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BACKGRKOUND 1

Real & Virtual Verificakion Exercises



(REAL) INSPECTION EXERCISES
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http://ukni.info
https://quad-nvp.info/

VIRTUAL REALITY

AS A TOOL FOR THE JOINT DEVELOPMENT OF NEW VERIFICATION APPROACHES

THE ORIGINAL IDEA

Create open and flexible virtual environments to explore new
verification concepts and approaches — which could then also lay the
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Demonstration of earlier project at the UN, Geneva

on the margins of a meeting of the Group.of Governmental Experts on
nuclear disarmament verification; Palais des Nations, May 2018
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Nuclear Disarmament
Verification e

Implements all major inspection technologies:
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www.haw-hamburg.de/fileadmin/Bilder-zentral/News-Presse-Veranstaltungen/2021/PDF/NuDiVeVR_RevCon_2022 poster.pdf
S. Sonder, J. Scheunemann, S. Hebel, and G. Kirchner, Nuclear Disarmament Verification in Virtual Reality, INMM & ESARDA Joint Virtual Annual Meeting, 2021

Virtual Reality in Support of Nuclear Disarmament: Interactivity, Curveballs, and Gameplay


https://www.haw-hamburg.de/fileadmin/Bilder-zentral/News-Presse-Veranstaltungen/2021/PDF/NuDiVeVR_RevCon_2022_poster.pdf

BACKGRKOUND 11

Secure Virtual (Remote) Inspections



ONSITE VS REMOTE INSPECTIONS

PROS & CONS OF ONSITE INSPECTIONS

Onsite inspections remain the “gold standard” for IAEA safeguards
and nuclear arms-control verification

Inspections tend to be costly and are often considered intrusive,
especially in the arms-control context

D. Barretto, M. Kreutle, A. Glaser, Crossing Realities, INMM & ESARDA Joint Annual Meeting, Vienna, 2023 9


http://ukni.info
http://microsoft.com

CAPABILITY NEEDS FOR ARMS CONTROL

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

CONSENSUS STUDY REPORT

3.4 MDV FOR ARMS CONTROL
3.4.1 Capability Needs

Nuclear Proliferation : : :
and Arms Control Treaties that include weapons in storage or weapons
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https://doi.org/10.17226/26088
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Mk21 reentry vehicles and containerized W87 warheads at F. E. Warren Air Force Base, Cheyenne, Wyoming, October 1992
Source: Paul Shambroom, paulshambroom.com
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http://paulshambroom.com

Demonstration of the B61 nuclear weapon disarming procedures using an inert training version, Volkel Air Base, June 2008
Source: U.S. Air Force



IDEA

Remote Inspections Leveraging Virtual Reality



REMOTE INSPECTIONS VIA VIRTUAL REALITY

BASIC CONCEPT

Remote inspector participates via “digital twin” of the inspected facility

The virtual facility could be a faithful reproduction of the physical facility or
it could be purposefully simplified such that only relevant areas are represented

Sensitive features are never modeled
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AR

Mockup warhead

Inspected item in physical world,
only to be manipulated by host

ArUco markers

Fiducial markers synchronize
the virtual and the physical world

IRobot Create 3

Equipment mirrored from the virtual
world, manipulated by inspector




TECHNICAL ARCHITECTURE

(POSE ESTIMATION, NETWORKING, ROBOT CONTROL)

Nuclear Facility
(Host)

Inspection Environment
(Inspector)

Pose Estimation

Pose Estimates

Networking

|

Robot Control

Robot Commands
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https://github.com/daphne-barretto/crossing-realities_remote-inspections







BENEFITS & CHALLENGES

OF REMOTE INSPECTIONS

BENEFITS (REVISITED)

« Reduced intrusiveness, time, and cost compared to onsite inspections
Potentially also of interest for some routine IAEA inspections
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LIVE & LOCAL VERIFY

(Example)



Assume that Unique Identifiers (UIDs, such as reflective particle tags) can be embedded in the inspected facility ...




“Peeking into the physical world” — We envision a procedure through which a unique feature of the inspected facility can be
remotely confirmed so that the inspector is confident that activities are taking place at the correct site.




WAY +FORWARD



GEOGRAPRHY OF OUR VIRTUAL WORLD
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CONCLUSION & OUTLOOK

THE POTENTIAL ROLE OF REMOTE & VIRTUAL INSPECTIONS

While no substitute for onsite inspections, remote monitoring and

virtual inspection techniques could play an increasingly important role
in future arms-control verification and safeguards
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