ME 233 Advanced Control |l

Continuous-time results 3

Linear Quadratic Gaussian (LQG)
Optimal Control

(ME233 Class Notes pp.LQG1-LQG7)



Continuous time stationary LOQG
Cost:

Iy = 5 Bl (0Qa(1) +u” (1) Ru(®))

. Optimal control:  u°(t) = —K Z(t)

Where the gain is obtained from the solution of
the steady state LOR

K=R1B'p

AlP+PA4+Q-PBR 'B'P=0



Stationary LQG

Solution:
« Kalman Filter Estimator:

Az(t) + Bu(t) + Ly(t)

d _
ax(t)
y(t) = y(t) —Cz(t)

L=MmMcly-1

AM + MAY = - B,WBL + Mctv—1icm



Stationary LQG

Solution:

« Optimal cost:

J9=Tr{P |BKM + B,WB|}



Stationary LQG

Optimal cost (derivation)
The incremental optimal cost is

Js

T—oo T’

1 R T
lim —{JO—I—/O Tr[QM(t)]dt—I—Tr[SM(T)]}

- 1 1
jo — 5g;gP(O)azo—l-Etrace [P(0)X,]

T
i /o trace{LT (t)P(t)L(t)V (¢)}dt
Thus

Jo=Tr{QM + L"PLV}



Stationary LQG

Optimal cost (derivation)
J9=Tr{QM + L"PLV}
Note:
Q=-A'"P-PA4+PBRI'B'P
K=R'B'P
L=mclv-1

AM + MAT = —B,WBL + mMmcTv—tcm



Stationary LQG

Optimal cost (derivation)
Jo=Tr{QM+L"PLV|

last term:
Tr {LTPLV} —
= Tr{LPMC?} = Tr{PMC! LT}
= Tr{PMC'V~iCM}
= Tr{P[AM + M AL + B, WB!
first term: {rl T T Bu wl}

Tr{QM} = Tr{{-AT P - PA+ PBK| M}
= Tr{—PMA" — PAM + PBKM}

Adding: J9=Tr{P |BKM + B,WB,|}



