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L Rigid robot manipulator

A rigid robot manipulator with revolute joints
can be described as

M(q)g+C(q,q)g+G(q) =7 (1)
q n X 1 vector of joint displacements
T n X 1 vector of applied torques
M(q) n X n manipulator inertia matrix

C(q,q)g mn x 1 vector of centripetal and
Coriolis torques

G(q) n X 1 vector of gravitational torques



Problem formulation ]

Design a controller for + that globally steers
the system

M()i§+C(g,9)¢+G(g) =T

towards any desired trajectory g4(t) € C? under
the input limitations

(1) < Tmax,i
provided q, satisfies

laa(®)] < Bo | da(®)ll < Bi lga(®)]] < B2



Composite controliers r

Approach used

e Find tracking controiller whose region of at-
traction contains the set

{(e,;€) | liell < BoAllell < Bi}
where e = q — q4.
e Find globally bounded regulating controller.

e Combine both controllers.
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L The classes F* and B"

Definition of F™.

All continuous functions f : IR™ — IR™ for which
there exists an F': IR" — IR such that

(e, ,an) |

OF
f@) = 5-(a) =

i aawin(.’ﬁl, .. ,11711,)

and for which zf f(z) is positive definite.

Definition of B™:

B2 7'M Lo



Examples:

o f(x) = Alfs(=),..., fa(x))T where f; non-
decreasing with f;(0) =0 and A = AT >0
diagonal

e f(z)
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Globally tracking controllers

E

The control law

T = M(q)§g+C(q,9)da+G(a)  fi(é)— fo(e)

where e = ¢ — g4 results in the closed-loop sys-
tem

M(Qé+C(g,dét+  f(e)+  fale)=0. (4)

Proposition If f; € Ct, f» € C?, %%(O) > 0
then () is globally asymptotically stable

Corollary If g4 is a fixed point then @) is glob-
ally asymptotically stable. (F,.f‘ GC"J

Note that in case ¢4 is a fixed point the con-
trolier reduces to

T = G(g) f1(€) f2(e)
which for fi, fo € B™ is boundea



Proof Consider the candidate Lyapunov func-
tion
. 1.7 .
V(t,e,é) = Z& M(q)é + Fa(e)

It’s time-derivative along (1) becomes

Vited = M@+ e Mg +¢Ta(e)
T[-Cla,)é ~ 11D + 56" M(@e
= M)~ Ca, D)~ TN (&)

= —e'f1(e)

which is negative semi-definite in (e, é).

Finish the proof of the proposition using Ma-
trosov's Theorem, where

A s

Wi(t,e,e) =V(t e, é)

Finish the proof of the-coroliary using LaSa
invariance principle.

S
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Composite controllers that solve the
bounded globally tracking probiem (I)

Consider the system (1) Then there exists
a switching time ts > O such that given any
is > ts the composite controller

( G(g) — f1(@) — f2la) t<is

M(q)dg + C(g,d)qqa+ i
L G(q) — fa(é) — fale) t=>ts

results in a globally asymptotically stable closed-
loop system

(3)

Furthermore, if f1, fo € B™ we can determine a
Tmaz SUCHh that the controller (3) satisfies

()| £ Tmaz VI 2 0
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Composite controllers that solve the
bounded giobally tracking problem (II)

Consider the system (1) Then there exists a
switching time t; > 0 and a A > 0 such that
the controller

T=1[1—-sA( ts))r1 +salt—1ts)m
where
T1=G(q) (@ —  fag)
To=M(q)4q+C(q,4)a4+G(q) — Vé(é) ffe)

results in a globally asymptotically stable closed-
loop system

Here sap : IR — IR is a smooth nondecreasing
function such that

O <0
splz)=+¢ ... O<z<A
— 1 A<z
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Examples of such sa(xz) € C* are given by
’ 0 x <0

~— -

1 _a__ _ a 1
5€XPp |_:v(:1:—b) IALAD) O<z<5A

a

_1 a _ 1

VAN

wherea >0, A >0.

‘g .
por-
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Controller used:

T = M(q)dg + C(q,9)dq + G(q) — Kpe — Kz4¢
where

76 o]

B 50 O
Kp_[o 6.0 ]

Kd:[ 0 5.1

Composite controlier
T = Sat(G(q) — Kpe — Kg¢)
until V5(t,e,¢) < 20. From then on.

T = M(q)dq+ C(q,4)44 +'G(Q) — Kpe Kge
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[LConcIusions )

e Composite controllers can solve the globally
bounded tracking control problem not only for
rigid robot systems.

e A drawback still exists in the time-varying na-
ture of the composite controlier

e How to obtain the best performance possible
within prespecified bounds on the input, is an
interesting question for further research
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