
Examen Commande Numérique des Systèmes Dynamiques

Formulaire
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Linéarité

Z({w1(kh)}+ {w2(kh)}) = Z({w1(kh)}) +Z({w2(kh)})
Z(a{w(kh)}) = aZ(w(kh)) a ∈ C

Décalages temporels

Z(w(kh− dh)) = z−dW(z) d ∈N

Z(w(kh + dh)) = zdW(z)−∑d−1
i=0 zd−i d ∈N

Dérivation complexe

Z(kh w(kh)) = −hz dW
dz (z)

Changement d’échelle complexe

Z(akhw(kh)) = W
(

z
ah

)
a ∈ C a 6= 0

Valeurs initiale et finale

w(0) = limz→∞ W(z)
limk→∞ w(kh) = limz→1(z− 1)W(z) |zi| < 1

Produit de convolution

Z
(

∑k
l=0 u(lh)g(kh− lh)

)
= G(z)U(z)

Accumulation

Z
(

∑k
l=0 w(lh)

)
= z

z−1 W(z)

Différence

Z(w(kh)− w(kh− h)) = z−1
z W(z)

Table 1: Tableau de la grammaire de la transformée en Z
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No w(t) L(w(t)) w(kh) Z(w(kh))

1 δ(t) 1

2 ∆(kh) 1

3 1 1
s 1 z

z−1

4 t 1
s2 kh hz

(z−1)2

5 1
2 t2 1

s3
1
2 (kh)2 h2z(z+1)

2(z−1)3

6 1
(l−1)! t

l−1 1
sl

1
(l−1)! (kh)l−1 lima→0

(−1)l−1

(l−1)! ·
∂l−1

∂al−1

(
z

z−e−ah

)

7 e−at 1
s+a e−akh z

z−e−ah

8 t e−at 1
(s+a)2 kh e−akh he−ahz

(z−e−ah)2

9 1
2 t2 e−at 1

(s+a)3
1
2 (kh)2e−akh h2e−ahz(z−e−ah+2e−ah)

2(z−e−ah)3

10 1
(l−1)! t

l−1e−at 1
(s+a)l

1
(l−1)! (kh)l−1e−akh (−1)(l−1)!

(l−1)! ·
∂l−1

∂al−1

(
z

z−e−ah

)

11 sin(ωt) ω
s2+ω2 sin(ωkh) sin(ωh)z

z2−2 cos(ωh)z+1

12 cos(ωt) s
s2+ω2 cos(ωkh) z(z−cos(ωh))

z2−2 cos(ωh)z+1

13 e−at sin(ωt) ω
(s+a)2+ω2 e−akh sin(ωkh) e−ah sin(ωh)z

z2−2e−ah cos(ωh)z+e−2ah

Table 2: Tableau des transformées en Z et de Laplace

3



14 e−at cos(ωt) s+a
(s+a)2+ω2 e−akh cos(ωkh) z(z−e−ah cos(ωh))

z2−2e−ah cos(ωh)z+e−2ah

15 ak z
z−a

16 k ak−1 z
(z−a)2

17 1
2 k (k− 1) ak−2 z

(z−a)3

18 1
(l−1)!

(
∏l−2

i=0(k− i)
)
(ak−l+1) z

(z−a)l

Table 3: Tableau des transformées en Z et de Laplace

Wnk
N = ej2π nk

N

x(k) = 1
N ∑

N
2 −1

n=− N
2

X(n)Wkn
N X(n) = ∑N−1

k=0 x(k)W−nk
N

y(k) = x(k)g(k) Y(n) = 1
N ∑N−1

m=0 X(m)G(n−m)

y(k) = ∑N−1
l=0 x(l)g(k− l) Y(n) = X(n)G(n) TFD avec Nx + Ng − 1 échantillons

x(k− k0) cyclique W−nk0
N X(n)

Table 4: Table transformée de Fourier discrète
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