Systemes analogiques non linéaires
Nonlinear continuous time systems

&y (t) = filz(t),..., Ty (1) ;01 (1) 5. up (1) 2] [ @ () ]
@y (t) = falz1 (t),..., Ty (1) w1 (1) 5. up (1) 18] , T (t)
: z(t) = )
B () = fo [0 (£) ooy om (8) s (£) - (1) 1] ENON
y1(t) =g1[r1(t),..., Ty (1), u1 (t) 5. up (), 1] 1 ()
y2 (1) = g2 [z1 (1) ..., Ty (1) u1 (1), ur (t),1] Y2 (t)
y(t) =

Yp () = gp [T (1), T () sur (8) . ur (), 1] Yp ()

xo (1 ug (1 oz (t),u(t),t

z (t) = u(t) = : flz(t),u(t),t] =
Ty (1) uy (t) | fulx (), u(t), 1]
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Nonlinear continuous time systems
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Entrainement électrique
Electrical Drive

A

Modéle physique Choix des variables d’état
. t) = 0(t)
wtz—l(’ﬁ—l— >wt—|—iut 71
(1) = =3 (% + ) wt) + Fgu(® o) — it
w(t) = 6(t) y(t) = 0(t)
Modeéle d’état: équation d’état Modeéle d’état: équation de sortie
a1 (t) = za(t) y(t) = x1(t)

io(t) = -1 (’f—; + f) To(t) + FE=u(t)
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Entrainement électrique
Electrical Drive

gt

Modeéle d’état: équation d’état Modeéle d’état: équation de sortie
i1 (t) = z(t) y(t) = z1(¢)
1 [ K? k
To(t) = —= | = +f ) z2(t) + == u(t
o)== (% + £) ) + S )
N — , ~—~
o b
Modeéle d’état: équation d’état Modeéle d’état: équation de sortie
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Systemes analogiques linéaires
Linear continuous time systems

’ ’ Non linéaire
[2(t), u(t), ]

- A(t)m(t) T B(t)u(t) Linéaire
y(t) = C(t)x(t) + D(t)u(l)
$(t> — A%(t) + Bu(t) Linéaire et
y(t) ng(t) + Du(t) stationnaire




Méthode de Runge-Kutta

z (kh+ h) ~ z (kh) + é [a(kh) + 2b (kh) + 2¢ (kh) + d (kh)]

y(kh) = gz (kh),u (kh), kh]

a (kh) = hf [z (kh) ,u (kR) , kR]
b(kh) = hf |2 (kh) + “E o (kh+ B) kb + &
c(kh) = hf |z (kh) + 20 o (kh 4+ &) (kh+ b
d (kh) = hf [x (kh) + ¢ (kh) ,u (kh + h) , kh + h]




Systémes discrets non linéaires
Nonlinear discrete time systems

x2(k+1) :f2 [xl(k); 7xn(k)7u1(k)7 7UT(k)7k] :I;Q(k?—l—l)
z(k+1) =

Tn(k+1) = folwr(k), .., xn(k),ur(k), ... up(k), K] | ek +1)
yl(k) =01 [xl(k)a 7$n(k)7u1<k)7 7u7‘(k)> ] yl(k)
y2(k) = g2 [5131 (k)a 7xn(k)? Ui (k)7 7u7"(k)7 ] . y2(k)

, y(k) =
Up(k) = gp [w1(k), -y (k) ur (k). .. g (k), K] yp (k)
z1(k) ui (k) - o [ (k), u(k), K]
sy = | = wmy = | s = | REE O
2 (k) uy (k) £ L), u(k), K

Entrainement électrique
Electrical Drive

Modeéle analogique

0(s) A 1 b
U(s) s(1+s7)

G(s) =

Modeéle discret vu au travers de convertisseurs AD & DA
_ —h/T
o= —e

I e

0(z) biz !t 4+ byz? b1z ! + bz 2
Ul (1—-zYH(1+azl) 1+(a—1)z"1—aqz2




FT & Modele d’état

Y(z) bo+ biz '+ boz7 2+ ... +b,z"
U(z) 1+az7l+az"2+...+a,z"

H(z) =

n (bl — albo) 271 + (b2 — agbo) 272 + ...+ (bn — anbo) z "

= U
Y (z) = bolU () l+a1z7t+asz724+...+a,z7" (Zz
Y(z)
Y (2) (b1 —agbo) 271 + (by — azbo) 2% 4 ... + (by — apbo) 27"
U(z) l+az7t4agz=2+...+a,2"
Y (2) _ U(z) —Q(2)
(b1 —aibg) 271 + (by —agbg) 272 4+ ...+ (by —anby) 2™  14+a1z7 ' +asz 2+ ... +apz™"™
I
FT — Modele d’état
H(2) Y (2) bo+biz7t4+byz724 .. +byz"
ya st g
U (2) l14+a1z7 4 a2z 24+...+a,z™"
(bl — albo) 271 + (b2 — CLQbQ) 272 + ...+ (bn — a,nbo) z "
— U
Y (2) = bolU (2) + l+ar1z7t+agz=24+ ... +a,z7" (Zz
Y (2)
Y (2) (b1 —aibo) 274+ (by —asbg) 272 + ...+ (b — anbg) 27
U(z) l+az7t4a9z72+...+a,27"
(as = Q)

l+az7 +az72+...+a,2z7"

U(2) = Q2) +a127'Q(2) + a2z 2Q (2) + ... + an2"Q (2)




FT & Modele d’état

Y(z) bo+ biz '+ boz7 2+ ... +b,z"

H = =
(2) U(z) 14az7l4az724+...+apz™"

by —a1by) 21 + (by — asbg) 272+ ...+ (b, — anby) 27"
+ (b1 —aibo) 2 (_21 2 0)_2 (_ 0) U (z)
l4+aiz7t+asz=*+...+a,z27"

A= g

-~

Y (2)

(2) l+a1z7t4+az724+...+a,z27"

Y (Z) (bl — albo) 274 (bg — CLQbo) 2724+ (bn — anbo) z "
U

Y (2)

(b1 — albo) z=1 4 (bz — agbo) 2724+ (bn — anbo) AN

FT @ Modele d’état

Q(2) = —a127'Q (2) —a2272Q () — ... — anz7"Q (2) + U (2)

Y (2) = (b1 — arbo) 27 Q (2) + (by — agbg) 272Q (2) + ... + (b — anbo) 2 "Q (2)

Wi(z) = 2z7'Q(z)
Wy (2) = 272Q(2)
W, () = ="Q(2)
Wi (2) = Q(z) = —ayWi(z)—aWs(2)—...—a W, (2)+U/(2)
Wy (2) = 271Q (z) = Wi (2)
Wa(z) = 2"HQ) = Wt (2)
Y(Z) == (b1 - albo)Wl(Z) + (b2 - agbo)W2(2’) + ...+ (bn - anbO)Wn(z)

Y (2) = boU(2) + Y (2)
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FT & Modele d’état

[ —a; —as ... —ap_1 —ap | - 1T
1 0o ... 0 0 0
wk+1) = 0 1 wk)+ | | u(k)
5 0 0 0
0 0 1 0 L 0
~ ~~ — ~——
Doy Jw
y(k)=1[ b1 —aibo by —agby ... by —anbo |w(k)+bou (k)
b

Y (Z) . bo + 512_1 + 522_2 4+ ...+ bz
U(z) 14az7+agz24...+apz"

H(z) =




Entrainement électrique
Electrical Drive

A

Modeéle discret vu au travers de convertisseurs AD & DA

H(z) =

0(z) bzt +bez?

blz_l + b22_2

o=—e " by =Ah—7(1+ )

Uiz) (1—z1)1+az?) 1+ (a—1)z71 —az=2

by =A[r (14 a)+ ha]

Modeéle d’état discret artificiel correspondant

EI R

|

Linéaire et

stationnaire
Linear and

Linéaire

Non linéaire

Linear

Modele d’état/State-space Model

Analogique/Continuous Discret/Discrete
£(t)=flo(), u(),?] z(k+1)=flzk),u(k),k
§ v =glz®),u), y (k) =gle(k),u(k), K
i) =AWz +BOul) | 2(k+1) = &Kz (k) +Tk)u k)
y()=C )z () + D) u) y(k) = C(k)z (k) + D(k)u (k)
§ z(t) = Ax(t)+ Bul(t) z(k+1) = ox(k)+Tu(k)
é y(t) = Cx(t)+ Du(t) y(k) = Cx(k)+ Du(k)




