Um exemplo em Controle

com Observador

Sao incluidas passagens do livro dos itens : ex. 3.11, 6.13, 7.4 e 8.3



A visao do controle: da concepcao a
implementacao

a b x>

(a) Overhead view (b) Bicycle model

Figure 3.17: Vehicle steering dynamics. The left figure shows an overhead view
of a vehicle with four wheels. The wheelbase is b and the center of mass at a
distance a forward of the rear wheels. By approximating the motion of the front
and rear pairs of wheels by a single front wheel and a single rear wheel, we obtain
an abstraction called the bicycle model, shown on the right. The steering angle is
4 and the velocity at the center of mass has the angle a relative the length axis
of the vehicle. The position of the vehicle is given by (z,y) and the orientation
(heading) by 6.



Construindo um modelo que conecta
objetivos e realizacao

Cinematica do Movimento: movimento do Objetivo do controlador : manter o carro andando em
centro e rotagao uma linha reta e com velocidade constante
atand
«a = arctan
b

dzx

— =wvcos (a+ 6)

dt

dy

— =vsin (a +6).

dt
db v vsina v |, atand v
— = — = — —sin| arctan ~ —0,
dt Te a a b b



Construindo um modelo que conecta
objetivos e realizacao

(v cos (a(d) +6))

x , 5 N
i g | = v Sln ('a(c)) j— 0) | a(8) = a.rctan(atcmé)
dt | g v sin a(0) b

\ a y,

Reescrevendo o problema de forma compativel com o objetivo e buscando uma linearizacdo em que o
objetivo possa ser traduzido na estabilizacdo entorno de um ponto de equilibrio...

vo sin (a(u) + x2)
vo sin a(u) . au) = arcta.n(
a

fx,u) = ata.nu).

h(x,u) = x

D (y’ 9) notacdo u = 0.



Sistema Linearizado e Normalizado
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O controlador

u=—Kx + ker = —kyxy — kowo + kgr

dt
y=Cx+ Du= (1 0] €.

dz P — ~ L 1
@ _ (A — BK)x + Bksr = [ A/ftl 1 "ykz] T+ [’)kf] T,

S + "y:lxl ’)’kg —1

det(sI—A+BK):det[ ke s+ Joo

] = §° + (’7]@'1 + ILQ)S + k1.



O controlador : calculando os ganhos

2 2 Polindmio caracteristico determina o comportamento
p(S) = 5"+ QCCWCS T We - dindmico do sistema de malha fechada

2 L , 2
k1 = w¢, ko = 2(cwe — YWw§.

Ek f?



O papel de K;

u=—Kux+ ker

d—j — (A — BK)x + Blgr.

re = —(A — BK) !Bk, Yo = Cixg -

Yo = T ke = —1/(C(A - BK)™'B)



Como escolher o ganho do controlador?

u=ki(r —x1) — kowy = W3(r — x1) — (2(cwe — Yw3)ws.



Uma breve excursao sobre sistemas dinamicos
lineares de segunda ordem : estabilidade

4 + 2¢woq + wiq = kwiu, y=q. Um simples “massa-mola”

autovalores
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Uma breve excursao sobre sistemas dinamicos
lineares de segunda ordem : resposta a um degrau
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Figure 7.8: Step response for a second-order system. Normalized step responses
for the system (7.23) for ¢ =0, 0.4, 0.7 (thicker), 1, and 1.2. As the damping ratio
is increased, the rise time of the system gets longer, but there is less overshoot.
The horizontal axis is in scaled units wpt; higher values of wy result in a faster
response (rise time and settling time).

Combinando estabilizacdo e desempenho para projetar o controlador



Resposta do Sistema de Malha Fechada
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(a) Unit step response for varying we (b) Unit step response for varying (c
Figure 7.6: State feedback control of a steering system. Unit step responses
(from zero initial condition) obtained with controllers designed with (. = 0.7 and
we = 0.5, 0.7, and 1 [rad/s] are shown in (a). The dashed lines indicate +5%
deviations from the setpoint. Notice that response speed increases with increasing
we, but that large wce also give large initial control actions. Unit step responses
obtained with a controller designed with w. = 0.7 and (. = 0.5, 0.7, and 1 are
shown in (b).



Agora usando um observador — principio da
separacao (controlador — observador)

dx
d_i:[g é] T+ [Y] u, y:(l 0) T.

1 0 . -
Wo — [ Matriz de observabilidade

(=L 1
A—LC_[_ZQ o]



Projetando o (Ganho) do Observador

s+1; —1

det (sI — A+ LC') = det [
lg S

] = 5% + 118+ lo.

% 4+ P18+ pa = 5% + 2(owos + w2

l1 = p1 = 2(oWo, ly = pgp = w2

L, regula a frequéncia de oscilagao entorno da trajetdria real e |1 determina o tempo para alcancar essa
trajetoria



dx

dt

— A% + Bu+ L(y — C#) =

100

80

60

40

¢ position [m]

20

(a) Vehicle trajectory

T

T T

/

(

\
/

\

\

)

(
\
[

-5

0

5

y position [m]

04F

A

T, T1

0

0.4

0.2

A

T2, T2

0

-0.2

Act |
— — — Est

TN

L/\/

/
/ ‘ !
- __\ ! -
/N
N\ i
0 5 |
Normalized time ¢

(b) State trajectories,

0

A

Tl — 1

5

Normalized time ¢
estimates, and errors

Figure 8.6: Simulation of an observer for a vehicle driving on a curvy road. (a)
The vehicle trajectory, as viewed from above, with the lane boundaries shown as
dashed lines. (b) The response of the observer with an initial position error. The
plots on the left show the lateral deviation x1 and the lateral velocity x2 with solid
lines and their estimates 1 and 2 with dashed lines. The plots on the right show
the estimation errors. The parameters used to design the estimator were w, = 1
and (, = 0.7.
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