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Training Agenda – 4 Days

• Day 1

• Introduction to future aircraft concepts and Artifical Intelligence in aeronautics

• Day 2

• Innovative aircraft concepts

• Day 3

• MBSE (Model-based systems engineering)

• Day 4

• Composites, advanced test technologies, aerodynamic shape optimization and multidiciplinary

optimization methods
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Day 1 –New aircraft concepts and AI in ero

Introduction : New aircraft concepts

• Brief historical review of aircraft shapes

• Aircraft’s design spaces

• Presentation of new types of aircrafts

Artificial Intelligence in aeronautics

• Definition and state of the art of AI in aeronautics

• Applications of IA in aeronautics

• Example of AI applications

• Aircraft design

• Flight path optimization

• Industrial supply chain performance
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Trainers

Fighters

Transports
Commercial aircrafts

AVIC aircrafts
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Commercial aircrafts - Example of market studies

Source internet Boeing

>1/4 of commercial aircraft

deliveries are planned in Asia
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Brief historical aircrafts review
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#Flying1913

Ing. Blériot Ing Eiffel

Wind Tunnel

Before WW1, progress are made on :

engine power, aerodynamic shapes, wind tunnel understanding

Single wing/body No wing shrouds

Cable launch
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#Flying1913 –Single body shape

Single wing/body at 200km/hour
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#Flying1943 –After WW1 and WW2

Source image : Wikipedia

Lockheed L-1649 Constellation « Starliner » of Trans World Airlines (TWA)

Commercial aviation is starting after WW2

• 4 engines (but called « best 3 engines plane »)

• 3 Vertical drift planes (for storage height)

• Fuselage is not cylindrical

• Hydraulic assisted commands

• Max speed 550km/h, cruise speed 480 km/h



9Aircrafts concepts and IA in aeronautics – Copyrights Demos and X. Dutertre – Lesser Open Bee License 1.3

#Flying1983

Open rotors ? Engines places ?

Wings, engines and 

stabilizers places ?

Those studies are still under

investigation, today in 2020+
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#Flying1983

• Developpment of numerical design tools

(CATIA by Dassault System)

• Aircraft familly (cockpit ergonomy)

Numerical simulation tools have been and 

still are a revolution in aircraft design
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#Flying2019

A320 neo A350 A380

A400mB787B737 max

Shape problem

Size / Market
PW1000G

Technology

DA Falcon 5X / Silvercrest

Dev. engine

Even today, aircraft and engines developpement is still hazardious for large players
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#Flying2019

What is an aircraft today or in the future ?

- 5% of the aircraft value is final assembly

- 35% of the total flight cost by hour are engines and consomption

What is the value for passengers, where is the added-value ?
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Design space for future aircraft

Nasa

Boeing

Most studies are made on exotic shapes

Most aircrafts are delivered within regionnal and single aisle categories
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Artist illustration of the X-59 Quiet SuperSonic

(Lockheed Martin)

#Flying2050 ?
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#Flying2050 ?
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Airbus AI
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Artificial intelligence in aeronautics
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https://www.axiscades.com/blog-resources/whitepaper/Aerospace-whitepaper.pdf

Here are the top areas that AI is being used by 

aerospace manufacturers today:

• Predictive Maintenance

• Optimized flight performance

• Generative design

• Efficient supply chain management

• Improved quality control

• Training

Studies of IA usage in aeronautics

Today most usages are Big Data problems
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In aeronautics, most algoritms have to be determinist

To achive high level of reliability and repeatability

Why aeronautics is not yet using IA ?
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Robots and IA - State of the art on the ground

Farming automation Automotive industry Security

Transportation DeliveriesDaily life robots

Urban Air Mobility
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IA usages

22

Noise cancelling

headphone

Data sorting

Airplane

inspection

Air traffic management
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Levels of AI

https://www.forbes.com/sites/cognitiveworld/2019/06/19/

7-types-of-artificial-intelligence/?sh=3d23a43e233e

1. Reactive Machines
2. Limited Memory
3. Theory of Mind
4. Self-aware
5. Artificial Narrow Intelligence (ANI)
6. Artificial General Intelligence (AGI)
7. Artificial Superintelligence (ASI)
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Nasa future aircraft technologies

https://www.nasa.gov/subject/7565/future-aircraft/
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Your pilot is a robot !

COBOT

Autonomous robot

Auto-pilot

Two human pilots 0 human pilots on board

No cockpit ?

Constrains are failure modes :

human errors, mission changes, aircraft maintenance issues (including engines)
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1 pilot for a swarm of aircrafts ?

What is an aircraft ?

Technologies and algorithms are everywhere from development, production, to final usage
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https://www.ted.com/talks/pw_singer_on_robots_of_war

/transcript?awesm=on.ted.com_Slavin&language=fr

Drones swarm

Drones with embarked IA are already used, and usages will expand
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https://fr.wikipedia.org/wiki/Loi_de_Moore

• Calculation power is exponential

Moore Law

• Calculation power in a smart 

device (phone, tab) is already 

enough to pilot a plane

• R2D2 from Star Wars movie is able

to pilot a space ship
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How IA Hardware will improve

Intel Nervana NNP

(Neural Network Processor)

Neural network Algorithm

Are mostly coded with matrix

-> costly in calculation steps

IA will improve with dedicated hardware architecture (NNP)
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Navier Stocks Equation –Millenium problem
https://www.claymath.org/millennium-

problems/navier%E2%80%93stokes-equation

Difficult problems will need IA to speed up resolution
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Engineering patterns and intelligence

http://www.geeglee.net/

Data and algorithm architecture is key in the problem resolution
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Engines simulation

Engine models

Complex aircraft modeling does not need IA (eg. hybrid engines) 
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Basic aircraft flight simulation

Multi form aircraft simulation does not need IA (eg. Multi wings) 
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Wing shape

Hypothesis :

• Aircraft are using vertical air forces to balance weight

• Compromize between take-off and cruse flight

• Aircraft design is made according to crash condition

Aerodynamic parameters does not need IA
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Topological wing optimization

Basic optimization IA is already

implemented within design software

But IA integration within aircraft

design is deficult due to 

multicriteria optimization

Multifonctionnal design is mandatory

(structure, aerodynamic, equipement)
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Production and maintenance issues versus initial design

Aircraft design has to balance objectives :

- Weight & drag reduction

- Cost of production

- Equipements constraints

- Maintenance issues

Example : wing optimisation in regard of modular conception
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Morphing wings

https://www.cleansky.eu/sites/default/files/inline-

files/CS_Award_PhD_Francesco_Rea.pdf

Flaps are already a basic morphing wing Maintenance issues have to be overtaken

Reliability is key to assure operation high availability
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Structural optimization

Onera

• Landing gear width

• Structural optimization

• Internal noise

Cabin and fuselage optimization need to take into

consideration passenger logistic experience
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IA Example : Urban Air Mobility

Flight path optimization
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Example : urban air mobility – Flight path optimization

Problem is simple to formulated
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Problem definition

Find an eligible trajectory from S to F in 
a 3D environment 
Take static obstacles into account
Avoid moving objects
Consider meteorological phenomena (as 
constraints or additional effects on the 
physical model)
Favor air corridors or 3D roads 
Add intermediary points
Implement a collaborative aspect
Minimize a given criterion like flight 
time or fuel consumption

Provide real time flight management 
information for the pilot or autopilot

S

F

Problem definition is already complex
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Discrete optimization, or continious 3D Real-space

Example : obstacle avoidance

Are basic resolution enough for the problem ?
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Choice of optimization method

Indirect methods

Direct methods

Generalized LQR theory

Approximate Dynamic Programming

Not applicable

No convergence proofs
Very complex

Finite elements

Pseudospectral methods

Applicable

Convergence proofs
Already proven

How to choose the good resolution methodology ?
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Planning of the projet

How to estimate time and 

ressources of the project

Is task achieved in 5minutes 

or in 5 months ?
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Data model and mathematical formulation

ሶ𝑞 =
1

2
𝑀𝑠 𝑈𝜔 𝑞

ሶ𝑥 = 𝑣

ሶ𝑣 =
𝐹𝑎
𝑚
+ 𝑔 +

𝑈1
𝑚

𝑘𝑡𝑣 + 𝑖

ሶ𝑚 = −𝑘𝑡𝑈1

ሶ𝑋(t) = F(X(t),U(t))

Position in the global 
coordinate system: 
𝑥 𝑡 = (𝑥1 𝑡 𝑥2(𝑡) 𝑥3(𝑡))

𝑇

Speed in the global 
coordinate system: 
𝑣 𝑡 = (𝑣1 𝑡 𝑣2(𝑡) 𝑣3(𝑡))

𝑇

𝑔 the gravitational force

𝐹𝑎 the aerodynamic force

Hypothesis: the mass 
derivative is proportional to 
the thrust

𝑘𝑡 > 0 constant of 
proportionality depending 
on the engine type and 
atmospheric values

𝑚 the mass

𝑞(𝑡)
𝑥 𝑡
v(t)
m(t)

X(t) = 

Hypothesis: the angular 
velocity is directly controlled

First step is to transform problem into mathematic formula 
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Minimize cost function –Convex optimization

𝐽 𝑋, 𝑈, 𝑡𝑓 = 𝑡𝑓 − 𝑡0 + න
𝑡0

𝑡𝑓

𝑘𝑡𝑈1 𝑡 ⅆ𝑡

ሶ𝑚

Cost on 
the time 

flight

Cost on the 
fuel 

consumption
𝛾 ∈ 0,1

𝛾 = 0

optimization
on the fuel 

consumption

𝛾 = 1

optimization
on the flight 

time

𝛾 (1 − 𝛾)

Most IA problem can be transformed into a cost reduction optimization
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Select tool

Find the solution to min
𝑋,𝑈,𝑡𝑓

𝐽 𝑋, 𝑈, 𝑡𝑓

Subject to ሶ𝑋(t) = F(X(t),U(t))
𝑈𝑖 ∞< 𝑈𝑖

𝑚𝑎𝑥 , ∀𝑖 ∈ ۤ1, 4ۥ

𝑈1 𝑡 ≥ 0, ∀𝑡 ∈ 𝑡0, 𝑡𝑓

𝑥 𝑡𝑓 = 𝑥𝑓
X 𝑡0 = 𝑋0

𝑥1 − 𝑥𝑐
1,𝑖

𝑎𝑖

𝑝1
𝑖

+
𝑥2 − 𝑥𝑐

2,𝑖

𝑏𝑖

𝑝2
𝑖

+
𝑥3 − 𝑥𝑐

3,𝑖

𝑐𝑖

𝑝3
𝑖

≥ 1, ∀𝑖 ∈ ۤ1, 𝑁𝑐ۥ

Respect of five 
constraints on the 
cost and the state

Respect of the physical equation

Minimisation of the cost

Second step is to adjust formulation to tool used to solve the expression
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Resolution of the optimization problem

𝑞(𝑡)
𝑥 𝑡
v(t)
m(t)

X(t) = 

𝑈1
𝑈2
𝑈3
𝑈4

U = 

4

3

3

1

11 4
An infinite dimensional 
optimization problem 

in continuous time
Complex constraints

Finite Dimensional 
Problem Approximation

Polynomial 
basis

Solution

Legendre Pseudospectral
resolution method

Usage of polynomials and matrix is mandatory
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𝐷𝑘𝑛 =
2

𝑡𝑓 − 𝑡0

𝐿𝑁 𝜏𝑘
𝐿𝑁 𝜏𝑛

1

𝜏𝑘 − 𝜏𝑛
, if 𝑘 ≠ 𝑛

−
𝑁 𝑁 + 1

4
, if 𝑘 = 𝑛 = 0

𝑁 𝑁 + 1

4
, if 𝑘 = 𝑛 = 𝑁

0, otherwise

Legendre pseudospectral nonlinear problem

𝑋𝑖 𝑡𝑘
𝐿 = 

𝑛=0

𝑁

𝑋𝑖,𝑛 𝜑𝑛(𝑡𝑘
𝐿) 𝑈𝑖(𝑡𝑘

𝐿) = 

𝑛=0

𝑁

𝑈𝑖,𝑛 𝜑𝑛(𝑡𝑘
𝐿)ሶ𝑋𝑖 𝑡𝑘

𝐿 = 

𝑛=0

𝑁

𝑋𝑖,𝑛 ሶ𝜑𝑛 𝑡𝑘
𝐿 = 

𝑛=0

𝑁

𝑋𝑖,𝑛 𝐷𝑘𝑛

ሶ𝑋𝑖 𝑡𝑘
𝐿 = 𝑓( 𝑋𝑖 𝑡𝑘

𝐿 , 𝑈𝑖(𝑡𝑘
𝐿))



𝑛=0

𝑁

𝑋𝑖,𝑛 𝐷𝑘𝑛 = 𝑓( 𝑋𝑖 𝑡𝑘
𝐿 , 𝑈𝑖(𝑡𝑘

𝐿))

𝐷𝑘𝑛 = ሶ𝜑𝑛 𝑡𝑘
𝐿

Lagrange polynomials ∶ 𝜑𝑛

Example for flight path optization
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Rewrited Optimization problem

Find the solution to min
𝑋, 𝑈,𝑡𝑓

𝐽 𝑋, 𝑈, 𝑡𝑓

Subject to 

𝑛=0

𝑁

𝑋𝑖,𝑛 𝐷𝑘𝑛 − 𝑓 𝑋 𝑡𝑘
𝐿 , 𝑈 𝑡𝑘

𝐿

𝑖

∞

− 𝛿 ≤ 0, ∀𝑖 ∈ ۤ1, 11ۥ

𝑈𝑖 ∞
−𝑈𝑖

𝑚𝑎𝑥 < 0, ∀𝑖 ∈ ۤ1, 4ۥ

−𝑈1 𝑡𝑛
𝐿 ≤ 0, ∀𝑛 ∈ 0,𝑁

ො𝑥𝑖 𝑡𝑁
𝐿 − ො𝑥𝑓

𝑖

∞
− 𝛿 ≤ 0, ∀𝑖 ∈ ۤ1, 11ۥ

𝑋𝑖 𝑡0
𝐿 − 𝑋0

𝑖
∞
− 𝛿 ≤ 0, ∀𝑖 ∈ ۤ1, 11ۥ

1 −
ො𝑥1 − 𝑥𝑐

1,𝑖

𝑎𝑖

𝑝1
𝑖

−
ො𝑥2 − 𝑥𝑐

2,𝑖

𝑏𝑖

𝑝2
𝑖

−
ො𝑥3 − 𝑥𝑐

3,𝑖

𝑐𝑖

𝑝3
𝑖

≤ 0, ∀𝑖 ∈ ۤ1, 𝑁𝑐ۥ

Respect of five 
constraints on the 
cost and the state

Respect of the physical
equation : ሶ𝑋 = 𝐹 𝑋, 𝑈

Minimisation of the cost

After first results, rewriting the code is always mandatory
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Main difficulty : simple visualisation

for 

• Outputs integration in other

applications

• Results validation before

production phase

• Change management in input 

hypothesis



52Aircrafts concepts and IA in aeronautics – Copyrights Demos and X. Dutertre – Lesser Open Bee License 1.3

IA Project

Integrate all the 
specificities of the 

initial goal

Solve convergence 
problems

Add other 
functionalities

Consider real 
time aspects

Elaborate the 
physical
model

• Mathematical resolution of the convergence 

problem is the first step

Human pilot is still mandatory : 

Where to crash :

Trees or schoolyard ? 
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Supply chain data cleanning – basic daily IA

Within production process, Basic IA can help day to day industrial technician

Color mapping for order book reviews
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Thanks

Merci

谢谢你
Xièxiè nǐ


