Systèmes hybrides

Exemple 1

[2] ẋ_1 = 1 ẋ_2 = −1 [1] ẋ_2 = 2 ẋ_1 = 1

x_1 ≤ 1 x_1 ≤ 1 x_1 = 1 ∧ x^′_1 = 0

x_1 = 1 ∧ x^′_1 = 0 x_1 = 0 ∧ x_2 = 0

→ [1] x_1 = 0 ∧ x_2 = 0 time → [1] 0 ≤ x_1 ≤ 1 ∧ x_2 = 2x_1 x_1 = 1 → [2] x_1 = 0 ∧ x_2 = 2 time → [2] 0 ≤ x_1 ≤ 1 ∧ x_2 = 2 − x_1 x_1 = 1 → [2] x_1 = 0 ∧ x_2 = 1 · · ·

Exemple 2

[2] [1] ẋ_1 = 1

x_1 ≤ 2

x_1 ≥ 1 x_1 = 0

ẋ_1 = −1

x_1 ≥ 0 x_1 = 0

→ [1] x_1 = 0 time → [1] 0 ≤ x_1 ≤ 2 1 ≤ x_1 ≤ 2 → [2] 1 ≤ x_1 ≤ 2 time → [2] 0 ≤ x_1 ≤ 2 x_1 = 0 → [1] x_1 = 0

Exemple 3

[2] [1]

[2] [1] x_1 = 0 ẋ_1 = 1

x_1 ≤ 1

x_1 = 1 ∧ lab x^′_1 = 0 ∧ done

ẋ_1 = 0

x_2 = 0 ẋ_2 = 0 ẋ_2 = 1

x_2 ≤ 2

x^′_2 = 0 ∧ lab x_2 = 2 ∧ x^′_2 = 0 ∧ done

→ [1][1] x_1 = 0 ∧ x_2 = 0 time → [1][1] 0 ≤ x_1 ≤ 1 ∧ x_2 = 0 lab → [2][2] x_1 = 1 ∧ x_2 = 0 time → [2][2] x_1 = 1 ∧ 0 ≤ x_2 ≤ 2 done → [1][1] x_1 = 0 ∧ x_2 = 0

Exercice 2.1

[2] [1]

h ≤ 20 h ≥ 10 h = 10 ∧ on

h = 20 ∧ off h = 2

[1] ḣ = 2

on off

ḣ = −4 ḣ = −4 [2]

[3]

t ≤ 1/30 ṫ = 1

on on ∧ t^′ = 0

t = 1/30 off

→ [1][1] h = 2 ∧ t ∈ R time → [1][1] 2 ≤ h ≤ 20 ∧ t ∈ R off → [2][2] h = 20 ∧ t ∈ R time → [2][2] 10 ≤ h ≤ 20 ∧ t ∈ R on → [1][3] h = 10 ∧ t = 0 time → [1][3] h = 10 − 4t ∧ 0 ≤ t ≤^1_{30} t =^1_{30} → [1][1] h =^{148}_{15} ∧ t =^1_{30} time → [1][1]^{148}_{15} ≤ h ≤ 20 ∧ t =^1_{30} · · ·

Exercice 2.6

t ≤ 2 ṫ = 1 [2]

[3]

v_1 ≤ 60

[2] [1] v_2 = 80 v̇_2 = −2

Pipette 1 brasp1off

brasp1on

Pipette 2 brasp2off

brasp2on v̇_2 = 10 [2] [1] v_1 = 80 v̇_1 = −1 v̇_1 = 10

[5]

v_2 ≤ 60

[1]

v_1 ≥ 20 ∧ v_2 ≥ 20

v_1 = 20 ∧ t^′ = 0

v_1 = 60 ∧ brasp1off

v_1 = 60 ∧ brasp1off [4] ṫ = 1

t ≤ 2

∧v_2 ≤ 20 ∧ t^′ = 0 v_2 = 20 ∧ t^′ = 0

v_2 = 60 ∧ brasp2off ∧v_1 ≤ 20 ∧ t^′ = 0 brasp2on

brasp1on v_2 = 60 ∧ brasp2off

Contrôleur

→ [1][1][1] v_1 = 80 ∧ v_2 = 80 ∧ t ∈ R time → [1][1][1] v_1 = 80 − λ ∧ v_2 = 80 − 2λ ∧ t ∈ R ∧ 0 ≤ λ ≤ 30 v_2 = 20 → [1][1][4] v_1 = 50 ∧ v_2 = 20 ∧ t = 0 time → [1][1][4] v_1 = 50 − t ∧ v_2 = 20 − 2t ∧ 0 ≤ t ≤ 2 bras-p2-on → [1][2][5] v_1 = 50 − t ∧ v_2 = 20 − 2t ∧ 0 ≤ t ≤ 2 time → [1][2][5] v_1 = 50 − t − λ ∧ v2 = 20 − 2t + 10λ ∧ 0 ≤ t ≤ 2 ∧ 20 − 2t + 10λ ≤ 60 · · ·

Juin 2009

release1

[2]

[3] [4]

[1]

Carte 2 t_1 = 0 ∧ t_2 = 0 ∧ 0 ≤ t^′_2 ≤ 10 ∧ err

ṫ_2 = −1 t_2 ≥ 0 acq1 release1 ṫ_2 = −1 t_2 ≥ 0 t_2 = 0 ṫ_2 = 0 ṫ_2 = −1 t_2 ≥ 0 t_2 = 0 ∧ t_1 > 0 ∧ t^′_2 = 100 ∧ acq2 t_2 = 0 ∧ 5 ≤ t^′_2 ≤ 10 ∧ release2

t_2 = 0 t_2 = 10 t_1 = 0 t_1 = 0 ∧ t_2 = 0 ∧ 0 ≤ t^′_1 ≤ 10 ∧ err

t_1 = 0 ∧ 5 ≤ t^′_1 ≤ 10 ∧ release1 t_1 = 0 ∧ t_2 > 0 ∧ t^′_1 = 100 ∧ acq1 ṫ_1 = −1 t_1 ≥ 0

[2]

acq2

ṫ_1 = −1 t_1 ≥ 0

[3] [4] ṫ_1 = 0 t_1 = 0 t_1 = 0

Carte 1

release2

[1] ṫ_1 = −1 t_1 ≥ 0 release2

→ [1][1] t_1 = 0 ∧ t_2 = 10 acq1 → [2][3] t_1 = 100 ∧ t_2 = 10 time → [2][3] t_1 = 100 − λ ∧ t_2 = 10 ∧ 0 ≤ λ ≤ 10 t_2 = 0 → [4][3] t_1 = 90 ∧ t_2 = 0 time → [4][3] 0 ≤ t_1 ≤ 90 ∧ t_2 = 0 release1 → [1][1] 5 ≤ t_1 ≤ 10 ∧ t_2 = 0 acq2 → [3][2] 5 ≤ t_1 ≤ 10 ∧ t_2 = 100 time → [3][2] t_1 ≥ 0 ∧ t_2 = 100 − λ ∧ 5 ≤ t_1 + λ ≤ 10 ∧ 5 ≤ λ ≤ 10 t_1 = 0 → [4][2] t_1 = 0 ∧ 90 ≤ t_2 ≤ 95 time → [4][2] t_1 = 0 ∧ t_2 ≤ 95 · · ·