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L Formulating the tracking problem

Reference robot:

T, = v,cosb,
fy'r - Uy Singr
87" — w‘l"
Find control laws
v = v(@y,0,@0 Y, 0 vm0r) g
a!?‘"’o '
w = w(wayagawr7yr79ﬂv7’7wr)
e

that yield .
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Several solutions have been found, e.g Jiang, Nijmeijer :

o8 B 1
Vo= 8+ CypTe +'yyevr/ cos(sfe)ds  ~v,c >0
0
w = wy+ ceb, cg >0

yields
tIiIIl ,xei | lyel | lﬁel 0
—00

provided either v, 4 0 or w, /4 0.



A simple kinematic model containing a parameter

= vcosl
— wpsinf

v
— tan¢



Formulating the tracking problem

Reference robot:

T, = v,cosb,
Y = Uysiné,

. Uy

6, = tan

. ™ L ¢T
qbr = Wy

Find control laws

v V\Z, 9 xr,yra r:d’r;'vraw‘r)

W(LU %9 (Jb ZryYr, r:qsra'vmwr) 4*’

W

Il

that yield
lim |:Lm :E'bl -+ ly ::ﬂ +10  vq + 'Qﬁ‘ ‘351‘#‘—
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How to formulate the adaptive "fa,cking problem?

Reference robot:

T, = vycosb,
U = vysinb,
. ’Ur
97‘ = e tan ¢r
L
(}51" = Wy

Find control laws for v and w that yield
: - ) L (
tEHQO |a:”— xrl‘Hiy yrl‘f‘l%‘ 91‘""'% ¢r*)=0

where L is an unknown parameter.



How to specify the dynamics of the reference robot:

i,
i
0,
br

v, cOS 0,

I

v, Sin 6,

v
= fr tan ¢y

Wy

Not by specifying z,.(t), y.(¢), 0,(t), ¢r(1)! Since:

Iy 08 0, + 7, sin 0,

v
— tan ¢,
T
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{ A first attempt

We know that [z,.(t), y-(t)] is flat output, i.e.

(3))

[:L'ra yra 97‘; ¢ravrawr] — f(wra d:ra ji.r:m£3)) yrayr;yra yr

This can be seen as follows:

&r = wrcosby 0. = arctan(gy,/&,)
Y = vpsinb, v, = \/m

0, = r‘zﬂtaﬂ Dr ¢r = arctan(Lb,/v,)
b = w wr = ¢y

So by specifying [z, (t), y-(t)] we can recover the entire state.
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{ What signals can we use in control law?

If we specify z,(t), y-(t) we obtain

#, = arctan(g,/z,)
o = Va2 +§?

¢r = arctan(Lb,/v,)
wr = ¢y

What signals can we ‘use’ if L is unknown?

o z.(t), yr(t), 6-(t), v.(t) are independent of L

e ¢,.(t), wr(t) dependent of L.
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] A way to formulate the adaptive tracking problem

By specifying x,(t), y-(t) we specify the entire reference dynamics:

o z.(t), yr(t), 6,(t), v-(t) independent of L

e ¢.(t), wr(t) dependent of L

Find control laws

v = v(g,y,6,8,&rYr0r0r)
w = w(z,9,0,,2yr,0r,vr) b,

that yield

Jiro, |7y o+ Yy Yr1 + Gy o3 % p¥P=0
Losi e

{owie -7
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Do we need flatness”?

T'wo properties of a flat output are:

e Dimension of flat output = Number of (independent) inputs,

e We can reconstruct the state and inputs without integrating.
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Example 1

Consider the system

T = wvcosb
y = wvsinf
6 Y tan ¢

7 an
é w

where v, L are parameters, w (only) input.
Not (dynamic) feedback linearizable = no flat output.

However, we still have that by specifying z,(t), y-(t) we specify the
entire reference dynamics.
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Consider the system

with inputs v and w.

Example 2
t = wcos(f+ ¢)
y = wsin(f + ¢)
. v Sin
6 = 7 %&n )
¢ = w

P II;'-J “

(5)
(6)
(7)

(8)

From z(t) and y(t) we obtain v(t) and (0 + ¢)(t). Then (7,8) yields:

which (knowing qS(O)) gives ¢(t). That also gives 6(t) and w(t).

(9 +¢)(t) =

16

(t) 5in

g+ ¢



By specifying z..(t), y-(t) we specify the entire reference dynamics:

o z.(t), y-(t), (6 + &,)(t), vr(t) independent of L

e ¢.(t), 0,(t), wr(t) dependent of L
Find control laws

v = U($1y797¢:xrayr59r+¢ra'vr)
W o w(x7y797¢:$rayr79r+¢r7’vr)

that yield

tﬁf&lx"wrl+ly—yrl+l9—9rl+|¢—¢r|=0
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| Proposed formulation of adaptive tracking problem

Consider a system with state z, input u, unknown parameters 6

Look for a f-independent () tﬁé% aetermine&(t)?’h(t)

Specify a reference y,(t) = zo(t), uf/b (1w~ Ib\,uloﬂ

Define a set K of signals given by y,-(t), not depending on 6.

Find a controller u(¢) depending on z(t) and elements of X

such that

lim |(t) — 2.(8)] = 0
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| Remaining questions for further research

e How to find a f-independent y that determines z and u?
e What are ‘useful’ choices for y(t)?

¢ What can be said about X7

e How to solve the adaptive tracking problem?
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