where A, is defined in Claim 1 with y, = 7p. Define To show contradiction, assume that V,, — oo as
V, = 0T P,o then, we get that the difference equation k — oo. From the above we see that there exists
AV, = Voo, — Vo, along the trajectories of (k+1) = &* > 0, such that AV, < 0, which implies that
Aco(k) yields (> < clln(ko}|? for all £ > &*. On the other hand,
AV = Voo —v W0 < cllm(ko)®+e* N e (ko) for all b < k*.

* Thi T Therefore, (k)" < cllnlll” + ck* N7 yax ||z ko)l

= o¥{k) [A?P cAe — P, c] a(k). for all k¥ > kg. We conclude that there exists ¢ > 0
independent of T such that
It is easy to see from Claim 1 with -y, = 7p, that
2B < efiélholt  YE20. (3.15)
AV, = —7po” (k)P.o(k) From the bounds (3.11), (3.12), (3.14), (3.15), and
—rp(1 —1p)"0T (k)FT Fo(k) invoking Lemma 3 with ¥ = ¢, p = 2 and ¢; =
AV,, < -7p ||o-(k)|[§,c c(ma.x{ 5 T})I/ ? {(which is obviously proportional to
77U2), we conclude that there exist £ > 0 and A,
Using this bound we now evaluate the difference equa- proportional to 7, such that (2.2) holds. |

tion AV, =V, _, — ¥, where ¥, = n{k)7 Fa(k)
along the tra]ectones of (3.13) to obtam
4. Application to a flexible-joint robot

Ap;?k = V’TE—L - V’i‘k
< —1p "n(‘;‘:)"%c + 72N ||e(R) uic We apply .the }‘e-sults developed above ~t.o the (-:ontrol
120N e . ()] of the flexible-joint robot. The dynamic equations of
B . Pe . a single link robot arm with a revolute elastic joint
< —1(p—1)|Ink)lfp, +TN? le(E)I B, rotating in a vertical plane are given by

where we defined N = [|R,A;"KCA;"||. Evaluating 0+ Fid + ko — @) +malsin(@) =0
the sum from kg t0 oo on both sides of the inequality JnGa+ Fnge —fln — @) = u

above, and using (3.12) we obtain that ¥y = q
= oo in which q; and ¢ are the link displacement and the ro-
> AV, Ty {(p — 1) |In(k)|%, — eN? le(k)||” Lor displacement, respectively. The link inertia J,, the
k=ko =ky motor rotor inertia .J,,, the elastic constant k, the link
oo . ||E(ko)||2 mass m, the gravity constant ¢, the center of mass {
T(p—1) E (&), — GN2T and the viscous friction coefficients F} and F,,, are pos-
= itive constant parameters. The control u is the torque
delivered by the motor. Assuming that only ¢; is mea-
sured, u is to be designed so that 4; tracks a desired
reference gp1(f) where the parameters are assumed to

Z [I=2( k)" 'r(p 0 ("'fi(ko)" ||5(k0)||2) be known. Defining the state variables,
k=ko &1=q, &=q, £3=4 54 = g,

hence, setting gy, > 1 and since n = Q,2, we finally the model in state-space form is
obtain that

v

IV

which implies that

é1 = 52
o 1 .
P EOTR I (ko) | (3.14) & = -—'52 Sm(ﬁl) - —( —&)
k=kg \/_ .
€3 = &
where it is clear that ¢ is independent of 7. To deter- s Fm kL 1
mine the last bound, we recall that & = —7% € -&)+ g (41

2
AV < -Tlp -y + TN e (k) I7. - 4.1, Control design
Then, using lle()||p, < [le(ko)ll o, e¥7%9) | we ob-

. The system (4.1) is state-feedback linearizable by
tain that

means of the change of coordinates (cf. [5])
AV, < =70~ DV, +7eN (o)l e @ ER) @y = g,
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