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Background Summary

® Academic Background

® Purdue University (B.S. Electrical Technology)
® UNC Chapel Hill (M.S. & Ph.D. Computer Science)
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® Professional Experience
® NASA’s |et 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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el Purdue University (B.S. Electrical Technology)

Technology

Senior Design Project with Paul Williams

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

THE EASY CHAIR Gregory F. Welch; James P. Williams ) = Gregory F. Welch; James P. Williams
The Easy Chair: A Microprocessor-Controlled Wheelchair for Children With Muscular Disorders : | = m—_—= The Easy Chair: A Microprocessor-Controlled Wheelchair for Children With Muscular Disorders
1985, (Purdue University, E.E.T. 490/491 Senior Design Project, Preliminary Report). 1986, (Purdue University, E.E.T. 490/491 Senior Design Project, Final Report).
BibTeX | Links: —_MUSFN) T BibTeX | Links:

James P. Williams; Gregory F. Welch
The Pressure Sensitive Touch-Pad

1985, (Purdue University, E.E.T. 454 Project Report).
BibTeX | Links:

Gregory F. Welch
The Infrared Touch-Pad

1986, (Purdue University, E.E.T. 421 Report).
BibTeX | Links:
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aaaed  Purdue University (B.S. Electrical Technology)
Senior Design Project with Paul Williams (1985—1986)

Engineering
Technology

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

THE EASY CHAIR
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NASA Jet Propulsion Laboratory (JPL)

Jet Propulsion Laboratory

A Voyager Project — Sequence Design Team
“Grand Tour”
VOYAGER 1 VOYAGER 2
Launch Launch
05 SEP 77 20 Aug 77
. ) VOYAGER 2

/!

Jupiter Neptune
05 MAR 79 25 AUG 89
\\\‘Z73.

7~

yd Uranus
e 24 JAN 86
Jupiter
09 JUL 79
Saturn
LG osl n\ VOYAGER 1
Saturn
25 AUG 81
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NASA Jet Propulsion Laboratory (JPL)

Voyager Project — Sequence Design Team

Jet Propulsion Laboratory
California Institute of Technology

Ground Data Systems Engineering Office Flight Engineering Office

Table 15-2. Voyager Project Organization (Continued)

Table 15-2. Voyager Project Organization (Continued)

GROUND DATA SYSTEM
ENGINEERING OFFICE

MANAGER G. SPRADLIN
GROUND DATA SYS ENGR: (E. KELLY)

MANAGER L MILLER
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PROJECT DEVELOPMENT

CEMA ICMSE oAETWADE

(G. WELCH) - COMSIM/OPSGEN COG PROG

K. OSLUND - SEQGEN COG ENGR

NAVIGATION SOFTWARE

J. EKELUND - SYS ENGR

DATA RECORDS SOFTWARE

(N. TOY) - SYS ENGR

SPACECRAFT ANALYSIS SOFTWARE

(V. WAGNER) ~ S/C ANAL SYS ENGR

( )= MULTIPLE APPEARANCES

SOFTWARE ENGR

INSTITUTIONAL DEVELOPMENT

LA TEL STV

J RITTER - TTS PROG
B. WILKINSON - DACS COG PROG
TRACKING

C. VEGOS - SYS ENGR
MCCC SIMULATION

A BIGELOW - COG PROG

(P. HARMON) - TEST ENGR
D. RICHARDSON - SYS ENGR
MCCC COMMAND

R CHEN - COG PROG
(D. RICHARDSON) - SYS ENGR

R HILL

GROUND DATA SYSTEM STAFF

TELEMETRY

(D. GILMORE) - COG ENGR
S. HOWARD - SYSTEM ENGR
SIMULATION

D. GILMORE — SYSTEM ENGR
COMMAND/STAFF ENGR

M. VARUNA - SYSTEM ENGR
INTEG AND TEST

(C.AVIS) - COG ENGR
(D. LYNN) - TEST ENGR
N. SIRRI - MPL MGR

P. ZAWMANI - COG PROG

DATA RECORDS (E. KELLY) -~ GDS INTEG ENGR

E. BEYER - COG ENGR CONFIGURATION MANAGEMENT
J. FOSTER - COG PROG

(M. ORR) - TEST ENGR

J. SPRINGER - S/W SYS ENGR

SOFTWARE CONFIGURATION CONTROL

P. LAUBERT ~ SW DATA ANALYST

M. DAWSON ~ S'W CONFIGURATION CONTROL GROUP LEADER
VNESSA S. BURLEIGH - COG PROG

L LEE - COG PROG

(P. UGGETT) - IMPL MNGR

WX OovZov

(108) LWO 016 SZ/B0/e08.
00016 ‘sARQ 0 :3MWIL

D BLUMM - DATA OPS/SEQOEN ANAL
C. COLEMAN - SEQ SYS ENGR

S DOOO - SEQ NTEG ENGAR

M FOX - DATA OPS/SEQGEN ANAL
D MELLER - SEQ IWTEG ENGA

S. HERMAN - CAT2 SW ENGR

(A KD - CCSCOMSIM ENGA

(R LUEMON) - CCS/COMSIM ENGR

S LEVER - CCS/COMSIM ENGAR

M. MOLANDER - SC1 SEQ DES

J. MORRIS - DATA OPS/SEQGEN ANAL
R MURDOCK ~ COS/COMSIM ANAL
(W. NELSO!

K NGUYEN

P.OBRYAN

8 ROSS -1

(€. SHRANY

R THOMAS

W THOMPS

B WAGGONEn = oor Sew e

C. WEISS - DATA OPS/SEQOGEN ANAL
B WELOH s COMSIM ANM

B WIER - SCI SEQ DES

M WONCHK - TELECOM ENGA

R YEN - FOSOTRCOMSM ENGR

L 20TTARELL - FOSOTRCOMSM ENGA

) = MULTIPLE APPEARANCES

C BROWN - ROC ENGAR

L CAMPANELL! - RDC ENGAR
A CESARONE - LEAD WWR & TRAJ ANAL
K FRANGS - MINVR ANAL
G GOLTZ - WS Oer

L RS - TSAC ANAL

AL JACOSSON - EPw ANAL
K LEE - ROC ENGA

G UEWSS - 0D ANAL

L UGHT - RDC ENGR

S MATOUSEX - TRAJ ANAL
M MEDINA - ROC ENGAR

C. OaDS - DATA SYSTEMS ENGAOSE
F. CLOUGH - GCAP AT ANAL

W COO - CTSUSS ANALDSE

A COWLEY - PROP ANAL

G COxX - SP AL

G HANOVER - GCaPDSL

M HARPEA - BT SYS LEAD

N HAYES - HGA POINTING CE

J HINTON - RT TELECOM ANAL

T. HOFFMAN - FOSICOL ENGROSE

T. HOGLE - AACS FLT S/W CSE CONT PLAN
B JACKSON ~ AT S¥S ANAL

C. JACKSON - CCS FLY SWFPA CSEBML DEV
S KANG - AT CMD SYS LEADQA SUP

S KEREGMA - SEQ DEV SYS LEAD

(A KOy - CLSTOMEM ANAL

(R LEMON) - COS/COMSM ANAL

HUN - AACS PERF ANAL

R LUDOWIG - RT TELECOM ANAL

B. MADSEN - TELECOM SUPVR & DSL
J. MALLOY - 1SS NRT ANAL
W.MATTSON - TELECOM CE

M MAYO - GEN SC1 DSUANAL

B McOOUGAL - AT GEN SCTI ANAL

€ MEDIMA - SEQ DEV

K. MEREDITH - IS5 NAT ANAL

O MRLLER - FOS COu TEST ENGA

M MELLER - CEL SENSOR CE

ML MINE - FOS FLT SW CSESEQ DEVSYS LEAD
A MONCADA - PWR SUBSYSTEM ANAL
E. NAGLE - GCAP AT ANAL

L NAKAMAURA - MNVR ANAL SEQ DEV
(W. NELSON) - TELECOM SEQ REVEW
R OTAMURA - DATA SYS SPYROSL

(E SHIRINYAN) - SEQ LEAD

J. SIMS - GAC AT ANAL

J. SMITH - TEMPPROP DSUANAL
R SPRIESTERBACH - CCS ANAL
A STERGER - TELECOM AT ANAL
T. TAKAHASH - COL ENGAR

A TERADA - DATA SYSTEM ENGR
N. THOMAS - FOS/DSS ANAL

V. WAGER - SCT GRD Sw CE

E. WAL ~ MINVAR ANAL

T. WEEXS - GCAP AT LEAD, SEQ DEV
P. YOSHIOKA - CCS S/'W ENGR
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NASA Jet Propulsion Laboratory (JPL)

Voyager Project — Sequence Design Team

Jet Propulsion Laboratory
California Institute of Technology

Managing precious on-board memory

CCSA CCS B
ON ON

“The spacecraft was built in the 1970s, and so that’s the technology Lighahotection Al (ARSI
that we had in those days. And we didn’t have very much computer m m
memory, so we had to be very careful and think through what we could Event (Cmd) Event (Cmd)
do with this tiny amount of computer memory.” (Linda Spilker) 4096 > | 6-bit

Passant Rabie, “Keeping Voyager Alive: NASA’s Project Scientist Faces Painful Choices (plated Wi."e’ Event (Cmd)
as the Iconic Mission Nears Its End,” Gizmodo, April 5, 2025. non-velatile) non-velatiie)

Event (Cmd)

4 K bo-ritua EtveA Yo yassassSors

Event (Cmd) Event (Cmd)
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P . NASA Jet Propulsion Laboratory (JPL)

e California Institute of Technology Voyager PrOjeCt D Sequence DeSign Team

MEMMAN Memory Management Software

&

HpGstist

MEMMAN MEMMAN

] 8
- B

MEMMAN

Voyager CCS Memory Management Software Voyager CCS Memory Management Software Voyager CCS Memory Management Software

Software Description Document Software Maintenance Document Functional User’s Guide

Revised April 27, 1990 Revised May 3, 1990 Revised May 15, 1990

Jet Propulsion Laboratory Jet Propulsion Laboratory

&

Jet Propulsion Laboratory

. Weleh Gregory £ Weleh

6(‘660('\1 F. \)Oelc\/\ eregof"j

|

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

Ach eved or
Done?
Yes
] =
Yes

Figure 4: Automatic Management

\ /
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This picture of Neptune was produced from images taken by NASA's Voyager 2 in the This false color photograph of Neptune was made from NASA's Voyager 2 images
summer of 1989 as it... taken through three filters: blue, green, and...

Crescents of Neptune and Triton

This dramatic view of the crescents of Neptune and Triton was
acquired by Voyager 2 approximately 3 days, 6 and one-half hours
after its closest approach to Neptune north is to the right.

o g T

$ o oY .

\

\ ;
In Neptune outermost ring, 39,000 miles out, material mysteriously clumps into three This dramatic view of the crescents of Neptune and Triton was acquired by Voyager 2
arcs. Voyager 2 acquired this image as it... approximately 3 days, 6 and...

© 2025 Greg WELCH 9




NORTHROP
Northrop Defense Systems

AN/ALQ-I35 Electronic Countermeasures

ELECTRONIC COUNTERMEASURES

RECEIVE
ANTENNA

GROUND

RADAR TRANSMT
ANTENNA

© 2025 Greg WELCH |10



University of North Carolina at Chapel Hill

1992—1995 M.S. and Ph.D. in Computer Science
1995-2011 Research Professor (Assistant, Associate, Full)



Virtual Reality Today

_ i \ $300—$ 1200
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HEAD

POSITION

COMPUTER
PROGRANS

5-0 LINE
SPECIFICATION
IN ROOM
COORDINATES

PERSPECTIVE

MATRIX
NULTIPLIER

EYEGLASS DISPLAY
OPTICS

MINIATURE
CATHODE RAY TuBE

5<D LINE

IFICATI
s"f' [2[ .. DIVIDER

COORDINATES

2-0 LINE
SPECIFICATION
IN SCOPE
COORDINATES

CLIPPING

lvan Sutherland (1960s)

LINKAGE
(MEASURES MEAD
POSITION)

ANALOG
DEFLECTION
SIGNALS

ANALOG
DISPLAY
DRIVER

© 2025 Greg WELCH



lvan Sutherland (1960s)
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UNC Chapel Hill (circa 1990)

Array of Infrared LEDs in The “Ceiling” Tracker
brecisely machined ceiling

“Cameras’ on t

© 2025 Greg WELCH



UNC Chapel Hill (late 1990s)
The HiBall Tracking System

L

“HiBall”’ on the
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Single-Constraint-at-a- Time Tracking (Welch)

over-constrained T

well-constrained : observable

under-constrained unobservable

o\ |
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THE UNIVERSITY

“Spiral of Goodness™ (Bishop 1982)

1000000

100000 —

Collinearity

10000 i

Unoptimized EKF
SCAAT P

floating-point operations

Optimized EKF

EKF w/ autocalib

1 3 5 7 9 11 13 15 17 19 21
number of scene points N

© 2025 Greg WELCH



Commercial HiBall Tracking System (circa 2000)

3rdTech / HiBall Tracker, Inc.

Performance
Degrees of Freedom 6 per HiBall Sensor
Max Update Rate (position and orientation)
1 HiBall Sensor 2000 Hz
2 HiBall Sensors 1000 Hz each
4 HiBall Sensors 900 Hz each
Resolution
Position (X/Y/Z) 0.2mm RMS
Orientation (Rx/Ry/Rz) 0.01° RMS
Absolute Accuracy/Stability
Position (X/Y/Z) 0.4mm RMS
Orientation /Rz) 0.02° RMS

Latenc Less than 1 ms.

Max Tracking Volume Greater than 40' x 40' x 10’
(200 Beacon Array Modules)
Angular Range + 180" azimuth; 0-90° elevation

HiBall -3100 Wide-Area Tracker
and 3D Digitizer

6 DOF Position and Orientation with
Unparalleled Precision and Performance

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

- ~

. ~ ~
HlBall_ [AF SAV AV 4 \Jl.ltl\/ul VL1 UVIAVILI UUWVILY VLD,

e Low latency "nd bizh update rate —
solid, NOOANE A R E @& i o =Y @ s
speed « CRSOMOON

strips that clip to the ceiling

Environment
Operating Temperature 0-45 C
Power 110-130 VAC, 60 Hz

*specifications subject to change without notice

© 2025 Greg WELCH



UNIVERSIT

NORTH CAROLINA

at CHAPEL HILL

The Kalman Filter

Some tutorials, references, and rescarch related to the Kalman filter.

predict
correct

P

M1 This site is maintained by Greg Welch in Nursing / Computer Science / Simulation & Training at the University of Central Florida, and Gary Bi
| Department of Computer Science at the University of North Carolina at Chapel Hill. Welch also holds an adjunct position at UNC-Chapel Hill.
&l
“=" additions or comments.

News & Events

e [STICKY]R.E. Kalman passed away on 2 July 2016. See the story on the University of Florida web site (local PDF), as well as the tribute at the £
once, but corresponded with him over the years, and felt connected to him.

e [STICKY] On 2 January, 2008, The U.S. National Academy of Engineering announced that Rudolf Kalman would receive the 2008 Charles Stark
dissemination of the optimal digital technique (known as the Kalman Filter) that is pervasively used to control a vast array of consumer, health, co
$500,000 prize was presented in Washington, DC, on 19 February, 2008. More information is available here. See also the NAE press release. We
event, taken by Greg Welch.

Quick Links

!“‘ Y

1 < B @

Java-Based Learning

Tool

- »‘
=

R.E. Kalman Printed Material Courses Other Sites

Non-English Material

Introductory Paper

Thank you to the people who made the following possible:

» Salman Masoumi has created a Farsi translation of Kalman's biographical information.

» Xuchen Yao, a Ph.D. student at Johns Hopkins University has taken our article "An Introduction to the Kalman Filter" and translated it into Chines

¢ Ruben R. Raygosa has contributed a Spanish tutorial for the Kalman filter.

Reference

Rudolf E. Kalman
y

¢ Biographical information

o Alittle biographical information. The information is also available in Farsi, thanks to Salman Masoumi.
More information, thanks to Eduardo Sontag, a former student of R.E. Kalman's.
Yet more information in Wikipedia.
There is a nice article on Kalman in the IEEE History Center.
On 16 November, 2005, Kalman was awarded Columbia Engineering School Alumni Association’s Egleston Medal for Distinguished Engi
local copy.

o On 19 February, 2008, Kalman was awared the Charles Stark Draper Prize for "the development and dissemination of the optimal digital tee!
pervasively used to control a vast array of consumer, health, commercial and defense products." More information is available here. (See als

o Vladimir Tislenko wrote to tell us about two Kalman rivers connected to the Irtysh river in Siberia.

e R E Kalman'e ceminal { 106N naner
Open “www.nae.edu/nae/awardscom.nsf/weblinks/JMAN-7A4HZV?0OpenDocument” in a new tab behind the current one

An Introduction to the Kalman Filter

Greg Welch! and Gary Bishop2

TR 95-041
Department of Computer Science
University of North Carolina at Chapel Hill
Chapel Hill, NC 27599-3175

Updated: Monday, July 24, 2006

Abstract

In 1960, R.E. Kalman published his famous paper describing a recursive solution
to the discrete-data linear filtering problem. Since that time, due in large part to ad-
vances in digital computing, the Kalman filter has been the subject of extensive re-
search and application, particularly in the area of autonomous or assisted
navigation.

The Kalman filter is a set of mathematical equations that provides an efficient com-
putational (recursive) means to estimate the state of a process, in a way that mini-

mizes the mean of the squared error. The filter is very powerful in several aspects:

it supports estimations of past, present, and even future states, and it can do so even
when the precise nature of the modeled system is unknown.

The purpose of this paper is to provide a practical introduction to the discrete Kal-
man filter. This introduction includes a description and some discussion of the basic
discrete Kalman filter, a derivation, description and some discussion of the extend-
ed Kalman filter, and a relatively simple (tangible) example with real numbers &
results.

University of North Carolina at Chapel Hill
The Kalman Filter — Web Site and Paper

-

’”~ ' Photo by Greg Weich, 19 FEB 2008

m»
A

2008 NAE Charles Stark Draper

Prize to R.E. Kalman

© 2025 Greg WELCH
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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.



Shader Lamps (1998)

Ramesh Raskar, Greg Welch, Plain Light
and Henry Fuchs

® | 998 International VWWorkshop
on Augmented Reality

Checkered
Surface

® “Long Lasting Impact Paper”
award at ISMAR 2016

Plain
Surface

© 2025 Greg WELCH 22



Spatial Augmented Reality (1998)

White physical models Models textured with projected light

Ramesh Raskar, Greg Welch, Henry Fuchs, et al.

© 2025 Greg WELCH 23



Ramesh Raskar (MIT)

e alf
M Slasis. o
\_ =
-
\_
Oliver Bimber
Ramesh Raskar
s —\

Spatial
Au ented

Merging
Real. and < People

Reality virit

=, Camera Culture

Overview

\ Hpdtes Ramesh Raskar is an Associate Professor at MIT Media Lab and directs the Camera Culture
B Projects research group. His focus is on Machine Learning and Imaging for health and sustainability.
: Archived Projects They spanresearch in physical (e.g., sensors, health-tech), digital (e.g., automated and privacy-
: aware machine learning) and global (e.g., geomaps, autonomous mobility) domains.
j Publications
Events At MIT, his co-inventions include camera to see around corners, femto-photography, automated
= machine learning (auto-ML), private ML (split-learning), low-cost eye care devices (Netra,Catra,

EyeSelfie), a novel CAT-Scan machine, motion capture (Prakash), long distance barcodes
(Bokode), 3D interaction displays (BiDi screen), new theoretical models to augment light fields
(ALF) to represent wave phenomena and algebraic rank constraints for 3D displays(HR3D).

Inhisrecentrole at Facebook, he launched and led innovation teams in Digital Health, Health-

tech, Satellite Imaging, TV and Bluetooth bandwidth for Connectivity, VR/AR and 'Emerging
Copyrighted Material Worlds'initiative for FB.

© 2025 Greg WELCH 24



“Projection Mapping”

o’. ’

Fete des Lumieres in Lyon (2008)

Cinderella’s Castle at Walt Disney World
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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.



Patient Simulators

Standardized Patient Physical Patient Virtual Patient
(Human) (“Mannequin™) (Computer)

© 2025 Greg WELCH 27



A Physical-Virtual Head for
Hands-On Healthcare Training (2015)

Touch Sensing on Non-Parametric Rear-Projection Surfaces:
A Physical-Virtual Head for Hands-On Healthcare Training

Jason Hochreiter
Salam Daher
Arjun Nagendran

Laura Gonzalez
Greg Welch

&

UNIVERSITY OF CENTRAL FLQRIDA

© 2025 Greg WELCH 28



Stroke Diagnosis Example (Adult)

\ | Normal patient

© 2025 Greg WELCH 29



Physical-Virtual Child — Pediatrics (2020)

Salam
Daher

Jason
Hochreiter

2
Q
O ©
5 2
Om
ol

UCF Nursing: Laura Gonzalez, PhD, ARNP; Mindi Anderson, PhD, ARNP and

Desiree Diaz, PhD, RN-BC. UCF Medicine: Juan Cendan, MD.

; US National Science Foundation 1564065
&

© 2025 Greg WELCH 30



Cyber-Physical Virtual Humans and Environments

Virtual humans aware/affected by the environment
Virtual humans able to Influence the environment



Co/Social Presence—Indirect Effects

Enwronment (E)

What features can we add to the
surrogate, environment, or
interaction to strengthen co/social
presence in the user and elicit
plausibly realistic behavior?

© 2025 Greg WELCH 32



The “Wobbly Table™

(Lee, Kim, Daher, Raij, Schubert, Bailenson, and Welch, 201 6)

© 2025 Greg WELCH 33



Blowing in the Wind

(Kim, Bruder, Schubert, and Welch)

Flutter Aware .

© 2025 Greg WELCH 34



Does a Digital Assistant Need a Body!
(Kim, Boelling, Haesler, Bailenson, Bruder, and Welch, 201 8)

Please turn on the lamp.

-

8 2

Sure, will do. Sure, will do.

Lamp turned on Use tablet to turn on the lamp Walk to the lamp, and turn it on

(A) Speech Only (B) Speech + Gesture (C) Speech + Gesture + Locomotion

© 2025 Greg WELCH 35



Does a Digital Assistant Need a Body!
(Kim, Boelling, Haesler, Bailenson, Bruder, and Welch, 201 8)

OK,
no problem! 2 no problem!

IVA just : : IVA from the room.

(A) Speech (B) Speech + Gesture (C) Speech + Gesture + Locomotion

© 2025 Greg WELCH 36



Virtual Human’s Token

o O

The Physical-Virtual Table: Effects of
.| AVirtual Human’s Physical Influence

Optical tracking system

Magnet-patched
game piece

Tabletop

zi, Bruder, Wisniewski,
and Welch, 2019)

Participant’s Physical Token

® |nhcreased Co-Ff

® |ncreased expe
physical object:
® |mproved the t

Two-axis motorized
translation stage

© 2025 Greg WELCH 37



TheVirtual Experience Research Accelerator (VERA)

- S ... @ °
oo :.~..o'-. Virtual

» °® — 1. Experience
co b -

°o® "o ° Research

O ~
0 ‘.. o’ Accelerator

& unIVERSITY OF DAY IDOAN

UCF CENTRAL FLORIDA

B SOt UFIFLORIDA
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VERA is an NSF Research Infrastructure Project i@

A\ ; Q,f 9o~ Fy

® U.S. National Science Foundation (NSF) ; | f‘ e DR
oniii'":g’“ S ’

® ~$5M over four years

® CIRC grants

® Not for basic research

< Search for more funding opportunities

® Are for infrastructure to be used by “the
C O m m u n ity’ ’ fo r bas i C res ea rc h o Lrnz:;;z::llsn::::z::zbf::it':;;?:zec:)rdance with the requirements specified in this funding

opportunity and in the NSF Proposal & Award Policies & Procedures Guide (PAPPG) that is in effect...

® VERA Community =» XR Community Synopsis Upcoming due ot

The Community Infrastructure for Research in Computer and Information Science and Engineering
(CIRC) program drives discovery and learning in the core disciplines of the three participating CISE
divisions [Computing and Communication Foundations (CCF), Computer and Network Systems (CNS), 2024
and Information and Intelligent Systems (lIS)] of the Directorate for Computer and Information
Science and Engineering (CISE) by funding the creation and enhancement of world-class research
infrastructure. This research infrastructure will specifically support diverse communities of CISE
researchers pursuing focused research agendas in computer and information science and
. U S f f engineering. This support involves developing the accompanying user services and engagement

° ° O C u S O r n OW e o o needed to attract, nurture, and grow a robust research community that is actively involved in Program guidelines
determining directions for the infrastructure, as well as management of the infrastructure. This
should lead to research infrastructure that can be sustained through community involvement and Award information

Full proposal

September 13 2024 - Deadline date
C Second Friday in September, Annually Thereafter

but international use is planned through various coans +
mechanisms, including eventual growth or ctimated umbar of awards

. . Program contacts 10 to 25 - With up to 10 Planning awards,
repllcatlon up to 3 Dev awards, up to

12 Medium awards, and up to 3 Grand

Deepankar (Deep) Medhi i
P (Decp) dmedhi@nsf.gov (703) 292-2935  CISE/CNS awards in each

Program Director CISE/CNS competition. Planning awards will be for
up to one and one-half years and in the
Mimi McClure -
, mmcclure@nsf.gov  (703)292-8950  CISE/CNS VLB AILN, DL port i s
Program Director, CISE/CNS Planning-C category and up to two years in

the $100.001 - $250.000 range per award

© 2025 Greg WELCH 39



VERA Principal Investigators ::i@:::

Greg WELCH (Lead) (& Tabitha PECK
& univeERsITY OF DAVIDSON

UCF CENTRAL FLORIDA

Gerd BRUDER

@1 UNIVERSITY OF
UCF CENTRAL FLORIDA

Stanford

University

Shiri AZENKOT

sie=ty CORNELL
%’ TECH

) § X R AC cessS
A
Virtual, Augmented, & Mixed Reality for People with Disabilities

John MURRAY

gﬁ UNIVERSITY OF
UCF CENTRAL FLORIDA
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° :.. — ‘..o
VERA Area Investigators o @p::
0 ‘ . ®
o......‘ ...o
Jonathan BEEVER _
Ethics and Privacy Rul XIE
: Statistics and Data Science
@’ UNIVERSITY OF .
UCF CENTRAL FLORIDA @) UNIVERSITY OF
Center for Ethics UCF CENTRAL FLORIDA
Carolina CRUZ-NEIRA Nicholas COLES
Sustainability and Partnerships Big Team Science
@1 UNIVERSITY OF UNIVERSITY of
UCF CENTRAL FLORIDA UF|FLORIDA
.
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Lab-Based User Studies

Individual XR ga l

Researcher

Study Tasks * ! ! ! !

Relatively slow, sequential studies, fewer studies,
smaller samples, uncontrolled demographics,

Tvpical Lab-Based Sequential Samples from o ) )
i ) P difficult to replicate or study over time.

Virtual Experience User Study Near the Laboratory
(Convenience Samples) Measures

&
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VERA User Studies

Relatively fast, concurrent studies, many studies,
very large samples, controlled demographics,

B / °
(

... ‘. Virtual ] : o
— 4% Experience Curated, Standing, Reliable

XR Researchers

=0

y L LT
. Accelerator ' 15,

i Ty o it
Study Tasks  Study Mgt : ,:: *... : -p‘ w AN
o ;
Measures 5

Across the Country ng

N
| 1
Ligd 5

s 3
'.o- = Participant Pool drawn from “‘ \('5 h w supports replication and longitudinal studies.
oV O o I "
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Development and Operations

Director of Development and Operations — Dr. Ali HASKINS LISLE

@% UNIVERSITY OF
UCF CENTRAL FLORIDA

Software Development — Dr. John MURRAY

@h UNIVERSITY OF
UCF CENTRAL FLORIDA

Development Project Manager — Chloe BEATO g

gﬁ UNIVERSITY OF
UCF CENTRAL FLORIDA

XR Access Lead — Dylan FOX

U
‘&\"‘ "Iy‘.’ CORN E LL
(&) ; ) XR Access
- n ‘
06 ‘e A

N Virtual , Augmented , & Mixed Reality for People with Disabilities
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Conference & Exhibition

PHILADELPHIA « JUNE 26 -30 The le.rary Ma_rketplace: EXthItS,. Stages & Resources is
where innovation meets opportunity!

, , L Connect with expert exhibitors and authors, explore cutting-edge resources, and
ALAAmerlcan I_lbraryASS()Clathn discover tools that will help innovate your library. Immerse yourself in a variety of
engaging activities, grab free books, and so much more! It’s not just an exhibit hall—it’s a

chance to fuel your mission and have a great time doing it!

Learn More

® Recruit VERA Participants from library patrons

® Allow VERA Participants to do Experiments using existing VR systems
® VERA could support the purchase of aVR system if needed

® Appropriate financial support for the library

Disseminate Knowledge = Generate Knowledge
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Thank you!

Questions or thoughts!

o ® ... ° ®
:'0 :.-. o'-. Virtual

. : .‘ “ * Experience
°e® i o ° Research

a0, "
- BYQ e
o o'% o »" Accelerator

welch@veraccel.org
welch@ucf.edu
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