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ABSTRACT The paper aims to address output feedback problem for a class of nonlinear systems subjected
to unknown dead-zone. High-gain K-filters is firstly designed such that unavailable states of system can be
reconstructed. Then, with the help of dynamic surface control (DSC) method, an adaptive output feedback
controller design is established, which can alleviate undesired influence of the dead-zone and guarantee
the semi-global stability of the system. Furthermore, the £, performance of tracking error is achieved by
means of initialization technique. Ultimately, numerical and practical examples clarify the efficiency of the

proposed solution.

INDEX TERMS Dynamic surface control, adaptive control, high-gain observer, dead-zone, nonlinear

systems.

I. INTRODUCTION

Motivated by the widely application of the industrial motion
control systems such as electric servo system and hydraulic
servo system, dead-zone characteristic existed in a large num-
ber of actuators of the industrial control systems has been
extensively discussed.

The pioneering work on control for nonlinear systems
subjected to dead-zone could be dated back to [1], where
adaptive dead-zone inverse compensation proposal was pre-
sented for a linear system with known bound of dead-zone
parameters. The proposal ensured global stability and asymp-
totical tracking for a full state available system. Similarly,
adaptive dead-zone inverse was constructed in [2], then linear
model reference controller was presented. More recently, the
research has been extended to strict-feedback nonlinear sys-
tems. In [3] smooth dead-zone inverse was delivered in order
that control performance of adaptive backstepping design can
be improved.

It is quite difficult to construct the exactly inverse of
various dead-zone models from another point of view. Thus
robust adaptive thought has been extensively applied to mit-
igate dead-zone. Instead of constructing dead-zone inverse,
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separating thought is accepted based on the dead-zone char-
acteristic: one is linear part and the other is “disturbance-
like”” part with unknown bound. In [4], a robust adaptive
dynamic surface control (DSC) was provided in order
to address the influence from unknown non-symmetric
dead-zone in a MIMO nonlinear systems, and initialization
technique was offered so as to obtain the Lo, performance.
When only input and output signals are available, [5] inves-
tigated an output feedback modified DSC based on track-
ing differentiator for a dead-zone nonlinear system. Both
steady state and transient performance are achieved under
assumption that all control functions are positive as well as
bounded. Furthermore, with the aid of the fuzzy logic systems
and neural networks techniques, lots of semi-global adaptive
robust strategies were published for nonlinear systems dis-
turbed by unknown dead-zone [6]-[9]. Other control schemes
concerning the dead-zone can be refer to [6]-[9] and the
references cited therein.

Based on the aforementioned results with respect to the
dead-zone, we note that most existing control methods
require the measurement of all the system states. Thus adap-
tive output feedback control is still challenging for nonlin-
ear systems with dead-zone. Moreover, [10] proposed an
adaptive output feedback control strategy for system sub-
jected to dead-zone input, but the transient performance
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could not be guaranteed, which may lead to some unde-
sired behaviors, such as bursting. While in [11], although
the transient performance is achieved, a complex dynamic
surface design has to be needed due to tracking error trans-
formation. Until now, the difficulties of output feedback con-
trol on system subjected to the dead-zone are both states
observer construction and relatively simple control strategy in
order that the undesirable catastrophic caused by dead-zone
can be counteracted and closed-loop stability is obtained.
Especially, steady state and transient performance could be
guaranteed.

This paper devotes attention to propose an adaptive DSC
control via output feedback for uncertain nonlinear systems
preceded by dead-zone input. The motivation for the scheme
is the high-precision control for some mechanical plans sub-
jected to dead-zone. The study makes these contributions:

« Unlike the common K-filters employed in existing out-
put feedback approach [11], unmeasurable states are
reconstructed by high-gain K-filters, which pave the
way for improvement of transient performance without
tracking error transformation.

« An initialization technique is incorporated into the DSC
for purpose of guaranteeing the L, tracking perfor-
mance. That is, just by adjusting the value of some
design parameters, steady state error as well as maxi-
mum overshoot of tracking error could be made arbitrar-
ily small.

The structure of the paper: Section II: Problem statement
and some preliminary knowledge are described. Section III:
An adaptive output feedback DSC design procedure by means
of high-gain K-filters is presented. Section IV: Stability and
Lo tracking performance analysis are given. Section V: Two
examples are provided to demonstrate effectiveness of this
design.

Il. PROBLEM STATEMENT AND PRELIMINARIES
In this paper, uncertain nonlinear SISO system is considered:

= Ax L) + D 0fi0) +bGOM+d (1),

i=1

y=ejx, )
where
[0 ] fir®)
A=|:p |, fim=| : |, 0<i=<r,
[0 - 0] Jin(y)
I an] g
GOy = ) ,d@® = : e =1 |,
| 200 én () 0
(2)
where x = [x1,x2,...,%,]7 € R"andy € R are state

vector and output signal, respectively; 6;, i = 1,...,r and
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b are unknown parameters; the nonlinear smooth functions
iy, i = 1,...,r, j = 1,...,n, and g(y), i =
0,...,m, (gm () #0) are known; p (> 1) = n-m stands
for the system relative order, and n, m are known constants;
d € R" is the external disturbance; u is unknown dead-zone’s
output formulated as [12], [13]

u(@) =D @) =mv () +h(@) 3)
with
—mbhy, v(t) = hy,
ht) =3 —-mv(t), —h<v() <h,, )
mhy, v(t) < —h.

where m, h,, h; are unknown bounded positive constants,
and A (t) satisfies

lh(D)] =

Invoking (1) and (3) yields

= max {mh;, mh,}. )

&= Ax +fo0) + ) 0fi) +buG () v
i=1
+bG(Y)h(t)+d (),

y=ejx, (©6)

with b,, = bm.

The control objective: besides the boundedness of all sig-
nals of the closed-loop system, the tracking performance
can be guaranteed under the proposed adaptive DSC control
scheme.

Assumption 1: Disturbances d; (t),i =1, ..., n satisfy

|d; (t)| < d; (7

with d;(> 0) being unknown constants.

Assumption 2: The sign of b is assumed to be positive for
simplicity.

Assumption 3: The reference trajectory y,4 is smooth with
v4(0) at designer’s disposal, and there exists a known compact
set such that [yg, y4, y417 belongs to it for all r > 0.

Assumption 4: The system

Xi = Xip1 +fol(y)+29ﬂ§l(y)+ i)
= 8n— p(J’)
_55:;(<yy)>xp+1, p+lzizn, ®

are bounded-input to bounded-output (BIBO) stable, where
Y0, ¥, X2, ..., X, areinputs and x,1 is output.

Remark 1: In contrast to the most related work [14]-[17],
system (1) takes g; (v) into account and the term bG (y) k()
caused by dead-zone cannot be directly seen as the bounded
disturbance, which will increase the difficulty of our control
design.
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lll. HIGH-GAIN OBSERVER BASED ADAPTIVE DSC
DESIGN
A. HIGH-GAIN K-FILTER OBSERVER

Firstly, design a proper vector k = [k1, ka, ..., k,]7 to make

k1
Ag=A—kel =| R ©
: 1
—k, O - 0

become Hurwitz matrix. Now, (6) can be rewritten as:

,
&= Aox +ky + o) + D 0i0) + buG (3) v
i=1
+bG () h(1)+d (1),
y = elrx. (10)
Owing to the only available output signal, the high-gain

K-filter observer should be designed to compensate effect of
dead-zone as well as to reconstruct unavailable states:

¢ =qA +¥ GO, (11)
@ = gAow + gky + ¥ (), (12)
£ =qAE+VT (), 1<i<r, (13)

where W = diag {1, q, ..., q"‘l} and g(> 1) is observer
gain chosen as a positive parameter. Then estimation of states
is given as

r
Vo + Y 0VE + by Ve (14)
i=1

x

To proceed, the estimation error is
€:=x—X. (15)
By means of (10)-(13), and (14), one can conclude
€ =Aec —qVke1 +bG () h(t) +d (1), (16)

where € is the first entry of €.
Lemma 1: Let

Ve =€l Pe, 17

where a symmetric matrix P = (\I/_I)TI_’lIJ_l, and P =
PT > 0, and P satisfies the equation

ATP 4 PAy = —2I, (18)

with I being the unit matrix. Then the following inequality
holds

Ve < —ceVe+De+¢' 00 (). g=1  (19)
with nonnegative smooth function o (y), and
Ge == L_, (20)
Amax (P)
|21 1\
D =g (—max> , (1)
qp
9 == (|P| bh)’, 22)
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where Amax (o) denotes the largest eigenvalue of e, ||d||1ax
presents the maximum value of ||d(?)]|.

Proof: We can get the relationship ¢/ Pe = €’ Pé by
using the coordinate transformation € = W~!e. And € could
result in

E=qAoe + V1 (BG ) h(1) +d(1)). (23)

Since Ao is Hurwitz, (18) holds for positive definite
matrix P. Define

- =&l Pe, (24)
and time derivative of V; along (23) is

Ve = —2¢€Té + 28" PO (bG (y) h (1) + d (1))

2UEN =0 -
< —2q|l€|* + %( |P] 221G ()
+ [P 141l max )- (25)

Meanwhile, there is a nonnegative smooth function o (y)
such that

IGOI*><o0®). (26)

Together with Young’s inequality and (5), one have

- 2 =07\ 2
P 1l imax P| bh
~q €I +4 (—” ” !p” ) +<—” q”p ) e

Ve <
< —¢eVe+De+q' "0 (). @7
Hence we arrive at (19). This completes the proof. [ ]

B. ADAPTIVE DSC DESIGN
On the basis of above observer, the adaptive DSC design can
be proceed smoothly.

Step 1. The first surface error is

S1=y—ya- (28)
Then
P
S1 = quw + 291' (g&i2 +fi1 ) + bwglo + fo,1 ()
i=1
+di (t) —ya + €2
= qoy + O" @ + bugtz +fo.1 () +d1 ()
—Va + €2, (29)

with vectors
@ = [bm, 91,..., er]T,
T
o =[0, ggro+fi1 (). .... ggr2+fa ] . (30)

where wj, & ;, ¢j, € denote the jthentry of vector w, §;, ¢, €,
respectively.
The first virtual control law is

0 =plyp = g[ =181 —qw2 —fo1 () +Ya — 1911f51],
(31)
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with positive design parameter c;. In the above, p denotes
estimation of p (= b,!), and ¢ denotes estimation of ¢, ¥ :=
max {9, 9o}, Ve is defined in (22), 9o := [|®|%, and Y =
Slo I 4+ ¢' =25 (v), 6 (v) is constructed as
0 = —— 32
oW S12+8Q(y) (32)

with § being a small positive constant. Subsequently,
the update laws are given by

>
|

= Yo UST — yomu?, (33)
—¥pqtopS1 — YpllpD, (34)

.
I

with adaptive gains yy, ¥, and positive design parameters

ng, np_'
Let &> pass through filter with constant 75:

nh+n=0 20)=%54(0). (35)
Stepi. (2 <i < p — 1) The i-th surface error is
Si =& —z. (36)
Then
Si = —qkiCy + qliy1 — i (37)

The virtual control ;41 is
_ 1 .
Siv1 = p (—ciSi + gkit1 + zi) (38)

with positive design parameter c;.
Let ¢y pass through filters with constant 7, 1:

Tip1Zie1 + 2ik1 = v, 241 (0) = L1 (0). (39)

Step p. The p-th surface error is
S,o =8p — Zp, (40)

then

So = —qkot1 +qlo1 + 4" Pgn V=25 (4D
Finally, the actual control v is

1

v —— (—cpS, + gkoly — +25), (42)
q1_pgm(y)( p9p T qkp81t — qlp+1 p)

with positive design parameter c,,.

Remark 2: As shown in (33), the estimated parameter ¥ is
a scalar instead of a vector with n + r + 1 — p parameters,
which not only can greatly reduce the computational burden,
but also make the controller easy to implement. Moreover,
the adaptive laws with dimension one are only used at first
step.
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IV. STABILITY AND L., TRACKING PERFORMANCE
ANALYSIS
Define

yi=zu—8 2<i<p. (43)

Same as that in previous DSC methods [4], [18]-[20],
from (11)-(13), (28)-(42), there are continuous nonnegative

functions Bjt+1,i = 1,...,p — 1 such that the following
inequations hold:
. 2 X . -
2+ o <B (Sl, $2,y2, 9, p, G»yd,yd,)’d) ., (44)
. Yi+1
Vi1 + rl_+1 < Biv1(Sts - Sivt Y2, oL Vinds
i+
9, B, € Ya. Ya. Ya). (45)
where & 1= 9 — 9, p:=p —p.
We can define Lyapunov function as:
V=0V (46)
with
1 1 1 - bm 5
Vi==S4+ i+ —0>+ 25+ V., (47
270 T 2727 2y 2y ¢
1
V,—553+2y,?+1, 2<i<p-1, (48)
1o
v, =552 (49)

Theorem 1: Consider the system (1) with dead-zone
input (3), high-gain K-filters (11)-(13), intermediate con-
trollers (31) and (38), first-order filters (35), (39), update
laws and actual control provided by (33), (34) and (42),
respectively. Suppose assumptions 1-4 hold. Then for any
given positive constants C1, Cy, if the initial condition of (46)
satisfy V (0) < C, and yfi + yf, + j% < Cy, there are parame-
tersg, c;i(i=1,...,0), (i =2,...,0), N9, Np, Vo, Vp
such that all signals are semi-global bounded. Furthermore,
steady state error can be made arbitrarily small. Specifically,
tracking error satisfies

lim |S;] < lim /2V < /g, (50)
t—>00 t—00 re

where r is a positive constant,

L Ny .2 bm’lp 2 1
=—(p—D+—v"+ == —
Q=3(p=D+0"+ > Pt
1 _
+§WMV+ﬁ+D9 (51)

Positive constants ¢, p and 9 will be presented later.
Proof: Define the compact sets

Q = {(Yds Vs Va) 1 VI A5+ < C1},
~ P p—1
Q = {(Sl,...,Sp,yz,...,yp,z?,ﬁ,e) : ZS?—FZy?H
i=1 i=1

1 - b
b 324 2m52 4 2T pe < 2C2}. (52)
Yo Yp
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It is easy to have compact set 21 x €2;. In the compact
set 21 x 29, there exist M;;1, the maximum value of Bjq
in (44), (45). Furthermore, from (44), (45) and the Young’s
inequality, we get

yl-‘rl

I /\

Vit1Yit1 + Mg yisl,

Ti+1
2 .2
Mi i
2t
where ¢ is arbitrary number. Considering Young’s inequality
and € = W le in Lemma 1, we have

A

L .
Mty lyiv1] < +5, I1<i<p-—1, (53)

1
$18 < S1y2 < _Sl + )

1 2 1 2
§S1+§S2, y2,

Siex < 512 +

2
q
1 V.,
2 €

2Amm( )
Sidi (1) < 57 + a2
— 2 1 2 )

uSlzﬁ@wTw 1

5107w < —,
10w = > + o
A ny =
39 <Mz M52
MUY= 2
o bun bmmp .
bunppp < =p* = =0 (54)
Using (19), (29)-(34), (53), (54), then
. . . 1 -2 by .. .
Vi = 81851 +yyo — —90 — —pp + Ve
Yo Vp
Lo, 1 2
< Si(=c181 + gbm (S2 +y2)) + 551 + 3 ldill
2
9 2 1 1 q
2 ! 2Amin (P) ‘ 2“ Amax (P) ‘
+94' (0 0) = 2 0) S) + 1o DD + by
2
Y2 szz
e D,
19 o 2t + 2 +
2
¢ 1\ o
§_<C1 qu_?_§>sl
(L gbe MI
(%) 2 2 72
1
— 4 _ — | v,
Amax (P) 2 min (P)
gbm _ _
+ 2253494 (0 () -2 5})
M 2 Moz bmlp 5 bl .o
W2 V5 U S G L i
3 I N A
iR+ L4p (55)
QI T Ty e
Similarly, the time derivatives of (48), (49) are
. )’2 1
Vi < —iS?+q (Sig1 +yirn) Si — =
Ti+1
+Ml+1yl+l L
2t 2
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and

Vo

— 2 _
=—CpS, = —

(56)

(co—%)S2—452. (57)

Substituting (55), (56), (57) into the time derivatives of

(46), we have

B (xm: ® 2xm; (P)) Ve

_71_19~2_bm’70 %) 1-2p 2

> 5 P tvq (Q (y) Q@)Sl)
L N9 42 bm’lp 2 2
—(p—1 —v di

+2(/0 )+ 2 +— > || l
1

+— +D.. (58)
2p

To ensure the desired objective, the following inequalities
for the corresponding design parameters should be held:

q>2}&max( )re+

€1

&)

Ci

v

v

Amax (P)
Amin (I_))

’

2

q 1
>qb + =+ -+ 7.,

2 2

(59)
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Moreover, from (32), rewrite #¢' =% (0 (v) — & (y) S7) as

ﬂfhgoo<1 :

- )
I+

). Obviously, if S > +/8, then

9q' 2 (0 (») — 0 ) .51'12) < 0, while on the other hand,
if §; < /8, the term ¥¢' =% (0 (y) — 0 () S7) has an upper
bound, which we denote as 3.

Viewing (55)-(59), the time derivative of (46) satisfies

V<-2rV+0 (60)

with Q defined by (51). Let r satisfy

0

Thenif V = C,, we have 1% < 0.Hence, given V (0) < C,
one can obtain that V (¢) < C3, t > 0. Further, according to
(60), we obtain

0

V() <e 2V (0) + — (1 - 62’6’) , =0, (62)
2r¢
Hence,
lim V(1) < 2, (63)
t—00 2r¢
and
lim |[S;| < lim V2V < /g, (64)
t—00 —0o0 Fe

from which we note steady state error could be made arbitrar-
ily small under sufficiently large r.

From the above analysis, V' is proven to be bounded, and
then S1,...,8,, Y2,..., Yp, 9, p, and € are bounded.
Moreover, yg is bounded due to Assumption 3, which implies
y is bounded. What is more, the nonlinear smooth functions
fij ., & (), 0 (v) and g (y) are bounded, and then w, &; and
Y are bounded. Note that

x=Wo+ Y 0VE+byVE +d (1) +e, (69

i=1

and Assumption 1, which implies that ¢; is bounded. View-
ing (31) and (35), we have zp is bounded. Then it can be
checked from (36) that ¢ is bounded. Similarly, we obtain
that z3,...,2,, {3,...,{, are bounded due to (36)-(40).
From (65), we can know that x;,...,x, are bounded.
With Assumption 4, x,,1 is bounded. Furthermore, {,41 is
bounded. Then, according to (42), we can get bounded v.
Also, from (11), we can get bounded ¢. Hence, we have
shown that uniformly ultimate boundedness is guaranteed for
all signals in the system. [ |

Until now, we only discussed steady state tracking perfor-
mance. Transient state performance also should be consid-
ered. What follows is a conclusion aims to solve the problem.

Theorem 2: Consider the system discussed in Theorem 1.
Select initial values of high-gain K-filters (11)-(13), update

109340

law (33), (34) to be zero and let w; (0) = y(0), yq (0) =
¥ (0). Then V (¢) can satisfy

0

max (P )

A
Vi) < o=+ =5 e O, (66)
Te q
and L tracking performance satisfies
0.2
ISilloo = \/r— + ?)»max (P) lle ()1 (67)
€

Proof: Lety, (0) =y (0), and by (28),
$1(0) =y(0) —yq (0) =0. (68)

We set the initial conditions of (33), (34) to ensure 5 0) =
0, p(0) = 0. From (31), g:z (0) = 0 can be obtained. Hence,
22(0) = 0, z2(0) = 0 are achieved by considering (35).
Similarly, in light of (36)-(40), we can deduce

Si(0)=0, 2=<i<p. (69)
Moreover, together with (35)-(39) and (43), we have
yi+1(0) =0,

Noting (46) and (59), and from (69) and (70), we can get

l<i<p-1. (70)

1 b
V() = —9%+ 2p* 4+ V. (0)
2yp 2Vp

1 9 .2 bmnpz
< — ([ Z92+ 2252 )+ V. (0
_2r€<2 2 P <@
0

2re
Now, substituting (71) into (62) yields

V@) < % + €T (0) Pe (0) e <!

2
% +homas (P) |97 ©) H2 (72)

=

+ Ve (0). (71)

+ €T (0) Pe (0)

IA

A

The initial conditions of the K-filters imply that &; (0) =
0(l<i<r), ¢(0) = 0. We can deduce that x; (0) =
w1 (0). Considering € = x — X and w; (0) = y (0) = x; (0),
it can be obtained that €; (0) = 0. Then for ¢ > 1, we have

_ 1
[vte] = e (73)
Thus, we get the upper bound of V (t) as follows
Amax (P
vms§+ﬂéﬂmw, (74)
Te q

which implies that £, tracking performance

H&MS”@WLSJ%+%Mm@”dWR (75)

Therefore, by tunning the design parameters in (59),
we can make the Lo performance of tracking error,
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namely ||S1[, converge to arbitrarily small region of the
equilibrium for all initial condition. [ ]

Remark 3: From (75), the high gain ¢g of the high gain
K-filters is crucial to guarantee the transient tracking perfor-
mance. And the common K-filters only ensure the steady state
tracking performance, cannot obtain the transient tracking
performance.

Remark 4: In the proposed controller, design parameters
q, ¢ci,i = 1,...,0, Tiy1,i = 1,...,0 =1, ny, np, and
adaptive gains yy, ¥, should be adjusted for a good transient
tracking performance, then tracking error in (50) and (67) can
be reduced. Since there are no explicit guideline to quantify
the relationship of these parameters, some suggestions are
given for obtaining good tracking performance.

« By (50), increasing the value of r. can reduce the track-
ing error. Further, in view of (59), increasing the values
ofg, ¢;,;i=1,..., p, ny, npand adaptive gains yy, ¥,
and decreasing the values tj41,i = 1,...,p — 1 is
able to make r. larger. However, the increase of ny, 1,
will cause the increase of Q in (51). Based on the above
observation, we can fix 1y, 7, firstand Q is independent
of r.. By this means, r. can be arbitrarily increased
without increasing Q and the maximum overshoot of
tracking error is arbitrarily small.

o Theoretically, we can arbitrarily increase ¢, c¢;,i =
I---p,, ¥s, Vp, and reduce 7;11,i = 1---p — 1
to increase r. and make the tracking error arbitrarily
small. From (11)-(13), (30)-(35) and (39)-(42), however,
the tuning process may result in large amplitude of con-
trol signal. There is no effective method to relieve these
phenomena, which would be an interesting problem in
the future.

V. SIMULATION EXAMPLES
Two examples are provided to verify effectiveness of devel-
oped design.

Example 1: Consider the system with external disturbance:

X1 =x4+y+y>+0.1cost, x; (0) =0.1,
i = 0.5y + (1 +y2) +u+03sinz, x (0) =0,
y = X1, (76)

which impliesn =p =2, r =1,

2
fo(y)=[0_y5y] f1<y)=[11y2],
0 0.1cost
G(y>=[1], d(z>=[0_35m], (77)

and dead-zone parameters are m = 2, by = 0.5, h, = 0.3.
The reference trajectory is y4(= sin (2t) + cos (¢)), yq (0) =
0.1. According to (11)-(13), the high-gain K-filters character-
ized by
{ =qAot +V TGy, ¢(0)=0, (78)
» = qAow+gky + ¥ 'fo (3. @ (©0) =0, (79)
El=qA&i+ Vi), E(0)=0, (80)
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T T T T
= System output y
= = Reference signaly, |

e
3

o

o
3

o0

Tracking performance

o

»
o

&

. . . . . . . . .
0 5 10 15 20 25 30 35 40 45 50
Time(sec)

FIGURE 1. Tracking performance for Example 1.

0.03

Tracking error

-0.02

-0.03

0 5 10 15 20 25 30 35 40 45 50
Time(sec)

FIGURE 2. Tracking error for Example 1.

100

80

60

40

20

Control signal v

-20

-40

-60

. . . . . . . . .
0 5 10 15 20 25 30 35 40 45 50
Time(sec)

FIGURE 3. Control signal v for Example 1.

with ¢ = 4, and

2 [-21 4 _[ro
k_[z],Ao_[_zo],w _[01/4]. 1)

The design parameters are ¢; = 120, ¢ = 10, ny =
0.00005, 7, = 0.00001, o = 0.01, § = 0.1, u =
1, o (y) = 1.6y* and the adaptive gains yy = 80, vp = 30.
The simulation results in Figs. 1-3 demonstrate our developed
scheme. Fig. 1 and Fig. 2 depict the tracking performance
and tracking error. Fig. 3 illustrate control signal v. Then we
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0.04 T T T T T
= = ‘without initialization
0.03 — with initialization
12
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£
x
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=
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. . . . . . . . .
0 5 10 15 20 25 30 35 40 45 50
Time(sec)

FIGURE 4. Tracking error obtained by initialization for Example 1.

0.04 : : ! ' i
— = .common k-filter
0.03 ——high-gain k-filter ||
0.02
»
S
@
o 1
< \ \ 'l
1 1
g -0.01 ! i \ ' . /
=
-0.02
-0.03
-0.04

0 5 10 15 20 25 30 35 40 45 50
Time(sec)

FIGURE 5. Tracking errors by common and high gain K-filters for
Example 1.

increase the values of g, c1, c2 to 10, 200, 100 respectively
and decrease the value of 7 to 0.005. The simulation results
for tracking error is given by Fig. 4. It is clear that L, track-
ing performance can be guaranteed by the control scheme
with initialization and the correctness of the Theorem 2 is ver-
ified. Moreover, in contrast to the common K-filters in [11],
the high gain K-filters exhibit better tracking performance
in Fig. 5.

Example 2: Consider single-link robot motion dynamic
model [21]:

Mgp + 0.5mogl sin (gg) = 14 + 10 (t),
Yy = qp, (82)

some detailed description of the model can be referred to [21].
no (¢) is the unknown time-varying disturbance. Then let x; =
g, x2 = gp and (82) can be rewritten as:

X1 = x2, x1(0) =0.1,

b = 8 G ) St g, 12 (0) = 0
= - msin() + ity 12 (0) =0,

y = X1, (83)
which implies 1y = () , an

mw=B]ﬁw [m@]

0
G@)=[1]’ ) = |:s1n(05t)+0200s(t):|' (84)
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FIGURE 6. Tracking performance for Example 2.
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FIGURE 7. Tracking error for Example 2.

150
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Control signal v
o

-50

-100
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. . . . . . . . .
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Time(sec)

FIGURE 8. Control signal v for Example 2.

M =0.5kg/m?, g =9.8m/s>, mp=1.0kg, I =1.0m.
The parameters of dead-zone, the reference trajectory and the
high-gain K-filters parameters are the same as those of exam-
ple 1. And design parameters are set as ¢; = 200, ¢; = 1,
ne = 0.00005, n, = 0.00001, 7 = 0.005, § = 0.1,
w =1, o0 (y) = 1.6y%. The adaptive gains yy = 80, vp = 30.
Figs. 6-8 show the validity of the developed scheme and
satisfactory control performance is obtained.
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VI.

CONCLUSION

An adaptive DSC strategy with high-gain K-filters is pro-
posed to cancel undesirable influence from input dead-zone
in this paper. Also, it can be shown that design complexity
of controller is greatly reduced due to the first order filters
and simplified adaptive update laws. Moreover, the explicit
function of Lo norm of tracking performance is given.
However, our control design only can guarantee stability of
closed-loop system in the sense of semi-global stability, and
thus more attention should be paid on this problem in the
further research.
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