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Full Order Observer

Consider the system
& = Ax + Bu, y = Cuz.

Full order state observer takes the following form
& = Ai 4 Bu + L(Ci — y),

where
m I is state observation vector
m L is the observer gain
Define

therefore
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Full Order Observer

Design Problem

Problem Design L so that

lim e(t) :== z(t) — z(t) = 0.

t—o00

Solution 1 It has a solution iff 3 P > 0 and W such that

PA+ATP+WC+CTW <0,

and observer gain is
L=P'W.

Full-order state observer design is dual to state-feedback controller design.
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Problem Setup

Consider the linear system

i = Ax + Byu + Byw,
Yy = Cyl‘ + Dyu + Dyw,

z=0C,.
Full-Order State Observer Design L for
2 = (A+ LCy)# — Ly + (B, + LD, )u,

such that w has little effect on

which is estimate of interested output.
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Problem Setup

contd.
Define
e=r—2I,Z2=2z—2Z.
The observation error system is therefore,

¢ = (A+ LCy)e + (By + LDy)w,

z=Ce.
The transfer function Gw_g is therefore,

Gusz: = C.(sI — A— LC,)"Y(By, + LD,,),

which is independent of w.

TEXAS A&M | Intelligent S stems Research Laboratory AERO 632, Instructor: Raktim Bhattacharya 7/22
pace



Problem Setup

contd.
With
Guz = Cy(sI — A— LC,) Y (By, + LDy,
Ho Observer ‘H . Observer
min vy, min -y,
HGw—>2H2 <7. ”Gw—>2Hoo <.
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‘H ., State Observer Design

The optimization problem
mLin'y,
HG7U—>ZHOO <7,

has solution iff 3 W and P > 0 such that

R
such that
ATP+ CITWT 4+ (x)T PBy,+ WD, CI
(PBy + WD,,)T" —~I 0 | <o.
C, 0 —~I
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‘H, State Observer Design

The optimization problem
min-y,
[Gu—zll2 <7,
has solution iff 3 W, > 0, and X > 0 such that

wox |
such that
tr@ < v
XA+WCy+ ()T XBy, + WD,
(XBy + WDy,)T T ] <0,
[6? _C;(] <0.
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Kalman Estimator
oe

Kalman Filtering

TBD.
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H oo /Hso Filtering
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‘H ., Filtering

Problem Formulation
Here we consider the dynamical system

& = Az + Bw, z(0) = xo,
y = Cx + Duw,

z = Lux.

m Filtering is state-estimation for stochastic systems
m In this framework w need not be stochastic

m Design objective same: eliminate the effect of disturbance from estimate of z as
much as possible
m System matrix A is closed-loop dynamics and stable
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‘H ., Filtering

Problem Formulation (contd.)

System Dynamics Unknown Filter Dynamics
& = Az + Bw, z(0) = xq, tp = Apxp + Bry, xr(0) = zp,,
z = Lx.

Augmented System Dynamics With

dynamics is

i. = Az. + Bw, ze(0) = z¢,
z= C’J;e + Duw.
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‘H ., Filtering

Problem Formulation (contd.)

Augmented System Dynamics With

dynamics is

i. = Az. + Bw, ze(0) = ¢,
zZ= C'a;e + [711},

where

]l

D= —DgD.
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‘H ., Filtering

Synthesis

Optimization Problem

U |Guwszlloo < v

or
RXMN.Dg |
subject to
RA+ ATR+ ZC +CTZT * * *
MT +72C+ XA MT + M * | _y
BTR+4 DT ZT BTX +D"ZT  ~I * ’
L — DrC -N —DpF ~I

and X >0,R— X > 0.
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‘H ., Filtering

Synthesis

Optimization Problem

min vy
R.X,M,N,Dp

subject to
RA+ ATR+ ZC +CTZT * * %
M +7ZC+ XA MT + M * S
BTR+4+ DT ZT BT'X +DTZT I * ’
L — DpC -N —DpD  —yI

and X >0,R — X > 0.

Filter Dynamics
Ap=X"'M, Br=X"'Z, Cr = N.

Proof:

A linear matrix inequality approach to robust H o filtering — Huaizhong Li, Minyue Fu.
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‘H, Filtering

Problem Formulation

System Dynamics Unknown Filter Dynamics
& = Az + Byw, x(0) = xo, tp = Apxp + Bry, xr(0) = zp,,
y = Cx + Dw, z2=Crzxp.
z = L.

Augmented System Dynamics With

dynamics is
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‘H, Filtering

Problem Formulation (contd.)

Augmented System Dynamics With

dynamics is

where
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H,, Filtering

Synthesis

Optimization Problem

min_ v, |Guozl2 < 7.
Cr

FHDF,
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‘H, Filtering

Synthesis

Optimization Problem

min ol
R, X,M,N,Z,Q
subject to

X>0, R—X>0, trQ<~?,

—-Q *

%
L™ —R x| <0,
-NT —-X -X|
RA+ ATR+ ZC +CTZT s % ]
M +ZC+ XA MT + M x| <0
BTR+ DT ZT BTX +DTzT —I|
with Ay := X"'M,B;:= X"'Z,C; := N.

Proof:

Advances in Linear Matrix Inequality Methods in Control — edited by Laurent El Ghaoui, Silviu-lulian Niculescu
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