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A crucial component of an On-Site Inspection (OSI) under the Comprehensive Nuclear- -
Test-Ban Treaty (CTBT) is inspection via Overflight (OF), which provides comprehensive - = >
data essential for narrowing the search zones and supporting ground operations. The -
following slides examine the integration of advanced simulation technologies to create - e 5
immersive training environments for inspectors. Such technologies enable the =
development of critical decision-making skills through realistic, controlled scenarios. The - — "

use of unmanned aerial platforms (UAP) in training is also analyzed for their potential to
provide safe, cost-effective, and versatile practice opportunities.
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Introduction

The effective implementation of the Comprehensive
Nuclear-Test-Ban Treaty (CTBT) hinges on a robust
verification regime capable of detecting and deterring
nuclear test explosions anywhere in the world. Among
the verification measures established under the Treaty,
the On-Site Inspection (OSI) mechanism plays a pivotal
role as the final verification measure, triggered in
response to a suspected Treaty violation. The OSI is
designed to gather direct evidence at or near the
location of a possible nuclear test, thereby enabling the
international community to assess compliance with the
CTBT.

Achieving this objective requires meticulous planning,
rigorous training, and precise execution of inspection
activities. Each phase of an OSl—ranging from initial
deployment to data analysis—must be optimized to
ensure operational efficiency, accuracy, and adherence
to Treaty provisions.
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A critical component of the inspection toolkit
is inspection via overflight (OF), a capability that
allows inspectors to conduct systematic aerial surveys
of the designated inspection area. Overflight operations
serve multiple strategic purposes within the OSI
framework.

» They provide a comprehensive, high-resolution view of
the terrain, infrastructure, and potential indicators of a
nuclear test site. This aerial perspective enables
inspectors to detect anomalies, identify points of
interest, and map potential access routes, thereby
significantly narrowing down the search area.

» Overflight data directly supports the planning and
prioritization of ground-based inspection tasks, ensuring
that resources are deployed to the most relevant
locations- search zones.

* Aerial inspections allow for the rapid coverage of large
or difficult-to-access areas, which is especially critical
when time constraints and environmental conditions
could otherwise hinder inspection effectiveness.
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Training inspectors for overflights is critical. This poster
highlights how innovative technologies provide realistic
ground-based training opportunities. Incorporating
overflights into OSI operations improves the speed and
accuracy of evidence collection while strengthening the
credibility and deterrent power of the CTBT regime. We
outline their role in OSI| planning, key technical
considerations, and overall contribution to effective
treaty verification.
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Historical Development of OSI OF

The incorporation of OF operations into the OSI
framework has progressed through distinct stages of
conceptualization, training, and operational refinement.

Initial Conceptual Stage

When the concept of OF was first introduced into OSI
planning, its operational maturity was limited. Training
activities during this stage were conducted primarily
through theoretical instruction, with inspectors receiving
classroom-based briefings on potential applications and
technical requirements. At this point, the methodologies,
operational parameters, and technological specifications
for conducting aerial surveys had not yet been formally
defined. The idea of systematically covering an
inspection area from the air remained largely
conceptual, without established procedures or proven
field practices.

The Introduction of helicopter-based training and
software enabled inspection teams to conduct
systematic aerial observations, facilitating the
identification and documentation of both anthropogenic
features—such as infrastructure, excavation sites, and
equipment—and natural anomalies, including unusual
geological formations or vegetation patterns.

N.Charit-Yaari and A.Rowlands

OF Operations in this stage required careful mission
planning to balance comprehensive area coverage with
operational limitations. Flight paths were designed to
ensure systematic coverage of the inspection area while
considering factors such as helicopter fuel range, the
availability of refueling points, and restrictions imposed
by the inspected State Party under CTBT provisions.
The integration of navigational planning with aerial
observation tasks allowed inspection teams to prioritize
areas of high interest and optimize coordination with
ground-based search operations.

Towards a Mature Capability

These early experiences laid the foundation for the
progressive refinement of OSI OF capabilities. Lessons
learned from helicopter-based missions informed
subsequent developments in sensor integration,
imagery analysis, and coordination with other inspection
techniques. This iterative process positioned OF as a
critical operational component of OSI, enhancing the
speed, accuracy, and effectiveness of evidence
collection in support of Treaty verification.
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OSI OF: Current Stage of Development

OF operations within the On-Site Inspection (OSI)
framework have advanced significantly from their early
conceptual stage, evolving into a capability that
integrates  specialized technologies and refined
operational procedures. This maturation reflects both
technological innovation and accumulated field
experience from training exercises and simulation
scenarios.

Navigation and Flight Management Systems

Modern OSI OF utilize advanced navigation software to
design and execute precise flight paths over the
inspection area. These systems enable inspectors to
optimize coverage patterns, avoid redundant routes,
and ensure compliance with operational boundaries and
restrictions stipulated by the inspected State Party. The
software supports real-time positional awareness and
route adjustments in response to emerging priorities or
environmental conditions.
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Airborne Imaging Systems

High-resolution electro-optical (EO) cameras are
routinely installed on inspection aircraft to capture
detailed,  georeferenced imagery  of  terrain,
infrastructure, and potential indicators of treaty-relevant
activity. These systems support:

Systematic documentation of anomalies for evidentiary
purposes.

Integration with Geographic Information Systems (GIS)
for spatial analysis.

Immediate operational use and long-term archival for
post-inspection review.
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Infrared (IR) Sensing

Infrared sensors add a thermal dimension to overflight
capability, enabling the detection of subtle temperature
variations that may indicate:

» Subsurface facilities or recent ground disturbances.
 Concealed infrastructure beneath vegetation cover.

* Thermal signatures present during low-light or poor
visibility conditions.

This capability complements EO imaging by revealing
indicators that may be invisible to optical sensors.
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OSI OF: Current Stage of Development (cont.)

Integrated Data Utilization

Modern OF operations merge navigation software
outputs, EO imagery, and IR data into a unified
analytical framework. Data fusion techniques allow for:
Multi-layered anomaly detection.

Refinement of search area boundaries.

Cross-validation of aerial and ground-based findings,
enhancing evidentiary robustness.
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Helicopter-Based Inspection Simulator

A notable innovation is the development of a helicopter-
based inspection simulator with controlled visual and
auditory environments. This system enables inspectors
and observers to practice:

Boarding and disembarking procedures under realistic
spatial constraints.

On-board observational tasks, such as real-time
anomaly logging, camera operation, and coordinated
communication with the ground team.

Navigation and sensor management in simulated
conditions of limited visibility or high noise levels,
reflecting actual operational stressors.
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Through these developments, OF operations have
transitioned from a theoretical concept to a
technologically = advanced, operationally = mature
capability. OF now constitutes an indispensable
component of modern OSI methodology, reinforcing the
CTBT verification regime by enabling rapid, accurate,
and comprehensive aerial assessments of inspection

areas.
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Emerging Training Technologies for OSI OF

As OF technical capabilities have matured, ensuring
that inspectors are fully prepared to operate them
effectively has become a priority. While conventional
training approaches—such as classroom instruction,
targeted field exercises, and participation in Integrated
Field Exercises (IFE’s)—remain essential for building
core competencies, they are inherently limited in their
ability to replicate the dynamic, high-pressure conditions
of actual missions.

To address these limitations, emerging training
technologies, including high-fidelity simulation systems,
virtual reality (VR) environments, and automation-
assisted tools, are being developed to significantly
enhance training realism, adaptability, and efficiency.
These technologies allow inspectors to rehearse
mission-critical tasks under controlled yet highly realistic
conditions, improving both technical proficiency and
decision-making skills.
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Integration of Advanced Simulation
Technologies

The incorporation of advanced simulation platforms,
including VR and artificial intelligence (Al)- driven
training  environments, represents a  strategic
enhancement to OSI inspector preparation. VR
technologies enable the creation of immersive, three-
dimensional inspection scenarios replicating real-world
operational conditions, including varied terrain, weather,
and lighting environments. Al modules embedded within
these simulations can dynamically adjust scenario
complexity, introduce unplanned events, and generate
synthetic  anomalies for  detection—challenging
inspectors to exercise critical decision-making skills
under realistic constraints.

These immersive environments enable inspectors to:
Practice navigation and sensor operation in virtual
replicas of complex inspection areas without incurring
operational risk.

Develop rapid anomaly recognition skills through
repeated exposure to varied conditions and potential
indicators of treaty-relevant activity.

Conduct multi-role training, allowing team members to
experience both aerial and ground-based perspectives
in a coordinated inspection framework.

Additionally, such systems allow for detailed
performance metrics tracking, enabling individualized
feedback and continuous improvement not easily
achievable in traditional field training.
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Role of Artificial Intelligence in Scenario

Generation and Assessment

Al technologies contribute beyond scenario variability by
enabling automated performance assessment. Machine
learning algorithms can analyze inspector decisions,
equipment usage patterns, and anomaly detection rates
to identify strengths and deficiencies in operational
performance. These insights can guide personalized
training plans and help optimize group-level readiness
before actual inspection deployment.

Moreover, Al-driven predictive modeling can simulate
potential operational challenges, such as restricted
airspace configurations or fuel-limited flight paths,
enabling inspectors to rehearse contingency planning in
a data-driven, risk-free environment.

CIBTO

PREPARATORY COMMISSION

o
&



SnT 2025 Foi

i
707 CTBT: SCIENCE AND TECHNOLOGY CONFERENCE

Innovations to consider in overflight training for On-Site Inspections

Unmanned Aerial Platforms

Parallel to advances in simulation, the use of unmanned
aerial platforms (UAP) in training scenarios presents a
safe, cost-effective, and versatie complement to
manned helicopter training. UAP allow inspectors to:

INSPECTION
AREA
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*Practice aerial observation techniques with real-time
video feeds and imagery, closely replicating the sensor
data streams encountered during OSI overflights.

Conduct mission rehearsals in geographically
diverse environments without the logistical and financial
burden of deploying full-scale aircraft.

*Test new sensor payload configurations flexibly and
iteratively, accelerating the evaluation of emerging
technologies for operational suitability.
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The incorporation of UAP into training programs also
reduces the safety risks associated with low-altitude
manned flight operations. Moreover, the inherent
portability of UAP-based training systems facilitates
their deployment across diverse locations, with
simplified transport and setup enabling broader
inspector participation with less reliance on
centralized training infrastructure.
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Conclusions

Rather than replacing current OSI training
methodologies, the proposed integration of VR, Al, and
UAP capabilities is intended to complement and
enhance existing programs. These technologies bridge
the gap between theoretical instruction and complex
field exercises, offering scalable, repeatable, and
adaptable training experiences. When combined with
live Integrated Field Exercises, they can produce
inspectors who are both technically proficient and
operationally adaptable—ultimately strengthening the
OSI OF capability and reinforcing the CTBT verification
regime’s effectiveness and credibility.
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