EADS INNOVATION WORKS - FRANCE




EADS

Materiau p ou Source p ?

Modele M équation EDP / EDO

Y=M(p)
Probleme Inverse

Trouver p connaissant Yobs et M

ARIANE 5 ON ITS LAUNCH PAD

Yobs

Optimisation
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Résolution du probleme-i

Calcul du gradient dJ/dp ?
Quasi Newton, ...




Méthode Contréle optimal

Systeme Dynamique




Optimisation :




Controle optimal dynamique

Equation d’état ou
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En regroupant et apres
intégration par parties

+j5‘/1(—aa_$+ f(U,pU + g(p)jdt

of (U, p) , 99
op op

/1( jdt




Controle optimal dynamique

oX

5 - 1 p)+a(p)




Méthode Contrble optimal :

techniques de checkpointing




Differentiation automatique

Utilisation de TAPENADE INRIA Sophia Antipolis

http://tapenade.inria.fr:8080/tapenade/index.jsp

L.Hascoet
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@ " Differentiation automatique (DA) d’instructions




Mode Tangent, Direct = mode_d




- Mode Tangent, Direct
DS
-Entree Contraintes d’état




Mode Tangent, Direct => Jacobienne




Mode Reverse, Adjoint =mode_b = Gradien




Mode Adjoint, Dual




Mode adjoint/Reverse Gradients
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Applications

| Identification de coefficients aérodynamiques

Il Mise en orbite avec maximisation charge utile

lIl Identification de flux en thermique






Aerodynamics & 2D kinematics modelling

» Aerodynamic forces and coeffici

Cp =Ca.cosa + Cn.SInx

Co=—-Ca.sind + Cv.cosex




Inverse problem EADS =3
aP2sErium
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-
Numerical resolution using Automatic Differentiation (AD) EAQ% o D_-;_t
and Optimization

radient computation

Lagrangian L(p, X,4) = J(X) +(A, X = F,(X))

g—)lz =0 toobtain backward adjoint systemin A

an(x)z_M

oX oX




@ ;+ Numerical results E’_Agg e

Restitution in a(t)




EADS
EADS =5

IT OPTIMAL COMMAND FOR TRAJECTORY
E.Leibenguth, V.Srithammavanh, S.Alestra, M.Cerf (EADS), F.Dubois (CNAM)

Command Parameter p (1)

Cost j(p) (Pt )= 3, ¢, U )
| oU
State Equation —t = (.U, p) State Constraint Equation
+ Bounded parameters
U(t=0)=0 C(t,p,U)<0
Constraint at final time lﬂf (tf ,U (tf )) =0

Non Linear Programming (NLP)
Constrained Optimization
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EADS |

Optimal trajectories

Cost j(p)
Maximize the payload given tf

3 Reference | |
Command Parameter p (t) colution i
:I_._I -'i"

Payload m,,

Vertical launch time tv Pimensign
Switching timey, o [p=Al
Azimuth Az,

For each stagei :

- Initial attitude 6, ,
- Final attitude 6, ,
- Balistictime t ;

Equality Constraints
Final apogee, perigee
Inequality Constraints

Maximal Dynamic Pressure, Inclination = gradients of cost
=> gradient of constraints

Use Automatic Differentiation to compute

22/09/2010 . .
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EADS
EADS .

Check gradient cost function (payload)

CouT <@ —4819.584
COUTT< EPS > —4824.328
COUTT< —-EPS > —4814.681

DIFF = COUT{ EPS » — COUTCA> —4.817824
DIFF CENTREE = (COUT<{EPS> —-COUT<-EP5> >»-2 —-4_819584
PERT LINEAIR = GRAD = EPS —4.8195848

Check Gradient apogee constraint

COUT <A —4.1942146E-82
COUTTC EPS > —4.3274H31E-82
COUTTC -EPS > —4_A7A5111E-82
DIFF = COUT{ EPS > — COUT<A> —1.3518855E-A3
DIFF CENTREE CCOUT CEPS> —COUTC(-EPS>» >»-2 —1.27446H1E-H3
PERT LIMEAIR GEAD = EPS —1.3518754E-#3

Check Gradient perigee constraint

COUT <@ A.1923415%
COUTTC EPS > BA.1769574
COUTTC —EPS > B.1876415
DIFF = COUT{ EPS > — COUT <A 4.6179295E-83

DIFF CENTREE CCOUTCEPS> —COUT<-EPS> »r2 4_6589375E-83
PERT LIMERIR GRAD = EPS 4_8589836E-83

= OKto include in NLP optimizers
S2M08¢P@IONAM 2010 29
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@S i EAQ g = ETF;-:
Jirect Problem
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EADS,
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Adjoint System
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Gradient computation (manually)




Gradient : test with Automatic Differentiation




Cost Function

Convection (noise Convection (noise with
it regularization) o regularization)
+
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Thermocoil TO : Heat Flux restitution
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T4 Thermal code : AD tangent mode
DS
) .

heat flux M space, N time
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Conclusion / Perspectives




