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Appendix A  Proof of Theorem 1

The following lemmas are the key tools for the proof of Theorem 1, which can be found in [4,6].
Lemma A.1 For any p € Rfdld :={s € R: s >1 and s is a ratio of odd integers}, the following inequality holds:

ef(—e+a)P —aP] < —2'"PePtl Ve a € R.

Lemma A.2 Let x,y be real variables. For any positive real numbers m and n, and positive real numbers a and b, the
following inequality holds:

—m/n
az™y™ < blz|™T" 4 rzn (m:);n) almtn)/ny=m/n, min

Lemma A.3 Let p € R and x,y be real-valued functions. Then

odd’
2P — y?| < plo—yl(@P~ ' +yP7 ).

Proof of Theorem 1. The proof includes two steps

Step 1. Define z1 = 1 — v1 and choose V; = 221, then from (1)-(2) we have
Vi = d(t)z1 (25" —vf') + d(t)z1 (ah — 25"") (M.1)
= d(t)z1(z3" — (v3")P1) +d(t)z1 (2" —a5"), '
where 71 = 4 > 1.
Choosing the virtual controller x5 as
x5 = —k1z1 + vgl, (M.2)
where k1 > 0 is a constant. By (M.1)-(M.2) and Lemma A.1 we obtain
Vi < —21- Pld(t)k;p1 pitl d(t)zl(zgl - ac;m) (M3)
kpl 1 .
— o= d()2 T 4 d()z (@B — 23,
Step 2. Define z2 = x2 — x}, from (1)-(2) and (M.2) we have
2o = X9 — 1-2 — q(up2) + ,Ylv’h—l q2 4 kld( )( P1 ,vgl). (M4)
Choosing V' = V1 + %z%, from (M.3)-(M.4) we get
V = Vi 4+ 2222
kp *
< i dO 4 dOn ' - ) (M.5)
+22(q(uP?) + v T P + krd(t) (@Bt —vdl)).
By Lemmas A.2 and A.3, there exists a real function p1(z2,23) > 0 such that
zi(aht —z3") < pi(w2, x5)|z1] |22 (M)

kll) p1+1 iJﬁl
< 572 + B1(k1, p(+)) 2y ;
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Figure B1 The responses of closed-loop system (M.10)-(M.12).

where

p1() = pr(ab Tt i,

1 +1
2 p1 1 )Pl plT
fuo) = B ()T O

Substituting (M.6) into (M.5) yields

1o B
— e+ Bt 4 B (A2 + 2 (a(up?) + e o
+hid(t) (=5 — v3")) (M.7)
kP '

.
—grd®) T+ B1()d(D)zg" + z2(q(wP?) + 03t T o+ kid(8)(ah — vf")).

By (M.7) and Assumption 1 we have

V<

1

. +1
V< - 2p1 /\Z“H +uBi1()zg" 4 za(q(uP?) + o)t T 4 kypladt — v [sign(z2)) (M)
kP11 _ .
< _21T1>\ 2Pt ( DY )\+kd)z§+zgv+22q(up2),
where kg > 0 is a design parameter and
1 kp 1—1 1
= ppi(-)zg + ( LA+ kd) zo +y1vg9t T 0P 4 kiplabt — ot [sign(z2). (M.9)
Appendix B A Simulation Example
Consider the following system
@1 = (5 + fsin()z2, d2=q(u), y=mz1. (M.10)
The reference signal v; is generated by the following exosystem
U1 = (% + %sin(t))vg’, Uy = —v1. (M.11)

Obviously, 0 < A = i <d(t) < % = u, Assumption 1 is satisfied. Let e; = 1 — v1 denote the output tracking error. By
following the design procedure developed in Theorem 1, we get

2
v = (g% + % + kd>ZQ + 3v3vy + %qu/(:vg — v3)2sign(z2),
2 (M.12)
=
(1-6)y/2202+n2
In the simulation, we choose § = 0.4,n7 = v40,k1 = 2,p1 = 1,k = 1 and the initial values z1(0) = 0.18,z2(0) =

—0.5,v1(0) = —0.12,v2(0) = 0.05. Fig. 1 describe the responses of closed-loop system (M/.10)-(M.12), which proves the
effectiveness of the proposed scheme.
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