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Robust Controller Design Based on Sliding Mode Observer in The
Presence of Uncertainties and Actuator Saturation

Tahereh Binazadeh, Majid Bahmani

Abstract: This paper studies the design of a robust output feedback controller subject to
actuator saturation. For this purpose, a robust high-gain sliding mode observer is used to estimate
the state variables. Moreover, the combination of Composite Nonlinear Feedback (CNF) and
Integral Sliding Mode (ISM) controllers are used for robust output tracking. This controller consists
of two parts, the CNF part which is taken into account to modify the transient responses and the
ISM part which is implemented to reject the disturbances. The two important issues in this paper
are: considering the actuator saturation and designing the robust observer-based control law.
Moreover, a theorem is given and proved that guarantees even if the actuator saturation takes place,
the closed-loop system is stable and the output asymptotically tracks the step reference input.
Finally, in order to show the performance of the proposed controller, it is applied to the yaw control
of a helicopter and the simulation results verify the theoretical results.

Keywords: Sliding mode observer, actuator saturation, robust controller, integral sliding mode,
composite nonlinear feedback.

[ DOI: 10.29252/j0c.13.2.23 ]

o sb e a8l =01l 535 1) 5 J S Oledige ezl o =S Ao o303y o alb 1L s odge oy 5


http://dx.doi.org/10.29252/joc.13.2.23
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.2.4.7
https://joc.kntu.ac.ir/article-1-510-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1398.13.2.4.7 ]

[ DOI: 10.29252/j0c.13.2.23 ]

S Ll o B s 53 G e Bss s polhe s S J 28 o b v¥

g e o3l 3l aﬁUa

0SB Ll e (B e S s Gl i) s Sl L
Jt.@lomfwstwuﬂﬁg}fuQTL;;LQ,LL,,CNFJJ;S
S L ol :JSL..:«‘;U;);J\AJ.Q))A{@!J[:-):
a8 JES 056 b sl b 2l s 3 Sl gle e
Qb s IS e sy b 0T Gl L ONF (g5le pylie
3 Ses 358 o Jool Sgy Lo g odd 03 et Sl (gl e
s dal g JLs 43 &S s fLAL gl 53 1) (oele

A e Saay (b e pslie 3ol & e )
Sl oo S e LBl 5 SRL Gl 0 s ) K55 o
03l Slas 5 i 5 BB e Sy ) Ly 350 ¢ 555
S5 o b pslie Sy (b slagssS al dlis
polie (s 5 SO 056 5 Kaay 5l eslizal b g 5 A5 dal
Lol 03] gmedw Sl glaiie 5 e CNF 555 Gl 1 «S)
2 s palin J S 058 (o3 8 gl YIS e s
Sl STl b oS e gl 38 0L S
Sl a3l a5 Sagy Saliys 03505 Blod bty 4l s
o AT s Sl odd ol 5k 4 plsl (s o wb el
4 oS ST ol sty oS IS s Slas 001 0L ks
Sl 55 Sl and s 5 Sl okl leﬂ,@,\idﬁfw
.@\ou\i;f

@S R 3 13 (o W 5 3l 4 dlie ol aelsl s
u,"fl’ Jsol ol ol astls v")‘l’ CRTY u\-_u)v-:—w_-n@,&»
Jols e plgr i ol oceT Wi g 2 5355 pslie S5,
IS b a 0T 53 5 Sl dlie ol sla 65T 5 5 basyslius
J.u6u@@u,5ﬂtp|,ﬂ,,>;g})ﬂ@;ﬁpmam
Qﬁ‘jaljldl@u:a'qalﬁw,@lemc;;l;ﬁv;m?n
s 1y @olgit oS J S Coglhe 3 Shes & ol ol
w.g;wlo.mn,ﬂr,,;iu;se);ué,'u@@\:;..b_u@

el ods S5 s ot o )3 (5,8 e
Woo Ol 9 prugr (3 y0 =T
S 5 5315 (1)

{x‘ (t) =Ax (t)+Bsat (u(t),u,, )+Bd (x,t)
yt)=Cx(t)

3508 UER (o - i x eD cR" 0T 55 &

")

5 A Gl s Bl gt 25 Y ER 5 S
1335 o S 5 Do 5 gl

Sat (U (1), U g ) = Sign @ ) min {u ., o]}

Umax for u(t)>Umax )
=qu(t) for  Ju (t)|<Upmax
—Upmax for u(t)<—Upmax

dodo —

Cyd g 3,13 3 2 5 05l o (ot Glaptus )3 & cagr dls
ol A5 056 (b 55 il e S s 2555 wl> 1)
ok B SIE N 25k B s (b e 53 A3
st e el 35l gn Sl Gl 53 iS22y A 50 gl
25h UL w all e Sl Ses g g 2 el
S Sl otys 8 alyl e nl sl SYGa s o sme slas )
Je oalad pie (35 5 03 sk 5 (iU (Slapteen STy Lan
SRS b ) 53 platag prmes [P V] A3k
0T 52 o ol by Soppo o5 e LBl (38 L5 s L gl
V-] il g Sl 6S0d g 4 0 (b oS J ST Sl
Gt 5 e s 53 Sl la it Saes @0 S (ks 53 [4
L cmln Sasy &8 (b b Sl gla ke s Sps 6
a3l @)&LT

s pomed 5 ol DL (5 e 53 S plapten Gl
Sheslizal bl Il (6o it (pednd (diied 0t Jiko 5 Loald
s Sbee s 8 oo Koy dher 53 ol pslin (sla S,
ol s 1 A6 sl b s p 5 Sl Sl e 53 sl
il o S 500 sl o) cdites ol Slalizel 5 Jie sla
Sl 3l ola WS sl b Ky ol Y Mgt s )]
75 S G L] o o e o 0305 and s 5
Sass 38 spr e Sasy b Ly 53 gt o
SAS St 55 Sty ool [V-VF] e s ol ot
Sasy g s S kS SRS 5 b 8 15 eslizal 5)pe il
S S o Susy S 5 Ll e 8 b
.[\A]:ﬁdw&bdhﬂtﬂ&:ﬁbﬁjasmqy

B3k Koy p e s S (b e
(e e 53 s gla 2L Gl e &S e gl
&S g pslie L 4 [14] xSl ol plandl ola ha g
el sy S5 b s 8395 Pl 4B L oL e
52 S e gL AS L el i sl ot 51l azan [Y4]
2 s oS J RS el 0T pslie (G5le Il 4 5 Sl 3 8
AL Sasy s pslie Lol Sow Sl wls S,
3 3 YK 5l s 31 (51 23 12V ] G > S e L
I3 s 3550 caras sl Gla 0t 51 ST 61 [YY] e
el a3 &

2 A b e o o & JaS Gl s 3l (S
S e G S ) Sl e S e gL S sl
Soles b g ¢l 0556 SRS by ol Wl (CNF)
Bl s 350 (a5 b s ity @S ol il
OB Wy 55 o 5 o plowil (Sla gy ol [YA-YY] o o

Journal of Control, Vol. 13, No. 2, Summer 2019

YFAA Dl oY o5les ¥ o oJ =8 alons


http://dx.doi.org/10.29252/joc.13.2.23
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.2.4.7
https://joc.kntu.ac.ir/article-1-510-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1398.13.2.4.7 ]

[ DOI: 10.29252/j0c.13.2.23 ]

Yo S e Ll o B s 53 b e Bass e polhe 0SS 28 1 b

g e o3l 3l a,&Ua

P (X) & s P(X) 035 o3l L (A) Sl Y © gy
Sloblizlwal p(X) =0 5 peomes A3l o gblws J6
e il S Ty JB es (S SN st b
WLls Aal B o) e 4 g g5 AT (ool

Jas sk 4 5 ELLIS RS PN (F) J=la Y 0 pad
@KJ’J‘:'(\)U"J’)°°“L‘:‘£‘J“I‘{‘JJ'W“\"‘;‘Lg‘jl‘)‘iq})
WS 3 s Bl o) S ssb 4 et S5 Bl e
S 0351 1y (V) o5 bl o L

ol 1) (S5 Gl s I s s (F) S¥slas Sl L
oz Sl placd ST b 51 odm 5 by gge Dby 530 258 o
Olgr b 4l (F) alin LOT Ll dslas o7 ditn oo 02
[T o8 s pp cnl a1 OT Ll aslas

DT 8 o b ) Gillae (6 855 (F) s 512
R = AR+ a(R)+ 7 (Ru+L(y—CR) + p(R)u, (t) Y

Sl e 51 ads X () €R™ b ize Sogy ol o
ity slae L oSla, Yhoe By wars by il X ()
b b

L=s,CT 0

dolee Jo 515 Al ol 5 e Sute Sy e Sl S
1338 or S 25 S
0S,+A'S,+S,A—-C'C=0 )]

2 U () o509 Al e 36 G oo 5> 0 il
5 Shes 338 o bl daly gb i de S bl
e a1 (4) S, pslin
u, (t) =—pysign(y —CX) an

pd (s alaly Gilas (@(1)) Su gy sl Jls p aoili

ett)=[le,t) e,®) . . . e @
=X (@)-x(t)
Vslae ol Kugy sl Lls,  Sealys SYslas o KT

()

Db ol 5 g 4 (3) 5(F)

e=(A-S,'C"Cle+a(RX)—a(x) + 7(R)u
—y7(xu+p(X)u, — p(x)d(x,t)

2l Sopo Ay e Sl Sy gl Jo skt o

Dy N

(\F)

. 1 1
A9=d|ag£1,§,...,6“] (\0)

el 1B 5 Bals) O slile oS

S o0 Bk ksl y 53 5 Sl 5 gdms

Jd (¢, t)] < po(x) ™)

KT X €D o lp 5 ol ke 5 psbee Po(X)
el Py(X) <Up
R8s g s s pslie 3 Shee L J RS 046 b O
b e (63555 (g 4l ot (s 2 S S 4 el ol
dUs A(X, 1) pobasl b 5 &8 e pLsl g 5315 Tl il
S o2 o e (2 limy (t) = s sk @) a8
S 5B o 355 (o s pslie Ssy b 4 el
4 0T 3 Slas 5 (b odd 03] madsd Sl (sla e p (s < slio
o313 0L (Y) oy 53 o gl o o b Cliinn Sl 4w (513

.::;@M)ﬁnﬁ

Pelie Koy A1 b -
Aj‘)l JQJA!-Lﬁ df)j o g Jib__j) 6:-‘}9 Ly u“’” ui‘ BE)
.-\{Li.;jléi)bb(f)r%«:w.n;@

X = Ax+a(X)+y(X)u+ p(x)d(x,t)
y =Cx

)

Glie 5l X =[X 3, X, X T €R™ e 0l 5

UeR (b= 6ilsr wls P(X) 5 7(X) ca(X)
pobaall wb Cpoman AL or ot s Y €R 5 IS 3505
e 53 0 e glacoalad pde 5 Slatazet 5 a6 d (X, 1)
Ol Hlslo glyls A as jle AST o Butes (Y) b5 53 457 il s

‘;‘-“"J:'.'\i Q})(A,C) Cj)j"u'LLSAJi) Ala‘b)s o 030>

A= B I‘”‘lg(”‘“} ®)

Syl Cl 0 48,8 i 55 (F) s (51 4 L b walsl s
[V ] s dal e
4 P(X) 5 y(X) ca(x) Gk solan ol (V PP

A ) gy &) s

a(¥)=[a () @ (x,%) & (4 X X))

() =0n%) 7,(%.%,) A CHS S L)

POI=[ P (%, %) P (% X XTI ()

Pi (X X)) 2 7 (X X)) ¢ 0 (X X)) G‘f:“f
Al i X D pine 4 i (1=1,2,.,0)

Journal of Control, Vol. 13, No. 2, Summer 2019

YFAA Dl oY o5les ¥ o oJ =8 alons


http://dx.doi.org/10.29252/joc.13.2.23
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.2.4.7
https://joc.kntu.ac.ir/article-1-510-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1398.13.2.4.7 ]

[ DOI: 10.29252/j0c.13.2.23 ]

S Ll o B s 53 G e Bss s polhe s S J 28 o b At

g e o3l 3l aﬁUa

oiS J S S5 oks 03 padw polie I eslimal b aslsl s
AEOT Gl 4 o ds dals ol b oS s pLEI 5l 55 pslis

Al AT DS 4 e SR Jalse

FR9) 3 (e pYlae ouis” J 58T 5k L

&5 e Ell (98 7 S 50 b

G 51 A(X ) psbrli 5 1 RIS ki 4 5 ol 3
o3lizal ISM JISal 50 oaS” J 28 L CNF J 87 046
ISM- ouS” J 287 &S 5is ol 51 Jools J 28 056 0 sl
056 ol Ll el ok w1 [YF] s e 53 0355 (n okl CNF
o3 5 eslizal 5 b Sl Kds plal b 085 J ST
o ze ) eslizal b 056l 5L sl sl dlie ol s el
s gn o3lial pslie B5e g5 4l g edd 035 aid s
S sl otis 8 S @yl i ol 3 (6l i skite ol sl
s 53y Sasy g s Solghey JAS 056 Ol s Shes
b n S S s p L

sl S s Z (1) o glaze oylhas olis asls
auls &S !LTy(t)=§Ze:r¢,y el ) s L Z
2 L Gsd Js (b g WL &Sl Sl e 3005
OB (b Oda 5 b el ol pidaly 7277, e
limz(t)=0 S G Sl ) o Sl (S S
7=Al+a(Z+2,)+Az,

+ Bsat(u,u,, )+ Bd(x,t) AN

00) s 4 4 5

a(z+2)=[0 0 .. CA'(z+z)]
=[0 0 .. cAaz+cAZ] )
=[o 0 .. caz] +[0 0 .. cAz]
=a(2)+a(z,)
dal 0T Gl 4 S 58 G g wly A Olsir mmpes
Sl el sen
AZ=A7+a(2)
Az, = Az, +a(z,)

(YF)

g e o $5L 25 S g 4 (YY) dislas ol ol
Z=A(Z+z)+Bsat(u,u,)+Bd(xt) (Y0)

oo Sl Aty plas Koy, 5 xe ISM-CNF J 8" 0 56
:J);

1.
S, :5A9151A9

AAA: = OA g
CA,=CA,}'=C

Al 0 =1 (1o (1)) alms el S oo Slo imas

A ) o a2, s 5 (F) g 11 0] )
>0, » sl S s Al 35 0 >0 o s,
|Sn o & (il 0 4 Sas) sl py > Po(X) A
Sy

Jloel b 1) ¢(V) ot (51 S5y (b skt & aalsl o
Sl apd bt (F) Qs o3 4 (e Sl ol s
S e 33 e i b 05 0 S LBl GG (V)

J.g‘) Syl @ Z(t) )‘:Jf 4>:.»L>: .b; oslainl ol ;: Jib__})

348 a0
C

:0-TxO-| ' |x© o)
car

b Sy opl 53 Sl 5 ,i 2 TER™ (o jo o Sl &S

shie b 25 pp 4 () gt dolas Z=TX i

2= Az +a(z)+ Bsat(u,U,,,) + Bd (x,t)
y :éz \AN)
‘QT BE) s
0
K{o I(n—l)x(nfl)i|; a(2) = 0
o 0 - 0%
CA"z

B=TB;C=CT*

L pstie Sasy (b slp slle slsle VA) gt b
1l 25 e OT s palie Sapy sbsla 5,
7= Ai+a(2)+Bsat(u,u

+L(y—C2)+Bu,(t)

o a1 e (X (1)) S o e i
3 e 3 el sl (X (L)) oo

R(t) =T 12(t)

max) (")

o X Sl e e () e Sl Sy slas ol s
Db ey D)l
%= AR+ a(X) + Bsat(u, U, )

+TL(y—CR)+Bu,(t) v

Journal of Control, Vol. 13, No. 2, Summer 2019

YFAA Dl oY o5les ¥ o oJ =8 alons


http://dx.doi.org/10.29252/joc.13.2.23
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.2.4.7
https://joc.kntu.ac.ir/article-1-510-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1398.13.2.4.7 ]

[ DOI: 10.29252/j0c.13.2.23 ]

v S e Ll o B s 53 b e Bass e polhe 0SS 28 1 b

g e o3l 3l a,&Ua

53 Uy w5 oY9) sl 53 ok @151 oS J 287 55 2 0 paad
w@g)t;\fﬁ:u(;ba\?ﬁﬁg}um)\vmg@};mu
S Joo W spd g @ly olinal 3)50 LIS uly 3pp 5 slite
s (M) S S K gl tsw 1 AL s
4 [YY¥] & 03 ol 4l oS b S b e U=U +Ug,
Wil Lls 5l paie ol amb 53 S 05 e b s
~9}-:-581-3“‘-:>'U>)‘)(X0€XF5>

w U=Ugy_cne 09 oS J S Jlasl b Soygm ool o
:ﬁ)\:(YO)W

7=A(2+2,)

+B| sat(Uigy _cne»Umax) + F(Z+8) + Hr —u,
T

nt (")

+Bd(x,t)
= (A, +BF)Z+(Az +BHr)+BFe+
B (sat(Ujsy_cxr s Umax) — UL )+ Bd (X,1)
Vb (55 3 L iman 5 (YA) ;¢ a5 L WD
dol () 5 OA) SVl 51 & € =7 =7 s Salus
-LJ“T@ Sy ) SYolee ‘é_,.i'@
iz(Az+l§F)Z+ BFe +
I§(Sat(ulswlfcm: +Unnax) _UL)+ Bd(x,t) (¥f)
g€ =(A-LC)e+a(e)+B(u,(t)-d(x,t))

238 )] 25 4 B e Slrs I DU 5

e 4 (Y9) S5y (Gn 5 pslin oS J 287 aspiliar 140

G.:.E.:L? J).,é} BERC o) prics V.'-'.w:.w C)‘))..p u"!“ BE chj.:-l JL&.“ (vfF)

e GOl il e (e Sl oS e LA 5 o gl
Qimz(t)=0 = lim y(t)=cz, = r 3 Sske 40335

t—w t—>o
bl ol bt by 8 55 1 5 U Rl
SVolee (pre S¥olas Joli &S diy adl> e 5 sl

2,5 1 L e 355 il o IS 056 5 S,

V =7"PZ+E7SE, E=AF (*0)

(201> 09) 5 (V) (¥ sl o35 s,
E=NAE

=A,(A-LC)AE +A,a(F)
+A,B(u, () -d(x1)
=A,(A-S,'C'C)A,'E+A,aF) (r$)
+A,B(u, (t)-d(x,1)

=0(A-S'C'C)¢ +A,a(F)
+A,B(u, (1) -d(x1)

u =u +U

ISM —-CNF CNF

_ Ys
=Uu, +Uy +Ug, %)
%/—‘

Uene

ISM

i 1l i ae Jold 358 O 5B 355 oo sdalin &7 shilas
s bl b el i 5 (U ) (ot b o U ) (o
b tde ool 51K aalsl 5o (Uigy ) LS8 ijadde I8
235 o e
5C~“‘Jij¢)}~4“u§%})ﬁs"f‘u|_ B R sl
u =F({-z,)+Hr
=F({-z+z-z,)+Hr )
=F(Z+€&)+Hr

s ol 5o
EM)=72@)-z(@t)=T (X(t)-x())=Te(t)
ol & 08 o Hlb g 4 F o, s Al e
G 5 daly 53 H o ISl b oo 5L 05,2 A+BF
S

Az, +BHr=0 (YA)

Wl bl s Uy (s e e
u, =p(r,y)BP(2-2,)
=p(l’,y)BP(2—Z+Z—Ze) (Yq)
= p(r,y)BP(Z+8)
5188l Oyl 5 e ote s 5 &S PG slslee s

T s 15 DS Dslae -
(A+BF) P+P(A+BF)=-W (x+)

Al e Ol 5 e Cute ol ey Lu Sl SGW Sl
Wil gr e 5 ome iie w6 S P(F, Y ) o 1 o e
palhe it 35 8 o Sl b b 5l (g5l Le Ll S

1wl ) s a5 S S 056 Sl
uISM :_LSign(B_r B_S), pO(X) <L <umax (*v)
é—b&f.‘c]d‘uu\;‘a-\.&@ﬂ* u:ég)z pO(X) 5umax 4§
Pahe N p5 ok
$=B"{2,)-2,00) ;4 you ()7} 1)
ST edios) s e o Ml 7, (1) B ool 5o

Q‘..‘ LS‘U Hldas ZV—NOM pomen .L&Lvd Ze U}lkﬁ Hldae

Aas e 0L [y b 2t b Ole s 1) oDt

Journal of Control, Vol. 13, No. 2, Summer 2019

YFAA Dl oY o5les ¥ o oJ =8 alons


http://dx.doi.org/10.29252/joc.13.2.23
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.2.4.7
https://joc.kntu.ac.ir/article-1-510-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1398.13.2.4.7 ]

[ DOI: 10.29252/j0c.13.2.23 ]

S Ll o B s 53 G e Bss s polhe s S J 28 o b YA

g e o3l 3l aﬁUa

Sl ol 53 P ke s (L) Cum 4 s Lk
Zéajfdnyl;-ﬂ)'@)l.rp
a)(t):uN(t)+uISM )

_ _ 7 (FO)
=p[B"P BTP]MHJ,SM )

)“‘La"‘u|SM él"“"ui};@ ‘Md’w&)‘%\%wjé
] s S Kl 5 alaly Sy e 41 OT Jslae

(u|5M )eq = ueq = —d(X,t) (£%)

a3 e g(t) = Uy (1) celnle

Tl w PBF 7
V< - _
g| |(PBF) —non,(5,+CC)A, ||&
+2p7"PBB'Pz+2p7" PBBTPe
<[2}T -W Pg(F +p§TP) [2} (FY)
L8] [ (F+pBPYB'P —pen,(S,+C7C)a, |LE
Q

+2p7"PBB'Pz

2p7'PBBTPZ<0 W ool e o p b ST )
e i Q) Pl Sl (BT DL b O it sl 5 !
e Al ST SHIYF] sd JoSle o olel Sl pl 53 il
95,8 5150 5y ool B Il pne e (W)
n6A,(S,+CTC)A, >(F +pBT P)T BTPW 'PB (F +pB'P) (FA)

p=p(rYy) e e gl s 0=0, 2Ll cwbe Sl
G daly | p(r, )| < ol 2 sl 4 o&KT e ota ol
AL o

53k e U= Upgy o A5 K aals S1ipss Ll

ol ST o s i 3 U s ylie 51 0T o510
[F F]mmr +p[BTP BTP}HN,SM U (5

:ﬁ)\;r’aﬁa.;@o.-}:l{

7
U, +Ug, | =|[F F]L}HHU,SM <U ®)
AP
g:umax_uL+d(Xlt) (G

Sl Gl s ese g>0 (FY) 5 (F9) Ly, 4 =5 |
A e ol A 5 Ay

u,>g>0 oY)

A 25 e 4 DS WU e Do ) 3
V =27"P7+2£'S,& (*v)

Il el (1) alaly 03 8 i sl b S
287, E=2E"SO(A-S)CTC)E+
2§T SlAea(é) + 2§T SA, g(ur (t)—d(x,1))
=20ETS,AE-205"CTCE+
2§T SlAea(é) + 2§T SlAG g(ur (t) -d (X: t))

w15 C 5 A oy 5l 1310 (01 el g 530
AT A ~TH~
0s,+A’S,+S,A-C'C =0
G dolae froly S 0)lie oy e o5 5l (35 S o L
W &KT b o 0=1 slla

206"S, Az =057 (C'C-8,)¢ )

AR
2575, E= 0TS, E -0 CTCE+2E7S,A ()
+257SA,B(u, (1) —d(x,1))

(F+)

ES) Gilks dyl{\:J GU (s (Fr) 5 (FF) &Yl 4 axg b
T it
V =7"(A +BF) Pz+2"P(A +BF)Z+27 PBg(t)
+27"PBFE -6 (S, +CTC)é& (V)
+2&E7S A, a(8)+2ETS A, B(u, (t) —d(x,1))
ol B ny
9(t) = o(t) +d(x,t)

o(t) = Sat(U, (£) + Uy () + Uy, (©) ~U, (1) F¥)

3505 g $3L OIS 0 p3 S w !, (FY) Ol

v - T w PBF 7
e [(PBFY  —n6n,(5,+CTC)A, |l €

—(L-7)0F (S, +CTC)E+2E"S,A,a(€) +2£7S,A,B (U, (t)—d (X 1))

Ry (t)

+27"PBg; ne(0,1)
.A}.’b@ 6""‘ Rl(t) CU g@:@lg;?in J:.A“)Lf( WLLA gl&c&\ L

(KU}

~7 _ B
z W PBF 7
= s - +27"PB
M LPBF)T —16A,(S, +CTC )AJM g o
S Al g el sl gl Vv Cand g aslsl ys

S U=Ugy o A5 I als Byl Sl

R ke sl U e 5ltie 1 (55l

uL+uN+u‘SM\:‘[F F][Z}rHrer[BTP BTP]mw,w(t)Sum (FF)

Journal of Control, Vol. 13, No. 2, Summer 2019

YFAA Dl oY o5les ¥ o oJ =8 alons


http://dx.doi.org/10.29252/joc.13.2.23
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.2.4.7
https://joc.kntu.ac.ir/article-1-510-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1398.13.2.4.7 ]

[ DOI: 10.29252/j0c.13.2.23 ]

¥4 S e Ll o B s 53 b e Bass e polhe 0SS 28 1 b

g e o3l 3l a,&Ua

Silwdes 9 53 2l Jbo -0

ko e G (655 p e 5 o3ty 3 8055 S nl o
5 03l Ol 55 gile and 53 0T glhae 5 Shee b33 5 o Jles!
T e S L ol s s Sas o l dmlie Graes
el 4 s Sy g s

LFO] ssbn 2 sSdn 53 b JUS I 557 4 sy e 5 SYolas

[ -2.6571 21.9350 3.8290 6.0497
()= —31.0290 -3.5154 17.0990 -3.0897 X(t)
6.1059 -6.9623 -9.7553 —96.3750
| 17.1690 25.7330 37.1760 -33.0820
A
[ 0.6258 o)
+ fzglfgsg (sat(u, Une) +d(x,1))
| -14.6430
—
y(t)=[153190 -10.3210 0.7307 -4.7274]x(t)

[}

AU, =04) JaS S Sbae jlie jlie ST
G Ll o (s SO S ST ol s Ll o
SR e S ooy L M=12 e o005 Y (1) o S
el ok w3 5 k5 s (d(x,t) = 0.1sin(Cx(t)) +0.1sin(10t) )
b Sl (sla it e g pslie S Il skt ol sl
2 A (X)) 5 pslie otS S8 ) eslinal b e A dal

] D e s A
A2 0=10 (i Eop e Say) b sk«
sy g ellin 3 okd S5 Sloboun plonil 1 oy o Zonl 0 43 S

ot ol el Spse 4 J S 056 s 80 iomen

gk
4112
64220
L= , p(r,h) =5 1 ¢
azgar | 7™ %)
-29794
5 Sl e Ol W=l el pemen

36 ,S sl sskte & o3 £ Ll g, =—-0.25at(BTBS)
3l and 3 Ladle Wb (sl o gLl 31Ky o oy Sl
s Ol 1y 5l 4t s (M) 6 (1) J1 .ol o e3linal s
ol 03 paded e o slas ‘_;Ladti:wcg.bﬁ,a V) S s
Gl e ol Sl Latie o5 4,S0ks LiL o Wl ldde
S Sasy o F gl Celos S J o 4 Sags sl sy
Bl DMie T 4 il o e Sl la e Sl s
Sy ol s pslin s Shee 11l ods | Kon Il (gla e

) ol 03l OLES j:a 6)\.»: 4:...;4 L?L BE] ol f‘_,la

408 gl Ols s Uy 0 q(t) €(0,1) 025 5L
S5 S 5 Aol
g=qt)pB"P7 +q(t)pB" P& ov)

33V dilee 05 Sl (sl e 45 e IVl LSl 5
S 0 B 5 S olusls
PB(F+qpB'P) M }
e

v -W
V<o o _
M (F+qpB'P)B'P —;6n,(S,+C'C)A,

(Y

o (of)
+2q,07" PBB"Pz

=7 ~
Z Z
“le] 2]
e e
bish JoSeo I Gl L Q) e sl OB me e ol
AL LA 5
n0A,(5,+C"C)a, >(F +qpB"P) B'PW 'PB(F +qpB'P)  (00)
Py e sie s 0= 0, el o 45 S Gl
S Vel (| p(r, Y)| < o5 A slile S Cails dal s s
.:}.':.se

AL Ee U=Ugy o SAS I aals Sl g Ll

Gl dlasly o KT a5 5 i 55 U e i
F F) 2 |+H B'P B'P]’
[ ] ot r+p[ ] o | e < U %)

P;>0 5 0=0, S polis g S wli 35 S ol
SAU Wb Gie e p(r, ) < oy A il 4 Sdls Al 5
Psd g e e 1B S sl S S

S osow 0 Bl cele Ol Lol
el el OL) Gimes 5 03 0 >max(6,,6,,6,,6,,6,)
S OB p(ry)<p S ssow p(ry)
I an a3 VWL e oKST el p =min{pl,pi, o}
oML oS 4 e 4 25 al s pome il WG ESG g 2 50
dlasﬂ;cuaum,adu\@wa,w&@@hw
HESNN P
!i_m (2(t)-z,)=0 = !'_[Po 2(t)=z, ov)

W e sl e 4y g 5 o Sen 1

wds )l 5K, 3 S Osls Ol skie 4 aelsl s
s edd Jlasl 2 S b J 57 (e 4 (o0lgiley oS J 257

255 o a5l Gilaans

Journal of Control, Vol. 13, No. 2, Summer 2019

YFAA Dl oY o5les ¥ o oJ =8 alons


http://dx.doi.org/10.29252/joc.13.2.23
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.2.4.7
https://joc.kntu.ac.ir/article-1-510-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1398.13.2.4.7 ]

[ DOI: 10.29252/j0c.13.2.23 ]

S Ll o B s 53 G e Bss s polhe s S J 28 o b S

g e o3l 3l aﬁUa

o SRS I 2550 55 5 53 358 g etalin &S hailes
(ol S U S i i ol el B L
3 5 e ol B L gl 53 S e gLl sl e
Ll Sl 55 g sllae s Shes

S 5 4om —A

Sy g s palin oS J S ol b g gdge 4 s ! 5
A sy e Sl (SR 5 &S e LA sl s B
Eogopm pslin B L Sas) b sl el 5kt ) sl
e Sl (glaicn bl pslie J S 056 e 5 4138 573
21y A plie o) e S w38 Sb ol 68 4 05
U3 5 5l (gl 4 skt ol (6l el oS S5 s gL )
23 gLl gy D po g & AS esls Ol SUT Wy, 5o
25 byl 1y ol 5 Shes o &1 polie oS J S (S s
3 s A @S s 5 Sde sl U e gt Ll
IS bl ad A58 el 0T sy 5 olgiin
Ll 3l JAST Sy side s Sles

&Iy
[1] B.M. Chen, T.H. Lee, K. Peng, V.
Venkataramanan, “Composite nonlinear

feedback control for linear systems with input
saturation: theory and an application,” IEEE
Transactions Automatic Control, vol. 48, no. 3,
pp. 427-439, 2003.

[2] E. Jafari, and T. Binazadeh, “Modified
composite nonlinear feedback control for output
tracking of nonstep signals in singular systems
with actuator saturation, > International Journal
of Robust and  Nonlinear  Control,
https://doi.org/10.1002/rnc.4290, 2018.

[3] D. Lin and W. Lan, “Output feedback composite
nonlinear feedback control for singular systems
with input saturation” Journal of the Franklin
Institute vol. 352, no. 1, pp. 384-398, 2015.

[4] R. Wang, C. Hu, F. Yan and M. Chadli,
“Composite nonlinear feedback control for path
following of four-wheel independently actuated
autonomous ground vehicles, ” IEEE Transactions
on Intelligent Transportation Systems, vol. 17, no.
7, pp. 2063-2074, 2016.

[5] X. Lin, D. Lin, and W. Lan, “Semi-global output
regulation for discrete-time singular linear systems
with input saturation via composite nonlinear
feedback control” Transactions of the Institute of
Measurement and Control, vol. 39, no. 3, pp. 352-
360, 2017.

[6] Q. Xu, C. Zhang, C. Wen, and P. Wang, “A novel
composite nonlinear controller for stabilization of

constant power load in DC microgrid,” IEEE
Transactions on Smart Grid, 2017.

- |

saf (1), u,

y(t)(rad / sec)

e (1) e(r)

0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Time(sec) Time(sec)
e,(r) e,(r)

0.2 0.4 06 0.8 1 1] 02 0.4 086 0.8 1
Time(sec) Time(sec)

Sarsy sl sla adlge Sl Eel ) S

IS 18 G & ay a5 ey (1) S

OLas ) pol dlie 5> 3Ly J =S 056 5 [V] o o 5o 3l
G131 & el e 35 (s (o3 5 Gy 3165 6 Slen das e
Sl o 30 Y9) daly s ol Sauay e JAS 056
056 S 5wl aBl S Sl 4 255, (X))
5 Sl 2l g lan 5 Shas A(X, 1) 5y 03 [V e S5
JSKE 52 & shilen fuimen cdns a3 O ) e I obs,
a7 S Gl pils by osdle 05 e odalia (V)
b aasia ghls 53 ol IS 056 by aty s ot
230 &yl (ST 2oy b lie 55 55 il B Ol 5005 o slla

A PNt b T

— M A L gl e

0 0.2 0.4 0.6 0.8 1

08
04

Time(sec)

V() i st S5 ey Y S

s &lein IS Sy on hedaplal J s S (1) S

Ar3 o O V] o o (J 2S5 sy

0.‘ i

-04 L

-08

0

01 02 03 04 05 06 07 08 09 1
Time(sec)

2 pLsl J ST ola IS o gl ¥ JS

Journal of Control, Vol. 13, No. 2, Summer 2019

YFAA Dl oY o5les ¥ o oJ =8 alons


https://doi.org/10.1002/rnc.4290
http://dx.doi.org/10.29252/joc.13.2.23
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.2.4.7
https://joc.kntu.ac.ir/article-1-510-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1398.13.2.4.7 ]

[ DOI: 10.29252/j0c.13.2.23 ]

™ S e Ll o B s 53 b e Bass e polhe 0SS 28 1 b

g e o3l 3l a,&Ua

uncertainty,” |IEEE Transactions on Industrial
Electronics, vol. 64, no. 10, pp. 7994-8002, 2017.

[20] X. Wang, H. Su, M. Z. Chen, and X. Wang,
“Observer-based robust coordinated control of
multiagent systems with input saturation,” IEEE
transactions on neural networks and learning
systems, 2017.

[21] Y. Ma, X. Jia, and Q. Zhang, “Robust observer-
based finite-time Hoo control for discrete-time
singular Markovian jumping system with time
delay and actuator saturation,” Nonlinear
Analysis: Hybrid Systems, vol. 28, pp. 1-22, 2018.

[22] H. F. Ghavidel, “Robust control of large-scale
nonlinear systems by a hybrid adaptive fuzzy
observer design with input saturation,” Soft
Computing, pp. 1-15, 2018.

[23] C. Hu, R. Wang, and F. Yan “Integral sliding
mode-based composite nonlinear feedback control
for path following of four-wheel independently
actuated autonomous vehicles,” IEEE
Transactions on Transportation
Electrification, vol. 2, no. 2, pp. 221-230, 2016.

[24] C. Hu. R. Wang, and F. Yan, “Integral sliding
mode-based composite nonlinear feedback control
for path following of four-wheel independently
actuated autonomous vehicles,” IEEE
Transactions on Transportation Electrification,
vol. 2, no. 2, pp. 221-230, 2016.

[25] Z. Hou, and 1. Fantoni, “Interactive leader-
follower consensus of multiple quadrotors based
on composite nonlinear feedback control,” IEEE
Transactions on Control Systems Technology,
2017.

[26] E. Jafari, and T. Binazadeh, “Modified composite
nonlinear feedback for nonstep output tracking of
multi-input  multi-output  linear  discrete-time
singular systems with actuator saturation” IEEE,
5th  International Conference on Control,
Instrumentation, and Automation, pp. 114-119,
2017.

[27] H. Ebrahimi, and A. H. Mazinan, “Adaptive
composite nonlinear feedback-based sliding mode
control for a class of nonlinear systems,”
Electronics Letters, 2018.

[28] T. Lu, and W. Lan, “Composite nonlinear
feedback control for strict-feedback nonlinear
systems with input saturation,” International
Journal of Control, 1-8, 2018.

[29] H. Min, S. Xu, Q. Ma, B. Zhang, and Z. Zhang,
“Composite-observer-based output-feedback
control for nonlinear time-delay systems with
input saturation and its application,” IEEE
Transactions on Industrial Electronics, vol. 65,
no. 7, pp. 5856-5863, 2018.

[30] J. Lei and H.K. Khalil, “High-gain observers in
the presence of sensor nonlinearities,” IEEE,
American Control Conference (ACC), pp. 3282-
3287, 2017.

[31] M.T. Hamayun, C. Edwards, and H. Alwi,
“Design and analysis of an integral sliding mode
fault tolerant control scheme,” Fault Tolerant

[7] T. Binazadeh, and M. Bahmani, “Design of robust
controller for a class of uncertain discrete-time
systems subject to actuator saturation”, |IEEE
Transactions on Automatic Control, vol. 62, no. 3,
pp. 1505-1510, 2017.

[8] S. Mohammadpour and T. Binazadeh, “Observer-
based synchronization of uncertain chaotic
systems subject to input saturation”, Transactions
of the Institute of Measurement and Control, vol.
40, no. 8, pp.2525-2535, 2018.

[9] T. Binazadeh, and M. Bahmani, “Robust time-
varying output tracking control in the presence of
actuator saturation,” Transactions of the Institute
of Measurement and Control , vol. 40, no. 1, pp.
61-70, 2018.

[10] H.K. Khalil, and L. Pral, “High-gain observers in
nonlinear feedback control,” International Journal
of Robust and Nonlinear Control, vol. 24, no. 6,
pp. 993-1015, 2014.

[11] V. Andrieu, , C. Prieur, S. Tarbouriech, and L.
Zaccarian, “A hybrid scheme for reducing peaking
in high-gain observers for a class of nonlinear
systems,” Automatica, vol. 72, pp.138-146, 2016.

[12] H.K. Khalil, and S. Priess, “Analysis of the use of
low-pass filters with high-gain observers,” IFAC-
PapersOnLine, vol. 49, no. 18, pp. 488-492, 2016.

[13] H.K. Khalil, “High-gain observers in feedback
control:  application to permanent magnet
synchronous motors,” IEEE Control Systems, vol.
37, no. 3, pp. 25-41, 2017.

[14] D.P. Nam, P.T. Thanh, T.X. Tinh, T.T. Dat, and
V.M. Van, “High-gain observer based output
feedback controller for a two-motor drive system:
a separation principle approach,” International
Conference on Advanced Engineering Theory and
Applications, pp. 840-849, 2017.

[15] A.A. Alfehaid, E.G. Strangas, and H.K. Khalil,
“Speed control of permanent magnet synchronous
motor using extended high-gain observer,” IEEE
American Control Conference (ACC) pp. 2205-
2210, 2016.

[16] D. Won, W. Kim, and M. Tomizuka, “High-gain
observer based integral sliding mode control for
position tracking of electro-hydraulic servo
systems,” IEEE/ASME Transactions on
Mechatronics, 2017.

[17] D.P. Nam, P.T. Thanh, and T.X. Tinh, “Output
feedback controller using high-gain observer in
multi-motor drive systems,” IEEE, International
Conference on System Science and
Engineering, pp. 428-431, 2017.

[18] P. Mercorelli, “A two-stage sliding-mode high-
gain observer to reduce uncertainties and
disturbances effects for sensorless control in
automotive applications,” IEEE Transactions on
Industrial Electronics, vol. 62, no. 9, pp. 5929-
5940, 2015.

[19] L. Sun and Z. Zheng, “Disturbance-observer-

based robust backstepping attitude stabilization of
spacecraft under input saturation and measurement

Journal of Control, Vol. 13, No. 2, Summer 2019

YFAA Dl oY o5les ¥ o oJ =8 alons


http://dx.doi.org/10.29252/joc.13.2.23
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.2.4.7
https://joc.kntu.ac.ir/article-1-510-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1398.13.2.4.7 ]

[ DOI: 10.29252/j0c.13.2.23 ]

S Ll o B s 53 G e Bss s polhe s S J 28 o b Al

g e o3l 3l a;&Ua

Control Schemes Using Integral Sliding Modes,
pp. 39-61, 2016.

[32] S. Vaidyanathan, and A. Rhif, “A novel four-leaf
chaotic system, its control and synchronisation via
integral sliding mode control,” International
Journal of Modelling, Identification and
Control, vol. 28, no. 1, pp.28-39, 2017.

[33] B. Mu, K. Zhang, and Y. Shi, “Integral sliding
mode flight controller design for a quadrotor and
the application in a heterogeneous multi-agent
system,” |EEE Transactions on Industrial
Electronics, vol. 64, no.12, pp.9389-9398, 2017

[34] E. Fridman, Introduction to time-delay systems:
Analysis and control. Springer, 2014.

[35] G. Cai, B. M. Chen, K. Peng, M. Dong, and T. H.
Lee, “Modeling and control of the yaw channel of
a UAV helicopter,” Industrial Electronics, IEEE
Transactions on, vol. 55, pp. 3426-3434, 2008.

Journal of Control, Vol. 13, No. 2, Summer 2019

YFAA Dl oY o5les ¥ o oJ =8 alons


http://dx.doi.org/10.29252/joc.13.2.23
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.2.4.7
https://joc.kntu.ac.ir/article-1-510-en.html
http://www.tcpdf.org

