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Background and Motivation

Global warming reached an estimated 1.42°C in March 2026.

If the 30-vear warming trend leading up to then continued, FO rm atl O n FI Ig ht

global warming would reach 1.5°C by January 2029
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State-of-the-Art oD

Geometrical Solutions Climate impact Assessments

*Climate effect for both CO, and Non-CO,

- Large-scale analysis was conducted
without trajectory Optimization Involved

Early Stage

*Biomimicry (1970s — 1980s),
*Aerodynamic benefits(1990s — 2000s)

*Hierarchical nature and the combinatorial
nature

*Deterministic methods
*Impossible to incorporate uncertainties
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Commercial Formation Flight
Research

*Economic Analysis
Efficiency of different formation patterns

o

Trajectory Optimization Using
Optimal Control

*High-fidelity models (including
uncertainties)

*Minimizing fuel consumption and CO,
\NO Large-scale Analysis
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Research Goal PHD

Develop a scalable formation flight planning framework
to adapt climate-aware trajectory planning for large-scale analysis.

How can flights be optimally paired/grouped for

c formation flight?
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Methodology PHD

Bilevel Optimal Control Framework

Partner Allocation Upper Level Partner Allocation Optimization:
| T —
Q0 2SS e ——X max Z BpqZpq Toal fuel consumptions
& 5 : — = — > {#pq} (p.q)EF
: -1 s.t. E Zpi + Z Zig < 1,Vie A,
pi q#i Leading OR trailing aircraft

zpg €{0,1},V(p,q) € F.

z = X (52),u; (5 2)}iea

z;,j binary Decision Optimal trajectory and

‘ . Combinatorial
Variables control mapping
Factors
. . . . Lower Level Trajectory Optimization| (Multiple):
,q_, T, TrajeCtOry Optlmlzatlon Ulgfgf}f J = ®(Xy, ty) Solo/formation fuel consumption
S >
o9 Subject to:
= = dX Flight Dynami
— = (X,U(t)) ight Dynamics
CU(t)) <0, SX,U(t) <0 Flight Envelopes
: : T(X0) == (w0 — 2(0), yo — y(0),mg — m(0), 2) =0
We simplify the problem to model each QSE}( o) 1=t =2(0); 3o = (0),m0 = (), ) N
¢ (Xp) = (xy —a(ty),yr —y(ts),0,0) =0 Boundary Conditions

formation involving two aircraft as a pairon a
2D horizontal plane.

10b — M1 (1 — zpq) < Dpg < 20b — M, (1 — z5q) Lateral distance between flight pairs
Cp = Cpo + kC?(1 — CDy) For trailing Aircraft, the Drag coefficient
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Next Work: Bilevel Optimal Control Framework PHD

-----------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o

Future Work in Reformulations
and Solutions

LP Karush-Kuhn-
Formation Suitability Relaxation ;z:oli?;iaai:i
Indicator (FSI)
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z; j binary Decision . ) i
Variables Optimal trajectory and

L [ 7 i
controt mapping Single-level mathematical

Trajectory Optimization programming with
i complementarity

S A F K/rv‘ l... %&)f/w constraints (MPCC)
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Reduced Combinations for
the lower-level problems

Lower
Level
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------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NLP Solver
Current Work in FSI and Formulations
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Formation Suitability Indicator D

» Goal of Formation Suitability Indicator:

Create an indicator based on formation fuel saving prediction to quantify the formation’s suitability using only
solo flight information.

= Method used in Regression for Fuel Savings Predictions:

A

percentage of
the fuel saving

/

1
p - P . ! Sf-:-lect t(::p
! flight pairs :
Capture non-linear physical thresholds Ensure Stability and generalization : based on the
1
1

Feature Engineering Voting Regressor Three Training Scenarios

Balance Variance and Bias
Geometry Features + Experiment A: Flight Pairing Split
= Experiment B: Wind Scenario Split

Wind Features
wl+GBR + w2 * RF - Experiment C: Joint Wind-Flight Split

Final Prediction : >

3

Reduce search space for the optimal
solutions
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Results PHD

Model Accuracy Comparison Across Experiments (Repeated C)

Fold-Level Accuracy: Experiment B vs Repeated Experiment C
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PhD Road Map PHD

Literature Review

Formation Suitability
Indicator

Bilevel Optimal
Control Framework

Reinforcement
Learning Framework

Formation Flight
Benefit Analysis

o0

First Year Second Year Third Year Fourth Year
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Achievements PD

= Journal Paper In preparation:

= A Scalable Formation Flight Suitability Indicator to Enable Network-Level
Fuel Savings

= Conference Posters:

= EASN 2025: A Scalable Formation Flight Suitability Indicator for
Network-Level Fuel Efficiency. Xiaoqing Deng, Maria Cerezo Magana,
Ricardo Gazquez

» ECATS 2026: Data-Informed Identification of Suitable Formation Flight
Pairs Under Multi-Scenario Wind Modeling. Xiaoqing Deng, Amin
Jafarimoghaddam, Ricardo Gazquez, Maria Cerezo-Magana

= Summer Schools:
* Engage 2 Summer school 2024 and 2025
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Thank you!
Questions?

Assessing the Climate Impact of Formation Flight in
Commercial Aviation through
Network-Level Optimization

PhD Student: Xiaoging Deng
Supervisors: Maria Cerezo-Magana,
Ricardo Gazquez

This PhD is funded by the SESAR Engage2 Program
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