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An Adaptive Control Scheme for the Nonlinear

System with Unknown Dead Zones

LI Lei-lei

(College of Mathematics and System Sciences, Shandong University of Science and Technol-
ogy, Qingdao 266590, China)

Abstract: An adaptive fuzzy control scheme is proposed for a type of stochastic strict feed-
back nonlinear system with unknown dead zones. In this scheme, the complexity of the re-
gression method is dealt with by command filtering, and the error compensation mechanism
is introduced to overcome the shortcomings of the dynamic surface method. And the use of
the boundary information of dead zone slopes makes it unnecessary to establish inverse dead
zones for unknown nonlinear systems. The advantages of the proposed scheme are that the
filtering error is eliminated by establishing a compensation signal, that only one necessary a-
daptive parameter is necessary, which makes the control scheme more effective, and that the
control scheme ensures that all the control signals in the closed circuit system have a bounded
final uniform probability and the tracking error converges to the corresponding compact set.

Key Words: adaptive tracking control; stochastic nonlinear system; command filtering

E4TIH: X AR ¥ES T H (61402265); 1 R B H K2 0F 9% 4 0 9 & & Wi 3
(SDKDYC170344) 5 IR 44 Z& 124 F W5 R 410 H (2015 TDIH105) 5 75 5 -1 J5 B I BFZE 5 H (2016118)

EHE B 2 H (1992—) B I AFE M A A0 - B 5 2, F2 8 A 1 3 oy AR 4 ) B 38 0 B ML A
LRGSR .



-2 - A

% 31 %

0 35

bl =5 N = BrigVR ¥ i F Y e k] e M
)2 56 . 765 B B I F2 v, A58 8 1
22l PH SRR D R G R P B BOR A UL R R 5
AR M AR F THE il B2, P b 78 42 ) %
it N R R EE T
). FESCHRC3 T, — A6 T 000 22 i R 26 &
LI B I AR ) O ik e e . AESCER[ 4 ]
P I O AR ] 2 A WA AL
N P T — o B0 4 ) 7 v Sk A 2
W ONEER B ) B . R IE T R4 R TR
GRS A AR PR SE XN FE SRS I3 T —
ERSE AN ERLITA N (LT =S

SRHNFE X 24 B BLAE SE bR 00 3F 2k R 46
LR 5 B R GAFRE - T B R 1
W, I, T AR S R G0 E M4 T A
P 2R G0 00 Bt A — AMELARF T R 2R B 1)
B, BEXAEF 2 LR RS h & N
ROVERE . B0, 3 1k R G AL a0 TE 4R
WAE ] AR HL LY S, X B R SR A AL X
N TEACHEE bR W 2 7 0 . 7R TE SE X 2 3
V2 R X — ) AT 2 TR AR Tz
I SY . EHISEX A ik R — A
H & AEIX s R, SCRk [ 10 ]5% H AR e
AL 264 3 125 . %8 £ 460 B0 5 0 581X 4t B 1X.
PEATEAME . SCHRL 1R 3 B8 X 3% ) B8
RAMER R BB ARG &I T — A B
H a3 7k . SCERC12 T i 51N 6 i i a8
PRECBE IR, B it T — P B 38 B 5 s i i
HoAts 7 i a0 R 2 W4, SCR (13 1 it 17—
A H 1 R 35 ) 28 L R A D AE Tolk B i 6 R 48
BOLK ) A P ) 8, HE SR 14 ] s B0 4%
TR 2P 2R 5 5 50 4 R SR 04 R L4 o SR B IX.
FHCAEF T R B 8T N 2 %
.

VP2 W5 T etk RS FE XA RS L AR . 7
SEBR 2 55 JE R R 526 IX 00 T4 AR L
B ], BRI AS ) 8, 2 — 2R AR R
SR HIN AL T — DT AMEES I B d AR
W 7R, T &k 60 JE 4k 20 X R A,

A 5T SE R T A2 FE X 5 N K R Gi e E 1 5
M, EEH T P IR RS R E P PRIE T IR RS
A fES ek —3E % It H RGN B R
B SIB] —A B NAR IR . AT S 0 B 5T A5 TR
FHETE RO RMEX RFEI A # T
TR 8 B IR EAMEE S RGN T
Wl e .
1 (@5
2 8T T B AR R P FE AL 4B R ik R 4
de, = (f: (x4 g @Ha DA+, () dw
Jlgign—l
ldx,,(f,,(I)—|—g,,(r)u)dt—|—%,(r)dw’
Y=
/H\:':Pal'z :[1.] Y Ty s "'»1‘,}T ERi;f: (1.1 s Ty s
L x) ERLVRRAGHRSI R yER &R
g, fi(+):R—>R;W¥, (+):R—>R,i=
(1,2, m) S AR AAE LR L 2, (2 )
R —R, ;i e A &t b % 9F H £.(0,0,
c+,0) =0, g, (0,0, -, 0) =0, ¥ (0,0,
<, 0)=0,
u€ R FRAFIHXIHN BRI A
m,(v—0,) , v=br
u=-<0,b,<v<b, )
m, (o—b,) , v<b,
Hop o ZoRFEKENAG S m, Flom, 53 51 LR
FEX A RERF AR R b, b, RRAEL N
N TE] T o . 7 2200 B bR 4 i — A4 i ok
PRGN o WERBIBERS v HT 5
R A B B 51N R T R E BRAME %

EX 1 N TAEERE Ve, € CHHHI
LR RE TR . E XM ET
:(?z/+%f+%ﬂ{hl
Hor, Tr(A)FR AR,

EX 2 WNFAE QER MRS =
() AR AFAEH B e >0 Fl— A B H L T=
T(eyx0) SHRAR >0, + T e EQx(0) | )<<
e NFRAELR I 0 R 48 (D BB (2 (1) .1 =0 2
ER—HER . HP EQa@ [ FERI2@ |7 HY

@)

2

C

)’V
szh}, (3)

LV



% 3 H

ZFEHE-FTARBARFELAERR M A ENEH T E * 3

1Y fRRAFAERE V(a0 R XR”
>R HEE >0 e, >0, K KEAH o1 Fla,
SHEAE 2 € R Fl 1>, . J& 54
j&l( 2DV (z.)<a, (| x])
1LV(1‘,Z‘)<_QV(I,Z)+CZ ’
nxtF4E— x, €R" . H

€Y

E[wx,t)]gvm>ew+i—2,Vz>zoo (5)
1

i 1 S8 m, Fomy RARFE)ERE ., 17
TEAETEL 0, F by 14T 0<<b, <<min{m, ,m, } <<
max{n,,m,} <<by.

U7 L DL AR HESCERL 11 L FEIX (2) i
i R RERE B R R BT AT A

u=md+d, (6)

—m,b, ,9>0b,
d=<—mv,b,<I9<b,,

—mb, ,9<b,

WIEREL1L.§14d<d . HEd d° =bmax
{10,110 |} R—A TERHL

E X a=max{m,sm, }a=min{m,.m, }, 8]

Jm,. ,9>0

Hp,m= ,
Im, , 920

mD e, (7

Hop oo J — A 20 B 5% 1E e 80, W a] LUAS

S(H<<%—1,
a

D AR 6) 3, v LIAS 5]
u=a(1+6())9()+d(), (8)
i 2 HBERE v (ORER »n B 55
o (O ELEA R I HREAFE— N IER 5
D,,»{ﬁﬁ%‘@([)‘gD”o

I 2T (B RAER) MV (x.y) €
R A
e a1,
ry<—|x|"+— 1]yl (9
p qe

Hp.e>0,p>1.g>1. 3 H(p— D (@ D=1,
TER A F B A2 b o AR 2 8 )
ARG ARFAR LN RS, IR 58 R 5 R 5
iR Ayt
y(x)=WT'S(2), (10)

Hi.r € QCR FRREMMARE . q B
WL RGN ;W =[w ,w,
ER R &, 1>1 FRATREG (0 =4 (1),
g () se s gy () 1 RORFE R EL ] & L ¢, (o) A
R e B

7]2

o, o= sprio s pg 1T G=1,2, D K IRER
ot g A TR AL ). BRI R &
PRE (1O RS E T B4 QCR AR R ES:

F(@)=W"TS(x)+y(2), Y xEQER, (12)
He W RnMBEEEN &, HW" =arg-
minger { f(2) —W'S(2)}, 8 (x) F R I i%
Z . HXN TR E 0, [ y(o) | <e.

B A IR i T T

5_1:/1,, PR (13)

s, |t

$: () :exp[—

€= =200 & — (&1 —a),  (14)
WMRIMER (=0 HINES o W o | <

o1 - FH e <56, .60 Fll 6, RIERF L. He (0)=
@ (0),€,(0) =0, AFERE A0, TFHE p, >0

€ O] i t—a <A | €]. SR € |
B,
2 BENEFAFR

53T T A v RUBE B8 8 2R 0 L 4 R
GO A H & BB T %, Rk
FE g AR R R R S o

(i:29""n_1)’
_ L, _w0STS
“ g (x) s 2a,°
%v1+1’-d), (15)
| (— ~wfS'S, 1
gz € 2a.” 2 Y
g'i71(1571)2171+1’“1’,(), (16)
H,a, >0 REMEH.i=1,2, .00 £R 0

B H o=max( | W, || *,i=1,2,.0).
EBREAMER S § (=2 DL
Eav(| )
t=—cttgtte (x—a), AD



c 2

£ A ®31 %

é:z':*ngi*giﬂg/ﬂ+g'i§i+1+
gi(xierc—ai) s (18)
é‘,,:*c,,g,,*g,ﬂgﬂ , (19)
Hor,e,>0.00 =0, [l & || A 51 Hig e

- | <19
%Lm H Ct H <2(;O ’

/H\:EP Co:?min(ﬁ)o
ERZENSG— 29 % H 2T 5 4 br
BUEL

21T T Xy ,Z,:I,_I,,[.9l’:29"',7’l, (20)

Fot oy AN B (5 0 BT A A VRN
i, & SMEBBR RS 0 =2 L.

551 IR T AN R R
_1
Vi=5ut 2D

W H 1
14V1 U (f] (;] )+g1 (;] )l‘gii‘d+
1

?11/1’1‘11’1761)9 (22)
(9O L5 3]
STl . @
R (12) KA R A S5 (9) , 1778 1R 3L
?1(21)91i%"
vljl(Zl):vl (W1151(21)+71)<
T
Mal+vl 71<%'U12 H Wl H 2SITSI +
a, 2a,
%a12+%v12+%512, (24)
_ 1 _
Etpvfl(zl):fl(zl)+z H 2! H 2=,

‘71 ‘<€1 o
23X CHXMRN 22, v

1 2@ T 1
5 22U H w, H “511514‘?1}12—0—

LV] — U (2a1

— : 1 ,,1 , 1
&1 (Il)1’2_14_§1)+?a12+?€|”+zo (25)

Bt E LR ZEAMEE S (AN (25)

1

LV,=v [2

PR4! H W, H )SITS Jr P+
a

gl(.;l)(ZZ +I7 ~>7.’/.f(1+6'1.§1 - &1 (;1)§27

g1 (11)17,+Q1(Il)a1]+ a12+*€1)+* (26)

T BB R RE S S (15) 3K, (26) 58
RS

L‘/lzit'lvl_‘_ﬁlZ'Ulz( H W1 H 27@)51’[‘51_'_
1

(x)vv Jria ZJrie ZJFL 27
g&1\xX1 )00, o i o €1 i°

8 i<i<n— DAV, =V, 1+%v,7,

MG AARAE B 2O Kz =2 — 20 BBITFEH
IWig:k SR

LV, :—Ecv +2

0S,"S, +g;,(x) v, +?Z (a;? +eﬂ>+zo

o CI W, 7 —

(28)
5o B AERX— W P I — A PR R

vqu—W’ﬁ%w’m$ﬁ S:(20) 3
WV, 55
v, = Seor S -

n—1
NS.'S, + g1 (1) v, v, —F%Z (a;* +¢°) +
i=1

i oo (f() g (Dut

—1
2 a“” luf )T (W, — 2 7;’7’1?

i=1 i=1

1
?(\If,,

,‘) - i.n.(’ - .C,,) °

29
[F] Ela<9> B

—(1If Z “"’W) (w,— Ea"‘”’

1 da, 1
ZH«P—EQI«FH (30)
B (12) X KA % Jt<9>, 17 75 R 3L
£.(Z) s
o f (Z) = v, (W,"S,(Z) + 7) <
st | W, 78,78, + o + o’ + e
(31)

n—1

Hy 7.z = £Z) + v, — >

i=1



% 3 EZEFEHE - THARMARELUE RGN EENEH T E © o
3’717117 H 1 71 — X ‘ 7:1 |<€710 %v71+g11(1)[a§(f)+(&7E)D”+dv]7‘7}”"+
i‘lﬂ(3o>%$ﬂ<31>ﬂh)\<29>v% oo ,”z+; K3 (37)
2“”+§3 B
L 1 , , 1 _ 1 B _v,,@S,,TS,,_i N
NHS.'S, + ?Z)m, + D + 4+ A e P R
vn(gn 1(;71 1)271 1 8n 1(;71 l)tn 1 + 41} — g, (1-”71)2“71 + i-”.() — i(; — g)D” —
1 ‘ 1 . n a
——, | W, |2S,'S, + =, + g, (Du—=x,.—
2a,’ 2 L, (38)
L)+ ot e G2 o
GO T W (37) ST B 5 g
%E(lg)ﬂk)\@z)f Tu (x| Zw +Z
Zc vt 4 E ) 1
0HS.'S, +?E<ai2 +e), (39)
PSTS 4 L3 4 e 4 -+ N , oo
G SRRV =V, + ﬁeTe H
. 1 5
Uy (g-nfl (‘1‘71*1 )2”71 + ﬁvn H Wn || _SHTSH + I:I:l é — 67 99771 ZEI%Q/I\E%DIE:%}BEQDDIIJ

Su g (Du— b ol + Tat et

(33)
TSI — A S bR s i %5

u=a(l+8(NI)+d),  (34)

RN (33) R, ﬁ

sol ClW 2 —

DSTS, + %Zm,z + e+ 1+
0, (g (Z) D2y + i‘v |W, | %S,7S, -+
%“U,, 0, () @1+ DI+ d) — a0 + e00) +
1,1,

5 -+ € o (35)

MW 2, 0] LANE
DI +d() < @—a)D,+d*, (36)
B HARN (35) Jt 5

ZC‘U +2
1

%Ecaiz + e+ 5+

NHS,TS, +

Lo W, [%S,7s, +

Uy {gm (x, 1)z, + )
2a,

LV,, == 217W;251’TS/_
é)+i2<ai2+ei2>, (40)
D“JTH*’JLQLF%#J
= E mv,-ZSiTSI» —D,g, 41)
H# D, *"E%[IIE”%“ﬁO

3 BEMSH
D AN 10) K155

LV, = Dew’ + 2+ L3t +
&) - - 42)
FIHBERAERX (9 .17
00 <— 00+ 00, (43)
BHAN (42) X, 18

.
D,,-
m T
<— E v’ E:
i=1

C 2m

& )+ ’”(9 0<<—a,)V+by, (44)

/E\:EP a, — min{Z(‘i ’Dm} sy = %E (a,z+€,2)+
i—1
D,

T
2m(9 0.



£ A ®31 %

HolH# 115
%g—aofs[vmlbw» 42

H
0L E[Vh]< (V(O) *bf())e*"“/ +@a (46)
Ay a

0
hmy
by

E[V(t)]éa—,t—»ooo 47

0

MR (46) R (47) 3. n[153)
4b,

[2%)

sl —> OO,

E(D>) v )<4E[V, (D] <
j=1

(48)
Pt AR DL B R R i — A B Y
Pl R e AR AR (4D, (48) AV I
ESLLRIRE i = 1,2, 0.0, 10 BBIEA AM .0
Fe—AEEL OB RN ¢ | BR,
7, = v+ & BT =, AT 0T LA B AT
Hte (0,00 BEMEER A% D PRERE
i — S ERA S, IF HOIR R SR
4b,

ao

0= {v,. (49)

DIEL o 1']<

R 4E DL B B At ie . 5 0 F 5 e A

EE 1 fEfik 1 AR 2 &8 TF T
A R SN FE X B AR 28l P 4l R B b o R 4
(D) T HOME RS, B R P58
BT E Y ) RS R R B 2D A A
W2 R L S B (15) (16), SEBR 44 1 {5 =
(38) IR EAMEIE S (17) (18) (19) Fl A i W
AD 67 % PRIE T B S R FE (1D I
ARG S & — B R A 5 R IR 220
SBEEUD,
4 ZEit

AW G X — RN R RIFE X 4
TREPLIE R E RS 3 1 T — AN B i BB 4
77 5. 8 I ) AR 2 e R 48 3 AL R I )
RGP IR, BT — A 18 Y 0 S R
PNk O e S BT VAR v (B R X N = K
AL SIN IR ZZAMEAE 5 B R G SR RIBE
XA e, PRAE T BEAL ™ & R it i R 48

HRT A G T & — SR A IR IR B R A
WS B — A AH R B KA

SE -

[1] XIE X, YUE D, ZHANG H, et al. Con-
trol synthesis of discrete-time T-S fuzzy
systems via a multi-instant homogeneous
polynomial approach[J]. IEEE Trans. Cy-
bern,2016,46(3):630 —640.

[2] LIY, TONG S C, LIT. Hybrid fuzzy a-
daptive output feedback control design for
MIMO time-varying delays uncertain non-
linear systems [ J]. IEEE Trans. Fuzzy
Syst. ,2016,24(4) 841 - 853.

[3] LIT, LI Z, WANG D, et al. Output-
feedback adaptive neural control for sto-
chastic nonlinear time-varying delay sys-
tems with unknown control directions
[J]. IEEE Trans. Neur. Netw. Syst. ,
2015,26(6):1188 = 1201.

[4] LI H, WANG L, DU H A. Boulkroune,
Adaptive fuzzy back-stepping tracking con-
trol for strict-feedback systems with input
delay[J ]. IEEE Trans. Fuzzy Syst. 2017,
25(3):642 - 652.

[5] BOULKROUNE A, MSAAD M, FARZA
M. State and output feedback fuzzy varia-
ble structure controllers for multivariable
nonlinear systems subject to input nonlin-
earities[ ] |. Int. J. Adv. Manuf. Techn-
ol. ,2014,71(1):539 - 556.

[6] NURIEL P, WEINBERGER R, ROSEN-
BAUM G, et al. Golding, timing and
mechanism of late-pleistocene calcite vein
formation across the Dead Sea Fault Zone
[J]. Northern Israel. J. Struct. Geol. ,
2012(36) .43 — 54.

[7] PENG J Z, DUBAY R. Identification and a-
daptive neural network control of a DC motor
system with dead-zone characteristics[ ] ]. ISA
Trans. ,2011(50):588 — 598. (F #:% 39 7)



% 3 H

SRR R AL R E A S R AR ZoO AR BOL B RE R AT R

e 30

[6]

[7]

[8]

[9]

EHE LI AR SR M R X K A
BN K ZnO By PERE A R L) ). v 1 R
%,2008,44(12) .26 - 28.

XL SR BN OK i B0 K Bk a5 K2
ZAPEREFELD ] IR I AR K52, 2011,
TR JH 5L B AR R R K Rk R
ZnO BT 5098 45 Bt 2t B LT ). #1 kL&
#2,2014,28(2) .28 - 31.

TR, ZnO HORLBOLEUR L (PLO AT
WEFELD 1. BUAR - B 7 BHE K2 . 2006.

[10]

[11]

[12]

XIS b, BOE L 2 A AR OB R A

BCR AL BE G0 ok B [T 1. Ak 2% 4, 2007, 65

(15):1476 - 1480.

X FE A R RS S T K Bk

FHF il 2% 909 K S A0 B Ry AR i A R [T . 6

HLEE Tl ,2014,46(6) .31 — 34.

M B LX) HC T . BR . 0 oKk B AL B 0 R

ZERT]. 286 T.,2006,32(1) 13 - 17,
(FTHEHZ EFF

A A A A A A A A A A A A A A A A A A N A N A N s N N N N N N N N AN N NN

(LE5% 6 1)

[8]

9]

[10]

[11]

[12]

MISRA S, VAISH A. Reputation-based
role assignment for role-based access con-
trol in wireless sensor networks[ J]. Com-
put. Commun,2011(34):281 —294.
TAO G, KOKOTOVIC P V. Adaptive
control of plants with unknown dead-zone
[J].IEEE Trans. Autom. Control,1994,
39(1):59 - 68.
TIAN M, TAO G. Adaptive output
dead-zone compensation[ J ]. IEEE Con-
ference on Decision and Control, 1997
(2):1157 - 1161.
TAO G, KOKOTOVIC P V. Discrete-
time adaptive control of systems with
unknown dead-zone[ ] ]. Int. J. Control,
1995,61(1):1-17.
ZHOU Q. WEN C, ZHANG Y. Adap-
tive output control of nonlinear systems

with uncertain dead zone nonlinearity[ ] ].

[13]

[14]

[15]

[16]

IEEE Trans.
(3):504 —-511.
CUI X Z, SHIN K G. Design of an in-

dustrial process controller using neural

Autom. Control, 2006, 51

networks[ J ]. Proceedings of the ameri-
can control conference,1991.
GE S S, WANG J. Robustness adaptive
neural control for a class of perturbed
strict-feedback nonlinear systems [ ] ].
IEEE Trans. Neural Netw., 2003, 13
(6):1409 - 1412.
2 XUV & AR T A R R
R BEHLAE 2 M &R S8 A IS N BR B 4R 6 5
R g AR . 2017,30(3) 1 - 8.
L1Y, ZHANG W H. LIU X K. Stability
of Nonlinear Stochastic Discrete-Time
Systems[ ] ]. Journal of applied mathemat-
1cs,2013(2013):1 - 9.

(TSR ED)



