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Formlene nedenfor vil bli oppgitt som vedlegg til eksamen 2. april 2009.

På eksamen må du selv velge hvilke(n) av formlene som er aktuelle i den
enkelte oppgave.

ẋ(tk) ≈
x(tk+1)− x(tk)

h
(1)

ẋ(tk) ≈
x(tk)− x(tk−1)

h
(2)

u(t) = u0 +Kpe(t) +
Kp

Ti

∫ t

0
e dτ +KpTdėf (t) (3)

x(k + 1) = f [x(k), u(k)] (4)

y(k) = g[x(k), u(k)] (5)

x(k + 1) = Ax(k) +Bu(k) (6)

y(k) = Cx(k) +Du(k) (7)

A =






∂f1
∂x1

∂f1
∂x2

∂f2
∂x1

∂f2
∂x2






∣∣∣∣∣∣∣
op

=
∂f

∂xT

∣∣∣∣
op

(8)

B =






∂f1
∂u1

∂f1
∂u2

∂f2
∂u1

∂f2
∂u2






∣∣∣∣∣∣∣
op

=
∂f

∂uT

∣∣∣∣
op

(9)
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Z {y(k)} =
∞∑

k=0

y(k)z−k (12)

k1y1(z) + k2y2(z)⇐⇒ k1y1(k) + k2y2(k) (13)
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z−ny(z)⇐⇒ y(k − n) (14)

zny(z)⇐⇒ y(k + n) (15)

Unity step at time-step k = 0: 1 ⇐⇒
z

z − 1
(16)

Hs =
ys

us
= lim
z→1
H(z) = H(1) (17)

L(z) = Hc(z)Hu(z)Hs(z)︸ ︷︷ ︸
Hp(z)

= Hc(z)Hp(z) (18)

T (z) =
L(z)

1 + L(z)
=

nL(z)
dL(z)

1 + nL(z)
dL(z)

=
nL(z)

dL(z) + nL(z)
(19)

mx =
1

N

N−1∑

k=0

x(k) (20)

Var(x) =
1

N − 1

N−1∑

k=0

[x(k)−mx]
2 (21)

σ =
√
Var(x) (22)

Rx(L) = E{[x(k + L)−mx][x(k)−mx]} (23)

Rxy(L) = E{[x(k + L)−mx][y(k)−my]} (24)

δ(L) =

{
1 when L = 0
0 when L �= 0

(25)

my = Gmv +C (26)

σ2y = G
2σ2v (27)

y = Φθ (28)

θLS = (Φ
TΦ)−1ΦT y (29)

ẋk ≈
xk+1−xk

h
+

xk−xk−1
h

2
=
xk+1 − xk−1

2h
(30)

Mobs =






C

CA
...

CAn−1






(31)

x(k + 1) = f [x(k), u(k)] +Gw(k) (32)

y(k) = g[x(k), u(k)] +Hw(k) + v(k) (33)

Rw(L) = Qδ(L) (34)
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Rv(L) = Rδ(L) (35)

yp(k) = g [xp(k)] (36)

e(k) = y(k)− yp(k) (37)

xc(k) = xp(k) +Ke(k) (38)

xp(k + 1) = f [xc(k), u(k)] (39)

ẋ = f +Bu (40)

ẍ = f +Bu (41)

T (s) =
ymf (s)

ymSP
(s)

=
1

TCs+ 1
e−τs (42)

H(s) Kp Ti Td
K
s
e−τs 1

K(TC+τ)
k1 (TC + τ) 0

K
Ts+1e

−τs T
K(TC+τ)

min [T , k1 (TC + τ)] 0
K

(Ts+1)se
−τs 1

K(TC+τ)
k1 (TC + τ) T

K
(T1s+1)(T2s+1)

e−τs T1
K(TC+τ)

min [T1, k1 (TC + τ)] T2
K
s2
e−τs 1

4K(TC+τ)
2 4 (TC + τ) 4 (TC + τ)

u = B−1
(
Kpe+Ki

∫ t

0
edτ + ṙyf − f

)
(43)

u = B−1
(
Kpe+Ki

∫ t

0
edτ +Kd

def

dt
+ r̈yf − f

)
(44)

Kpp = Kps

(
1 +
Tds
Tis

)
(45)

Tip = Tis

(
1 +
Tds
Tis

)
(46)

Tdp = Tds
1

1 +
Tds
Tis

(47)

x(k + 1) = Ax(k) +Bu(k) +Gww(k) (48)

J =
∞∑

k=0

[
xT (k)Qx(k) + uT (k)Ru(k) + 2xT (k)Nu(k)

]
(49)

u(k) = −G(k)x(k) (50)

Mcontrol =

[
B
...AB

...A2B
... · · ·

...An−1B

]
(51)
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J =

Np∑

i=Nw

[ŷ(tk+i|tk)− r(tk+i|tk)]
T Q [ŷ(tk+i|tk)− r(tk+i|tk)] (52)

+
Nc−1∑

i=1

[∆u(tk+i|tk)]
T R [∆u(tk+i|tk)] (53)

+

Np∑

i=Nw

[u(tk+i|tk)− s(tk+i|tk)]
T N [u(tk+i|tk)− s(tk+i|tk)] (54)
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