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A digital twin is a virtual representation of a physical system, updated using data from its physical counterpart.
 It supports monitoring, simulation, and predictive analysis
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Our framework spans four modeling scales
: individual components, vehicle systems, complete aircraft, and AAM operations
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Our approach combines operational analysis, engineering modeling, digital implementation, 
and physical–digital twinning to support AI-based situation awareness, prediction, and planning
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Implementation
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AI Applications

Define operational 
scenarios and 
requirements

Model physical 
behavior and system 

interactions

Implement engineering 
models in a digital 

environment

Connect physical and 
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ConOps and Requirements Analysis

Mission Objectives Stakeholders and Roles

Normal Operating 
Procedures Off-Nominal Scenarios

Digital Twin Scope and Requirements

Digital Twin Information Requirements

Modeling Aspect What to Model

Entities & Roles Aircraft, operators, vertiports, infrastructure, 
and their roles

States & Properties Position, velocity, attitude, energy, environmental 
conditions, and resource availability

Operational 
Procedures

Mission phases, action sequences, 
transition conditions, and off-nominal responses

System Interactions Requests, approvals, status reports, and 
information exchanges

Rules & Constraints Airspace restrictions, resource limits, 
operating priorities, and timing constraints
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Engineering modeling represents system behavior and interactions using mathematical and logical models

Example: High-Fidelity Aircraft Modeling

6-DOF Flight Dynamics Hybrid Modeling Multi-physics Co-sim

 Konkuk Flight Dynamic Simulation
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Implement engineering models as software and integrate them into an executable simulation syst
em.
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AI supports situation awareness during twinning, predicts future states, 
and replans operations as conditions change.
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Risk Prediction
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The operational digital twin connects physical–digital synchronization, situation awareness, prediction and replanning, 

with operator-reviewed plans fed back into physical operations
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Continuous synchronization connects system-wide understanding with coordinated action

Standalone Simulation

Model
and data
inputs

Scenario
results

Tests scenarios and alternatives
No required live operational link

Fragmented Operations
Aircraft fleet

operator
Vertiport
facility

Airspace
service

Separate data and local decisions
Limited cross-system context

Operational Digital Twin
Aircraft, infrastructure, airspace and stakeholders

Physical operations Synchronized digital model

Target scale: tens to hundreds of aircraft
Coordinated execution and feedback

Operational
safeguards

AI and Simulation
Situation
awareness Prediction Planning /

Replanning

Shared data and compute for timely decisions

Live states and observations
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Automated Operation — Collision Avoidance

Flight View

Obstacle Detection

Motion Planning
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Automated Operation — Traffic Coordination

Physical World

Arrival Timeline

Digital Twin

Flight View

Separation Prediction

Replanning



Vision

Toward Safe, Efficient and Automated AAM Operations
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