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ṁf

u
J = Φ(x(tf ), xf ) +

∫ tf

t0

L(x(t), u(t), t)dt

x(t0) = x0

ẋ(t) = f(x(t), u(t))

x(t) ∈ X (t), ∀t > 0

u(t) ∈ U(t), ∀t > 0

Φ X U
x

x(tf ))
xf

Φ



u
x

U

X

X U



Approches  de  gestion  d’énergie  
d’un  GMP  hybride

Approches 
heuristiques

Instantanées Prédictives

Approches 
d’optimisation

Temps-réels Globales





×

K P
K × P

xk+1 = F (xk, uk), k = 0, . . . , K − 1,

F

xk ∈ Xk uk ∈ Uk

k

∈ RK×P

Φ



Jk(x
p) ≡

u∈U
{lk(xp, u) + Jk+1(x

p + F (xp, u))},

lk(xp, u) u
xp Jk(xp)

xp k

Jk

u
N u∗

Jk

u∗
k(x

p) =
un∈U

{l(xp, un) + Jk+1(x
p + F (xp, un))}.

u
xp
k+1 = xp

k + F (xp, uk)

Jk+1(xp+F (xp, uk))

xf = 50



Temps [s]

SO
E 

[%
]

Coût optimal J* [g]

 

 

0 200 400 600
30

40

50

60

70

0

500

1000

1500

2000

2500

3000

3500

Temps [s]

SO
E 

[%
]

Commande optimale U* Tmi [N.m]

 

 

0 200 400 600
30

40

50

60

70

0

50

100

150

k

x

u

U∗
k (x

p) = un∈U{l(xp, un) + Jk+1(xp + F (xp, un))}
Jk(xp)



J

O(K.P p.Nn) p N

K

p n

K × P



f( )

gi( ) ≤ 0, i = 1, . . . ,m

hi( ) = 0, i = 1, . . . , p.

f gi hi



u∗(t)

H

H(x(t), u(t),λ(t), t) ≥ H(x(t), u∗(t),λ(t), t), ∀u ̸= u∗, t ∈ [t0, tf ],

H

H(x(t), u(t),λ(t), t) = L(x(t), u(t), t) + λT (t)f(x(t), u(t)),

λ(t)

L(x(t), u(t), t)
f(x(t), u(t))

λ

λ̇(t) = − ∂

∂x
H(x(t), u(t),λ(t), t).



t

u∗(t) =
u

{H(x(t), u(t),λ(t), t)}.

tf
u

λ0
x(tf ) = xf λ0

λ0

x(tf )
λ0



Heq

Heq(x, u, s, t) = Pf (u, t) + s(t)Pe(x, u, t),

Pf = HPCIṁf
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