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Quasi-sliding-mode control based on disturbance compensation

LIU Tao, LIU He-ping
(University of Science and Technology Beijing, School of Information Engineering, Beijing 100083, China)

Abstract: A quasi-sliding-mode control strategy based on disturbance compensation for uncertain discrete-time systems
is considered. This new method increases the speed in reaching the destination mode, thus reducing the reaching time. It
also decreases the region of quasi-sliding-mode, thus increasing the robustness and improving the dynamic quality. The
undesired control-chattering and steady-states-chattering are avoided. Simulation results show the effectiveness of the
proposed method.
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2 REGHIAR KA K E X (System description

and associated definition)
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x(k+1)=(®+ Ad)x(k)+ (I' + ANu(k) +
w(k). (1)
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MR, AD, AT RN RGBS HIRE).
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xz(k +1) = Px(k) + I'u(k) + f(k). (2)

Hpf(k) = Adx(k) + AT'u(k) + w(k) P A5
.

Rig 1 RHGOAAREEREREME HENT
PUf (k)i 2 LLR DL BC 5 F

f(k) =T [ (k),

Hf(k) e R

&2 ST f (k) sh &R 5 R P %
LR,
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s(k) =cz(k) =0, 3)

Hrhs(k) € R, b RrsE v B 1E 4 4E 5500 % B
&, LT #0. cIF B A 2 B SR [4)], DIARE
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HE 152 F1 5K (3), 143 LA R R UkoT:
|[d(k) —d(k — 1) <9, 4)
Hor:

d(k) = c" f(k) =
Tk +1) —c"bx(k) — " Tu(k) =
s(k+1) — c'@x(k) — " Tu(k). (5)

i %5 SCHR [6], 7T 0 VR M Sl 5 28 MIHE I B A A e
AT E .
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3 FE 458 (Main results)
3.1 HBh ARG I A v T B R il (Reaching

law with disturbance compensation and quasi-
sliding-mode control)

RGBT
s(k+1)=d(k) —d(k — 1)+ H(s(k),T), (6)
HrhH (s(k), T)iiae:
1) %4 z(k) € R,
H(s(k),T) = 0. (7)

2) M (k) € NI,
H(s(k), T)sgns(k) <
o R = {a|H(s(k),
v > 1, THRGERAE .
L R G BN JT FE) ML Bl A2 T 1 (6) F]

s(k)| —oT —~6, (8)

T)sgns(k) >0}, o > 0,
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s(k+1)=ctz(k+1)=
T ox(k) + CTFu( Y+ f(k) =
T bx(k) + c ' Tu(k) +d(k) =
d(k) —d(k —1) + H(s(k),T). ©
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u(k)=—(c"I)"(c"Px(k) +d(k — 1) —
H(s(k),T)), (10)
F 3 (SIE 513
dk—1)=s(k) —c"®x(k —1) —c"Tu(k - 1),
(D

K SRADARN (1048 B ) 73 1) 52 L 18 4 8 A5 47
fi:

u(k) =u(k —1) = (¢" 1)~} (c" P(x(k) —
(k= 1)) = (")~ (s(k) —
H(s(k),T))- (12)
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3.2 R4 E ¥ 5 Pr(Analysis of system robust-
ness )
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NC/, (13) M (k) € RHa(k) ¢ S5, 4ty @6 R (7)
Ss C 0 CXR, (14) s

Joobs € = {alls()] > 0T + 3}, S5 = {alls(k)]
<4}

iE HA@) T, Ma(k) € NI, H(s(k), T)%
T AL

0 < H(s(k),T)sgns(k) < |s(k)| —oT — 9,
SR LR R AR BRAL:

{ Is(k)| — 0T — 76 > 0,

|s(k)| > oT + 9, (15)

R (15) [ R R A3) BT, BIR € ¢, I ¢ R,
(= {z||s(k)| <oT +~3},

NHo>0,v>1,T>0,6 <oT +~6, "1
Ss C £ CR.
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it AR AT

—6 <d(k)—d(k—1) <. (16)

Mz (k) € RHs(k) > O, 454 (6)(®) 1 (16)
CIECS
{ 0 < H(s(k),T) < s(k) — 0T — 45,

5 <s(k+1) <s(k)—oT — (y—15. 7

W HE, Max(k) € RHs(k) < O, 454 (6)(8) A
(16) I 15
{ s(k) + 0T +~6 < H(s(k),T) < 0,

s(k) +oT+(v—1)5 < s(k+1) <o, ¥

g RADAYFIZ I BLL AT A, M (k) € NE, s(k)
W ULE DoT + (v — 1)0R) 5t kN AR X S5
FOREITIZ B, B S MG S s Bk A, &R
SR A W BE AL BRI ) P B R-IX g5k, E AR B

s(k+1)=d(k) —d(k — 1), (19)

s(k+1)| = |d(k) —d(k—1)| < 6. (20)
HI B AT A1 R GOR SR T8 — 2 BL eI g s
X S5, Mla(k + 1) € Ss.

Mx(k) € Sshif, H(s(k),T) = 0, X 0yar
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4 5 5HE B (Simulation example)

FRELLUT B B U ) R 58

z(k+1) =Qx(k)+ I'u(k) + f(k), (22)

oo |12 01 Lo
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f(k .
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0
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Fig. 1 Trajectories of system state
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Fig. 4 Trajectories of sliding function
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Ji =193.85, J, = 196.79,
Js =193.25, J, = 188.39.

PH e AT AL, A ST VT T R fE R A D,
5 458 (Conclusion)
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