Airport Capacity Runway Management
with Digital Twin Technology

The approach to enable predictive decision-making, efficient resource use,

and supports data-driven strategies for sustainable airport growth.
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Our experiences

Software development

capabilities for industrial
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technologies and systems
to offer customized
solutions
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We've Started Focusing on
BHS Simulation...

\ %
) |

MAIN PANEL

R e . e

Operators Bays allocation PLC & logic parameters
management settings

HIGH LEVEL ANALYSIS LOW LEVEL ANALYSIS

Peak flow Check-in desks Alarms/Failures
management allocation management
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...Progressing Toward Seamless BHS Integration
via Smart Virtual Testing

P SIEMENS

« Overcome critical factors during pre/virtual - commissioning
Interoperability among various technology components
synchronization with civil and electromechanical part
Integration of third party machines (e.g. x-ray machines)

Difficulty test on throughput due to logistic/requlation/timing requirements

« Nowadays this is how we implement
all complex projects
« extended libraries to accelerate the
realization

enhanced algorithms to assure
challenges of automation logic
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...Beyond BHS: Shaping the Future of Adaptive
Airport Operations

Airport Infrastructure
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Operations Decision Making (near-real-time): Tactic & Strategic Decision Making:

Systems Real
Time Status

Short T.
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Scenario - overall

Growing passenger traffic and aircraft movements

The Evolving
Challenges in

Pressure on infrastructure and environmental constraints

Alrpo.rt Complexity of real-time coordination between ground and airside
Operations

Need for predictive, not reactive, decision-making

Lack of visibility and synchronization across zones

Critical Pain Inefficient turnaround processes

Points in Airport

: Limited ability to test “what-if” scenarios
Operations

Reactive response to congestion or incidents
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Capacity vs. Efficiency
a Delicate Balance

Physical limitations (runways,
gates, taxiways)

Operational disruptions
(weather, delays, maintenance)

Balancing safety, performance,
and sustainability
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Scenario - Focus on Runway Management

Runway Operations — The Bottleneck of Capacity

* Limited number of runways vs. growing demand

Intervals between arrivals/departures
Coordination with ground handling and ATC

Delay propagation from runway inefficiencies

Key * Improved on-time performance

benefits
and

strategic More efficient use of runway capacity

values

Faster response to disruptions

Data-driven planning and collaboration
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Runway Management — Key Needs

Accurate forecasting of demand
Real-time tracking of operations and performance
Simulation of contingency scenarios (e.g. closure, surge)

Data-driven allocation of slots and sequencing

* Supports capacity planning and investment decisions

Enhances passenger experience via reduced delays
Aligns with sustainability goal

Enables long-term innovation in airport management
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The Case

= Objective: Evaluate operational capacity of single-runway
airports using a hybrid simulation model.

Airport Capacity Runway Management

= Methodology: Integration of System Dynamics
(SD) and Discrete Event Simulation (DES) for dynamic and
stochastic modeling.

= Case Study: Applied to Venice Marco Polo Airport (VCE) - a
high-traffic single-runway configuration.

= Model Features:
= Models arrival/departure flows, taxiways, gates, and holding
queues.
= |ncorporates Poisson arrival processes and exponential
service times.
= Dynamically prioritizes runway usage to minimize delays.

= Simulation Output:
= Construction of a capacity envelope aligned with Gilbo's
theoretical framework.

= |dentification of operational bottlenecks and runway
saturation thresholds.
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Power of coupling

Airport Capacity Runway Management

= Real-time visualization of aircraft movements and
resource allocation (runway, taxiway, gates)

= Validation and testing of the simulation logic under
realistic physical constraints and operational rules

= Enhanced stakeholder engagement through
immersive visual scenarios

= The possibility to test “what-if” scenarios and
operational strategies in a near-realistic environment,
with feedback loops into the SD-DES model.
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The case - Architecture
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Camcorder

Automatic mesh generation of Venice Airport
(buildings, main terminal, satellite image)

Manual Model Creation of high-detail elements (e.q.
landing strip texture, aircrafts, gates, etc.)

Model Logic Calibration

Experiments & Versioning Validation

High quality video
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% Arrival Rate

Test Runner —

i Test Scenarios N | NEW TEST SCENARIO RUN ALL STOP

Quick, Custom & Reusable Model

Arrival Rate |

Validation

Gate Service Time
Combined Tests
@ Optimizers (Beta) A~

+ NEW OPTIMIZER

= Experimental input:
Aircrafts arrival rate, Total Aircract capacity, Gate Service Time

Priority Rule Tuner

Configuration
Script
Script

Script

% Combined Tests

= Two- stage approach using Test Groups: S
g pp g p A Test Scenarios ~ |

Individual input testing » Combined testing based on initial results + NEwTEST GROUP
Arrival Rate
ACT Capacity Name

= Test Runner Benefits: e s

arrival rate
« Definition of a standalone test list compinec feste 400 ACTs, 60

(&) Optimizers (Beta) A miputes, 4

« Headless (fast) simulations + NEW OPTIMIZER el
400 ACTs, 75

. . ol ofe . Priority Rule Tuner minutes, 6

« Configuration feasibility check (e.g. Passed, failed) : arival rate
&  Models 500 ACTs, 60

« Actions (assertion, set input, record output) or Scripts (fully £ ModelActions v arval e
customizable) S0 AT, 7

arrival rate
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Configuration

Script

Script

Model

Venice_Airport_V1.demo3d []

Venice_Airport_V1.demo3d [

Venice_Airport_V1.demo3d [

Model

Venice_Airport_V1.demo3d

Venice_Airport_V1.demo3d

Venice_Airport_V1.demo3d

Venice_Airport_V1.demo3d

Venice_Airport_V1.demo3d

Result
(/'Running- \)

Not Run

Not Run

Not Run

Not Run
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Optimizer
Effortless Optimal weights
based on scientific techniques

= Tunable Priority Score to balance arrivals and
departures

L arr _ dep
73OL’:‘!’”r' = - Qa?"?“ + /8 "Lawaits Pdep =7 Qdep + 0 - Twait

Traditional approach : define "ok" weights based on experts
opinion or quick analytical calculation

= Built -in strategies for automatic optimization :
Brute force (full factorial ), simple but exponentially slower
Particle Swarm (density -based ), simple and fast

Genetic Algorithm (Fitness score, generations, mutations ),
the slightly complex middle -ground
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A Test Scenarios

+ NEW TEST GROUP

Arrival Rate

ACT Capacity

Combined Tests

Optimizers |
@ .

(Beta)
+ NEW OPTIMIZER

Priority Rule Tuner

@ Models

ﬁ Model Actions

Description

DataCollection1.Alpha
DataCollection1.Beta
DataCollection1.Gamma

DataCollection1.Delta

Priority Rule Tuner

Select Model
Venice_Airport_V1.demo3d

Model Duration Per Iteration

120

Iterations

40

Algorithm Options

| Brute Force

Particle Swarm

Genetic
Velocity Fracti
0,25
Persona | Factor
0,50
Social Fact
0,50
Minimum Maximum Optimum
Type
Value Value Value
Float 0 3 1,03594782 s DO 0
Float 0 3 0,556719 g 0 0
Float 0 3 0,89945319 g 0 0
Float 0 3 0,37503957 g 4O 0
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Camcorder
For smooth, high quality videos

= Easy scene setup via
camera PoV

= Frame-level detail

= Full control of camera
trajectory (red line)

TIP:Ensuresvideo plays 1x when model does not !
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Blender + GIS
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