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H . sliding mode control of nonlinear uncertainty systems

GE You, LI Chun-wen
( Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract: For a class of nonlinear uncertainty systems with mismatching disturbance, this paper defines H., sliding mode
control problem @,. Making use of states transformation, states feedback and the disturbance redefinition, this paper defines lin-
ear systems sliding mode disturbance attenuation problem (¢,, which can be resolved by solving Riccati inequation. Then, this
paper proves, under certain hypotheses, that the solution of problem @, can be obtained by solving problem ,. Last, the con-
trol law, which ensures the existence of sliding mode, is given. The computer simulation results of SMIB excitation control ver-

ify the validity of the proposed approach.
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1 AT= (Introduction)

1 — F 5@ M T T 3k, AR AR A M )
(VSO EZHTHEMABAREMRIT, BFBIELYE
A EEAMEEE KRE DTESEEEBEN
AU BETEHBEHBEEENSERN TH
EEREHHTFHRURTREERE TLSHMERN
O ERER ENEHRRARN —IRETHNNER
G BUEARERAANEERBENESE TES
BIBRFE -6 b TR B G A AR R )
AR BREEATESESEXMTHEREDBE S
Z2 AT THRRU 91 A G A MR R R IR
LSRR LM REBERHBE T —
R0 ARYERERANFIHEERHE
VGAC S4B, dnfa] 5 31 75 5 #9841 1 A AT B9 B 9558
TBEA. AXEST RAREARB 2 H,F
Wap il BI R a2 T —RAH

AW ERRAHTRNERBI AT RENEER
il 7] 2.
ZRIERBTFHERLZNT :
{x =f(x) +Af(x)+(g(x)+Ag(2))u+p(x)w,
y = h(x).
(1)
EbxsEeR,u€ER",w€E R,y €ER FHNERR
GHRETE. EHTR.IBTIRMANSL.
f(x),g(x),p(x),Af(x) ,Ag(x) BAE 4L
HOEHERE. T 4 AT E R — 2RI,
Big1 Af(x),0g(x) WEELA KM
Af(x) = glx)e(x),Ag(x) = g(x)E(x). (2)
Ri&2 p(x) = pi(x) + pa(x), HF py(x) =
g(x)Q(x) AW R CEKAEI,p(x) AR
BCAR R
R LT RS Ho B S H AE 0, TLX
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Ry SREE BT R AT XM B s(x) = 0, R
EREERENEHHR

T T
Cl: -[0 Iy 1 3de < AZJO |l wll?,dt, ¥ T =0.

(3)

C: RETEBE LRI E.

A1 B Q, FIRRU, AR ESME
REREABETEIABTEAEHE s(2) = 0, 7EBEE
LRGN TFABEN A(2),08(x)u U RTF ]
p2(%)w HI T 5T, BT A SCHT LR A B EE
BAH H, THME R, B S RGA THEE
et X F AW EILE&ZE48 T p(x)w BB
HYTHMBERE. ERE THEBEULIBER
EXTTHAE RN RAE T AF REB B BTG

EUTEIHEE 0 WATREMFHAHE
RS R .

2 RIR&M M H, B = H (Feedback lin-
earization H,, sliding mode control)
THXREERE(DNIRRRS
£ = flx) + g(x)u,
U e, @)

Ri&3 WHREZUHETEREELYX
{1120 B 7E A AR AR B FUR 25 R 15t

z=T(x), u=alx)+ pB(x)v, (5)
FREFRESIFRAT HHRARLKGQ)ETUHRA
KMHRGE

Z = Az + By,
{y = Cz. ©)
ERSTHEMRERRG)BIEATHAZEIE
B1,2 M3, ARG (L) A LR
2= Az + Bv + BE(T™'(2))v + Be(T"'(2)) +

BO(T ()w + $Ep (17 () w,

y = Cz.
(7)
T RG(T) BB N
S:{z € R | Sz = O3rank(S) = m|, (8)
FEWR
rank( SB) = rank(S) = rank(B) = m. (9)
BFEBER Sz = 0 b, RENEIHXTTHELE
KEMARELMTHRAEB TR2NENHE, Bk
ZBAGAEBET ENE3E, ATUAREERG) F
WIARBIETR BE(T'(2))v M Be(T7'(z)) LARSIFR

FHM BO(T(2))w. HUWTEWHE R TT LU
R A

aT _
2= Az + Bug + ZPI(T () w,

Sz =0, (10)

y = Cz.
He o, WEGEBRET FaoSmissl2) Re—
fetE 2B SB = I,,3HMBE B = [0 B,I",&FW
BREO), FEEXEHRE P {£15
PPT = I, PB = [0 B,]".

ic
All A12
A = [A21 Azz], S = [Sl 52]’
Tl(x)
C:[C] Cz],T(x):[Tz(x) .

B (9) T LB B rank(S,) = m. HAb BRI 2 8T DA
57

p L piiay = [P x)] (11)
é\
w = pi(z)w. (12)
XA X (10)EHEH
Z = Anzy + Apz + R,
2z = - Fzq, (13)

y = Ciz; + Cyz;.
HFF = $3'S1,R = It myx(nom) -
W 2 K (11) F pt HEEER, X XTF
K(B)MWE,TLUL % = w,R = p{.
XNTFRG(13), B XKHER G BETHRIMH
B Q, J:SREXEHE Sz = O(BISRER F), 15 R4
(13) W EFHEE o By 1538 BB Ha, WEHOH
¥ 2 Es
| Goy(s) I & < i, >0. (14)
ERE(3)FH 2, WARE W 2, = - F AR
SR, BB A Q, SRE U ARUER) H, 38 [nl B . 24
C BNk BE, 0, AMM AN L ELKHR TR
Riccati %5
ATX + XA, + A 2XRR™X + C]C, -
(XA + CTCL)(CTC,)(ALX + CIC)) < O,
(15)
BEEMRX > 0.
BEHFELEER X > 0, BAaEH 0, BRNIR
WM FAIB FTRA L
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F = (C3Cy)7'(ALX + CICy). (16)
A3 % C, = oBf, FAEMNERM. i
F = S7!'S,,"TPATBE S, = S,F, AT
S =[S,F S;]. an
Hm(5), (10O ETLIERIXT FRAL (1), BE
Al LR N
S: {lx € R* L[S, F S,]1T(x) =0}. (18)
FHERGEERE(18) LWESH BB N
= f(x) + pi(x)w,
s(x) = [SZF Sz]T(x) =0, (19)
y = h(x).
XBTIE R AT E RE He, MEE R BIE @, AT LA
MR K RE(DAFEE,HFEBRE T
&4

r Iy ll%de < AZJTH wl?dt, YT = 0.
0 0
3 FELHE (Main results)

B s supll (P50 17 = SHH 00> 0

B4 MEMIPHREWER,co=1.%2
= Acg, ABMT EHE .

EFIE1 JELH H.EHRE Q, \IBHAESR
4 24 Riccati B (17)HIEERE X > 0, B RL (1)
BB AN K (18) BT .

IE HEABRRMRE(S)RNTBRE, BAWHRES
(19) N EB%eE . BPIEL M Ho 2R M AW &8 C2 15
BT MR . T ERR A B4 e T Sl B 4% 1
Cl1 A3 .

A4 (13) 8 He #H) B B 7T LARR R 545

t —
) = [ Gz + Gz 12 = RNl I D
(20)

ERZEAFR(13) TH AT M5 X% )8
minméix(](iz,ﬁl)) < 0. (21)

B Riccati FB(IS)FEEM X > 0, PHFEMRK
(16) FiRERE F. BB MR (18) fix, B F
GisbTHEm LA 2 =~ Fzy = - FT(2),80 z)
AUEREMEN AL (13)K Ho IKIEEH#IE, TE
H J(zy ,w) < O B

P _ [t
{O(Clzl + CzZz* )dl < AZ.[O ” w ” zdl.
%183
32 0w N2 < 22wl 7,
0 0

H1 BT A3
j(:[ ” Clzl — CzFTl(x) ” ]Zdl =

t t
[0y W3 ode < 22 1w 1 2.

BRI EE Q; %& 4 C1 AL . UEEE
ERES) L FRE H. BRI ETRE. LT
W EREEAEENERNSE, A TRISEHEBEY
et — %R,
BRi& 5 T p1,020,% > 0, FIRRKE(TIWA
WEHWREUT &4

L
axpl 015

le(x) + Qwll < pa, IE(=)I < ¢ < 1.
EIE 2 ERIEL,2,3MEBES T.ERZEY
(DT, {RIERE Sz = 0 TSI Hay

v(e)= ‘SAZ‘TI¢(€+P2+ I Sl o1+ Il SAz || )sgn(Sz).

(22)
Hrp
SZ/ " SZ ” 9SZ #~ O!

sgn(Sz) = {O S -0

e > 0.
i HR(22) T AR R
ol < Il Szl +2gCevpa+ IS T prs Il 545 1.
Fh LT 17 5]
| Ev+e+ Qull <
gt + o I Slo s - $)8 1 stz ).

(23)
N

_12_01‘0 = %(SZ)T(SZ),

H B 5 #1X(7),(23) 77 LA 3]

%QUTSAZ+O‘TU+ (1 _1_ ¢(¢€+p2+¢ I'shes +

2-#)8lSAzll)+ ISle) ol <

V =

—iegle s ISTpr e 841Dl +

(1—_1—¢(¢e+pz+¢||5||p1+

2-$)1s4zl)+ i sllp)lall =

—elloll —(1=-8) IS4zl - ol <o0.
XERIESR T B Sz = OF3k.  HEEE.

KRR AK(GS) TR B RANELSEHE
.
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4 {4 H(Simulation)
% (8 BHLTC 55 KR ) AR e T Rk s ol A g LS | B
x = A8, x, = A, x3 = AP,,
HEL u = Av, v, C[15] PR (14) FiR. HHE R
ASPABHTLURET] v, w, ERA T, T E
HEN.

| = X2, ¥ = Xis
L2 =—O.1x2+0.1x3+w1,
%3 =~ 0.2x3 + 0.2u + 71x3 + Y21 + wy.

(24)
HPEE 7,7, € [-0.05 0.05]. XAFAfLLF H
Y1%3 + You + wo BB VCEE S, T w, AW R ICAE &
. FEA B L
Yi = Y2 =0.04, w, = 0.1cos(201).
A SO BT DR I AR 50 R At sl Sk
u=-5[0 2.62 0.492]x-5(0.11 x5 |+ 1)sgn(Sx).
(25)
BT 723+ You + w, WRECEREHE, 5 w, F=F1F
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Fig.1  Curves of response x,
1
—//"—N i ~
0 ’ = s it T .J
- L e Case |
Lo e Case 2
-1 \/, — Casc 3
Ui
v
-2
0 5 10 15

t
W3 xampviligk

Fig. 3 Curves of response x;

WAITHSE :
Casel 1w, =0, BIAHRICE &G TR
FHE.Ma&k4dh
%o = 40(deg) = 0.70(rad),
2m = 0.1, %3 = — 0.2,
Case2 1w, = 0.1sin(t)exp(=~ 3t), BDAWH 2
CR&MA TR BCRR . & HN
x10 = 20(deg) = 0.35(rad),
% = 0.1, x3 = - 0.2.
Case3 1w, = 0.01sin(t), BP A5 JE IS RE 214
BTN IE KRB M Hh &4 h
xp = 10(deg) = 0.17(rad),
xp = 0.1, x3p =- 0.2,
B 1~48M7T x,,%,,x; 1 Sx BWIRI <R, &
AUBREU E=fER T, E£F HadE KA E
B .7ECase 1 M Case 2 T, BRLEMB B IZERE.
MXfF Case 3MEH , FEBSEL B THEAT He
LT HoT 3k, HUL oy AR R 35 R I B &4 T 1k
X R AR .

O.J \
....... Case |
----- Case 2
i} ~— Case 3
0 J'-‘ et — < )|
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Fig. 2 Curves of response x,
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Fig. 4 Curves of response S,
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5 #&(Conclusion)

XF—-RAERFAWRELRERMHIELRERTE

RE,FUEGE . FXGEET RS HAER, H, T
WANH LA R B RESEWEH, BT T Ha WS
# BRANARARER A Z MG R RERMT
WH BREBHRME AW E L EAG TR EES .
RN ESRERAT R RO ARNE.
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