standardized Patient
(Human)
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A Physical-Virtual Head for 
Hands-On Healthcare Training  (2015)
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Stroke Diagnosis Example (Adult)
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Physical-Virtual Child — Pediatrics (2020)
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Pulse 
Actuator

Audio
Projectors

Patient 
Shell

Temperature 
Control

US National Science Foundation 1564065

UCF Nursing: Laura Gonzalez, PhD, ARNP; Mindi Anderson, PhD, ARNP and 
Desiree Diaz, PhD, RN-BC. UCF Medicine: Juan Cendan, MD.
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Cyber-Physical Virtual Humans and Environments

Virtual humans aware/affected by the environment
Virtual humans able to Influence the environment
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Co/Social Presence—Indirect Effects
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What features can we add to the 
surrogate, environment, or 
interaction to strengthen co/social 
presence in the user and elicit 
plausibly realistic behavior?
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The “Wobbly Table” 
(Lee, Kim, Daher, Raij, Schubert, Bailenson, and Welch, 2016)
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Experimental Groups. (a) Control, (b) PVI (red circle: fluttering virtual paper), and (c) 
EAB (blue circle: looking at the fan, blue rectangle: holding the paper gesture).

Still Flutter Aware

Blowing in the Wind 
(Kim, Bruder, Schubert, and Welch)

VRST 2018

Honorable Mention
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Does a Digital Assistant Need a Body?  
(Kim, Boelling, Haesler, Bailenson, Bruder, and Welch, 2018)
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Does a Digital Assistant Need a Body?  
(Kim, Boelling, Haesler, Bailenson, Bruder, and Welch, 2018)
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The Physical-Virtual Table: Effects of 
A Virtual Human’s Physical Influence 
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Increased Co-Presence. 
Increased expectation of VH’s ability for other 
physical objects.
Improved the user experience of the game. 

(Lee, Norouzi, Bruder, Wisniewski,
and Welch, 2019)



The Virtual Experience Research Accelerator (VERA)
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U.S. National Science Foundation (NSF)
~$5M over four years

CIRC grants
Not for basic research
Are for infrastructure to be used by “the 
community” for basic research

VERA Community ➜ XR Community

U.S. focus for now …
… but international use is planned through various 
mechanisms, including eventual growth or 
replication

39

VERA is an NSF Research Infrastructure Project  
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VERA Principal Investigators
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Tabitha	PECK

Gerd	BRUDER Jeremy	BAILENSON

Shiri	AZENKOT

Valerie	Jones	TAYLOR

John	MURRAY

Greg	WELCH	(Lead)
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VERA Area Investigators
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Nicholas	COLES	
Big	Team	Science

Carolina	CRUZ-NEIRA	
Sustainability	and	Partnerships

Rui	XIE	
Statistics	and	Data	Science

Jonathan	BEEVER	
Ethics	and	Privacy

Center for Ethics
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Lab-Based User Studies
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VERA User Studies
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Development and Operations
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Director	of	Development	and	Operations	—	Dr.		Ali	HASKINS	LISLE	

XR	Access	Lead	—	Dylan	FOX

Development	Project	Manager	—	Chloe	BEATO

Software	Development	—	Dr.	John	MURRAY
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Partnering with Public Libraries
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Disseminate Knowledge Generate Knowledge➡

Recruit VERA Participants from library patrons
Allow VERA Participants to do Experiments using existing VR systems
VERA could support the purchase of a VR system if needed
Appropriate financial support for the library
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welch@veraccel.org
welch@ucf.edu

Thank you!

Questions or thoughts?

mailto:w@ucf.edu
mailto:welch@veraccel.org

