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Formulating the tracking problem

Reference robot:

T, = vycC0Sb,
Ur = vpsinb,
0, = w,
Find control laws
v = v(2,9,6,%r, Yr, br, vr, wr)
w = w(z,y,0,2, Y, 00, v, wr)

that yield
Jim |+ Py 16— 0, =0



S

Ty — T
Yr — Y
6, —0



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

J-o8 Be 1
v o= Myt CiZe +'yyevr/ cos(sbe)ds  7v,cp >0
0
w = wy+cel, cog >0

yields
tliglo | Ze| + |Ye| + |0} =0

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



A simple kinematic model containing a parameter
L

—

= wpcosb
vsinf

2tabngb

I



L Formulating the tracking problem

Reference robot:

T, = v,cosb,
UYr = Vpsinb,
: v
é’r = fr tan ¢,
¢r = Wy
Find control laws
v = U, 9 F:T)yragraqbryvrawr)

|l

w w(a:,y,@, qb,‘a:r,y,«,ﬂr,qﬁ,.,v,.,wr)

that yield
Tim [ 2y — o+ 10% 6, + 0P =0



How to formulate the adaptive Tacking problem?

Reference robot:

br

v, cOS 0,

v, 8in 6,
Uy
L

Wy

tan ¢,

Find control laws for v and w that yield

lim |z - o + [P g,

t—o0

+ Gy 01+ |- o8P= 0

where L is an unknown parameter.



How to specify the dynamics of the reference robot:

Ty
Yr
6r
Or

= v,cosf,

= v,sinb,
v
= f tan ¢,

= wr

Not by specifying z,(t), y-(t), 6,-(t), ¢.(¢)! Since:

%, 08 0, + 7, sin 0,

v
— tan ¢,
r
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A first attempt

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

[-’Br,yr, 97"; ¢T’)U1":w‘r‘] = f(mr;jsrairaxg-:i)ayraymyra yS-S))

This can be seen as follows:

T, = vpcosb, 6, = arctan(y,/z,)
Yr = vUpsinb, vy = /32492

0, = % tan ¢, ¢, = arctan(LO, /v,
q'S,. = Wy Wy — Qgr

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

If we specify x,(t), y,(t) we obtain

6, = arctan(y,/z,)
o = VI

¢» = arctan(Lb,/v,)
wr = ¢

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

e z.(t), y-(t), 6,(t), vr(t) are independent of L

e ¢.(t), wr(t) dependent of L.

12



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), 0-(t), vr(t) independent of L

e ¢.(t), wr(t) dependent of L.

Find control laws

v — @Jya EE’"’ 7‘:91"7’07‘)
f’o
w w('a:,y, 7¢;\-’Er_:yr:9r:vr) ,,‘

_ VOT ¢.»," ...V
that yield

Jim log ot [y 31+ 1G5 6 g br1 =0
“Loeg o ol

i (el ¢ “dgeds’’
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[ Do we need flatness?

Two 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 = wcosl
y = wsinf
6 = Ztang
= 7 an
b= 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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L Example 2

Consider the system

&t = wcos(f+ ¢) (5)
y = wvsin(f+ ¢) (6)
b = T sin ¢ (7)
¢ = w (8)

with inputs v and w.

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

d ~o(t) . -
E(9+¢)(t)— I sin ¢ + ¢

which (knowing ¢(0)) gives ¢(t). That also gives 8(¢) and w(t).
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By specifying z,(t), y(t) we specify the entire reference dynamics:

o z.(t), y-(t), (0 + &, )(t), vr(t) independent of L
o ¢.(t), 6.(t), wr(t) dependent of L.
Find control laws

v = v(z,v,0,9, T, yr, 0p + dr, vr)
w(:z:,y, 9, ¢, Ty, Yr, 91' + ¢r7v1‘)

€
1

that yield

tllngo|x_$ri+|y yr|+|9 9r|+|¢ ¢r| =0
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l Example 3

Consider again the system

£ = wvcos(f+ ¢) (9)
Y vsin(0 + ¢) (10)
¢ = w (12)

with inputs v and w.
We can also prescribe ¢(t) and v(t).

Then we also obtain w(t), 8(t) (using 6(0)), z(t) and y(t) (using
x(0) and y(0).
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By specifying x,(t),y,(t) we specify the entire reference dynamics.
e ¢,.(t), v,(t), wy(t) independent of L.
e z.(1), y-(t), 6,(t) dependent of L
Find control laws

v = U(m,y,ﬁ’,é,qbr,vr,wr)
w = w(ma'y,97¢>¢ravrawr)

that yield

tim Jo |+ ly— vl £16 6,4+ 16— ¢, =0
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Proposed formulation of adaptive tracking problem

Consider a system & = f(z,u,0) with # € © a vector of unknown

constant parameters
e Specify y,.(t) such that
Yr(t), 2-(0), ur(0) = xf(t), uﬁ(t)

e Define a class Z of signals determined by y,.(t) and z,.(0), u,(0)
that are f-independent (in a sense g% = 0).

Find a controller u(t) depending on z(t) and elements of 2, i.e.

u = u(z, 2), such that

lim [la(t) — 4(2)] = 0
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l Remaining questions for further research

What to choose for y7

How to define 27

How to determine the largest Z for given y?
choice of y < richness of 2

How to solve the adaptive tracking problem?
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