



































































































































Model Reference Adaptive Control CMRAC

Goal to approximately reproduce some desired
i10 behavior w o knowledge of the plant up
to membership in some class

r
K s p Y r y specified

need to design K to
implement it

when P is unknown two approaches exists

direct tune the parameters of K directly
indirect estimate params of P online use this

to tune K

Example 1st order linear plant stable ref model

plant ig aytbu ref ym amymtbmr
AER b o am 0 bm o rE

controller u kg t lr
known plant ja ay t b C kg er

Ca bk ytblr
controller parametrization agebk gammy Kambtalebeb

Adaptive controller u By to
where IT are to be designed

Basic goal yet you o as e

for any given r C L
































Direct MRAC
plant reparametrization

j aytbu yo amytbartbl IyterKy lr
w Iyter
I k anja a beb
E
Define the estimation errors 5 I k I I l

j amytbmrtbl kytl.rs
Tracking error e ym y
analysis Lyapunov methods

Ce E E z t FCK te't
where j o is a tunable constant

candidate LF

i eftkejt.EE E E

eye k If I I
totestigened

8

e ym is
amymtbmr famytbmrtbl kytl.ir
amiym y be Kyter
ame bi Eater

i Ebfame be Ey ter this tee
e Key Ier tfkktf.ee



v ang e't El eyttzkyteferi.fi
want o want o

bi rey j angel SoI yer

Ev ece tilt Ict E eco Elo e Col
e Th I E L so I I C L

Jot e slds E Fm V o htt 30
e C Lz

How do we guarantee e o Need I c

e ane t BL Ey ter
e C La K C La RE L

y Yon e C L because ref model is
stable REL Ym Ela

So ymit y t 30 as E x for any
bad ref input r by Barbalat

what about 5 I o

Need a PE condition on r

e ame y bby ter
F rey
I yer

state x Fez output y e



I

t.tt 3 K lxr i n

y 1 o o Ee

Take ret sin t

y It Assn wtf x

Act f
am bAsinlwttD bsrncw.ee

YAsinlwtta O

rsinlwt o o

want to show that Alt c G Cl o o
is UCO so then e I it 30

Add output injection Alt c Att t Let c
show this new system is loco

A good choice of Lct is to give

Alt theft c om bAsoincutta obsiniwel
O O

here the new state x Act LIE c x

y ex x Yes

X z Const X3 coast

yut xftl e amtx.co t nlt I

7 a 1 111
2

for some x o

if rct1 sin cwt



Bottom line e 0 for bdd r

k I l for sinusoidal r

Indirect MRAC

Keep u Ry t Ir
but now update estimates Te B take
Kit as functions of these

K ante l bm
b i b

B amffa I big beware B close to
0 may lead to

j ay tbc Ig Ir
loss of stabilizability

jm amymtbmr implementable

Here can use ym as an estimate of y
j am Cj y nay thou
we can use ym as if

jm amym t bar
amlym y amy t bmr

amcym y Cam taytay t bmr
amcym g tay b big t ter
am Cym y tay IC Ey ter

u

yom am cym y toy In
mm



Tracking error e ym y
candidate LF Vce Iib e2ttg a't 54

E ie I c T 3 b

i
eettgaattzbb.ee

gm j
ame nay thou ay t sa

ane t any t b u

i ame ta e y t I en tty EE ttb
ame tacey ta t b e Lgbt

Take Jey IT ten
Ame E O

e E T E La e I I C L

e C Lz

we need to show e 30 as E a

E ame t E y t Tu need bold to
apply Barbalat

EE La I C La
y _ym e C La since

e c La y m C La

C L

Can we say a c Coo un Try ter
E AMEL I t.fr



Issue u can become unbounded if I 0

There are multiple ways of fixing this one
Involves projections
Suppose we know b 7 bo o Cbo known
We can modify the dynamics of LT to
force it into the constraint set 53 bog

I ten B bo or bo and euco

o otherwise

i l no to blo b

i ame t s 55
go with the chodified dynamics


