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Step 4 Jun21 - Feb22 Implementation and Analysis Dissertation Scenario

Step 5 Mar22 - May22 Final Validation and PhD Submission
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Research Question 1 - see Evler et al. (2021)

RQ1: Which tactical recovery options are the most efficient for the airline when all options are integrated
with each other and uncertainty is considered in the optimization process?

Extract from Lufthansa network around hub Frankfurt

Scenario En-Route Sector Constraints
Scope: (some flights to FRA delayed)

Frankfurt Main Airport FRA

4 Schengen Stand
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Research Question 1 - see Evler et al. (2021)

RQ1: Which recovery options are the most efficient when all options are integrated with each other and
uncertainty is considered in the optimization process?

Scenario En-Route Sector Constraints

Scope: (some flights to FRA delayed)

Disruption Low Arrival Delay Med. Arrival Delay
Intensity: (Mean: <20min) (Mean: ~40min)

Initial Stand Allocation Morning Hub Bank
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Research Question 1 - see Evler et al. (2021)

RQ1: Which recovery options are the most efficient when all options are integrated with each other and

uncertainty is considered in the optimization process?

Scenario
Scope:

Disruption
Intensity:

Recovery
Options:

En-Route Sector Constraints
(some flights to FRA delayed)

Low Arrival Delay

(Mean: <20min)

Inbound
Recovery

Transit
Recovery

Med. Arrival Delay

(Mean: ~40min)

Outbound
Recovery

Integrated
Recovery

Stand Reallocation

Quick De/Boarding

PAX Rebooking

+ Extra Terminal
Position

PAX Ramp Direct
Service

Quick Turnaround

Standby Crew

+ Extra Remote
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Dynamic Cost
Indexing

Wait for Passengers

+ Extra Turnaround
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Research Question 1 - see Evler et al. (2021)

RQ1: Which recovery options are the most efficient when all options are integrated with each other and
uncertainty is considered in the optimization process?

A
Cost of Del
Scenario En-Route Sector Constraints ostormely B744
Scope: (some flights to FRA delayed)
Disruption Low Arrival Delay Med. Arrival Delay A320
Intensity: (Mean: <20mi (Mean: ~40min) >
Delay

Recovery Inbound Transit Outbound Integrated
Options: Recovery Recovery Recovery Recovery
Network/ Reference Cost
Delay Costs: Functions (UoW)
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Research Question 1 - see Evler et al. (2021)

RQ1: Which recovery options are the most efficient when all options are integrated with each other and
uncertainty is considered in the optimization process?

T —~ — — - = Conclusion for
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Research Question 2 - see Evler et al. (2020)

RQ2.1: How can flight-specific delay cost functions be defined, such that they include downstream network
dependencies, scheduled slack and active recovery potential?

A

. . Cost of Delay
Scenario En-Route Sector Constraints

Scope: (some flights to FRA delayed)

Disruption Low Arrival Delay Med. Arrival Delay
Intensity: (Mean: ~20min) (Mean: ~40min) >

Delay
Recovery Inbound Transit Outbound Integrated
Options: Recovery Recovery Recovery Recovery
Network/

Reference Cost
Delay Costs: Functions (Cook)
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Research Question 2 - see Evler et al. (2020)

RQ2.1: How can flight-specific delay cost functions be defined, such that they include downstream network
dependencies, scheduled slack and active recovery potential?

FRA (Midday) FRA (Afternoon Hub Bank) FRA (Evening Hub Bank)

Cost of Delay
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Delay Costs: Step Cost Functions

Reference Cost
Functions (Cook)
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TECHNISCHE
@ UNIVERSITAT
DRESDEN

Engage §w1Ewn§mAmnR : JA.

SESAR Summer School 2021
Institute of Logistics and Aviation, Chair of Air Transport Technology and Logistics
Jan Evler // 02 September 2021

T

Slide 10

(L
DRESDEN ‘

concept "‘


https://www.sesarju.eu/sites/default/files/documents/sid/2020/papers/SIDs_2020_paper_67red.pdf

Research Question 2 - see Evler et al. (2020)

RQ2.1: How can flight-specific delay cost functions be defined, such that they include downstream network
dependencies, scheduled slack and active recovery potential?
RQ2.2: How does uncertainty about downstream delays and costs influence the shape of such delay cost

functions and the output of the schedule recovery model? R

Scenario En-Route Sector Constraint
Scope: (some flights to FRA delayed)

Disruption Low Arrival Delay Med. Arrival Delay
Intensity: (Mean: ~20min) (Mean: ~40min)

Delay
Recovery Inbound Transit Outbound Integrated
Options: Recovery Recovery Recovery Recovery

Stochastic Cost
Functions

Network/

Reference Cost
Delay Costs: Functions (Cook)

Step Cost Functions
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Research Question 3 - see ATM Seminar Paper 2021

RQ3: How can airline-internal flight priorities be defined and coordinated with external stakeholders while
respecting data confidentiality and limited resource availability?

Scenario En-Route Sector Constraints Airport Constraint
Scope: (only flights in that sector delayed) (all flights in FRA delayed)

Scenario 1: Stress Recovery
Scenario 2: _ Recovery |
Scenano 3: S’Iregg Recovery |
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Local Time
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Research Question 3 - see ATM Seminar Paper 2021

RQ3.1: How can airline-internal flight priorities be defined and coordinated with external stakeholders
while respecting data confidentiality and limited resource availability?

Scenario Airport Constraint
Scope: (all flights in FRA delayed)

e

Disruption Low Arrival Delay Med. Arrival Delay High Arrival Delay
Intensity: (Mean: ~20min) (Mean: ~40min) (>60min)

Scenario 1: Stress Recovery 90
_ S1 Inbound
Scenario 2: Stress Recovery S2 Inbound
1 —— == === S3Inbound
Scenario 3: Recovery S1 Outbound
30

S2 Outbound
—— S3 Outbound
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=== Initial Schedule
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Slot Deviation from Schedule in Minutes

Capacity (Flights per 15 Minutes)
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Research Question 3 - see ATM Seminar Paper 2021

RQ3.1: How can airline-internal flight priorities be defined and coordinated with external stakeholders
while respecting data confidentiality and limited resource availability?

Airport Constraint
(all flights in FRA delayed)

High Arrival Delay
(>60min)

Scenario
Scope:
Disruption Low Arrival Delay Med. Arrival Delay
Intensity: (Mean: ~20min) (Mean: ~40min)
Recovery
Options:
Network/ .
Step Cost Functions

Delay Costs:
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Analysing the Efficiency of Arrival AND Departure Slot Swapping

Aircraft 1 (FRA-ORD)
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% Departure delay cost functions have critical cost steps
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around 60min threshold

% Assigned departure delays in S1 and S2 rarely incur
high delay costs, but delays in S3 go beyond 60min

% Impact on efficiency if departure slots are fixed in S3,
as critical cost steps cannot be avoided

< Higher number of swaps among departure slots in S3 (if
allowed) to reallocate delays before critical thresholds
% 3 flights are deprioritized (one by 185min)
< 10 flights are prioritized

SESAR Summer School 2021
Institute of Logistics and Aviation, Chair of Air Transport Technology and Logistics
Jan Evler // 02 September 2021

Slide 15

T

DRESDEN
concept

(L

N\

~ i



Flight Priorities: Assign slot to applicable flight with least delay margin
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Research Question 3 - ATM Seminar Paper 2021

RQ3.1: How can airline-internal flight priorities be defined and coordinated with external stakeholders

while respecting data confidentiality and limited resource availability?
RQ3.2: What is the value of particular slots for an airline and which factors influence this value?
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Research Design
Final Dissertation

Case Study Airline Network

Flight-Specific
Delay Costs
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Frankfurt Main Airport FRA
Schengen Stand
Non-Schengen Stand

Integration of Recovery Options

Combined Recovery (CB) with Variations

Inbound Transit Outbound
Recovery (IB) Recovery (TR) Recovery (OB)
Stand Quick De- )
Reallocation Boarding PAX Rebooking
PAX Ramp Quick
Direct Service Turnaround Standby Crew
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Departure Delay

Disruption
Scenarios:
Airport
Constraint
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Scenario 1:  Stress Recovery
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Dissertation Analysis:

Scenario Scope: Airport Constraint (all flights)

Disruption Intensity: Low/Medium/High

Recovery Options: Inbound vs. Combined

o] RQ1 Network: Reference vs. Stochastic Delay Costs
Arrival Slot Departure Slot
Swapping Swapping . .
mmm 12 Scenarios
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Outlook onto Possible Applications

Tactical Airline Operations Control

1) Comparison of results between current AOCC working procedures and integrated turnaround recovery
model in shadow mode with real airline data/ constraints

2) Apply modelling approach within different airline networks (for different business models)

ATFM and Airline Cooperation (UDPP)
Apply model to different airline business models which are impacted by real airport capacity constraint:
1) analyse how their network strategy influences their delay cost functions and recovery decisions

2) analyse if trading slots based on internal value estimations helps to improve recovery performance
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