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Abstract: This paper studies the nonstrict feedback nonlinear systems with output asymmetric dead zone and unknown
control directions. A stable adaptive neural network controller is designed in this paper. First of all, in order to deal
with the problem of output asymmetric dead zone, a smooth model is constructed to approximate the original dead zone
model by making use of the dead zone inverse method. Then, during the controller designing procedure, the adaptive
control signals, the virtual control signals and an actual control signal are designed based on the construction of barrier
Lyapunov function, dynamic surface control and backstepping method. The stability analysis proves that the proposed
neural network controller in this paper can guarantee that all the signals which are in the closed-loop system are semiglobal
uniformly ultimately bounded. Finally, the effectiveness of the controller which is proposed in this paper could be testified
by numerical simulations on MATLAB.
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[ (M@N(Q) + 1)ée ar IR0, ) AT 5. it
WG SE R Bt — oo, FTLL, MM ITAE T ¥ 2R
—HURAAH .

t .
Gemoot [ (M(ON(C) + )™ dr < co, 7

1 :
§logk§1—lzf \V<C+Co. (57)
Kz, 1521 < kﬁm FibL, B2
21 (1) ¥ 2 PRI R 22 IR 26 1F
4 PirEH

AT IE i AN BB ARG 5, B UEA ST T
S B HIE ISR g
Bl 1 BRI EE ™ R B R 4
&1 = g1 (T1) x2 + f1(2) + di(z, 1),
To = goo (Ta) u(v) + fo(z) + do(x,t), (58)
y=D(z1),



1448 B owo#H w5 N

439 %
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&1 st £ (58) M BER
Table 1 Value table of the controlled object (58)

BeyaExt Gt SRR
91(21) 2
g20(Z2) 1

f1 (573) sin(xlmg)

fo(x) 1 — cos(z1x2)
di(z,t) 0.221 sint
da(z,t) 0.2 cos(0.5z2)

Ay, =0.3sint. BIIEHIE S @it 20(21)
RS, Hhikla,, konln2, 2. KRS HHUE
UF: 21(0)=0, 25(0)=0.2, wy(0)=0, #(0) = 0.5,
C0)=1,ky=5,a, =2, hg=0.1, 0 = 0.05, n =
100, ko = 0.001, k.; = 0.15.

TEAI R, F AN FRAEX y = D () & H(59)
THHEAGE

my (x1 —by), @1 > by,
D(‘Tl) = 07 bz < X1 < by7 (59)
m, (ry —b,), x <b,,

Hm,, my, b,, b, HHL, 1.2,-0.0002, 0.001. 7£
2 o) 2% wh 22 X 2 1) B Uh b, R e B =S, (Z) =
[$:1(Z:) -+ sa(Z)|", F Hsi;(Z;) = exp|—(Zi—
i) N (Zi = vl vy = (G = 5L 111w, =
0.5( —5)[1 11 11T my =2, = 2, 3 thi =1,
2,5=1,---,9.

B4 AR FRBEIX y IR BR R ROR S PR R R 22
P, BT AT DA H A2 AR ST BT 28 1) 2 O P 1 T
y A URGF L ERER 45 € A5 Ty, HERERIRZE 2, 7]
HH L | o [F5 001, BEEH R A R AR ERER M RE. B
&N SEORE G S (L) A SR ER-3FTR.
PUEHIE T g, BEBAE T o LU BATTZ TR 22y
B4

™ Yy kzl
"\rN 05k C o m Y e _k‘lzlA
- ?]
5} 00[ ]
$ ..............................................
>
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Fig. 1 The tracking effect and tracking error of output y
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Fig. 3 Control input v and saturation input u(v)
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Bl 2 25 R8N AT DA IR b 2% N ) 1R 4K Brus-
selatorf&AIl71:
1=z +[A— (B + 1)xy+ (22— 1)z5] +di(x, 1),
To=(2+cos (x1)) u(v)+ Bz, —x235] +dy (2, 1),

y=g(z),
(60)

Horbay, o AR B[R] =PI FE . A7 AL 22 i
BN HAMBRFER, A >0, B > 0. g(z,) Rt
XFFRFEIX. SCHR 171946 H, Brusselatorfs i & —Ffa]
TE—RINEZ G, NS5 2250 7 R HE T H SR I 1R
A AL, BT DA, £E SR PRI 2 S R R 3 DARE A7
TERCE AR 22 A A SR Y B R Fn AR 2o v, Rk, &
25 10 A H HE G A AE Bt R R RR OB X )1 . T
I, A B E B bR e SO FE R, R g AR
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SIFRFEIX ) Brusselator #55 FE X0 :
Ty =x9+ [A— (B4 1)z, + (27 — 1))+

dy(z,1),

Tg = (24 cos (z1)) u(v) + [Bry — zixs]+
dy(z, 1),

y=D (xl) >

(61)
Horp D(ay ) A ARRFRIE . ASEA=1, B =
3, MageF B (6 DRI ESHEBUN &2 PR,

& 2 I (6 B BIEL
Table 2 Value table of the controlled object (61)

PABRT R LR SRR
91(Z1) 1
g20(Z2) 2 + cos 1
fi(z) 1—dzy + (2 — 1)ao
fa(x) 321 — zhwo
dy (x,t 0.7% cos(1.5t)
do(z,t 0.5sin(z122)

ABIPTEI IS5 5Ny, = 0.5sint + 3. fE
FEHIME 5 ol i QD THEAR B, Pk Ba,, k1)
{E7391087, 10. HRZECERUE W T Frs:
x1(0) = 2.7, 22(0) =1,
wy(0) =4, 6(0) =1,

C(0)=1, ke =2,
g = 10, ho = 01,
c=02n=2,

Ko = 0.0001, Kk, = 1.

AEAIR, SHIAERITAER Y = D (a,) IR (62)
HE L

my (1 —by), 1 > by,
D (z1) = {0, b. <1y <b,, (62)
m, (1 —b,), = <b,,

HoA AR RRIEIX BB A A RER AN B S m,
my, b, b, BREREUE A2 1, 1.2, —0.2, 0.1. 7E##
2 W 2% dx ) By T R R, R B &N S (Z;) =
[5i(Zi) - sa(Z)]T. e, 535(Z:) A si5(Z5)
exp [—(Z; — vi;) T (Z; — vig) ;| H 54T 5. 5 o %
] B O IR I R vy = (5 — 11)[1 1117, vy,
0.5(j—11)[1 111 1]"; rblier 5 B sl ;=
Ly =13 i=1,27=1,---,21

P 5 A it AR SRR AE X oy R R B R e L BR R AR 2
B, M AT DLE tHy T DUR 4 ML BR BR 45 8 % 15
Sy, HERERRZ 2 WL R |k, |35, YiH R4 5
H RIFHIEREAERE. HIENSEORMEHIE S0 (4) Na
S E ORI E TR, EAEGNE T oo, IEEIE Sw,

PARCEATTZ IR iR ZE o B EIB P /s . 17 LA SRR, 7
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Fig. 5 The tracking effect and tracking error of output y

T T T T T

1.0 1

0.0r

1 1 1 1

1
0 5 10 15 20 25 30
t/s

Ko HiGN Sl
Fig. 6 The trajectory of adaptive parameter 6

T T T T T
u(v
100 @) b
= — )
. 20 —
= sof 0 B b
S
3 | I I
201 2 3
0
1 1 1 1 1
0 5 10 15 20 25 30
t/s

7 EHE A oI R A u(v)

Fig. 7 Control input v and saturation input u(v)

10 T T T T T
25)
-——-a,
5l Y

™
D
&
3
;\,/\/\/\/\/\/\/\/
30

,5 1 1 1 1 1
0 5 10 15 20 25 30

t/s
K8 HEE T g, DEIAE Twa AT TR IR ZE yo M1
Fig. 8 The trajectories of virtual signal ag , filter signal wo
and boundary layer error yo



1450 a5 MM 39 %

5 &k

ASCHETE T BA AR RRIE X RS & R %
7 1 B R SR 2RI AR G, et T B iGN AL
W 242 1) & BERTAEXTARAEIX., SR FH 2 2B X R
THIE R BT 20, JFR AR AR S I 25 R BT
o BEREIR B AR R 5 R, A PR AR R ) 7
1 AR, FHFBE T2 AR R 17 1) P RE UL A 45 5 A
SRR & i85S Lyapunov e g P4 HHIE B T HIFA &
SN R SR BURAAT 7, HIREARZ 0 2
LR RS AR T Pl 4% A Rk

S5k

[11 YANG Qingyun, CHEN Mou. Robust control for near space vehicles
with input saturation. Control Theory & Applications, 2015, 32(1):
18 - 28.

(B iz, BRE. BRI 25 (6] R AT 28 S el 12 20
5, 2015, 32(1): 18 -28.)

[2] AN Hang, XIAN Bin. Attitude reinforcement learning control of an
unmanned helicopter with verification. Control Theory & Applica-
tions, 2019, 36(4): 516 — 524.

(20, BHR. Jo N BTG 32 S P BT S S0 E. 42 ) 2
W5R, 2019, 36(4): 516 - 524.)

[3]1 GAOY F, SUN XM, WEN C, et al. Adaptive tracking control for a
class of stochastic uncertain nonlinear systems with input saturation.
IEEE Transactions on Automatic Control, 2017, 62(5): 2498 — 2504.

[4] GAO Y F, SUN X M, WEN CY, et al. Observer-based adaptive NN
control for a class of uncertain nonlinear systems with nonsymmetric
input saturation. /EEE Transactions on Neural Networks and Learn-
ing Systems, 2017, 28(7): 1520 — 1530.

[5S] HU Yun’an, GENG Baoliang, ZHAO Yongtao. Prescribed perfor-
mance backstepping control of strict feedback nonlinear systems.
Control and Decision, 2014, 29(8): 1509 — 1512.

(=%, WkF o, kP, TRs AR 2 M R G T PE fEbackstep-
pingtEHIEE T, FEHl 5L, 2014, 29(8): 1509 - 1512.)

[6] CUI Guozeng. Adaptive neural network control for uncertain nonlin-
ear systems with input constraints. Nanjing: Nanjing University of
Science & Technology, 2016.

(EEE. BAMANL R B E IR RS B 1GNP 25 4% ).
PRl P AUELTORE, 2016.)

[71 ZHANG T P, XU H X. Adaptive optimal dynamic surface control of
strict feedback nonlinear systems with output constraints. Robust and
Nonlinear Control, 2020, 30(5): 2059 —2078.

[8] SUN Guofa, TIAN Yu, WANG Suzhen. Adaptive neural output feed-
back control for strict feedback nonlinear system. Control Theory &
Applications, 2017, 34(3): 375 — 382.

(INENE, T, ERS. M R RN R G0 B G R 0 4%
R R FEHIEE 5 R, 2017, 34(3): 375 - 382.)

[9]1 YIN S, SHI P, YANG H. Adaptive fuzzy control of strict-feedback
nonlinear time-delay systems with unmodeled dynamics. [EEE
Transactions on Cybernetics, 2016, 46(8): 1926 — 1938.

[10] GENG Baoliang, HU Yun’an. Prescribed performance adaptive neu-
ral backstepping control for nonlinear system with uncertainties and
unknown control directions. Control Theory & Applications, 2014,
31(3): 397 — 403.

(kFESE, a2, ?’*%'J?‘?ﬁ*%ﬂ FRIAS E RGTBEVEE B G R
WA S, PEHIEE SR, 2014, 31(3): 397 - 403.)

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

SWAROOP D, HEDRICK J K, YIP P P, et al. Dynamic surface con-
trol for a class of nonlinear systems. IEEE Transactions on Automatic
Control, 2000, 45(10): 1893 — 1899.

CHEN M, TAO G, JIANG B. Dynamic surface control using neural
networks for a class of uncertain nonlinear systems with input satura-
tion. IEEE Transactions on Neural Networks and Learning Systems,
2015, 26(9): 2086 — 2097.

WANG Lixin, ZHAO Dingxuan, LIU Fucai, et al. ADRC for electro-
hydraulic position servo systems based on dead-zone compensation.
China Mechanical Engineering, 2021, 32(12): 1432 — 1422.
(ESLHT, BT i, xR, 45 BT ERAMER IR B R G E
bl HENTRE, 2021, 32(12): 1432 - 1442))

WANG FJ, LIU Z, CHEN C L P, et al. Robust adaptive visual track-
ing control for uncertain robotic systems with unknown dead-zone
inputs. Journal of the Franklin Institute, 2019, 356(12): 6255 — 6279.

WANG H, KARIMI HR, LIU P X, et al. Adaptive neural control of
nonlinear systems with unknown control directions and input dead-
zone. IEEE Transactions on Systems, Man, and Cybernetics: Systems,
2018, 48(11): 1897 — 1907.

LIU Z, LAI G Y, ZHANG Y, et al. Adaptive fuzzy tracking control
of nonlinear time-delay systems with dead-zone output mechanism
based on a novel smooth model. IEEE Transactions on Fuzzy Sys-
tems, 2015, 23(6): 1998 —2011.

SHI X C, LIM C C, SHI P, et al. Adaptive neural dynamic sur-
face control for nonstrict-feedback systems with output dead zone.
IEEE Transactions on Neural Networks and Learning Systems, 2018,
29(11): 5200 — 5213.

ZHAO Z H, JIA X L, FU S Z. Adaptive output feedback tracking
of nonlinear time-delay systems with uncertain dead-zone input. Pro-
ceedings of the 38th Chinese Control Conference. Guangzhou: IEEE,
2019: 456 — 461.

ZHANG Chunlei, WANG Lidong, GAO Chuang, et al. Pure feedback
nonlinear system control with input saturation and output constraints.
Control Engineering of China, 2021, 28(3): 531 — 539.

(RARTE, 7R, ), 5. S NVEAN St 2 BRI AL R SR R
Gz, TR, 2021, 28(3): 531 -539.)

GUO Zijie, BAI Weiwei, ZHOU Qi, et al. Adaptive optimal control
for a class of nonlinear systems with dead zone input and prescribed
performance. Acta Automatica Sinica, 2019, 45(11): 2128 — 2136.
BT, A, M, 55 BT IERRhr 2RI —F A SEIX I
M RGEAER]. B3R, 2019, 45(11): 2128 - 2136.)

MA J J, ZHENG Z, LI P. Adaptive dynamic surface control of a class
of nonlinear systems with unknown direction control gains and in-
put saturation. IEEE Transactions on Cybernetics, 2015, 45(4): 728
—-741.

ZHOU Q, WANG L J, WU C W, et al. Adaptive fuzzy control
for nonstrict-feedback systems with input saturation and output con-
straint. IEEE Transactions on Systems, Man, and Cybernetics: Sys-
tems, 2017, 47(1): 1 - 12.

WANG H Q, CHEN B, LIU K F, et al. Adaptive neural tracking
control for a class of nonstrict-feedback stochastic nonlinear systems
with unknown backlash-like hysteresis. IEEE Transactions on Neural
Networks and Learning Systems, 2014, 25(5): 2947 — 2958.

P R

M WRRTIUAE, FRTRT TS I A 2R 2 R A

E-mail: jousmon@foxmail.com;

¥ Bt RIBER, W E S, FRTRTTCT AR 2% SR

i\ 1% R GikaE T, E-mail: yanghonghit@163.com.



