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1. INTRODUCTION

Unmanned Aerial Vehicles have developed rapidly from specialized platforms into widely used
systems for photography, inspection, agriculture, mapping, logistics, surveillance and emergency
response. The accessibility and flexibility of small UAVs also mean that unauthorized drone
activity can occur in sensitive or restricted areas. Consequently, organizations responsible for
protecting people, facilities and airspace require personnel who can recognize and appropriately
respond to simulated UAV threats.

Training for such situations is challenging because realistic live exercises can involve cost, safety
constraints, equipment availability, environmental restrictions and limited repeatability. A
training environment should allow instructors to create controlled scenarios, repeat them under
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comparable conditions and measure trainee performance. Digital Twins and Virtual Reality
provide complementary technologies for achieving these goals.

A Digital Twin is a virtual representation of a physical system, process or environment that can
maintain information about its state and behaviour. In a training application, the Digital Twin
does not need to control a real-world system; instead, it can represent the relevant operational
environment and simulate events. VR can then provide an immersive three-dimensional interface
through which a trainee observes and interacts with that virtual environment.

:=PRESENTATION OUTLINE

2.1 Unmanned Aerial Vehicles

UAVs are aircraft that operate without a human pilot physically onboard. They may be remotely
controlled, partially autonomous or capable of following programmed missions. Their
characteristics vary substantially in size, endurance, speed, payload and control architecture. For
training purposes, a simulation can represent these characteristics at an appropriate level of
abstraction without requiring a physical UAV.

2.2 Counter-UAYV Systems

Counter-UAV systems are intended to support the detection, identification, tracking and
management of unauthorized or potentially hazardous UAV activity. A complete operational
system may include sensing, command-and-control, assessment and response functions. In the
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proposed seminar framework, these functions are represented at a high level for training and
evaluation rather than as a guide for real-world engagement.

2.3 Virtual Reality

Virtual Reality creates an interactive computer-generated environment that can provide a strong
sense of presence. In a training system, VR can reproduce a facility, restricted zone or other
representative environment and allow the trainee to observe simulated events from a first-person
perspective. This can improve engagement and support experiential learning.

2.4 Digital Twin

A Digital Twin connects a real or conceptual system with a digital representation of its
components, states, relationships and behaviours. For simulation-based training, the twin can
contain virtual models of the environment, UAVs, sensors, alarms, operators and other relevant
entities. The twin can update state variables as the simulation progresses and can generate
information for analysis.

3. Objectives

e To study the concepts and applications of VR and Digital Twin technologies in
simulation-based training.

e To design a conceptual Digital Twin of a representative environment for drone-threat
simulation.

e To develop configurable UAV infiltration and monitoring scenarios for training purposes.

e To provide an immersive VR interface for trainee observation and interaction.

e To implement event-driven simulation and decision-state modelling.

e To establish performance indicators and a validation methodology for the training
environment.

e To identify future opportunities for hardware integration, intelligent behaviour modelling
and multi-user training.
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UAV THREATS ARE ESCALATING IN MODERN WARFARE

Rapid growth of nano, micro, and FPV drones in modern warfare

sed risk to military bases and critical infrastructure

onflicts have demonstrated the effectiveness of UAV-based @ OUR VISION

Develop a Virtual Reality-based Digital
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» Difficult to reproduce identical threat conditions for repeatable training

» Limited quantitative ormanc ation of operator re

5. Implementation Approach

A SYSTEMATIC DEVELOPMENT WORKFLOW

o REQUIREMENT ANALTSIS ) o TAL TWIN OCVILOPMAINT o SCENARIO GENERATION

i
y 30

s Duprs T srcramcrse Ovfirw scerare paremwters

. * My opetnt 10 ety bane modeing - i
AGrem—ty -~ g g b4 puath
* Dwln Swvean & * “ae b Cate P * . Sangle drare | s
semaron A B o = .
o Downt o -
¢

VS — [ PP,
oy it e desagr

Outrome .
@’ Clowr probiam. debonan @ PE— . Vo ictve Cagrad T
N

wta crbare ot i b ot s et
iy AA BEDOY MG b

. - g . W -en "

. " - wae
. .

o o o
- v . e
ot .- T s " m

. h e - b mbearsed

+ Mo oepemon . ——s DA

» 5

1 © aTa - Unlts oe .
g . aion P— — . < Je——
,9' ;w-.s—-‘ v . v l.l B L)

- & @ 12073332




LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING

(Autonomous) Py
Approved by AICTE, New Delhi and Permanently Affiliated to JNTUK, Kakinada N%q @

Accredited by NAAC and NBA (CSE, IT, ECE, EEE & ME) under Tier -1

o COGITAL TWIN DEVILOPINT o SCENARI) GENERATION
Urity 30
30 ety e odebng T F ¢ Owire wenare parematers
« Ovare madl & nibusinr ‘m‘ Inpuent, mif . it
B
o Dt s g

Y ST —
Dutcame

® It actve Cngrtad Tave
s g

1P ALA BEDOY SiRE. 3

<0

° & @ 1720073332

UNITY-BASED IMPLEMENTATION _
N

&] DEVELOPED MODULES PAGESWARA RAG A
£ e
[

DRONE CONTROLLER RADAR DETECTION

g Language

<[> Event-Driven Architecture REMERNCLASSE AT IO DECISION ENGINE

RF JAMMER EVENT LOGGER

SCENARIO MANAGER

- % @ 20:04/3332




LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING

(Autonomous)

Approved by AICTE, New Delhi and Permanently Affiliated to JNTUK, Kakinada N%q @

Accredited by NAAC and NBA (CSE, IT, ECE, EEE & ME) under Tier -1

6. PROPOSED VR-BASED DIGITAL TWIN FRAMEWORK

The proposed framework consists of three conceptual layers: the environment and system layer,
the Digital Twin and simulation layer, and the VR training and analytics layer. This separation
allows physical concepts to be represented independently from the visualization and training
interface.

6.1 Environment and System Layer

This layer represents the virtual facility, protected zone, terrain, buildings, UAVs, observation
points and other relevant objects. Each object is assigned attributes such as position, status,
movement and relationships with other objects. The level of detail is selected according to the
training objective.

6.2 Digital Twin and Simulation Layer

The Digital Twin layer maintains virtual states and simulation rules. It controls scenario
progression, UAV behaviour, event generation, state transitions and data logging. An event-
driven approach is useful because training scenarios are naturally organized around events such
as entry into a zone, detection, tracking changes, alerts and completion conditions.

6.3 VR Training and Analytics Layer
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The VR layer presents the simulated environment to the trainee. Interaction can include
movement, observation, selection of virtual objects and interaction with training interfaces. An
analytics module records timestamps, scenario states, user actions and selected performance
indicators. The purpose is to support training evaluation rather than to provide instructions for
real-world counter-UAV engagement.
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