J 58 o
ISSN (print) 2008-8345
ISSN (online) 2538-3752

OV-0A dmins AP oL ¥ o jlad V) P

L{I‘-{JK/{‘;&:"@%

mo—un-—

[ Downloaded from joc.kntu.ac.ir on 2026-05-19 ]

ioanlad pus b ol oy o pud (S s 31 T (Sl g polie HAudal S gus”
S (¥ dg0 J 5 2,09
Toslj s lowsl s dw T gllsle dmes | SklS sy

m.golestani @qiau.ac.ir « sl s13T o&ails ¢ 555 ol OE3w 5 Ol 01 K3, oKL
s_ebadollahi@iust.ac.ir il s 5 ol olails (3 (mokige 2ISC5 5L skl "

sMailzadeh@iUst.ac.ir ol ) caio 5 ole oSl (G prokige 2SSl skl "

ORI lin 5y )6 ATRO/F/VF dlie 3l s i ,0)

5;6‘)\;@”3),,c,,_*las(wu,u,ﬁdh,',;6La(.;w,~1w%;,wougsjw,\igmwwwﬁ:o.»;.?

335108 S ol 23 8 o B e s Oloj Sl $Skd L 1SS (250 350 SRS oS 5 el oS S8 SKS
‘W.x§¢rﬁ|jst,>jmou)’6,t.\i\w§>J:s.”mm,g__,&;r&g:ﬁ;)@)he&:@u.\;k}gmﬁ
e 3pome 05 o) Ken (53lgitg J AT 056 B e 1) e psbal (sl )l B 358 o 48,8 OIS Glat 5008
gl 4 5 Sl gl e OT 53 487 (636 cOdmn ) S o kS n ran pslaals (1o )y 5 Laolad ks ) i 55 1) 54
il oge 338 (o S nly ol 3 e o1 (el ol onlsS e L LI 68 p e 5 ok 5 253
3w o3l 53 1y (oolgii oS J 28 Sl (S5 a5 L5l poben J5 5145 G U e (slaloald oo 5 Slalazel SV

..\;fks».J.:J_l:bé:%o&fd;fsﬁkp‘;)'u@@tj.:ﬂ@Ylgw

omn lo3 Ll &SGas ¢ IS 5530 5 g0 IS epslie hodar 2S¢ ot o J ST Sl Dileds”

Robust Adaptive Control for a Class of Uncertain Nonlinear
Systems: Integral Sliding Mode Control Approach

Mehdi Golestani, Saeid Ebadollahi, Seyed Majid Smaeilzadeh

Abstract: This paper investigates the problem of finite-time stabilization of a class of uncertain
nonlinear systems and a controller is proposed based on combination of integral sliding mode
control with finite-time state feedback. The proposed controller consists of two parts. One part
rejects matched uncertainties and the other part provides finite time stability. An adaption
mechanism is also employed to estimate unknown parameters of the system. The proposed control
law guarantees finite-time convergence of the sliding variable in the presence of uncertainties and
unknown parameters. By elimination of the reaching phase, in which the system states are quite
sensitive to any uncertainties or disturbances, the robustness of the system is guaranteed throughout
the entire response. Furthermore, the upper bound of disturbance and uncertainties is not required to
be known in advance which makes the suggested controller more flexible in terms of
implementation.

Keywords: Nonlinear control, robust adaptive control, integral sliding mode control, finite time
state feedback.

[ DOR: 20.1001.1.20088345.1396.11.3.1.2 ]

b e al mto o il xS Lale (a5 -0l 0 383 15l 5 ST Oletige ezl (S dlaes SEdE e 1D s stgs ey 5


mailto:s_ebadollahi@iust.ac.ir
https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.3.1.2
https://joc.kntu.ac.ir/article-1-401-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-19 ]

[ DOR: 20.1001.1.20088345.1396.11.3.1.2 ]

HSE (54 35m SRS 5 S0 5 1pnlad e Lol e (st b (U8 s 1 (WS (5 p5lde s J 257 oy
o303 oo lonsl dzes dows ¢ @llsle dm ¢ Sl (tge

43 s B g0 SRS sl 53 s o g oa 056
s s Caalad ple g 2yl OLILEEL 1 58> Sledb 2l
ol iyl i) s ge J S elal iy xS oS o g6 [VF] s
S e e SIS EUC R PO
il ol b pte 5 ALazE VL - 0l

ez 2l 1) & s 5 6 VL e B s e U S
Olse 4 kS o B 35 1) pg s (B3 350 SRS e bl S
350 slapz ) S VL Lol (B3 5 e J ST 51 ol e oS
e b [VP] elsidomag e (258 50 5 [0] ps-as e 554
st o3t bagzy s Sl Ll okt jmn 5 50mn Ol ol e
P NP RR IR Y TIC CRVE P PR R
ol 4 Gl o I 5 2510 2 0 @b 6l (gladl bl
sk Ol 8,5 SIS

s JST bl e ol 3 sy B éur_a_,}in g
AVl (B g0 ol S LS55k sl e 1SS 5
338 o ) el algiy oS ST sl Dl oS53
Conlad pde ) gl 3 o 3 5es Olaj (S5l By ol e
pobnel gla eyl 5 ol Slilizkl «wunmatched , matched
e psbaal sla bl (Rl 056 6y (B b el e
SRl b e 35 4lS (6 ) abiblous 51U 348 8 03 et
o oS 558 e o K i g 6 S a8 B L e b
S s o) A3l pslan 3516 S S 3Lzl 5 Conlad pde VL
Gl b frman S S e sl (O Alble 2alST 55 Ll
Seslinal b33 5 o e Gy ol 53 e 18 ¢ gl S
33,5 g0 S e L (LU (55l 4l

Lo Sy g0 8 -Y
bl 5L a5 GLldd 5 Gl s Oy 4 by S Sy

.bb;@

e K 5 1y 5 s e =YY iy
x(t)=f(xt), f(O,)=0, xeR" M

T4 51U xR 5l (Kobeos & 55 f U xR R" 0T 53
STl e 3 5utms Ola Il X =0 Joles alas il n din sy

AL e sl T 5TU U 5L (Slas 53 (Ll
S sl oS Lre oy ABL 3 5doee Ole) ‘_g\Ji“.a U s
o Xy adsl Ll 4 els cots 0l &S Xy €U /{0} sl
L{J(\)W?Lﬁﬁ&,,@mgaluf,T>0 PP
25 s clls a5s e ol ol X() = 0(t, %) €U /{0}

AL

doddo -

e I S S Da o p Gla e ile 55l
350 b 5 Sl (st 2 Glagte (6555 ae) 53 Dlepo s
2 el oMl s e bl palie ol @8 5 ey
Mw@bwauéuw&t;@ (Sl (sl
S ol 53 S o s Sulg o S5 GBI ESS s Il ol
Condy IS 5 [P] eSKi e ulia (Y 5] Sl dhesr 1 las S
Olj 65 55 (Srltd s Sl 8 Sl ([F] o150k
3gdomalle] ol 3805 iph | San Sl Jols a4 5 5oun
LS o o [y e Tl (gl e 3 50me00le ol Ser g5
18] 355T o0 Olaa st 4y 5515 YL Sl 33 b 5 Shee S,

s pslie JES 5K, K Olge 4 B e IS
pe il oo el e 5ol bl Mo a0l ol Seass,
s Shes G el e DLl & Colas pds (oabid
3653 Jols (58 5 5] 038 e 5 4 e (IS
gl Ml K55 (l 53 A3l o B5A5B 5 (olres 5B lapl 4 Lol
G20 2 S Vsl o 335 0 Sl 50 4l 2
Lyl Sl a5 b glaws 5B 5 sl (Slowe bl A mlaw
036 0,8 15 A e Sl ol Bl e Sl sla ke o)
O 53 S5 e & s 205 0 (b i S
SET A 5B (o e 4 (glies Lo 4 255 Glee 35does
b A e e Sl 4 Bl s e s Shas 558 e
P e 4 5 e Sl (sl e olies B3 35 e
Wb o olsd g b Ll 68 0 4 (s o)
GIULL & e a8l 5 s 5 Matched glacals pie &5k
ol glite (5 350 oS IS5 GB ol 53 5 8
V] :;stauu;»luiﬂéa.dsqudbéh,ﬁﬁ

5> Caslie o o an (S5 5l A s S5 4 S
oy I el e s Shes ol pis 5 Lzl
ol ol s bl 1 S olse 4 6K s ey Sy o
YL S ) oS K ey 5 e 35055
o3lizul o534 350 J 287 3 oS sl (gl s S IS 31 5L
3 b B Sl e sla Ko 1 0y al 238
LU & e L5 (n e 0023 Jdo (183 g0 655 o5 b (iomas
Sl oKy i el )it 4 0556 [A] 55w aile
s Rass s ame oo 8] Gim Y Sy dber 51 SSUS
3 eopl et Llods bome [W] YL Cole a8 s J S
S 2 4 ol pte 5 L VL e i les s i
o Wl b i IS e gl ke oyl LB
53U see e ol mails OT jo &8 J 287 ol b ol sl
oslizal LI 5] 5 ool a3 8 15 Oliioes 45 ¢ 5 g0yl 3L

Journal of Control, Vol. 11, No. 3, Fall 2017

Y45 b o oot 1) Ao (=S dloea


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.3.1.2
https://joc.kntu.ac.ir/article-1-401-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-19 ]

[ DOR: 20.1001.1.20088345.1396.11.3.1.2 ]

v HSE 554 35m SRS 5 S5 5 1pmlad e Lol e st b (U8 s 1 (WS (5 p5lde s J 257
o303 oo lomsl dzes dows ¢ gllsle dm ¢ Sl (g

Olej @bl BB 5 Sl s 0aiS J 28 o s
M\a@;ﬁf‘f}j-bu

uo — _Ln+1r(n+1)d Ké/ %)

NUN- S WS PRPTR SIS P-RY IPS GU1 IST S

r‘:—ir“+LHi‘L, r(0)=r, >0
45, 4B, r
and V)
L:MLp(t)w(r,g’), L(0)=M >1
o

X L

e ZW 0§ =81 Gon 5 OT S

ig-; p(t) Lok &1 4:,,,1‘5J;' ﬂZ‘al Cb:‘jj}Kksjb‘”
e M ey Sl K, (1,8 i

sl S5 S
oo 3y~
S 53 1) 5 S
X, =X, + Af (X, u,t),
X, = X3 + Af, (X, u,1),
. )

% = F(X)+hO)wW' (x) 6+ g(x)u,

&5 9(x) 5 F(X) s slsan w6 < D(X) 0T oo
s UER 5 X=(X,.., %) €R"(F(0)=0) psbust
Ormes Ml e 63505 5 e gl S5
ponel by @R 5 pidas mls 51 il W(X) ER'
Af:R"xRxR, >R, i=1..,n-1 .l e
b 25 2 oS il o Ol lile ST 4 o s g sl ol 5 35

S a o0
o K (XU t) eR"XRXR » slil & [IY]) o

S sou 431555 C a5 P(L) pokas s
|Af, (x,u,1)| < p(t)2(|xj|mi‘j )+cz(|xj|"”) @
j=1 =1

s1<m;; S% Sleslsb caf o N s My 0T 5o 8
n—i+1+(i+1)d
n—j+2+jd
5 F(X) 6 st 38 i S 8 s S0 T o
Cad 33 4 il gr oS Lz (1S g p el ol G(X)

g 4 lalalad pde 5 b

{f(x): F(x)+Af (x) 0

.J};{ga:)}Tj:b ni,j =

9(x) =g(x)+Ag(x)

{tliTr&)U(t’XO)zo’ te[0,T(x,)]
o(t, x,) =0, t>T(x,)
Sl dobs abi o Tawe o KST wsb U =R™ ST cpl  osdhe
GO I S SN T IS
Saiss 1y (1) dslae b odd Cao g o pd ot (Y] ) 40
4 Grligrte gy Lde) C1 b o & us 55 K
Siae U R (Kl o5 s et G V (X, 1) s
V(X 1) sk b3 5505 0<A<L ;@ >0 Laas sl
35,0 s VD) +V (1) S0 esp e cta U s
roen Lol (1) 2 33 Olej Jols alai Toe o80T sl
1338 or dlonn 15 Do 6 T St 0
<VH(XO,O)
all-2)
Ll spdoal et She w V(X1 5 U=R" 514
x”w—)oo SV )
bl g S5 3 gdome Ol L, Tt
<D, =diag[L, 2,...,(n-1),n] 45 5 Y] ¥ 4B
3 D, =diag[n+d,n-1+2d,...,2+ (n-1)d,1+nd]
353 s Sl 0T 2 e 5 S0 S 15 500 o d €(0,)

()

Sapo ol 5 V(X 1) =00 oKT ¢

Coar 03 4 glagmsl 5 BERY 5 A eR™ st
e il eaSTd uS”

0 0

0 0

A= B=|
0

1

ot O)ln s S &S 00, O, B, By Ste i slas! oSST
S Se 4 K:(ai,a ,...,an) K s PER™ i
3sb gm0y 81 p el a8 5 ls
PA+ATP<-|
a,l <PD,+DP<p| )
a,l <PD,+D,P<p,l
A=A —BK <l 5
S0 53 5 5 0l b ke a8 e I[V 0] ¥ 4
X, =X, + Af (x,u,t),

X, = %, + Af, (X, u,1),
: ®)

X, =U, +Af (x,u,t),

Journal of Control, Vol. 11, No. 3, Fall 2017

Y45 b o oot 1) o (=S dloea


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.3.1.2
https://joc.kntu.ac.ir/article-1-401-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-19 ]

[ DOR: 20.1001.1.20088345.1396.11.3.1.2 ]

HSE (54 35m SRS 5 S0 5 1pnlad e Lol e (st b (U8 s 1 (WS (5 p5lde s J 257 of
o303 oo lonsl dzes dows ¢ @llsle dm ¢ Sl (tge

olej byl K s 1y (A ks e e
AL 5 S IS 056 B35 8 h e s ] 2 5dome
u= —g_l(X)( f_(X) + Ln+1r(n+1)d Ké/

+ysgn(s) +h(x)w" (x)é)

La Ll
L:ML/)@)W(LQ, LO)=M >1
a

6 =Tw(x)h(x)s

S 3 1 5 G5l b B

vl(s,é):%su%a*rlé, F=T7>0, §=6-6

IS 056 5 esliial b 5 (A) (e s 53 S 5UL b o Grie
sy dals 5 S se 4 (VWY)
Vi(s,0) = s((21+Ag()g () Jv + Af ()
—Ag()G () F(x) +hOOW' (x) 0 -, )
A
= s((l+ Ag()F () (U5 — 59n($) ~ (W' (x)0)
+AF (X) = Ag(x)T(X) T (x) + h(x)w" (x) G—UO)
_0" T
=5(-(21+Ag00T™ () zsan(s) - Ag ()T () T ()
+AF(X) + hOOW' (X) 8 — Ag(X) T ()h(X)W' (x)6

+AgO9T ()~ 0" 170 0%

=5(~(2+Ag007 () zsan(s) - Ag ()T () T ()
+AF ()~ Ag ()G (CONOW ()0+Ag()F (U, )
+shOOW () 6-68" T
< —;g\s\+(1—a);g\s\+(1—a)Hﬂx)H\s\+§\s\
+(1—a)Hh(x)wT(x)éH\s\+(1—a)Hu0H\s\
+shO)w' (x)6—6" ro
<-—ays|+ {(1—0()(“ f(x)H + Hh(x)wT (x)éH +u, H) + é} Is|

+sh(W ()0 -0" 0

25 Cose bl Gleyssse ﬁ)}iﬂ bl ol

6=Tw(x)h(x)s (¥
sl V'—'M?
Vl(S,é) S—77|5| )

(SU"' C}J}f Sgdoee 9 u‘:'fjj'.?’c“‘ 3 gdoes QLA) &‘Jia.ﬁ é}e AL{‘)
BN {XeRn: S:O} w‘.ﬂ..&fdwbﬂbgwﬁ
QS:O gféj .::J?Lsn J"’\" r}lx»:u}hbg}w.laﬁ"’ '(.J;)W

r.i)b

3 ||Af(x)||£§ Gl Sslil Lol pte 8w 55
o & OT s s L, [Ag() G (X) <1-a
S Al g sslil romes 0< @ ST 50y WU
AV S S ae slap 4 Coalad pule o T Colins

Pyt ) s 4 S 056 ST S 0
u=g () (-F()+v) O

G JaS 056 sl b dib o (SaS JS 056V 0T 3 S
s V':Ab’ W) (R AT NS el
%, = FO)+Af () +(T()+49(x) T (%)
x(=F(x)+v)+h()w' (x)6
= F(X)+Af (X)— F(X)+v—Ag(x)g(x) F (x)
+Ag(X)G )V +h(x)W' (x) 6
=(1+Ag()F (X)) v+ Af (X)
=Ag()F () F () +hO)w' (x) 0

\Y)

33,8 (0 s 5N 25 S0 & W) g 1
X, = X%, + Af,(x,u,1),
X, = X, + Af, (X, u,t),

’ ()
%, = (1+Ag () g (x))v+Af (x)

=Ag()F (X)) F () +hw' (x) 6,

Pl Ak ouis J s  >lb Y

&S b sk 4wl le gy 6wl Ooda s ol 3

il o (M) s (51 3 5ums Ole p5lae idai 0iS™ J 28

=S o S8 15 g 4y IS ) e
t

S(X(1)) = X, (1) = X, (&) ~ [ u,d an
fo

pobaal O )l womla ol ods Ol ¥ 4 > Uy 0T >
A) s 35dme Ol S3lslbly Hshie & 5 Ja8 056 sl

33,8 o o pasl sla bl 5 oald e Lol o

v =Uy — 7sgn(s) —h(x)w' (x)@ (10)
£33 Doke il O pslast il i Sy 0 0T 55 S
LS e 03,57 51y 55 Sl oS Bl e ¥ o Jols G b i

[T peow ol ll)c+r

[

>0 cpoman s Ml eala sIY 53,8 5O 0T 58

Journal of Control, Vol. 11, No. 3, Fall 2017

Y45 b o oot 1) Ao (=S dloea


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.3.1.2
https://joc.kntu.ac.ir/article-1-401-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-19 ]

[ DOR: 20.1001.1.20088345.1396.11.3.1.2 ]

00 HSE 554 35m SRS 5 S5 5 1pmlad e Lol e st b (U8 s 1 (WS (5 p5lde s J 257
o303 oo lomsl dzes dows ¢ gllsle dm ¢ Sl (g

t=2,9(

(YN)

) L expE9))° A,lsgn(éj
2exp(-7s) ou

s a5 gl sl A, Ay >0

G e el LK 00 5 (W) s e 10 40
Jlast (YA) 5 (YY) Gokas 5158 L (YD) J 287 0 56 5 old Solinsil (VF)
spim 53 W) bt o e Spdoes Ol L KT s
.»jf@mg;(,t”u Sl 5 Conlad pe ¢ ol iles
S s 1 5 Bl b il

V,(s) :%52 (YQ)

Sy ol Ol 4 S B 5L Wb ol 5168 G b

OV, v, as(udp uoE
dt  os oulay ot o7 ot

()

L@‘j\jd}éd}&»@‘)@))&)umj)‘
v, = e 05 U 9x
0s ou oy ot
os 0

— Saé_j{_g—l(x)( f_(X) + Ln+lr(n+l)d Kéz)

+79(,8)+hOOW (08)} 2

(*Y)

0s _4, 1—exp(-7s)
:—S—g l(X) p( ,\)
ou 1+exp(—7s)
a3 a doe (1Y) 55 (YY) (6 i b (055!

V,=-45"|—{<0 ")

os
ou

L.C,.w‘j.!\f.(Y")JJL&A@‘)WJDQJ%&L}:Ajb

v, -V, o u ok
2 05 ouor ot -
os _ . 2sexp(=7s) : Al
=-5—¢ 1(X);(*&%r
ou (1+exp(-7s))

bl al g (V) 3 (YA) (6510801

. 0s
V, =—4,8°|—
2= ey

<0 (re)

BV, <0 05 s 05 e (FF) 5 (9 Sl aslizal L

S Slwdnls —£
25 e clin a1 53 (83l J 28 0518 5 Shos 25,0 shie 4
LR s,
% =%, +d, (x,t),
X, =(3+c08(x,)) 0 — X —1.5x, +2sin(x,) )
+(3+cos(x,) )u(t) +d,(x,1),

S(X(1)) = %, (1) =X, (t) — [udz =0 )

358 53k 5 Sy 4 il 5 e B8 Al

S= Xn (t) —Uy = 0 = Xn (t) =U, ()

sl J3 51 () daly gL (B b S
X =X, + Af, (x,u,t),
X, = X; + Af, (X, u,1),
: (YF)

X, =X, +Af_ (Xu,t),

et 01§ o ¥ 4l 3 0l 1)) s L (YF) 5 (YF) byl eyl |
ple s ks e S gdome Olej 55 pts - sla e ST 3 S
g | S i S 4y lanls (sl el sl 5 izl (Zpalad
M\)Mr‘};}é)l.\i\i(\V)J}MijJJISQ)JGAa-;l
ollisl s a ¥ @V d w63, B 1 g S e
roet g losl I (s Coalid pde Sy 5
4 e Llg o0 &S AL o0 CeMe el Jels olgiy Js 056
S R P e
SimaY Lo €07 s ol SAL(S/E) gLl b L adle
Sl 4 e Klg e € 55 ylie S ol SH 4 o3V
&Ko 3y dalgu o6 0T &S 8 Jlie 5 358 il Sl
33,8 Ol gt b onlize OT jlukde b 10487 (ol

Dskie 458 0 0 ol A5 5a8 BB L Cdle 1 (ed ) 5
3800 ST bl s ¥ eSS e s s
el 5 Do & (W) U8 056 1 153 8 e wlf o lass

:.:bji.:»
u= —g’l(x)( )+ LMDk e
+7$(2,5)+ hO)w" (x)0)
oL Ll
r= 4ﬂzr +4,B2 = r0=r,>0 ¥8)
=390ED | o), L@ =M 1
o

ézl"ws h(x)

Sl 25 o) g 4 A 508 0 K S P(7,5) <
43 5) = L= XPETS) %)

" 1+exp(—7s)

Sk s Cose 4 T o5 J bl 55 o(Y0) eaiS JS s

g e

jzzﬂisg(x)hexp(f?s)s n(éj

1—exp(-7s) au (*vV)

Journal of Control, Vol. 11, No. 3, Fall 2017

Y45 b o oot 1) o (=S dloea


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.3.1.2
https://joc.kntu.ac.ir/article-1-401-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-19 ]

[ DOR: 20.1001.1.20088345.1396.11.3.1.2 ]

HSE (54 35m SRS 5 S0 5 1pnlad e Lol e (st b (U8 s 1 (WS (5 p5lde s J 257 o8
o303 oo lonsl dzes dows ¢ @llsle dm ¢ Sl (tge

20

05
= = = Proposed
FTSM
<~
3 L L n L L L . L L s
0 2 4 6 8 10 12 14 16 18
time(s)
X G| PR R ;iw
3
= = = Proposed

FTSM

0 2 4 6 8 10 12 14 16 18 20
time(s)

Xy Sl e ¥ IS

200

= = = Proposed
FTSM

-50 .
0 2 4 6 8 10 12 14 16 18
time(s)
P
S QU ¥ S
1
08
06
B
04
02
0 . . . . . . . . . )
0 2 4 [ 8 10 12 14 16 18 20
time (sec)

e pbral el el F S

20

s5hisn B Sl 5 skaie & 5 ol e paal i)y O
Cose 4 Unmatched cobs e iz 0=1 &
3 p2eew Matched coais e 5 d, (x,t) =10exp(-t)sin(x,)
Oy 4 o olalizel
- d, (x,t) = -30sin(t) x* — 2cos(t) x,
+10texp(-0.4t)+10cos(t)

.
X(O) =[L 1] st 6l 25 S 4 IS slamalll 5

adgl Loyl b sl

‘KI[ 1 . ‘d:]./3 ‘ﬂ2=6 40{1:0.2
s n=0. ‘é( OZ) Ar( 0:) L(0)=2
I=3

30 RS 050 calgtig IS 058 bl Osls Ol e 4
St 0L Ll o W] g FTSM e il 25
D] e 8 T 51358 Jolo (slalinain anlio b 33,8 0
I el 00ls 1)) o b (Sla gt (51 pslie J 287 0556 o
Pk Cmomen ol ok Ol Aglie (1 o ol 0 A2S 28 )
Gods 4t 8 L 55 Comw S5 ojlbl 4 )bt ilackl 5 Conls
WLl oS Y RS 50> Shas o S g5 658 S O
Sl gl el ot o3l Bl P B Gla S s (leat s
.c,,ﬂla,uq:t)\uxduu}i‘:);wa,w X, 5 X
O)JEC,;JMCJB Slaite 395 0 0y C).;ljdu.‘tfi,l@'w
e, 8wl S [ Rl 1, Gl ) er oalgriy J RS
oS J 18 5 Wlesls Olias Sn g SIFTSM w s 1) (6 2 Sl
5038 ade Ll Coalid pde ol 3B o 4 oleiy
S I e e e
PN S Sl Sl MalS s e 0L ) oS 1S
e FTOM @ s olgtteg 5,005 @l 5U spse I8
oaia fha as o) 3 g adse ) Coeal ol S
26 Klae 53503555 Khes (555 2 (Soid Cussdoms L) 355 o0
98 IS (6551 e bl i 55 5 55158 Olje o 5
to,
s ol Gob ol 0t S Y S 5 39 (IO u<dr)
IS 4 536 S Sl G551 Gpe b olgdy oiS J S
o 0303 iles B IS 53 s psbrall eyl et ol

b Iy ol ot 1| Kan i 4 )l opede glas ax 81 .Cl

.C,.w‘uu\_’l:ob‘)jTﬁ UJ,.“S;’}M}@‘A-\JLA)}AMJLEJJ‘

Journal of Control, Vol. 11, No. 3, Fall 2017

Y45 b o oot 1) Ao (=S dloea


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.3.1.2
https://joc.kntu.ac.ir/article-1-401-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-19 ]

[ DOR: 20.1001.1.20088345.1396.11.3.1.2 ]

ov HSE 554 35m SRS 5 S5 5 1pmlad e Lol e st b (U8 s 1 (WS (5 p5lde s J 257
o303 oo lomsl dzes dows ¢ gllsle dm ¢ Sl (g

65 Shes gla o5 s Y Joder

MRS ISE IAE ITAE

sl X 1.4x10° 7.4x10° 1.3x10*

FTSF % 1.8x10° 9.1x10° 2.6x10*

@l x,  15x10° 7.7x10° 1.4x10*

FTSF x, 1.2x10* 7.3x10° 2.1x10°

&lp

[1] Galicki, A. Finite-time control of robotic
manipulators, Automatica, 2015, 51, 49-54

[2] Galicki, A. Finite-time trajectory tracking control
in a task space of robotic manipulators, Automatica,
2016, 67, 165-170

[3] Golestani, M.; Mohammadzaman, |I.;
Yazdanpanah, M.J.; Vali, A.R. Application of finite-
time integral sliding mode to guidance law design. J.
Dyn. Syst-T. ASME 2015, 137, 114501-4

[4] Xiao, B.; Hu, Q.; Zhang, Y. Finite-Time Attitude
Tracking of Spacecraft With Fault-Tolerant
Capability, IEEE Transactions on Control Systems
Technology, 2015, 23, 1338-1350

[51 Yu, S.; Yu, X.; Shirinzadeh, B.; Man, Z.
Continuous ~ finite-time  control  for  robotic
manipulators  with  terminal ~ sliding  mode.
Automatica 2005, 41, 1957-1964

[6] Golestani M., Mobayen S., Tchier F, Adaptive
finite-time tracking control of uncertain non-linear
n-order systems with unmatched uncertainties. IET
Control  Theory &  Applications, 2016,
DOI: 10.1049/iet-cta.2016.0163

[71 Mobayen, S. Finite-time robust-tracking and
model-following controller for uncertain dynamical
systems. J. Vib. Control, 2014, 22, 1117-1127

[8] Furat, M.; Ekber, 1. Second-order integral
sliding-mode control with experimental application.
ISA Trans. 2014, 53, 1661-1669

[91 Xu, H.J.; Mirmirani, M.D.; loannou, P.A.
Adaptive sliding mode control design for a
hypersonic flight vehicle. J. Guid. Control Dynam.
2004, 27, 829-838

[10] Yang, J.; Zolotas, A.; Chen, W.H.; Michail, K.;
Li, S.H. Robust control of nonlinear MAGLEV
suspension system with mis-matched uncertainties
via DOBC approach. ISA Trans. 2011, 50, 389-396

63, Shes Gla el (aodiS'J xS TS iy ey p bt 4

Bab 88 s 55
T

Integral Squared Error (ISE) = Ixz (t)dt (i
0

das o oanl S S glalls 1 2t 655 glalbs 4 e ls ol
.J.Mg» b;:b)cﬂ a.J..SJ,:S (-l.,\f SMJ@ olas é‘_} BEIE)

el YL o) Kas G il 28 ISE ax a
T

Integral Absolute Error (IAE) = J'|x(t)|dt -
0

o Sl s (gl (6 7S Oluy otiasOlis S ISE esls
.@lv:...b_..»

;
Integral Time —weighted Absolute Error (ITAE) =J't\x(t)\dt @

0
s o el gl glalbs 1 2y JE UL glalas 4 jesls o
o2 s 1 o sl Gl 4 oS Sl I ITAE Lol Canss
Oljen Sy 4 JAE S ISE Lus ok opl . das sod Coanl Ll
b Lgd oo 45 i 5 65 Shes Lasls aw pl 1 35 0 3 by
S ;J.ih..o odS’J S c\..lf Afbj;f Sy e Glaliane oL
UC,..ula-Lirﬂ\jb‘Y d)k)é@&{d}f)bbﬁh&@b.@‘&b

.@Ll:L@JTz)}A)zL;J:ﬁQ}LA.éQIﬂ

S 5 doms -0

IS 3 5malle§ (S5l sl b 3 805, 6 lin pl s
A Gl el el 5 Conlad ke Lol pen (ot 2 Glapte |
55y 3 ealizal b allie cpl 5umes Ol polie il J 8 0 g6
PR o st Jol i SR B s J S
R b ks 31 s hnels (sl Sl e ) sate 4 s
oy g5 & il J 28 086 ol s L e b L Cedle ab
6 K el 5 coalid pde VL e S s Do K
@ilwesly a5 511, U8 058 (Shs pl Bl psbre J5 516 s
Oy 56 G b poman 35l g0 LS 5 Cabaats s Jos
Sgde Ol @‘;M .:;sta e ol el g 53 e ol
O G L kS RS plS 5 e Tl gla e
058 & Comd dlie (l J 257 056 55 g 52 2550 Sl
28,8 515 asb 5,0 5leans g b SIFTSM

FTSM b (salgiing J 55 0508 s 0 65,1 amglin 1) Ul

oS J xS <55
@3lghy O 56 1.43x10*
FTSF 3.75x10*

Journal of Control, Vol. 11, No. 3, Fall 2017

Y45 b o oot 1) o (=S dloea


http://www.sciencedirect.com/science/journal/00051098
http://www.sciencedirect.com/science/journal/00051098
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=87
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=87
http://dx.doi.org/10.1049/iet-cta.2016.0163
https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.3.1.2
https://joc.kntu.ac.ir/article-1-401-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-19 ]

[ DOR: 20.1001.1.20088345.1396.11.3.1.2 ]

HSE (54 35m SRS 5 S0 5 1pnlad e Lol e (st b (U8 s 1 (WS (5 p5lde s J 257
o303 oo lonsl dzes dows ¢ @llsle dm ¢ Sl (tge

OA

[15] Ferrara A., Rubagotti M.: ‘Second-order sliding
mode control of a mobile robot based on a harmonic
potential field’, IET Control Theory Appl., 2008, 2,
(9), pp. 807-818

[16] Levant A.: ‘Universal SISO sliding-mode
controllers with finite-time convergence’, IEEE
Trans. Autom. Control, 2001, 46, (9), pp. 1447-
1451

[17] Zhang, X., Feng, G., Sun, Y.. ‘Finite-time
stabilization by state feedback control for a class of
time-varying nonlinear systems’, Automatica, 2012,
48, 499-504

[18] Mobayen, S. Fast Terminal Sliding Mode
Controller Design for Nonlinear Second-Order
Systems  with  Time-Varying  Uncertainties.
Complexity 2014, 21, 239-244

[t1] Taleb, M.; Plestan, F.; Bououlid, B. An
adaptive solution for robust control based on integral
high-order sliding mode concept. Int. J. Robust
Nonlinear Control 2014, 25, 1201-1213

[12] Mobayen, S. An adaptive fast terminal sliding
mode control combined with global sliding mode
scheme for tracking control of uncertain nonlinear
third-order systems, 2015, DOI 10.1007/s11071-
015-2180-4

[13] Mobayen, S.; Tchier, F. Design of an adaptive
chattering avoidance global sliding mode tracker for
uncertain ~ non-linear  time-varying  systems,
Transactions of the Institute of Measurement and
Control, 2016, DOI: 0142331216644046.

[14] Zong, Q.; Zhao, Z.-S; Zhang J. Higher order
sliding mode control with self-tuning law based on
integral sliding mode. IET Control Theory Appl.
2010, 4, 1282-1289

Journal of Control, Vol. 11, No. 3, Fall 2017

Y45 b o oot 1) Ao (=S dloea


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.3.1.2
https://joc.kntu.ac.ir/article-1-401-en.html
http://www.tcpdf.org

