ECE 2695: Adaptive Control (3 Credits, Fall 2008)

Lecture 6: Model Reference Adaptive
Control (I1)

October 6, 2008

Instructor: Zhi-Hong Mao
Assistant Professor of ECE and Bioengineering
University of Pittsburgh, Pittsburgh, PA

Outline

+ Announcements

» Homework problems

* Review of last lecture

+ Examples of the MIT rule (cont'd)
+ Stability of the MIT rule

+ Lyapunov design (design based on Lyapunov
stability theory)

Announcements

» Midterm exam will be given on October 14
(Tuesday); October 13 (Monday) is Fall Break
— Please pay attention to my lecture notes
— Please pay attention to the homework problems
 Extra office hour session for this week
— Friday 4:00 pm—6:00 pm
+ Possible personal emergency




Homework problems

» No homework problems for this week
+ Past homework problems

— Problem 1.10(b)

— Problem 0.3

Homework problems

No homework problems for this week
+ Past homework problems

|
— Problem 4.1: Consider the plant P)= s(s+a)
where a is an unknown parameter. Determine a controller

that can give the closed-loop system
- w
M(s)=———.
@) 57 +2¢ws + W
— Problem 4.2: Control an integrator P(s)=b/s

with a controller u = 6 r - 6,y, . The desired response
model is given by .
M(s)=b,

m

(s+a,).

Derive the MIT rule for parameter update.

Review of last lecture

* What is the MIT rule?

+ Mixture of time-domain and frequency-domain
notations

Exercise: Rewrite the following equation using time-
domain notation only

7] b

% _p Ou

08  s+a,




Review of last lecture

I Y

‘Queslion: Is this a linear system? ‘

Exercise: Write down the parameter-update equations for
the above system.

Review of last lecture

. dy,
Plant: o

Model: % ==-a,y, + bmr
dt

=-ay, +bu

Controller: u= g r- 6y,

=Yy~ Vn

%, ___ b MIT rule:
08, s+a+bb,

06, (s+a+bb,) s+a+bb,""

s+a+bf,=s+a+bb, =s+a,

Question: Why do we use a,, here? ‘

Example 3

System dynamics

JB+cO+mgd sin@=dT
6(s) _ d,
T(s) Js’+cs+ mgd,
as) _ 1.89

T(s) s +0.0389s+10.77




Output
Error

€

Example 3 i
r

Form of controller

_ _ ADJUSTMENT
u=8r-6y » MECHANISM

[ Yo T Vm :ﬁM—MF

R 1.89
=pu=[—— 1 ___|(g-g
Tr = (s2+0.0389s+10.77)( ir=6,)

1.896
Yy

T2 +0.03895+10.77+1.896,

Reference
Example 3 s
€
Gradients

o= 1898 ADUSTHENT

° 7§ +0.03895 +10.77 +1.898, MECHANISH
O . 18

06, 5> +0.03895+10.77 +1.896,
ey _ 1.89°4 1.89

r=-— y
98, (s*+003895+10.77+1.896,)" & +0.03895+10.77+1.896, "

o 1.894, ,
Ir 4 0.03895 +10.77+1.896, 1
de, _ 1.89 .
06, s> +0.03895+10.77 +1.898,
Exampl ' ’
ample 3 Bey __ 1.89 y
06,  5*+0.0389s+10.77+1.896, "
N _ 1.896,
Approximation of Yr T 4003895 +10.77+1.896,
the gradients

5> +0.03895 +10.77+1.896, = 5° +a,,5 +

ey _ 1.89

06, T +a,,s+a,,
Oey _ 1.89 i
06, s +a,,s+a,, r




Reference
Example 3 i e
e()
Adjustment mechanism
d6 Oe, a
et B :—y‘JgO =-y %r e
dt 06, st +a,s+a,
dé, e, q,
=—py 0 e =V om ¥y, le
dr 06, 5? +a,s+a,, "
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Example 3
Reference model
b, Y
s> +a,,s+a,
1m’ Om Plant _
r 6 o + 1.89 Yp +
52 +0.03895 +10.77
~ €y
n
-y &y
s s
. Ay, o o . Aoy
s ta,sta, s ta,s+a,,

Example 3 |

Remark: The plant almost goes unstable. This response is largely
due to the near instability of the open loop system. Tuning of
gamma and changing the reference model did not alleviate this
problem. 15




a=.01
9= 001
g= 0001

Example 3

Remark: For this specific example, introducing PD control may
stabilize the system dynamics.

Example 3

Example 3

Setpoint  Actual Theta Voltage Derrivative Proportional
Angle Angle  Command  Command  Gamma i i

Gai
s [C0 0 [0 c [C7.0s [0 0000 [ s | ‘o

Kill Motor

Signals




Stability of the MIT rule

i Besy == w5y = Ho
10 s+1 s+1
ad Y r =sin(ar)
T
M
T il Remark: In this case, for
o &l unsTaBLE small enough w, the
s él MIT rule is stable for all
, | g, while for small
1 :! enough g, it is stable for
o ?l all . Otherwise, the
ad el dynamic behavior of the
E| algorithm is quite
o 5 | complex, with
N L | —_——— ] interleaving of the stable
”4/// B ADSEIMARS s and unstable regions.
T T T T T T i= 1
Stability of the MIT rule
& s
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The case .
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where s &
E
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g
do not L
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N
same set 4 ®
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1 4R
and zeros &
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o
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Lynapunov design
#
1 M
+ Example 4 iy
r - Neo
) +
kP
2 2
v(end) = € + k¢ DL
Vp = —ay,+ ky0r
Question: How to Fm = —APm T =~y + kyb'r
determine the update )
law for ¢? ey = —aeg+ Kk, (8-0%)r

6-6
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Lynapunov design

+ Example 4
V(€0,¢) = e& +kp¢2
v(ed) = -2ae} +2keqdr + 2k, 06
¢; = —er

Question: Can we guarantee the convergence of ¢,?
Can we guarantee the convergence of ¢

22

Lynapunov design

« Example 4

The MIT rule

0 = -gegym

Rule derived from

]
Lyapunov stability theory g -

0.=Q;=—€07

Lynapunov design
« Example 5 "

dyﬂ Iﬁnnpl:v‘ancu O‘E”"W'
=-a,y, tk,u r iy
dt €
— Model:
dy, _
T,
— Controller:

ADJUSTMENT
MECHANISM

Question: What are the nominal values of ¢, and d,? ‘

u=cyr+d,y,

24




Lynapunov design

« Example 5

The system Parameters

dy €=V ™ Y
—F=-a,y, tku '

dt ¢:{¢,:|:{L‘U—cu:|
Do =gy, +kyu %1 Ldy=d,

dt N knx - al’ am
u=c0r+dnyﬂ cﬂ—k—p, dy = kp

Exercise: Derive equation for e,.

25

Lynapunov design

* Example 5
Lyapunov function
2k
— € P2 2
v(e,,q.9)= +2(@ +o
(@ 0) =+ 2@+ )

Exercise: Design parameter update laws to
ensure convergence of the Lyapunov function

¢ =—ae, vk, (@r+gy,)

26

Lynapunov design

« Example 5 e
v(eo,ce,@)=%+i(cez+¢f)

. — 2
v=-a,e, +kpqqe0r + kp(q_eoyp

Loy fogy
8 g8

e _{—geor }
= . |=
@ —86Y,

Question: Can we guarantee the convergence of ¢,?
Can we guarantee the convergence of ¢
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Lynapunov design

« Example 5
Lyapunov function

2k
V(e @.9) =2+ (@ + 97)
2 2g

Rule derived from The MIT Rule
Lyapunov stability theory ]

@ —ge,r s+a,
¢7: . = _ge y . u

é o7rd 92:}/ > Y |

B + am
28
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