Systémes discrets linéaires et stationnaires

Solution

k—1
z(k+1) = ®x(k)+Tu(k) (k) = ®"Fox (ko) + Y - "1 (l)
y(k) = Cz(k)+ Du(k) — I=ko

Réponse libre .,

Vv
Réponse forcée

Matrice de transfert et stabilité

Y (2) = C(zf_q>)—1r+D] U(z) = H(2)U(2)

H11 (Z) le (Z)

He) = | | ==

H; (2) 1
Hpy(2) -+ Hpr(2)

det (zI — )
Poles z; des H;; solution de: det (2 — ®) =0
Valeurs propres v; de ® solution de: det (Al — ®) =0
Zi = U

Asymptotiquement stable si: |v;| < 1 pouri=1,...,n
|
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Commande d’état

Systtme z(k+1) = &z (k)+Tu(k) zk+1) = &z(k)+Ta(k)
a régler y(k) = Cuz(k)+ Du(k) g(k) = Cz(k)+ Du(k)
Régulateur u(k) =—Kuz (k) u(k) =—Kz (k)
u Yy
Y
u(k)  [systemea | ¥ (%) Systéme a g
régler avec —> régler avec
AD & DA AD & DA y (k)
z (k) * ()
-K
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Commande d’état

Systéme a régler z(k+1) = ®x(k)+Tu(k)
y(k) = Cz(k)+ Du(k)
Régulateur u(k)=—Kux (k)
Ppr
—
Systéme en boucle =z (k+1) = (& —-TK)z(k)
—_——
Cer

X (2) = (2 —®pp) " 22 (0) = W (2) z (0)
Xi(2) =W (2)x1 (0)+ ...+ Wi (2)x; (0) + ... + Wiy (2) 2, (0)

Z‘I[Wij J Zcz +2Z‘ ‘r cos(kw, + ¢,) ZI:C“Z + kgt 4L

La commande d’état rameéne I'état a zéro z (k) — 0 pour k — oo

En variables écart, la commande d’état Z (k) — 0 ou z (k) — Z pour k — o0

rameéne |'état a I’état nominal ;
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Principe de synthése de la commande d’état

Systéme a régler z(k+1) = ®x(k)+Tu(k)
y(k) = Cz(k)+ Du(k)
Régulateur u(k)=—Kux (k)
Ppr
——
Systéme en boucle z(k+1) = (®—-TK)z(k)
fermée (BF) y(k) = (C—DK)z(k)
—_———
Cer
det(M — ®pp) = det(AM — & +T'K) =
ae (N) = A=A)A=A2)...(A =) =
= N4+ N+ 4o ta, = 0

Identification terme a terme dans le cas SIMO (une entrée)
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Double intégrateur (5.1.2)
Ppr
Systtme xz(k+1) = (®—-TK)z(k) cp—[l h] - h? /2
on BF y(k) = (C-DK)x(k) [0 1 h

——_———
CBFr

det A — @ +TK) = (A— A1) (A=) =0

Choix des valeurs propres A2 = 0.8£0.255

()]

A—1+2K —h+lK
det Tz T — A2 1.6M+0.7
hEK, A—1+hK,

h

) o
+ [ K1 Ky || =(A—0.8-0.255) (A — 0.8+ 0.25/)

2 2
A2+ (th + %Kl - 2) A+ <%K1 — hKs + 1) =\ —1.6)\+0.7

-~ -~

—1.6 0.7

K1 =0.1/h*=10 et Ky =0.35/h=3.5 pour h=0.1s 5
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FT — Modeéle d’état (2.5)

Y(2) bo+ biz 4+ boz 2 +...+b,z "

H = =
(2) U(z) 1+arz7t+az=2+...+apz™"
[ —a1 —Qa9 —Qn—1 —Qan ] ] ]
1 0 0 0 0
w(k+1)= 0 1 wk)+ | : | u(k)
; ' 0 0 0
0 0 1 0 | [ 0
N ~ / N——
Doy Jw
y(k)=[ b1 —aibo ba—asby ... by —anbo |w(k)+bou (k)
el

det A — @) = A"+ a1 A" P +a\" 2+ ... +ap)A+a, =0
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Modeéle d’état physique — artificiel (A.1.2)

x(k+1) = oz(k)+gu(k) ' w = Px
y(k) = T (k) + du (k) Transformation . — p-ly
Plwk+1) = &P tw(k)+ gu(k)
y(k) = P lw(k)+du(k)
wk+1) = POP lw(k)+ Pgu(k)
y (k) = cI'P~tw (k) + du (k)

Quelle matrice de transformation P choisir ?

w(k+1) = P@P‘Hu%)+d3lu%)
y(k) = P tw(k)+ du(k)

?
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Modele d’état physique — artificiel

el ] [ elpn—1 7
ed eln—2
G=[1Ig ®g ... " 'g] Gl=| P =
1 A | enl
Construction de Pg
(1 0 ... 0 [efIg eTdg ... eTonlg]
o 1 . eflg eldg ... eldn g
I=G'G o = . . .
0 ... 0 1 enlyg e ®g e, P g
r egq)n—lg . B 1 ]
eTq)n—Q 0
Pg — n . g — )
eflg | |0
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Modele d’état physique — artificiel

- Tadn—1 7 [ 1 ] r TdHn—1p—1 -
eI pn 0 0 eTon-1p
THn—2 . . THn—2p—1
I=ppl=| " pL ="
T T p—1
L el 0 ... 0 1] L e?F |
Construction de
[ —a; —as9 . —Qp—1  —Qp |
T(I)n—l )T(I)npfl
“n “n 1 0 0 0
e%“cpn—Z ez’(I)n—lp—l )
POP~! = _ op—t = - = 0 1
el'l efop-t 0 0
| 0 0 1 0 |
85(1)/”P_1 = [ —a; —az —Unp—1 (7% }

Tuesday, October 26, 2010

Modele d’état physique — artificiel

Ta Tt 7
el elpn—2
G=[1Ig ®g ... " 'g | Gl=| P = .
| e, | end ]
w = Px
[ —a1 —as ... —an_1 —an | m 1T
1 0 0 0 0
wk+1)=] 0 1 : o lwk)+ | s [ u(k)
: 0 0 0
0 0 1 0 | | 0 |
P, = P@Pil Juw = Pg
y(k)=[ bi —aibp ba—agbo ... bn—anbo |w(k)+bou (k)

det (A = @) = det (AL — @) = A" + a1 A"+ aA" 2 4 ...+ aph +a, =0

Tuesday, October 26, 2010



Commande d’état

Systéme a régler z(k+1) = ®x(k)+Tu(k) SIMO
y(k) = Cz(k)+ Du(k) =
Commande u(k) =—Kuz (k)

z(k+1)=(®~TK)x (k) = ®prz (k)
Stabilité en BO det(A — @) = X"+ a1 A" '+ ...+ ap_1A +a, =0

Stabilité en BF det(M — Ppp) = A"+ N L+ F oA+ a, =

V.p. imposées
detM —@P+TK)=A=XA)A=X2)...( A=) =a.(N) =0

Méthode w = Pz wk+1)=(Py —TowK)w (k) = Pyprw (k)
constructive
a.(A) =a.(A\)=0=

det()\[—@wBF) =)\“+a1)\"_1+...+04n_1)\+an =
det(\] — @y + T K') =N+ (a1 + KDA" 4+ 4 (an—1 + K _) A+ (an + KJ)

K =a; — a; u(k)=—-K'w (k) =—-K'Px (k)

7
K I
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Formule d’Ackermann

K=KP=[(t1—a1) (az—a2) ... (n—ay,)|P
K:[al o ... ozn}P—F[—al —ay ... —an]P
eZ@prl
eTq)n—l
6%(1371_2
K:[ozl ag ... ozn} n, —|—6ch)”
eg'l

K =el'd" + a1l d" 1 + agel @72 + . + el ]

K=[el][®" + a1 ®" " + ae®" > + ... 4 a,]]

A\ g

-~

ac(P)

K=[00 ... 0 1]G'a(®)
K=[00 ... 0 1][Ig | @ | ... | o 'g ] " a.(®)
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Résumé Commande d’état SIMO

Systéme a régler z(k+1) = ®x(k)+ gu(k)
y(k) = Cux(k)+ Du(k)
Commande u (k) =—-Kuz (k)

Systtme en boucle  z(k+1) = (P — gK)x (k) = Pprx (k)
fermée (BF)

ac(A) = det( A —Dpr) = A=A)A=A2)...( A=)
= N4+ N+ a1+, = 0

Formule d’Ackermann

K = [0 ... 01]G'a(®)
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Double intégrateur (5.3.1)

®Br
—
Systtme z(k+1) = (®—-TK)z(k) 1 h h? /2
en BF ® = I'=
y(k) = (C—-DK)x(k) 01 h
———
CBF
Choix des valeurs propres A2 = 0.8£0.255

det A\ —®+TK)=A= X)) (A= X2) =A% —1.6A+0.7

1

K=[0 1]

Ig | g }_ aC(CI))

[
K=]0 1][}‘2}{2 ‘ 3h2/2]_1[q>2_1.6q>+o.71}

eto e[| SR ATl 4 2]
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Double intégrateur (5.3.1)

% Modéle discret

h=0.1;
phi = [ 1 h ;
0o 1 1;
g =1[ hr2/2
h 1;

% Matrice de gouvernabilité

G = [ g phi*gl;

% Coefficient du polynéme caractéristique en BF C
ode Matlab

alphal = -1.6;

alpha2 0.7;

% Gain de contre-réaction

K =110 1] * inv(G) * (phiA2 + alphal * phi + alpha2 * eye(2));
% Calcul direct avec Ackermann

L = [0.8+0.25*11 0.8-0.25*1i];

Kbis = acker(phi,g,L);
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Double intégrateur (5.3.1)

® " " W Function Block Parameters: Discrete S...

Discrete State Space

Discrete state-space model:
x(n+1) = Ax(n) + Bu(n)

Si mu I ati on avec y(n) = Cx(n) + Du(n)
o . [MainState Attributes |
Simulink .

phi

B:
g
eye(2)

D:
[0:0]

Clock To Wao o
0 W ace2
o Warkspace2 Initial conditions:
Vo
To Workspace {0.1:0.1]

Sample time (-1 for inherited):
h

) | <€ 3 )
ok ) (cancel) Apply

Discrete State-Space Etat

u X=y |nn W Function Block Parameters: Gain
Gain

3 Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u*K).
R To Workspace !
! Main - Signal Attributes  Parameter Attributes |

Gain:

=D =
Multiplication: | Matrix(K*u) a

Commande

Sample time (-1 for i
-1

J @ (Cancel ) Apply 16
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Double intégrateur (5.3.1)
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