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New Optimal Observer Design Based on State Prediction for
a Class of Non-linear Systems Through Approximation

Saeed Kashefi, Majid Hajatipour

Abstract: This paper deals with the optimal state observer of non-linear systems based on a new
strategy. Despite the development of state prediction in linear systems, state prediction for non-linear
systems is still challenging. In this paper, to obtain a future estimation of the system states, initially
Taylor series expansion of states in their receding horizons was achieved to any specified order and
then an analytic solution was developed for the prediction error problem, which resulted in a closed-
form for non-linear optimal observer. In the proposed observer, the observer gain was optimally
chosen among gains obtained from the analytic solution of the prediction error problem and satisfied
the stability condition. Finally, the qualitative simulation results showed the effectiveness of the
proposed method in the state observation.

Keywords: Nonlinear system, Optimal observer, State prediction, Stability analysis.

s sb i ol i o8 01y 553 131 5 IS Oludige ezl o =S dloes 2 e Ao 10U s edgs iy 5


http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

o 3,800 e p (s b (Slapminn S| glees 53 Tl (sls ke (S g b aig Sug) oSS 4 FA

wnj 53 3gdome Slallle 5 g b Sasy ple 3550 3
Loy oS [TNP] el os ol Sl (sl ite aigr a3
2 Gt Sl Dl sy gl GilanaS Sl
[¥e] 5o Lo 00 g s olids 1 Ken 5L OLG L it
Pl e e Sag) JS8 4 (VY] s 5T el e Say, S
Sl oae S, K [YY] ety oMo l ais S
}(W&Lﬁdbdwd)fﬁw@}fﬁéwé;uw
Lt o b e 5 S o 81 (65l s ot O oy e
S0 web eyl Sl oslizal b Sy g 07 A 5 Gl s
Sl 1 (Y] 53 oriomen 35 00 41} 4 Saiss ol Tl
Vose e & bt Gl g Sl eslial b Jde sl (s 8
Wl ai sl ) Sen 5 I S 5 358 g0 035 et
338 ealyl Susye,e
b b (o Sl ko s by ol e 53 o 0l b
‘5&,‘.6;@4,‘5‘@_}cuﬁud\,@ugﬁ,f.\wwogﬁ
b 51l odkd el g 38005 Oy (b Ol )3 e
o D)ot (o e S S e 3550 03 K03
oslizul 53 ola imgs alaly cpl 53 5l 3y g 8 JiB Olallas
6Ll Gl lo Sl s 61y i ‘.,—;_,;Jl 5l
p5 03280 5 Sl shie 4 OT o) o7 05 3925 55 (53005
O] o 5 61 [YF] Ja i 5l ool claodiS'd 287 55 801 S
lo i Sl ol onl 3 b 0313 wnm i K55 156 sy Sl 3 [YF
1 e B 51 S T 51 o 6555 e oalizad b S5, )
wrbs Al laeisS ot Ol 4 By ol A Gagte
okd asls y OT & 5 Qljf.i..aj}; Bl inz ol Lo g oS 355 o0
[M=TV] o
e S\ )3 4oty St 5 51103 3mn 330l 35
45 L Ol b et Sl o B W5 or ilie 3 S5, oS5 (s
(o ) g3 shie aslsy OT 4 dlie ol s aSUEL ol s
bosks s b SIS Gk S 6T s 5 e sl
o B g g 035 A (e B3 Rl 1 g 53 ol s 45 e
1 s OI el @5] ol Sas s  (lal y E
Salys 3 Shae s 5 5l gackis 35S Ll 5o bl S Sodony
ssba 1) (ol s I8 S, 5 Ll el e s 2
252 &) 5 0k 5 s
LIl i 555055 ki oylal 4 shailen ol 05Dke
S bl BB ot GG L g Sy gty (a5 b s 6
Slllae clid g ) e kS G sk 4 S

dodo —

b bt 53 Db Gl ke rad w30 I
5515 01, Kea 53 5l Gl a5 2550 | Saans 53 b S,
o pedd Ly e slatin 5 S8 Sasy o ot ol
K5y sl 0351 4 5 3530 55 S Ollan 3 4 ool gt
sl ol oo p Sors) 0, 0T 53 45wyl & pd baus
st o Sy oy a5 71] 5 5 i s
5 psbre o Sl s 0T )0 & (st 8 (laptnns Sl (glaws (51
g5 A Sl aalsl 53 Sy cpl s LI [F] 56 Lo 5 ol b
S5 ol aed 3 L3l ana 5 [750] 533,055 ol e
oo sl Sl s (5L 0 03557 5 st Ko s 0 g S
STASV] o258 5 0m sla Koy gy ile ba S5 51 Sos (5 55 ol
o3 3\l $Saliys ol el S 5504 5541 Vs
o) ol 3 3 ol bl edd e Slalizly b mel
o g Pl Sl il 3 S0 48oma 0ds o5l (sla S,
s Sass
Sla 8 eaind 5 pllS A 031l g (sla S5y (s
Soaes ol Ll wslis g ('MHE) oS e Gl
el edd Cam g b Sl el o a8 ads
J @ et S e Gl (gl 8 s 53 b Olgie 4 35 8 e
Sy 53 0dh iy 85 et 6 iy 03 3domn (B (6 Lty alina " a5
Lle ang sl S gy 4 S1VYN0] 5yls Sy plizel 5 5y 358
Wl sl pylie BLizbly 515 e 53 il Al pr o e GO
S ke s (g5l ool Sl s LBl 5 S S oyl
03 KI5 gn 5035 bt Do 4 (leatgs o Sars) 5l g ol )3
5 Ol o s gdon o g e gileesly Sl
45 o SaataS 53 5185 o ol (Ss a3 5 [1V5)7]
gl dig Jal 5 51 0S5 90 (ke
ol 235 2 Sleloes Sles & Lo ) (6 5ladig cpl 0 sDle
J e 35 & Slealoes ks s ol (g ilwesly Sl s oS
Al G Ll5 r 58 m 5 bl 0 o6 S5 (s (615 4505 0L
203 s b sk e e s L Slagten
Seslizal b g)lsss ) p ade pr (aw S5doe D)y s 4 Dlalllas
ES ez 31 (6l S adi 53 Tt 01 (S5 e ST B S
daly b Oy, plels Ooda b oyl &S5 V] L3 [NA-IV] Col 0t
blae gl Sl 5 (s ,5753558) &S il glaesls g o
S5l o3ly [VA] 3 elsl 55 5 ol 41,1 &S mmte o oy shsl s T
Ll ook il e St (5 K8 (S s 5l eslizal Loyl

% Reduced-order observer

& Approximate dynamic programming
 Bayesian

8 Sequential predictors

* Moving Horizon Estimator
On-line?

3 Off-line

4 Full-order observer

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

4 o 3,800 e p s b (Slapminn S| glees )3 Tl (sls ke (S g b aig S, oSS 4

% (8) = xi41(8)
LM =" =fExut) 1<isn-1 O
y(©) = Cx(t)
9 & bl s ;e YERJUER XER™ OT 5 S
So oo Ol L e s b WU f s s (s s 5
Sl pshas 5 RM™XRXR™ —R

25 55k 25 Loga s (1) gt S¥olas Ol 5 o0

x(t) = Ax(®) + B(f(x,u, 1))

Y)
y(t) = Cx(t)
QT)>A§
o1 .. 0 0
A=1o o .. 1|'B=|o )
0O 0 0 O 1
C=[cy, - Cn]

S ol s 450 B (V) s (X, U, 1) o 2 w6 ¥ 2 3
Ll pdy i Ol 4

S p0ysT R X 4 s i b2 f (XU ) Wb K o B
:&,)lz.:,luﬁ.)ac,,:ﬁ;.{u;.\;eiiuijx@uélﬁ&

If(x,u,t) = (X, u,0)] < allx - X )

e Sy b T
b oks s b i o 31K 5o 2 () S e ) s
Pihsred ) BT ZMas
T

. T
xi(t+D) = x50+ @ + -+ x|,

T,<t<T,,r=n

Kol al

xi(t+1)

IR

97X, (t),9

7 *)
= [1, T, ...,—]
r!

X;(t) = [xi(t),xi[l](t), . xl-[r](t)]T

— [ xi(t)'xi+1(t)’ ...,Xn(t), ]T )

e u,t), e, Zigrneq (2,1, o, ulitr—n=1 ¢
i+r-n-1

i=1,..,n

oo 3 eslizal b dllie cplb ys kil ol 53 )l sy e 5 L6
5 ot SLG L3 ptes Sl s (Dl sl i o B
S e 2552 035 o ol 5305 45 50 b 55k (5 o Lo o3zl
Sl o Sy lat ileanaS ds J 2 Mo
Rarss §lp i il 038 0T ol &l (o trm g Sl
Wlie 55 53l (g m Lo 45 0 ol iy Sl 35,8 o @) g
G e s g o Ol e ol Sis L T S
NEIC Y
2T OS e ) AEe a3 el Bl G ey SIS

23,5 4t
Gl omote e o e 5l aig sziju 5 eslemal ()
sy o ke Ol 5 ang Koy (b
2 O s 3 Caltee o Sty s Ol 0SSl (o
o e g Sed e 5 5L ¢ A St 0 OT ol
S rr it @l prmens s o e 5 L8 15 ST
CoiS Jae psb iy opl oo bl ot gl (g5le 4aS
s g o iy S8 S5 53 45 o 53 i 03 5 eSS
AT o Sz b o) 53 e (65l atgs b Lo
3,005 3 e (3lgiy ane Sas) (Some oL e (2
3l Ko pre 5 ole w35 g0 ol potiS U 1S 1 b
s S Dok S w0357 1y 5l b o oS s lae g OLa S
Ssb e ol g sba 0,8 eSS p 5 b
it oo b o gas Lot 7 ot 8 (6 jluatngy Jilun ST 51 G
Sl Ll e clie ol 5 0 dilyl L O Mo 5,0,
ST e O 8 (leatg Ples S35 S OIS

S s S Bl o g e dkr g S5, G e ol s
M S S s Ok ey ool gl Shs 00 S T b
—oa gl b w55 Gy cpl B Sl sl LS e g
Lol pl dhex Sl Cwl olalosgdows s 25250 sla
S e e Je 033 (5 5 S5 —(63555 S5 5 Je S 4 Ol
@3l S sy (b s3 Db By 0T esde 58 o
Lyl 5T Ous 03,557 Ll (A o3 sl (Guor C gdous 43 5
s alina
5 Bl Giledie ¥ i 53 S Sl g3 ol 4 lie L
OT ol el 5 gy Sy OF i 535 05 1)) s SYlae
23 Gileand Jle ki U @olgidy S5y (o e Al 0 tre g

RS oals Olis fu:au

s YO0 9 (&3l S =Y
g}ﬁ&_éww&?ﬁ;wo‘bwwalp

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

o 3,800 e p (s b (Slapminn S| glees 53 Tl (sls ke (S g b aig Sug) oSS 4 o

O ol O g5 oo 1y maded sl s i ol (VY 5 (7)) Laslgy el
23405 Ol
E(t+1) =
[, (t+7) =%, (t+ 1),
X, (t+71)— X (t+ 1), ...
X, (t+17) — %, (t + D] (\0)

E[(X1(t) - j\(1(15)) ] (Xz(t) -X, (t)) .
CHAGES AG) I

(el 3lgty gy 5l e Ol 4 Up () (8L (Lol o
2505 o6 b e Gl ads gl o 4S5
238 ws

1 (T
J = —f ET(t + DE(t + 7)dr ()

2y,

s b 3 Vb ot 0L s 4Ty 5Ty OT o &8
Sl 8 5315 09) a o w5 (1) st o ot )
53 Up () &K c0F) 53 ok iy eyl sl 2 iy
23 D kS p a8 15 (1) 4y 5a B oS Q) 3lgiin S

Rsie Jol-
u,(t) = f(x,u,t) + KE(t) (V)

.;:;@Mu\ﬂ):) K = [kl,...,kn] ol 4348

BB R=ET V- U‘}:@ b (%) A CU (V) 4.}24‘) )‘ oslaial L .0'{3'

25 B
1o (T o AT
1250 [T (- %) 997X
=1
- X;(t))dr
n
1 o N\ (e ar
=§i=1 (x(®) - %,®) fT 997 dr (Xi(D)
- X;(t)
1 Z T
=2 (x® - %®) 4(x:0) - X:(®))
i=1
e ls () ey b
Tz
A= 997 dr
Ty
T r T2r+1 _ T1r+1
2 11 T AN
3 (n +1)! 09)
T2T+1 _ T1T+1 T22T+1 _ T12r+1 i
(r+1)! Torirt@2r+1)
A€ RT+1

QT):Af

zo(x,u, t) = f(x,u,t)
z, (w1, t) = fIHN(x,u,t)

aif(x,u,t) . Jdf(xut) . df(x,ut)
= X+ u+ ]
Ox ou at

z,(x,u, 1,10, t) = f18(x,u, t) 8]

Zren (U, o, ™ 1) = FIrnl(x 1)

zr_y (%, ., ulr ) = FrUe, u,0)

2 5 s kgt Sa s, Sl SVslae G Lilyy ol
Sybg S
x(t) = AR(t) + B(u, (1)) @)
y(©) = €x(t)

AT oo Sy asls 5 Jubﬁ%ﬁ‘})sb‘vj Uy (t) 0T j5 &8
25 S (D5 (F) Lot sy leslizal b e gl ¢Salys 3 b
AT e Sty
E(t) = AE(t) + B(f (x,u, t) — u,)

e, (t) = CE(t)
e(t) = E(t) = [e1(), €2(0), ., €2 (D]" T 5 &

el CJ\:-JA O:.a.ég?&ua:’-xi(t) —fl(t)j i=1, o n

()

PX() o s i 0) ey alin AU (E) oot 5 sty

Db Ol 25 sk (6 e Lo Sl erlinal b ST GBI

. T’
£t +7) = 2,(0) + 2,0 + -+ in[r](t) an

TL<t<T,,r=n

Jiﬁ e al
fl(t + T) = 19TXL(t) Y)
oT y5 &8
Y R R R T
X0 = [2:0.2]7 ®), .. 2 (1)
(\Y)

_ |:£l (t), £i+1(t), ey 2.” (t)f]T

T uo(®), . ulT e

25 Do $olsp JSE 4l S s sl gt B b
il Ol 6

E(t+1)=[e;(t +1),e;(t +7),...,en(t +7)]7 (OF)

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

o) o 3,800 e p s b (Slapminn S| glees )3 Tl (sls ke (S g b aig S, oSS 4

A sl sy s pl’ul? = [k, kgy oo k] 5¥i 0T 5 8

..U:de. S
u,(t) = f(x,u, t) + KE(t) ($)

Sole S glagiie JwTjtK)ngﬁc,wM\m sl Jl=
ol Llods asie (M) daly 37— 1 et f(x,u,t)

u,(t) = f(x,u,t) + KE(t)

Uy (t) = z,(x, u, 1, t) + KE(t)
: Yv)

w1 = zr_q (%, ., ul" 6) + KEF-1

O s s oSl dlaly «(TV) alasly 53 Up () & 4 5 b e

WLdg Sy Ol 5

E(t) = AE(t) + B(-KE(t)) = AE

e, (t) = CE(t) YA
o 45 a8
A., = A-BK
0 1 0
N : : (Y4)
—| 0 0 1
_kl _kz —kn

sbr Jolm 5 S B gl Dlinia (YA) dlaly 5l ealizal b

E(t) = A4 E(t)
2l4) — 4@
E*(t) = A E(D) )

EF-1(e) = A% VE()

sl (Y0) 55 (YY) dlay ol 31 eslizals (YY) s (F0) (6 1K 1
ok Jool K sy Falow 0T Jo 5148 T o s 5 (oo jile

.}JJ?LSA Jn\f Sl

v KAG D 4+, K+ K =0 ™)

Q) olgrig S5 a3 «(19) dlasly i V4dh s ol 10

T o Gy 55 g

x(t) = A%(t) + B(f(x,u,t) + KE(t))
y() = €x(D)

(¥Y)

I (ol 0t o3l E 5 X (sla S 51 S gy ol 53 45 LT
Sass 0350 s G slp sl 53 sy Gi Sas, )
Sl 5 e 4okt Gy o () e I ool

b s S S (L) S

3 sl S5l a1 Y b, oSST

3] zia(xicw - X

du,

)T
T A(x,(0) -

i=1
- X,(0)=0
o3 O0F) 5 (V) V) Lasl s 31 eslizal b o(Y0) ol Jom (51
[Xi(t) - Xi(t)]
= [e®), €141 (), ., ea(®), f 1)

= Uy (), s Zigr e (0w, £y, ulFTT) gy
. T
_ u([)l+r—n—1](t)]

= [E;, H;]"

oT BE ny
_ Ei = [e‘i, ...,en]T,
JE; eRM1-D 1 =1 . n

H' = » Uy

= [rew )

— Uy (t), ey Zi+1”—n—1(x, U ..., u[i+T—n—1])
i T
_ u([)l+r—n—1] (t)] ,
i=1,..,n, H € g7

Ty
ol_xr , (g_Z:ﬂ 2 (_x1 ©) =%, () + -
+ _Om (Z—Z)m _ A(X,(0) = X,(2)) N

- 0H\"| A [Ex
[0 (G2 Ja[g] +-

[ oH,\ '] TE,
+ _01X1 ’(au()) A[Hn] B 0

rx1

AT o Sy 5 alasly 4 55

E
[Ari11) oo Aryrria] [Hl] o
1
E (Yf)
+|A, 4, ..., A [n]=0
[ 21 2,r+1] H,

bl A 5o ol J O 5 ol o O S Ay 0T 55
:@)‘3 (Y¥F) Adafb &5l osls
Vo (Zroa (1, o ul 1) — () + -

+]/1 (f(xf u, t) — Uy (t))
(Yo)

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

o 3,800 e p (s b (Slapminn S| glees 53 Tl (sls ke (S g b aig Sug) oSS 4 oy

anl 0 ) szin 3Y s 4 bl ol Ol e 3500 5
Al

s 1y (V) JI (D) Lauls, cpomens (FF) ang Koy, .Y daidd
Sl e gl Salys @ IV sl o b 08 8 ok K
RCI g RN

5 (1) aesy sl SVolee Sl eslizul b (o)l DL (ol . LST
Sy g8 K55 55 LU wb (FV)

1 . 1.
V=-E"P.E+-E"P,E ()

0 5F 55 53 edkd (oo pme Glgms L Py 5Py 0T 38
W g Ol o (F2) LU Wl 1 Sl (6,8 Grie b 08T .o
ATy 15 oy (F)) o 53 (1Y) 5 (1) ol (5,10 U

.1, 1 A S
V= EETPlE + EETPlE + EETPZE

1._ . (FY)
+ EETPZE

o1

V= EET(AEP1 + P,ADE +

1 .

E(f(x’ u,t) — fRu,t))(PyB)E +

%ETPIB(f(x. wt) = f@ut)+

=

S ET(ALP; + P, AL)E + E'P,BKE + Al
1 R o
E(f(x,u, t) - f@ut))(P,B)E +

1 ™ ~
SETP.B(f(xu,t) — f® 1)) —
(E"P,BKP3;')P,E + E"P,BKE

el 0l o3lizul 5 @l,;\(f\'),;a{cﬂwtc_.,zjswﬂ

T
((KP;M)T ey) = ((KP;)TCE)"
= E"C"KP;' = ETP,BKP;!

(Fv)

Y]l 513 55 bl € Czesus 2 Y 5 X o Sl

1
XY +YTX < EXTX + eYTY (FF)

Y=(PB)TE ;X =f(x,u,t) — f(®ut) osl> ) 5L I

AT o Gy 5 Salsl F 5T (gla 5 5 Sleslizal b g

U,(t) = f(®,u,t) + KE(t) ()

gin;ﬁo(t) = &5 Al dal g esls Oli dlie ol OLL 53 ioman o

U (1)

s . . . .
g s 53k 25 D S s, Sl ¢ plul oyl

=)-

—~

N
Il

AZ() + B (f(;’r‘,u, ) +K E(t))
y(t) = €x(t)

(¥f)

Sy 3 Sy pas peas (gl SSCaly s (FF) 5 (Y) sl 3l eslinal L
AT

E(t) = AqE(t) + B(f(x,u,t) — f(Z,u,t)

o:jw&ﬁﬁj)igjjbjEw&ﬁdwcd&aabbu‘ﬂ);

25

E(t) = AaE(®) + L, (e, (6) — ,(0))

(v%)
+ (KP;)Te, (8)

Sap ol €y (t) = CE()s8,(t) = CE(t) oT 55 &
dolas Jo 5 0s 03,57, 5l 55 P ER™ 5L s L, € R™
AT S 0,5 3
E(t) = AoE®) + B(f(x,u,t) — R, u,t)
+KE@®) - (KP;) ey vy
Ay, = A, — LC

3Q1 St e Gl Sl Ep 5 £ Cutands ply £ PP

B 5 ety S5 5 sk a,ls 3 g5 Py

T 2 1 1 2
APy +PA 4 +6C° + (g-i'g)a I=-Q; ¥A)

P.B=CT

Py 5Qy e pme slaw L€y Ctesde pgly 0 (29
Bl 5 ) 4 sk 3515 5

AL P, + P,A, + £,(P,B)(P,B)" + P,BK

= -Q, (¥4)

3T1 e GOl 5T 5 sks (5w Loy 45 10 S 1T ) ) aor g
35,5 o osline Ay 5K 4 o gl ok 5 05 Ol b T
Q1 e onn Gl s 5o e 5 b ey ol conlin Bl 1
Al Ay 58 Lo s Sy e 5828 sbjubl Qg 5

W’L,,‘:’l"—*’, ",5;.-?-" > .uU}LnA)}Tﬁ.LU\}:@O}?L;L&ué}‘J}.;@

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

ov o 3,800 e p s b (Slapminn S| glees )3 Tl (sls ke (S g b aig S, oSS 4

S nensT 1y boh ol o glae,e Ol 3 1 K ol s g
o A Ay O g argy o Ky s 3 55,8 Sl
o N2 3l ealil b OT dsles 5 gy 20 2 3 ctalsl )3 g 33 8
3 Lo slsn e 53 & wsi J S8 e Sl ekeT ety K
33,5 o 1)) (F9) daly Oy g Ut S5 5 St Py s e
i gl 53 0T & (0FF) b Sasy JoSS 5o Sass ol
O 03,87 p ds a5 b ol s ose S e oSS e Sl
33,5 0 oS 35 i Sl ilree L O 5F by 5 Olejan

S e 0l ) elgii ag S,y b ,\;,)‘\v.—u;h

ol gy Sy b s, ) i ygS!

LT Th oobe gl Ol 5T 555 (5w Lo s 45,0 ) P
AT Ol

S dcloes (V4) Wsles 51 A s 5L o

S o Ko g 5155 05557 Gy 6l 15 (M) dslae ¥ 67
S gy clin oz Qe Sl CRIIL 1 (FA) dsles £ P
O 3357 5 sl ly clin Ly 5 Cin s @ s 516 .0 P
AT Ol (14)

o Oslize St e Py s 5l o3l 6l 15 (M) dolee 1 p
G Sl b el Ol Cte me Py LT 8 08 5 Y
o8 4 Dol i 53 S LSS 1 PY slael s ) pE

ey ]

el (FF) 3 3lgiiy Rugy 6l atg o sl KA oI

Silwdes b -
Lo Gland 4 odd b ag Koy Ui 6l i ol o
A 5 SVl b g3k &SSO, K e $Salys Y Jlho
],

1
Mg+ Emglsinq =u oY)

U BE b gooal 5k Ik semr el s mol s
Xy =Xy = Ol bl gyl Oles M 5 5518 (6355

[2] = g (1) [2] + [(1)] (u —mglsinx,) /M
Y =%+

(oY)

(Fut) - fF@u,0) (P.B)E +

E"P,B(f(x,u,t) - f(Ru,0))

S;lf(x,u,t)—f(ic‘,u,t)lz (F)
+ &E"P,B(P,B)"E

1
< g—azETE + & ETCTCE
1

¥ o 5l eslizal b5 (FY) dlaily 5 S0s aline & le (sl alin sy
Zr.:)b
(fut) — f@Eu D) (P,B)E +
. o
E PZB(f(x,u, t)—f(xu, t)) %)

1 ~ ~
< —a’E"E + &E"(P;B)(P,B)'E
2
ol (FY) 3 (F9) 5 (FB) sl 31 eslizal L sl ol

V<ET (,451101 +PA,, +,CTC
+ (l‘l'l)(l’ZI) E + (FY)
& &
E"(ALP, + P,A.; + 52(P2~B)(P23)T
+ P,BK)E

gk ot p5 Solslb 0 5 F cla o 5 Gl ol ) s

V<-E"Q.E—-ETQ,E (FA)

Aen s JULE 5 E gl e a8 08 8 s 015 oo ol
sl JalST B 55001 51

Glas 5 Sl i gl Sles o Kan Yauds 55 Y aogi
o 120 sl ol 1 .ws 8 Sl Jao Cam a st s
.r..u\b (W)j("?) .]aa.‘jJ} Y‘up}

luo(® — @ < allx—x| 50
+IIKI|E® - E@)|

ssba (%) 5o T (1) Lom ccooleziy Jiiu) ORue Sobe amd s

Sl b 5 A8 o Joo (Y9) alasl) 53 5 5 aigy JMie & (lres

lim 2,(6) = u,(£) o

il coolgity ave Susy b L, Shuper > Fog
Sl a0 3Ty 5Ty Gt B sl bl Gb A s 5L
S K s (1) daly sln e 358 o0 dlona T 05
3 LT3 AT or oy Tty (55l 4 5 05ty 5 005

3o LF A Sl s Jolo (s 5luags o2, 5K

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

o 3,800 e p (s b (Slapminn S| glees 53 Tl (sls ke (S g b aig Sug) oSS 4 of

Optimal observer performance with prediction times: T,=0, T,= 100 ms

*3

estimated

0 2 4 6 8

e 5 35k eSS b,
Sl

.
0 12 14 16 18
tisec)

e o s S
o S5y Loy O

seote Ol e ket e a1 ISE 5 Shes jasls ) Jsu

omb 9 Vb (Sw sy Ole)
ISE T, =0, T, =0, T, =0,
T, =300ms | T, =200ms T, = 100ms
ty
f e2(t)dt | 0.00081 0.00054 0.00023
0
ty
f e2(t)dt | 0.02131 0.02080 0.02038
0

0.08

Optimal observer with

different prediction times

0.06

0.04

0.02

-0.02

observation error e,

-0.04

-0.06

-0.08

— T,-0.T,~300ms

—— T,=0.T,=200ms ||
T,=0, T,= 100ms | |

01
0

0.3

L
2.5 3 3.5 4 4.5

tisec)

Optimal observer with

different prediction times

observation error e,

—— T,0,T,-300ms
—— T,=0.T,=200ms
T,~0,T,~100ms

2.5 3 3.5 4 4.5

tisec)
i Sy Loy 53k oSS o, e Ll rass (gl Y s

calides o ok ¢l a ol

x(0) = Copa o5 4 Susy s et ols) Ll
e bl cramen 5 X(0) = [0,0]7 5 [0.1,-0.1]"
g=98, M=01 m=11=1cm il aiy
U = SN2t + 55 xS 6355 by 5 L5 55 Sl sty o

sl c0s20t

T, Z@ﬂ‘_;l.aob)"_;ljlg\ﬁ)ﬁli;@lk.@)ﬂumw
g Sagsoe T =2 55k by aip s 0, T, = 100ms
Ua:’-ﬁ:g_)) o 4 %ﬁ\ﬁ 0}3\9 -\{T@ Sy K = [400,2667]

PZZQ)}@W‘ﬂMdL&w;LADJ}J}‘LOZ[1,100]T
e _[7500 5510 1000 10
bl =550 = 1776.7 1766.7] 110 10]

Q=P = [P st
b ) S8l 56 = 5,0 = 5,[735 36(.)35]
VIS Sls a5 3 &S shailen das o Ol 1) oolgiin S, le
ol o Kan 5 cwlie olgiin Sugy s Slas 355 oo odalin

3,8 o gl 3w e Bls S 4 Ko
53 Ty, Ty CGalsben g Gty a0l Slsl 56wy 55k &
GOk il 4 bl g sl (oolgrin Kugy 5> Shee
b ogd g odalie . Col o o3l 0las Y USE 5 Calibes o i
3y gn ey U S ) B 08 e (i g VL O 2lST
ISE s s Sae Py ot 51 S ) 3 Shos ey o 2 Zer

J}.ﬁvsa oslatw! ﬁ_) 4\.]94‘) b

tr
ISE = f e?(t)dt o)
0

;;mubua,_t@»@u.gwl@u%;ﬁoujtf o ys a8
odaline .ol Vgl Oy gay Soglite i slalbe) sl 4
Sl o 5 Shes ol ol g i VL Ol 28l L sd e

Al r 2l (Gilad 855 e sl O e

Optimal observer performance with prediction times: T,=0, T,= 100 ms

X3

150 estimated

0 2 4 6 8 0 12 1 16 18 20

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

00 o 3,800 e p s b (Slapminn S| glees )3 Tl (sls ke (S g b aig S, oSS 4

Optimal observer performance with prediction times: T,=0, T,= 100 ms
1.5

*2
estimated
1 4

L L
10 20 30 40 50 60

tlsec)
g K Loy O e 5 &S5 T Jsily ot o e F S
solgiy

Soshilen s e 0L 1y 3l S s) @5l 4t AN S
Sy slacdle o a5 oleiy Sasy s, Shes 055 0 odalie
G0 JSs 5 cpman 5,8 o el gt e (Wl GO 4
e U5 3 Jsb L Ll Sslize by 5 VU (6la0Me 30 gy 5 s
SLob) @il & (oslgin sy ess o I O o
Ti =Ty = m 0L Sl ol b Ty, Ty el oy

el 0 0313 Olzs 100ms
Jle s e e ot mly 5 YU GOk a5 Lo 5 o odalie
@l g8 e wlin opd g b IR o) Sen S e S
g gos Sslite g i 0L 613 4 ISE 5 Sles Lasls cous
o) i SOl Rl L 3 sd e sdalie .l odaT Y gl
ol (Sl S 53 i sllast Ol Sy 75 Shoe sl

b

Optimal observer with different prediction times

05

04

03

0.2

observation error e 4

T,70, T,~100ms
0. ——T,=100ms, T,~200ms | |
——T,-200ms, T,=300ms

02 L L L L L L L
0 0.5 1 1.5 2 25 3 35 4

tisec)

Optimal observer with different prediction times
0.5

04

03

0.2

L R R R TR R T}

observation error e 4

0 A

T,70, T,~100ms
0. ——T,-100ms, T,~200ms | |
—— T,;=200ms, T,=300ms

02 L L L L L L L
0 0.5 1 1.5 2 2.5 3 3.5 4

tisec)
g Saygy o ST AT U3l e Sl it sl 0SS
Calides ot ol sl a golgiy

rF] 8 5o

[i;] = [8 é] [z;] + [(1)] (—sinx, — ax,

= 8x, + f(0)
y=X1+X2

(oF)

f(@®) = (a - w?)a, cos(wt) — Swa, sin(wt) + of s &
A= Sypa OT bl s sin(a cos(wt) + ap) + aa,
sk »0.5,a; = 03,8 =0.12,w = 0.75,a, = -3
D e e & s gl ST p 2T 555 5 36 domis s sl ¥ IS s
B O SR PORPCN [P RO PR E PR AT PR
)i.::)) o8 K = [400,2667] [SERyw-1 Jiz.u) o = 2
7500 5510 1000 10
= = ‘P =

£2=50Q [1776.7 1766.71 © 2 [ 10 10
R e S R R )
el esde Lz X(0) = [0, O]zj(()) = [—0.3,—0.5]T

422.67
Q.= P1=[ 1

P - 784.75
.n;@u,)lﬂel=4,a=5,[ 0

1
0o o s s

36(.)09]

0.5

05

(36 amins) STl 58T U5l s STl 52T 13, S

Optimal observer performance with prediction times: T,=0, T, 100 ms

*1

0 estimated | |

\
0 10 20 30 40 50 60
tisec)

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

G 3,800 e p s b (lapmun Sl (glaas 53 Sl (ls ke oty Cger il 4 gy Gl o7

X, plantin Na etal

x, by observer in Na et al

----- X, by proposed observer (T,=0, T,=200 ms)

=

tfsec)
(Naetal) [¥v] s eus st Koy 5 oot Koy sl amplin miss 9 JS
oS B 5o 1y I s Slelle s 4 p g ss o 8 e £ Jlo
[vo]

=19 GE+ [ + 2o - b

y=x1+x2

(%)

S b eolety Suss el lamlie s lp el o
sl g 85 S0y e 51 [1D] oo 53 ok 1 s b
Ly ool 5 oolein Sy bl @ileand 53 ol ol
e Ol SHYO] S5 sl eyl 5 o258 s sslyl b
4 K05 s sl ool 5 ol el (g 5luand 55 i pd e w S
5 e 5 R(0) = [3,-6]T ,x(0) = [2,0]" 5
oo T = 0,T, =500ms o i gl olejcr =2

sl . K =[16.11,5.36 17 s,

2389 0 (1847 17 . . .
Ql_[ 0 0.39]‘P1—[ 1 1] st ¥,
Ay o Bpp 03 plpesde ol yljn 8 =3ca =2,
oy Qy 5 Py e e g s dp = [1,5]7 s
_ _[2161.1 1711 _[1000 10
&=1,0=| 63.6 53.6]‘P2 = 10 10
ok 45 S i ys
olgrin S sy chas gn DLV IS 55 (sileas ol 45 plilen
o ) Sen 150005 [¥0] g o Bass & o (5 0 2 Shes
03 53 e @lgiy Ko, 03 Al gl - 4 Suy; e

x, plant in Arthure et al

3 x, by observer in Arthure et al

----- x4 by proposed observer (T,=0, T,=500 ms)

tisec)

ot Ol il ool g a1 ISE 5 Slos s s Y Jguer

ol 9V S o Ol
ISE T, = 200ms, | T, = 100ms, T, =0,
T, = 300ms T, =200ms | T, =100ms

ty
f e2(t)dt 0.00788 0.00513 0.00213

0

ty
f eZ(t)dt 0.02503 0.02249 0.01964

0

(YY), s 5o 15 5 s e T J G0

[2] - [—0?16 —01.56] [iﬂ + [(1)] u

o—1 1] [iﬂ (o)

o Sass b olein S by skl mli (e oyl s
‘[n];;,_),@ua,_,.z,:.@to.x,:wuﬁ[n]@.fb,:a.um,t
o o)l Ko (g Sl ol ok 3 8 o o Do 1o el s
‘\V;,_,)f\n,; ods &1yl > b Ly, wuﬁ@%ﬁ”ﬁm

L or oo
x(0) = 55 4 S5y 5 e adsl Ll o plonl (g Sl )3
Sales T = 2 k5 e 45,0 < 2(0) = [5,017 5 [8,2]"
K= 525, o Jop I3 =0T, =200ms o i
5Ly = [1,10]7 ws Koy, e, 05, 5[100,13.35]T
8,65 53Q 5Py Liie uan Gla s Sl 1y 0 sDe ileks 45 S

3 (2100 11107 , _ [500 107 .
&2 _1302‘[243.5 23351 27 [ 10 10] el

Q.= . P1=[1111'35 ﬂ Gl % 3 s ms
e [ 9)

dalin ol ok osls DL PSS 3 Kasy 55 p (55l b gl
sy 5 Sl Gl 4 Ll sy anfw_a 5 osh
ol el S 5 i sl a3 5 edg e 53l
SN [YY] o pn S5y 4 ol (5 3 Shes (o3l S,

%, plant in Na et al

8 %, by observer in Na et al

M T — %, by proposed observer (T,=0, T,~200 ms) | |

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


https://www.sciencedirect.com/science/article/abs/pii/S0005109897000654#!
http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

ov o 3,800 e p s b (Slapminn S| glees )3 Tl (sls ke (S g b aig S, oSS 4

[4] Thau, F.E., 1973, “Observing the state of non-linear
dynamic systems”, International Journal of
Control, 17, 471-479.

[5] Kou, S.R., Elliot, D.L. and Tarn, T.J., 1975,
“Exponential observers for non-linear dynamic
systems”, Information and Control, 29, 204-216.

[6] Zheng, G., Boutat, D. and Wang, H., 2017, “A non-
linear Luenberger-like observer for non-linear
singular systems”, Automatica, 86, 11-17.

[7] Hajatipour, M. and Farrokhi, M., 2010, “Chattering
free with noise reduction in sliding mode observers

using frequency domain analysis”, Journal of
Process Control 20(8), 912- 921.

[8] Modarres, A.A. and Momeni, H.R., 2010, “A New
Sliding Mode Observer Design for Linear System
with Unknown Input and Time-varying Delay”,
Journal of Control, 4(4), 24-31. (In Persian)

[9] Ahrens, J.H. and Khalil, K.H., 2009, “High-gain
observers in the presence of measurement noise: A
switched-gain approach”, Automatica, 45(4), 936-
943.

[10] Khalil, H.K., 2017, “High-gain observers in
feedback control: Application to permanent magnet
synchronous motors”, IEEE Control System, 37(3),
25-41.

[11] Adil, A., Hamaz, A., N'Doye, 1., Zemouche, A.,
Laleg-Kirati, T.-M. and Bedouhene, F., “On high-
gain observer design for nonlinear systems with
delayed output measurements”, Automatica, 141,
2022,110281.

[12] Moraal, PE. and Grizzle, J.W., 1995, “Observer
design for non-linear systems with discrete-time
measurement”, |[EEE Transaction on Automatic
Control, 40(3), 395-404.

[13] Rao, C.V., Rawlings, J.B. and Mayne, D.Q., 2003,
“Constrained state estimation for non-linear
discrete-time systems: Stability and moving
horizon approximation”, IEEE Transaction on
Automatic Control, 48(2), 246-258.

[14] Kahl, P., Diehl, M., Kraus, T., Schloder, J.P. and
Bock, H.G., 2011, “A real-time algorithm for
moving horizon state and parameter estimation”,
Computer and Chemical Engineering, 35, 71-83.

[15] Alessandri, A., Baglietto, M. and Battistelli, G.,
2003, “Receding horizon estimation for discrete
time linear systems”, IEEE Transaction on
Automatic Control, 48(3), 473-478.

[16] Almir, M., 2007, “Non-linear Moving Horizon
Observers: Theory and Real-Time Implementation.
In: Besangon G Non-linear Observers and
Applications”, Lecture Notes in Control and
Information Sciences, Springer, Berlin,
Heidelberg, 139-179.

[17] Almir, M., 2013, “A new identification framework
for off-Line computation of moving-horizon

N

%, plant in Arthure et al

x, by observer in Arthure et al

----- x, by proposed observer (T,=0, T,=500 ms) ]

, .
0 5 10 15
t{sec)

5Nt Kasy (sl amlin gl ol (g Ll a1V S
(Arthure et al) [ro] ,s s w1yl Ko,

& 5 doms -0

s Sl gy Sass (b 3 L ) oS dlis ol s
o il 53 038 Gome Ol b ke ot b (glagmes
3 olie B S ol s 45 0 bk (6 g o Sl ealinal b (i S
Ol ool a5 03] o cdad o anS |y (o 8 e 1B,
3 M s Hskd G L a3 53 (Hosde & Cenline
ALLIG o dlie ol 3 0dd €1 Jdow o oy (6555 a3 31 opl b
Lo 58 @l (G 355 05 St s 4 pabete 3
o Al 4 e 5 ol (GludieS” Mg s 4 cn i sl
spb oo 3l S, ae
i sl e )1l coolgin SKass ol o3 cnlp esdle
Ry bl b e Sldlas 5, O opimad 5 L3 DU
3,5 oo ) B e s S U Sl 3 5 5 S o ol gy
Sl o3l (e b (et 4 (551 3,y cnl 3 oS T
Sl b 5 e Slys b gl e sl o 3l S,
g R R = PRI IS PRI IR > RGN JEN By
5 il ads glas ) S en slag 5 S ph o il S,
blze slao g Ol 51015 a1y K0 5 0,8 o 5l 4 s oo 1,
Gk 33 ol @S S Sl Cllas 1 Sen e L
o3l OLaS Sl s b awslie 5 (g 5luan

&l

[1] Luenberger, D.G., 1964, “Observing the state of a
linear system”, IEEE Transactions on Military
Electronics, 8(2), 74-80.

[2] Luenberger, D.G., 1966, “Observers for
multivariable systems”, IEEE Transaction on
Automatic Control, 11(2), 190-197.

[3] Luenberger, D.G., 1971, “An introduction to
observers”, |EEE Transaction on Automatic
Control, 16(6), 596-602.

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


https://www.sciencedirect.com/science/article/abs/pii/S0005109897000654#!
http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html

[ Downloaded from joc.kntu.ac.ir on 2026-02-07 ]

[ DOR: 20.1001.1.20088345.1401.16.3.5.1 ]

[ DOI: 10.52547/j0c.16.3.47 ]

o 3,800 e p (s b (Slapminn S| glees 53 Tl (sls ke (S g b aig Sug) oSS 4 oA

state observer”, International Journal of Robust and
Nonlinear Control.

[30] Sanz, R., Garcia, P., Fridman E. and P. Albertos P.,
2018 “Robust Predictive Extended State Observer
for a Class of Nonlinear Systems with Time-
Varying Input Delay”, Journal of control, 93(2), 1-
18.

[31] Zzhu, Y., Fridman E., 2021, Sub-predictors for
network-based control under uncertain large
delays. Automatica 123, 109350.

[32] Koshkouei, A.J. and Zinober, A.S.l., 2004,
“Sliding mode state observation for non-linear
systems”, International Journal of Control, 77(2),
118-127.

[33] Young, H.K., Frank, L.L. and Chaouki, T.A., 1997,
“A  dynamic recurrent neural-network-based
adaptive observer for a class of nonlinear systems”,
Automatica, 33(8), 1539-1543.

[34] Ruigi, W. and Zhujun, J., 2004, “Chaos control of
chaotic pendulum system”, Chaos, Solitons and
Fractals, 21, 201-207.

[35] Arthur, J.K. and Mingging, X., “Non-linear
observer design in the SIEGEL domain”,  SIAM
Journal on Control and Optimization, 41(3), 2002,
932-953.

observers”, |EEE Transaction on Automatic
Control, 58(6), 1877-1882.

[18] Alessandri, A., Baglietto, M. and Battistelli, G.,
2008, “Moving-horizon state estimation for non-
linear discrete-time systems: New stability results
and approximation schemes”, Automatica. 44(7),
1753-1765.

[19] Alessandri, A., Baglietto, M., Battistelli, G. and
Gaggero, M., 2011, “Moving-horizon state
estimation for non-linear systems using neural
networks”, IEEE Transaction on Neural Networks,
22(5), 768-780.

[20] Ramar, K. and Gourishankar, V., 1976, “Optimal
observers with specified eigenvalues”,
International Journal of Control, 27(2), 239-244.

[21] Chou, Fu.l. and Cheng, M.Y., 2019, “Optimal
design of reduced-order observers with specified
eigenvalues and performance measurement of
minimizing estimation errors using evolutionary
optimization”, Journal of Low Frequency Noise,
Vibration and Active Control, 38(2), 728-739.

[22] Na, J., Herrmann, G. and Vamvoudakis, K.,
“Adaptive optimal observer design via approximate
dynamic programming”, In: American Control
Conference IEEE, Seattle, USA, 24-26 May 2017,
3288-3293. Washington: IEEE.

[23] Chakrabarty, A. and Benosman, M., 2021, “Safe
learning-based observers for unknown nonlinear
systems using Bayesian optimization”,
Automatica, 133, 109760.

[24] Besan,con, G., Georges, D. and Benayache, Z.,
2007, “Asymptotic state prediction for continuous-
time systems with delayed input and application to
control”, In: Control conference (ecc), European,
2007, 1786-1791.

[25] Najafi, M., Hosseinnia, S., Sheikholeslam, F. and
Karimadini, M., 2013, “Closed-loop control of
dead time systems via sequential sub-predictors”,
International Journal of Control, 86 (4), 599-6009.

[26] Najafi, M., Sheikholeslam, F., Wang, Q.G. and
Hosseinnia, S., 2014, “Robust Hoo control of single
input-delay systems based on sequential sub-
predictors”, IET Control Theory and Applications,
8 (13), 1175-1184.

[27] Ahmed-Ali, T., Cherrier, E. and Lamnabhi-
Lagarrigue, F. 2012, “Cascade high gain predictors
for a class of nonlinear systems”, IEEE
Transactions on Automatic Control, 57 (1), 221-
226.

[28] Mazenc, F. and Malisoff, M., 2016 “New
prediction approach for stabilizing time-varying
systems under time-varying input delay. In
Decision and control (CDC) ”, In: IEEE 55th
conference, 3178-3182.

[29] Sanz, R., Garcia, P., Fridman, E. and Albertos, P.,
2018, “Rejection of mismatched disturbances for
systems with input delay via a predictive extended

Journal of Control, Vol. 16, No. 3, Fall 2022

VEOY 5l F o)led OVF W oJ 287 dls


https://www.tandfonline.com/author/RAMAR%2C+K
https://www.tandfonline.com/author/GOURISHANKAR%2C+V
https://journals.sagepub.com/home/lfn
https://journals.sagepub.com/home/lfn
https://journals.sagepub.com/home/lfn
https://dl.acm.org/toc/sicon/2002/41/3
https://dl.acm.org/toc/sicon/2002/41/3
http://dx.doi.org/10.52547/joc.16.3.47
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.3.5.1
https://joc.kntu.ac.ir/article-1-923-fa.html
http://www.tcpdf.org

