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e |If you have trouble connecting to audio with your computer, or if you prefer to
use your phone, select "Use Telephone" after joiningthe webinarand call in
using:

+1 (562) 247-8321
Access Code: 900-654-987
Webinar ID: 764-094-915

Polls & Questions

e Set your Questions boxto send to Organizers & Panelists.
e A recording and slide deck will be available after the webinaris complete.

¢ In the event this webinar shuts off due to connectionissues, do NOT close
webinar the window. The webinarroom will reopen in less than a couple
minutes.
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Disclaimer

UIDP materials, which include publications, webinars, videos, and
presentations, reflect an amalgamation of the experiences and knowledge of
those who participate in UIDP activities. The views and opinions expressed in
UIDP materials do not necessarily reflect the official policy or position of any
individual organization or the UIDP. At no time should any UIDP materials be
used as a replacement for an individual organization’s policy, procedures, or
legal counsel. UIDP is not a lobbying organization and UIDP materials are not

intended to be used to influence government decisions.



Introducing the NIST
Extended Reality (XR)
Community of Interest (COIl)
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Disclaimer NIST

No approval or endorsement of any commercial product by NIST is intended or implied.
Certain commercial equipment, instruments or materials are identified in this presentation to
facilitate better understanding. Such identification does not imply recommendations or
endorsement by NIST nor does it imply the materials or equipment identified are necessarily

the best available for the purpose.




NIST’s Mission

To promote U.S. innovation and industrial competitiveness by advancing
measurement science, standards, and technology in ways that enhance
economic security and improve our quality of life.
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What’s the NIST XR COI?

We are researchers across the NIST labs working in augmented (AR),
mixed (MR), and virtual reality (VR). Our work ranges from visualizing

crystalline structures to simulating public safety situations, performing
usability testing, and creating standards.

https://www.nist.gov/topics/information-technology/extended-reality



https://www.nist.gov/topics/information-technology/extended-reality

Today’s Presentation

Addressing the
interoperability
of industrial AR
systems in
smart
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Designing and
evaluating XR
tools for
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Enabling
iImmersive
visualization of
severe fire
environments

Leveraging XR
to develop and
evaluate
metrology for
human-robot
interaction




Addressing the
interoperability
of industrial AR
systems in smart
manufacturing

Bill Bernstein, PhD

Graphic by Natasha Hanacek/N



Using XR for Smart Manufacturing Systems NIST

Domain-specific

e.g., OPC-UA, AutomationML, MTConnect
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Research Goal

Test or append standard representations of

geospatial definitions for production systems
to facilitate quicker, more adaptable AR
application development



A few standards of interest

W3C’s WebXR Device API

Scalable XR with the browser

e Supportrendering 3D scenes to
hardware designed for presenting
virtual worlds, or for adding
graphicalimagery to the real world

* Key capabilities:

* Find compatible VR or AR
output devices

* Render a 3D scene to the device
at an appropriate frame rate

* (Optionally) mirror the output
to a 2D display

* Create vectors representing the
movements of input controls

OGC’s Geopose Standards WG

Description for AR device pose

* Ashared frame of reference
enablesinteroperability between
different techniques to obtain
geopose for AR devices

* Possibilityto place contentrelative
to the real world declaratively

* Possibilityto displaydigital objects
relative to a moving frame of
reference simultaneously as
displayingdigital objects placed
relative to the stationary world

OGC’s IndoorGML

Formal Representation of the Indoors

* Define a framework of indoor spatial
information to locate stationaryor
mobile features in indoor space

* Provide spatial information services
referring their positionsin indoor
space, instead of representing building
architectural components
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Testing IndoorGML with MTConnect

OGC IndoorGML MTConnect
 Standard for describing indoor spaces  Standard semantic vocabulary for manufacturing
* Open XML-format equipment
* Provides semantic and geometric representation of  Structured, contextualized data
indoor spaces * No proprietary format
p prop y " "\,:.:‘ )
| M.Eonnect
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* Creating IndoorGML-data from workshops

e 3D-visualization for IndoorGML-data and combining it with data
from MTConnect

* Creating a standardized way of creating geospatial
representations of workshops with a relationship to actual
machine data

https://github.com/usnistgov/sms-test-bed-unity-demo



https://github.com/usnistgov/sms-test-bed-unity-demo

Experimenting with geospatial definitions NIST

MiniMap

Digital Representation of DIVE Lab

15



Defining a “no-render zone” to avoid hazards NIST




Multi-user capability: agnostic of framework/device NIST

View from Wikitude Camera View from Vuforia Camera

AR Framework Wikitude SDK Vuforia SDK

Tracking Instant tracking (marker-less) Marker tracking

Camera PTZOptics PT12X-USB Logitec Webcam




TrackingExpert+ : Open Object Tracking Toolkit

https://github.com/usnistgov/TrackingExpertPlus



https://github.com/usnistgov/TrackingExpertPlus

On-going and Future Work

* Geotagging manufacturing assets
* OGC SensorThings APl integration into NIST SMS Test Bed

* Spatially aligning as-executed to as-planned data
e Automated mapping of MTConnect data with NC code

* Integrating the digital thread with XR platforms
* Using knowledge graphs to thread STEP, QIF, and MTConnect data into XR

 Discovering research gaps / opportunities in industrial XR

* Working with the AREA Research Agenda committee via a data-driven approach
* Multi-institutional report on opportunities in merging GIS and SMS

* Uncovering standard opportunities for XR content management



Enabling
Immersive
visualization
of severe fire
environments

Matthew Hoehler, PhD, PE
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The National Fire Research Laboratory

Smoke Capture
Hood to ECS

NST

Strong wall Overhead
Crane

Basement

10
Heat Release Rate [KW]

Test Specimen
Preparation Area

Strong Floor Conditioning Pit

NFRL




High-resolution omni-directional cameras are rapidly

getting smaller, better and cheaper

120 mm3
2.7K res
S4000

GoPro OMNI (launched 2016)?

75 mm tall
5.2K res
< S300

GoPro Fusion (launched 2017)

NST

3 Certain commercial products are identified in this presentation to specify the materials used and the procedures employed. In no case does such
identification imply endorsement or recommendation by the National I nstitute of Standards and Technology, nor does it indicate that the products are

necessarily the best available for the purpose.

_ Credit: M. Bundy/NIST

360-degree image of furnished compartment taken using GoPro OMNI
at the National Fire Research Laboratoryin 2017



For video in fire, the challenge is twofold: keep the
camera cool and filter the intense thermal radiation

Hoehler, M; Su, J; Bundy, M; Dataset from Fire Safety Challenges of Tall Wood Buildings - Phase 2: Task 3 - Cross Laminated Timber
Compartment Fire Tests )

NST

- Gas temperatures to 1400 °C_~ =
» Thermal-radiation > 100 kW/m?



https://doi.org/10.18434/T4/1422512

Water absorbs thermal radiation but transmits

visible light

Thermal
radiation

9000

Relative intensity

Wavelength (um)

Absorption &
transport

Hoehler, M. S.; Smith, C. M.: “Application of Blue Laser Triangulation Sensors for Displacement Measurement Through Fire.” Measurement Science and Technology,

27(11) 2016, doi: 10.1088/0957-0233/27/11/115201.



https://iopscience.iop.org/article/10.1088/0957-0233/27/11/115201/meta

Burn Observation Bubble (BOB) prototype

version 1.0
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Hoehler, M. S. “On the Development and Characterization of a Transparent Enclosure for 360° View Video Cameras to Observe Fire

Credit: N. Hanacek/NIST Dynamics in Situ.” Fire Safety Journal, 2020, https://doi.org/10.1016/].firesaf.2020.103024.



https://doi.org/10.1016/j.firesaf.2020.103024

Prescribed forest management fires in the
New Jersey Pine Barrens

-

THE UNIVERSITY
of EDINBURGH. *




Prescribed forest management fires in the
New Jersey Pine Barrens

Real tlme




Understanding data from a report is time consuming pyST
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Example of web-based 360° video playback
with interactive data overlays
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NST

Data augmented 360° video
automatically providesthe
spatialand temporal
context for data

Why WebXR?

* Browser-based or HMD Sagh ¥ —
2.
viewing (no hardware

required)

Easy distribution

Opensource code



https://price-v07.glitch.me/

The team

Sandy Ressler

Frank WiIIard (SHIP)

Audio & Video
support

Andrew Mundy Jose Garcia

Adam Lenker (SURF) Tom Roth & DJ Anand

Special thanks to Arron Kirchoff & Jeffrey Anderson (Master Glassblowers), Falko Kuester (UCSD/Calit2 Professor for Visualization
and Virtual Reality), NIST Shops, William (Tre) Harrison, David Stewart, Norris Ng






PSCR Overview

PSCR

-

Primary federal
laboratory conducting
research, development,
testing, and evaluation
for public safety
communications
technologies

854




Technology Challenges for Public Safety:

The Environment

Public safety personnel are tasked with performing in a variety of
challenging environments.

In the heat ’ 18 : In the air

and the cold and in the water

33



Technology Challenges for Public Safety:
The Environment

Surrounded by noise



Technology Challenges for Public Safety:

The Environment and the Equipment

Equipment s often

restrictive
¢, o 2 : | and frequently
R makes
...and high above the ground communication

difficult.




Technology Challenges for Public Safety:
The Environment and the Equipment

Hands are frequently occupied. , _
Dexterity and ergonomics matter.

36




Ul/UX was identified as a priority research area for

PSCR. Stakeholders from across the US identified augmented
reality (AR) and virtual reality (VR) as the R&D areas.

i e ANEDENERS L |

Internal Research
« User Experience Research and Testing Methodologies

G « Qualitative and Quantitative Surveys
« Technology Needs and Wants for First Responders
« Virtual and Augmented Reality Public Safety Testbed

« Multiple Environments, Scenarios, and Tasks
« Highway Scene, Parking Structure, and Office Buildings
* Mass Causality Incident, Active Shooter, and Fire
« Patient monitoring, situational awareness, and navigation

* Instrumented to measure performance of technology/userinterface

prototypes



Ul/UX was identified as a priority research area for
PSCR. Stakeholders from across the US identified augmented
® reality (AR) and virtual reality (VR) as the R&D areas.

DR = N R
External Research

* Grants
« PSIAP-2018-Ul — 7 Awardees and Cooperative Agreements, $6.4 Million

L

* Prize Challenges
« 2018 - VR NAV HUD Prize challenge - 6 Finalist, $125,000 Prize Purse
« 2019 - Ul/UX Haptic Interfaces Prize Challenge — $425,000 Prize Purse
« 2020 - CHARIoT Challenge
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PSCR Virtual Reality Testbed NIST




2018 - Heads-up Display Navigation




2019 - Haptic Interfaces for Public Safety NIST

HAPTIC PROVIDERS

HELP MAKE OUR FIRST
RESPONDERS BETTER
EQUIPPED

Emergency Medical S




2019 - Haptic Interfaces for Public Safety NIST




2019 - Haptic Interfaces for Public Safety NIST
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Our plan for what'’s next:

PSIAP-AR

2020 Funding
Opportunity

Visit PSCR.gov for move
info!

(‘*'5 CHARIloT
V¥ CHALLENGE

$1,100,000

N TOTAL |
PRIZES /)

NST

HOSTED BY PUBLIC SAFETY
N ISI- COMMUNICATIONS
PSCR RESEARCH

OO

Build Augmented
Reality Interfaces for
First Responders

Emulate Smart
City Data for
Disaster Scenarios

CHALI ENGE PARTNERS:

eag’ =—— FIRSTNET.
P First Responder — Built with AT&T
Network Authority®

m blueforce




Leveraging XR to Develop and
Evaluate Metrology for Human-Robot
Interaction ‘-

Jeremy A. Marvel, Ph.D. B!

Project Leader, Performance of Human-Robot Interaction i
< . Co-PI, Tools for Collaborative Robots within SME Workcells

N e ===

o . s U.S, Department of Commerte
V iy . National Institute of Standartls and Technology
. . . Engineéring Laboratory, Intelligent Systems Division

National Institute of
Standards and Technology
U.S. Department of Commerce



Establishing trust

World modeling

Human-specific sensing

Effective teaming and
interaction

Objective: To deliver a suite of test methods, protocols, and information models to enable
effective, human-robot collaboration in manufacturing, and advance interactive robot
technologies to facilitate the safe and efficient teaming of people and robots that maximally
leverages the strengths and capabilities of each toward meeting production goals.




Technological Challenges in HRI

* Industrial robots are notoriously difficult to use

* Extensive training required to use Task Based Attention Recognition for Safe
* Even “collaborative” robots have steep learning curves and Effective Human-Robot Collaboration

 Interfaces are purpose-driven, and not user-friendly Megan Zimmerman and Xiang L

NIST ISD Collaborative Robotics Lab

* Situation awareness is honexistent
* Operators have little feedback about robot’s actions
* Robots have no concept of humansin the area
 Communications limited to sparse information, and is largely one-way

* Robots as collaborative tools
* Humans can be unpredictable, and are bad at predicting robots
* Sensing and feedback in real-time is a challenge
* Lack of understanding of complex processes and the roles of collaborators in the task

e Complacency and inattention can lead to loss and injury




Applications of XR

Teleoperation

Offline programming
System/process diagnostics
Maintenance and error handling
Training

Workcell verification and inspection
Human-robot collaboration

System commissioning

Safety and workspace awareness




Metrics of XR in HRI

* Real/virtual registration

* Temporal

e Spatial
* Coordination & synchronization actions
* Easeof use

* Mental & physical effort

* Learnability
* Functionality

 Effectiveness and efficiency e £ R ——

* Interface utility

angle error p(k) [deg]
= »
angle error p(k) [deg]

* Personal preferences and perceptions
* Realism
* Intelligence
e Usability

80
target index k




Performance of
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Human-Robot 171

Interaction

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

[=

Jeremy A. Marvel, Ph.D.

Computer Scientist

Pl, Performance of Human-Robot Interaction

Co-PI, Tools for Collaborative Robots within SME Workcells

U.S. National Institute of Standards and Technology

100 Bureau Dr., Stop 8230
Gaithersburg, Maryland, 20899, USA

+1.301.975.4592
jeremy.marvel@nist.gov
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THANK YOU FOR YOUR ATTENTION!

Shelly Bagchi shelly.bagchi@nist.gov
William Bernstein william.bernstein@nist.gov !

Matt Hoehler matthew.hoehler@nist.gov

Scott Ledgerwood scott.ledgerwood@nist.gov ®
- Jeremy Marvel jeremy.marvel@nist.gov 0
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« https://www.nist.gov/topics/information-technology/extended-reality

National Institute of
Standards and Technology
U.S. Department of Commerce



https://www.nist.gov/topics/information-technology/extended-reality

Q&A

Please ask questions in the questions
tab on the webinar screen.

Thank you

U I O‘ Strengthening |

University-Industry
Partnerships



SEP. 2

12-1 p.m. ET
9-10a.m. PT

UICC
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University-Industry
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A New/Old Approach to Fill a Talent Gap:

The Role of Apprenticeship in Cybersecurity
Workforce Development

Geanie Umberger PatriciaHerndon Doug Hormann
Executive Director, Purdue Department Director, Special Systems Engineer
Cyber Apprenticeship Program Warfare and Expeditionary Raytheon
(P-CAP) Systems Dept.
Purdue University Naval Surface Warfare Center
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Keynotes

SEPT. 21-25
O

UIDPCONNECT

2020

) 4 A
New virtual experience, _ _ "
designed to help you CONNECT! Matt Ridley Kelvin Droegemeier Andreilancu

Author, The Rational Director, Office of Science Under Secretary of Commerce

e 50+ Speakers Optimist & Technology Policy for IP and Director, USPTO
¢ 9 Federal Program Leads . . . .
 Serendipity Networking ...and incredible U-I presenters, including
e Topics curated for YOU |

Learn more at

https://bit.ly/UIDPConnect2020 ‘ ,
| \\ -
Karina Edmonds Kathy Lynch Daron Green Cherise Bernard

VP, SAP Yale University Facebook Spotify

\ Strengthening
‘ ’ University-Industry
Partnerships
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THANK YQOUI!

Please check your email and
complete the survey so UIDP can
better meet your needs.




