
 

Online Parameter Estimation for LTI systems

Recap i Axt bu y u c IR 5150
y CTX x C112

A EIR n b E IR CE IR

i o description

y1t1 EeAtxco t Ee
t s

bucs ds e 3 o

linear parametrization
Y s Gls Uls freq domain
Gls ct sin A b

bn Isn 1 t bn rsn 2 t bis b u
Sn tan Sn I t ta s ta o

nth order controlled ODE output y is
controlled by input u

Smtane sn t ta s tao Y s

Ibn ish t t b sa bo b s FD

yl an y
n t ta y taif
bn uh I t t b w t b ou TD

Linear parametrization

y
n Otw where 0 bn l bi bo an 1 a Go

T

is the vector of sys parameters
ult uh It n'It att

yin 71k7g y y Ct yet
T

shills Ot Vls
Zfs snus Els sI Us Ucd

sits 167 i i ISNT



where lls on tan isn t t dist do
is a polynomial with stable roots

Issy E i are stable filters

Back to time domain zit OT ft

7 Gls y Gls et SIU AI b

v v

bank of filters do not depend on A b c

v n
Ziti f te 2 Ct OT Ct o C 1122N

fit is the vector of regressors

Upshot we can process a y in an online manner
to get 2 10 and estimate 0 online using f z
as data

Je J ICE 2 It 172 Itt IT foie
instantaneous cost

Ft Con ICE It Ice T E t OT Ice
It Ect

f It DIE
mTE

where mlt is a positive signal chosen so that C
e g Mitt It felt Tf It

Gradient flow r Feld
where T rt O is a

fixed adaptation gain matrix



e e Ect Ect

Ect OTI t normalized
prediction error

Theorem Ioannou Su

i I C L and I EL ML

CEI if I L is Persistently Exciting then

I let 0 as to

exponentially fast

Remarks i
1 E EL sup l Bley

70

parameter estimates don't escape to a

2 e C Lz NL
E e is E It Ect

Ice OF ICE I In C L
Ite param estimation error

sup e Cell e C Lo
t o

J e It 2dt E C Lz

Same applies to sensitivity to data

E L bold rate of change of 8
EL slow adaptation



3 PE for vector valued signals

Fico Iz E OJI TITTLE o

Feld f It Ict5Co o

O'Egli f It FIAT rank 1
positive semidefinite025 IS a singular matrix htt 70

Integrated cost

E Jot Esto as

s con off Ics3IlsTds B o

02 Eto Jot f GIF is Tds

can be non singular if I persistently
moves around

Defe I is PE if 7 do.to 0 sit

fy.to oIft7IltFdtZdoToI V

to7ototT
or J ut f It f Its volt 3 do To her

to

for all to 70 and all we n

f Fico 8 8 or I
f ft 0 f exists



Proof
I Introduce candidate Lyapunov fan
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