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Abstract: Sliding mode control (SMC) system synthesized by traditional reaching condition can not gran-
tee all phase trajectories from the neighborhood of the sliding mode to direct reach the nearby sliding mode
branch. It will cause the state transition to be slow and overshooting which are not allowed in some engineer-
ing. In order to make the dynamic procedure of a SMC system unidirectional convergent, the direct-reaching
SMC(DRSMC) was presented. By analyzing the shortcomings in the expression of traditional reaching condi-
tion, the definition of direct-reaching function and the establishment of direct-reaching condition were intro-
duced. Direct-reaching condition( DRC) is the basis of using DRSMC to synthesize a SMC system. A DRSMC
system is composed of a command mode model and an on-off type DRSMC model. Different from the traditional
reaching condition, the control which satisfies the DRC can guarantee all phase trajectories from the neighbor-
hood of sliding mode to direct reach the nearby branch of the sliding mode and then go to zero state. Therefore
the state transition process will be fast and monotonous. The DRSMC was applied to an example system and

was simulated. The simulation result accords with the performance expectation of DRSMC.

Key words: sliding mode control ; reaching condition; direct-reaching condition

TR R A V28 WA — 2, ) BRI R AR R SRR R IR T

QR AR A ) o A 0 S R g e S (AR 2 i
) . Ok TR i TR A SR VR, 40 kAL
Al WTRAS O L AR, BUA RIS,
PR — B B A OB AAF TR (UYL
— D BE ST RE BB R A I s B B

s BHA. 2009-11-27
EE =T

EIEHET RS T QT e AL R A
Sz, A A it R A A R O i T O R A A
2 IR T MRICR  ER B A
TE SRR H AR 5 | X P4 AIE 545 R B 1) W SAY
5, HIR e BRI AR B i Yl 8IS B IR AR F R iR 2

T ZEIE1937 - ), B IMARKRN, ##Z , liangyuxian@ buaa. edu. cn.



42 4

2RSS HIk AL 133

IR

ZWTTE A, T e AR A R W S
A TAEGERIA 2R T B B P il S RE PR IE L
KT W SRR AR AR R B AR BB BE LA B IR B
ASARIT I3 32, AT S B TF AR Y 73 3 S 1wl
LR 73— 3N E B3k, WG AR Z hEeik , 5E
IRADIR S BOR I 14 HH . AR SO0 83k LA Y A
AT T 0. i TR TG SR T IR ] R
LA FTHEIRFI B AR 2 —. S8 E IR AR
i 0 EAT S5 R S IR AR, LB IR A R
PELia WL ) 28 GE R T 1 WY B R . A
SCAER T EIR AR R ST | IR TR A 1 5 i R
P H 4G

1 HEMLHWEEMSEIE

TR RS T ) A P e R
¥ =A(x) +B(x)u (1)
Hepx e R, HAIMEHN x(0) =x,,A e R B e
RV ueR" EAE %2 H JC A (MM 75 24T B 5
SE) Tl AR 2 ER AL, ROV SRS s
1.1 BEhES
W s e RS B MR A AT Y PR
X
o(x) =Cx =0 (2)
X, o (x) MU REL; C e R™ N o (x) Zk T
HERE X (2) &G, C N EL i sidEHl
HHRAE X 5
Xy 0 177 %, 0
Ll o
fBE 1 B2 1Y 2R G0 B B A 2 AR 2 48 Hos o
8, DX 2 Y s
o(x) = [Cl 1:||:x1 xz]T =0 (4)
WA x () BB RS E PR o) BY SRV UE
WHE:0<c, < oo. (4) FIFRER x, Fl x, I
EFEEFR A s BAATEIX I, 104 Q. R4 », FTREZS
FEHIFERE (BN, -2 <x, <2) FIXF R sh A i
HYER  EHEE ¢, =0.5 MRS (3) 19 s 52 LH
x, =—0.5x, -2 <% <2 (5)
B s BIFFTE IR Q R FR T s 0 2R 2 B
sp Al sy, QN 1T s, B Qo8 s B9ERIR.
1.2 Hir5%ik
v M ox, FrEl s BRIBEAMR: 1, >0
B Hisl s, boix, <0 B v Frgls, b, N EIK;
%0 >0 K 2 FEBNT sy b, a0y, <O K 2 FLHNT s,

ELPAZEE. BAREANTHRBNE T s, Hah AL R
x, () AR, BRI AR 2, (o) B SO0, 58
B RE x, (o) A BRI R SR BORT o
AIBERETT 2. [ 2 O BLIAFGER YRR 7 .

.........................
_____ 1

H

i

H SN

i

|

1 . X
i
!
1

Lokl
K2 EIXMSEER YL R R

1.3 RHEAEGTHBREES
IRIEAL GB35 5
al'(x) >0 o(x) <0 (6)
g(x) <0 o(x) >0
PEHE u, 7E C N E BT SRMT T , Ao (x) =Cx,
B (1) s IRAH o (x) = CA(x) +
CB(x)u. BUE(CB(x)) ' FH7E, FF 5 F0 1 AR 4 ]
u M
u =- Usgn(o(x)) (7)
Hi, UWE (CB(x)) "CA(x) CU BYER,
sgn v NI BRAL
A1 (7) 0w H2 (1) BT P 3 1 A4 1

MBI RGEA(3), % C=[0.5 1],B=
0 0 1], . .
[J%M:[O _Jﬁ/\iﬁ(ﬂﬁ
u =-0.5sgn(o(x)) (8)

uw G3(3) IR PR I AR i R 5.



134 db 5 A = i K K 2% 2% i

2011 4F

2 FEESNERMSIENEE

X T L Ge B3k S5 A 25 G R I T R M A8
FEHRIRGE, N s &R v, 1R AR LAAATES A
IKHNGEIE s WMIAN AT BETE, LT R A2 Bl Fh Bl 4
o BT H A R AL
2.1 s BB

BB KA

d(x)o(x,) <0 YV, € Oy (9)
W (9) 1Y v, FRTE T2 EM s 1485, iC 1
Oy X(3) BRGE, BIAFAA KL AAH
o(x,) = 0.5x,, + xy
0(xy) ==0.5%, +u
u=-0.5sgn(o(x,))

PRI A5 2 (9) R 1Y ) -2 <y <2,
1 <xy <1, WA 1T HH) Q.

2.2 BERENRFHEEMSEEHESK

12K (3) RL O HFE(9) 2R 4
A xcg BHRIBLE o () 0 (%)

F1 s BIFH x, REBGEEM

75 %10 X o (%) 7 (x)
1 0.2 0.9 1.0 -0.95
2 1.5 0.9 1.65 -0.95
3 1.5 -0.9 -0.15 0.95
4 0.2 -0.9 -0.8 0.95

BAREATERFT A (9) MER  HETH 3h
DR EEE R ARNRE, Hh 1,23 A EIA, 14
Jyseik w3 .

20

X0

tls

B3 MR Y B AN SRR LA

2.3 SFEFEESH

R (X (7) ) BRI BL &K (6)
PR R, 30(6) o (x) >0,0(x) <0, X
RE v WATEs b /T« 5« Z B A HGAE
ARATEERORAT Jy B €, B — A2 & i) 4
TN dy. d W« TSR, IR0 R 58
H1,2,3,4 %5 x,, HXFR d 3000 - 4.5,
-0.6,0.6,4. 5, AT WENTMEANZEER d =

0.5, M2 A AR . M 2E 5 ) o () B3R
IR HE 0 (w) =Cx. AT, ZXE T « /Y
AERRIAE T s B OB A s Box, S Z
] () L ABA SR €. Fir DA% G2 o A4 ] 1) 83K 2% 1
R A B, B i B 2R G B A5 R AR X2
T G IR I G ) FLIE A

3 EREGINEEEY

TR T AR 2R A e P T O AR M AL il 1Y)
YD 42 o o DU e 5 oA (R 45 ), T A s &3k
W v, 1 & B AR R B B IR AR 1Y s, AH I 1)
ARZSHE RS 3o B PR 1T TG 1.

3.1 HikEH

EX o, (x) =do HEIBRE, HH d e R™
& ELIA PREIIR S A i 2 (] I e 4 & R,
MG R R

d. = — di(j+1)xj+1

i
xj

= ]"2’..-7m;j = 172’...”7’

(10)
Hrd, =1. 4 x WBAMER d—C i, WA
o, (x)—a(x) =0. WH d—C Bid T d
AR o, (o) KT s S IR Y.
3.2 Hik&#H

BHEN], N v, 1R AR BIE s 1Y 72

H EANGER
d; <0,Ad; >0 i =12, ,m3j=12,n
d; >0,Ad; <0 Ad; =d; - C,

(11)
SR T (RIAELE U BT BEVE ) | IZ AR 2k
XHF s R HIEM. X TR IR RE, A m=1,
n =2 MRA(10) FI=X(11) 535143

P
Xy
2
=) (2)-
X, X, X
Ad =d-0.5

Bk
(x,/%,) + (x,/x,) = (w/x,) <0 Ad > 0}
(962/961)2 + (x,/%,) = (w/x,) >0 Ad <0
(12)
Hr, Ad >0 Fl Ad <0 FRAPI R © 5155
WAL T A VI R ECT ) o (x) >0 Fl o (x) <0
AEEMr. AT I o, () GEAHZS 18] )5 AR 1 K27 19
e, 5 0E o (x) AR o (x) =0 B,



FH2 W R Hk WA 135
. 20

4 HBHikBiEEg sk
EOKMBER RS S BB ROF R ML S 10 3

VA A2 R 4 A osf

4.1 ESES L e .
SRS 5. BT ZH0 2 RE, W A GE (51 0 oo 15

i) REMLREEME, 558 o (x) =Cx =0 2 PR ——

oA —Ah. s, BEhA S RSE BT C.

4.2 FEBEZKBEESIEITSHE 5 %R iE

W RASF (1) BTFSCHBIES] w, PIH R
T QAR B35 58] s, R E s, BiEm s
S FRTT A BB A ] wyy. XFE0(3) Frs
G, R Hs AR (12) B 2
Ad >0
upy < %3/%, +x, Ad <0
1 1,2,3,4 5 x, HXSERAX(13) 5
BT Ad = d - C Kl /2 BB ZR A BOFER] w51
T2

2
Upg > %5/%; + %,

(13)

R2 HEREEFRGOES uy,

5 Ad Upg
1 -5 <4.95
2 -1.1 <1.34
3 0.1 > -0.36
4 4 >3.15

2 PRHERY AR g, wp, AL W2
PP R A il -

Upg = UDRSgn(Ad> (14)
o U TR B 2 55
[upg | C Upg (15)

W wpe T AT & T UL L &, BAHBLZ B3k
s, B 3T (3) s REH Uy, =3. 2, WXF
FTMN1,2,3,4 5 5, WAL AT VLIS s,

FHEC (13 ) 4 2 10 3K 45 1 JF O 250 3 A 4 i 1)
ELRME. T BEE A T O A i AR i =X (8) 1Y
U=0.5,M4 5 x, B uy, >3. 15,4 SHL AR
OB EIAW. T 1,2,3 5 xy Y wp, AR 2 A
-0.5 <upy <0. 5, ENTH AL YRR 2 H ik
(1,3 5 LR 5 B A5 R — 3K

= (3) X (14) B IHAE—E, X 1,2,3,4
T xg,x, (1) BT EEERANE 4 fiiR, 7B A
xy (0) B ER IS

L LT | S5O AR ] e A R e W B
i PR A e T A 4 il 1) 3K A R R AN AR, Bl
X SRS Y S8 3 E A . O O R B W AR A
97 1 B B R S BT ST s T A
PR, J5 R 1S BEAS A ELIA AR IR X
WA I B IR R 7 B WL EA
FAF BT IIRAS T2 )L SR L3R Ty 0T E ok
TR AR GE , T PRI PP ASE S i Ao A ) B 1] W .

S # K (References)

(1] W50, degettdz il RSt [ M. deat B Rt 1991
544
Gao Weibing. Introduction to nonlinear control system[ M ]. Bei-
jing: Science Press,1991:544 (in Chinese)

[2] Gao Weibing, Hung J C. Variable structure control of nonlinear
system:a new approach[ J ]. IEEE Transactions on Industrial e-
lectronics, 1993 ,40( 1) :45 - 55

[3] Utkin V,Guldner J,Shi Jingxin. Sliding mode control in electro-
mechanical systems [ M]. London: Taylor & Francis Ltd,1999.
36 -39

[4] Gao Zhe,Guo Weian,Zheng Yan. Improved nonsingular terminal
sliding mode controller design for high-order systems[ C]//Pro-
ceedings of the 21st Annual International Conference on Chinese
Control and Decision Conference. Piscataway : IEEE Press,2009 .
4874 - 4879

[5] Kuo K S, Shang Ruchen. Estimation of asymptotic stability region
and sliding domain of uncertain variable structure systems with
bounded controllers[ J]. Automatica,1996,32(5) :797 - 800

[6] Choi H H,Chung M J. Estimation of the asymptotic stability re-
gion of uncertain systems with bounded sliding mode controllers
[J]. IEEE Transactions on Automatic Control, 1994 ,39 (11) .
2275 -2278

[7] ZE3opk. — R SRS B R 2 [ 0] ) 53R 1995,
10(4) :322 -326
Li Wenlin. A new reaching condition of sliding mode[ J]. Control

and Decision,1995,10(4) :322 —326(in Chinese)

(& . ER)



