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In control systems, if for any reason, such as cost limitation and environmental conditions, the states of
the system could not be measured directly by measurement sensors, suitable observer should be
designed for state estimation. In this paper, a high-gain observer for a class of nonlinear systems in
triangular form with divers and simultaneous delay at state, input and output equations is proposed. If
time delays are known, sufficient conditions are provided by using Lyapunov-Krasovskii theorem that
guarantees the state estimation error converges to zero asymptotically. The required conditions are
derived in a way that the output time delay become smaller than a defined amount and also the high-
gain parameter in the observer structure to be larger than the specified values. Simulation results on

inverted pendulum with dc motor control illustrate the effectiveness of the proposed observer.

S Sl A5 A8y a et St iliZe slap b gl S,
5,5 ol [2] a4 lgs oo o] op 5

a5 wibige Vb opr K, St e Kus; Gifeee 3 R
R R e
ol 3l g o0, has e pid 4] o] Ol e (sl S oolitl b oges
L opbodd cob jlade jo gl 4 K05, cpl j0 090 colanul Sy,
oo 4 yho ay e 0l [Sen g g )lk R, o S5 Sl
18] s

Sl als Sl s Kag) hug el s ()05 Gaedd 4
Lol ol ol o Sl asllan Cood Sl 3 29,5 5 59955 5l pumo

Please cite this article using:

dodo -1
S gl S §l dilize Yo 4 Ly b s aBdle ololb 5l sl
b cole JpS ol 5o gycnl 5l S eslinul JuS dil> s
ol reds Cubl 45 3,8 (oo 13 oy 2 9590 02 b oSS,
gy sadsl ol ijls o138l a5 Ljgets g yeS Sl ooliul L )
“pes Sly S5y b o5 oS ke 1964 Jlo 3 'S s lawgs
Sl i (29,5 9 699)9 DAL Sl eslitul b g (o 2 (ot slo
oyl ol b gykae 5l 1] 05 e 005 ass S5 )50 anilp slo
b g S8l anug X0, (o) p el Slided 5 s Lawg

* Luenberger

s los oaliiw! J23 yle 51 Allio ol @y gla (sl

M. Sajadi, M. Ataei, M. Ekramian, High-gain observers for a class of nonlinear systems with simultaneous and different delay at state, input and output, Modares Mechanical

Engineering, Vol. 17, No. 12, pp. 463-468, 2018 (in Persian)


http://mjmec.ir/
https://dorl.net/dor/20.1001.1.10275940.1396.17.12.23.5
https://mme.modares.ac.ir/article-15-2057-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1396.17.12.23.5]

Obled 9 s3lrw (5485 )0

P9 963999 wialls ) iglite 9 Yo MAL b Sod yut (SlaEims Jl Ol (WUS 5133 Vb 0 pig a9y Al

229 ol 00d 413130 (6395 5 > 53 Slajen 5 b lapta (sl
795 5 23 L Gl 5l YU o0 S, (> [18] 50 colys
el 42318 (s 0590
Slapis ln Vb o0 Sug; (b b oyl sl lis ool 5o

5 oy o o Sglite 5 plejen S b e p 4 sl
“od ©yge )3 LKF (g)laly (g 5l eslinnl bsgd oo (o) (295
Rl LISl 50 b eizmes g e Joe (S Cend (09
Gl ol gl cebis Lulyd wnld )0 Sezge Sloy slo xS Glie
gy el 3,Skee pals GlaS (sl caled p0 09,5 o0 ol S (sile
Olsp xS os prans o 55, Sigy 0l Lk @ ol
Y e R P Py Uit | ESR

2 it 0 ool oad solel Sygo cpl 4 dlie cpl o Clas aslsl
DLl gy 9 g, (b gdior w3l oY Slud b g alies Gl
Sly bk eIl 4 ol sad 00,5l 3 i o o sk
osle Hlid B Ceend jo (gilwand mlis 0gd oo Joli 1) ol K0,
el a3 S 13 BT Caend 50 (5 S A Sl 50 g s

o Oy -2
(1) kly, &)g0a )l*’)?t 9 e pyd a Jat il s dlie opl po
] 00 4..9; ).]m »

x(t) = Ax(t) + (x(t), x(t — 1), u(t),u(t — 7))
y(t) = Cx(t — 1) @

US 5B U(E) € R «piaas pobaal clocdls x(8) € RP(L) plas 10
5B owms Gl Ty 5Ty pSoilul b (2g5 Y(E) ER (g3
s (29,5 9 $99,9 Sl 3 (Sl

by |5 (3,2) Lly, olgior (aizmen

(0 I,
A—(O 01) @)
cC=(1 0 .. 0) 3)

2,18 (4) akaly wle plin JLsle 500

o), x(t — 1), u®),u(t — 1)) =
@1 (x (), %1 (¢ — T), u(t), u(t — 1))
@2 (1 (8), x,(t — 1), xz(t):xz(t —1),u(t),u(t — 1))

P (0), X(t = ), u(),u(t - 1))
“)
Sl (e 03 45 358 00 o)L IS (@ Cend () p3 1 4l
wile oo slapiunn I Gilems 9 009 niyCag) adees bl
S ISl g il Su3sle laptis 5 Lo e3ST 5
gh a5 LA 50 5 e 258 99 b syl SLST sl aalsl s
O P PN RNV PYUES AR RV-I Ip-ge
aiboe  sudcd (@), x(t -1 u®),ut—1) &L 2 B8
{17]asbe

le (D), £(t = ), u(®), ut = )
—p(x(@®),x(t — D), u@®),ut -0 <
BillZ(@®) — x(O) + B lIZ(t — ) — x(t — D)l ®)
Bl oo Frdioed Gl By o B polie oS

Sk (2 9 SRy &1k -3
) ®) O ygody @ )L:}LM‘ A st LS‘):’ L5‘>l'9r"”"" \]L 0y )i:-.’.j)

1l

12 o )lais 17 095 1396 sl (w30 SilSo e

Sl (Seals Volea b 2p)5 5 (oe sloptos 5l 55k
(Sl Glagiars @ Jgise Lol Giiete 5l &5 Wgdoe Ciog
154 5,5 o lsl g0 ol 51 S 5 (Ko oSl o SilSa

256 e 50 4 e ) Vol o ey 25T gyl S gy
Oried 85 (Sl e (295 b 5 699y 5 ST 5 S
o5 b 82955 0 b Al ey b jeiie b g Colf el e 5B
Wy )0 Gl S Glacusgaze @ axg b oS cl 2365 ey
4 Gl bogsgame pl alax 3l aS 09d oo Sl S adls o
JAS @ (g Sledlbl Jisl po 53b 5 605 ojlil o S 55
Soad g9 Sy el 392 4 e a5 18 3B (6] 5,5 o Lal s
Sealins SYolae g 098 oo bl ptanm ;5 Sboy w3U b olpen 5l
S Qloanlp ol K35 e Joo o o 55 D jpon ples
4 3 b et sloanld 25T aile aiS e 5 IS5k O jgon,
3 e g K R N O I ISP N =
ooty 5l Oglite syl Jyers slagis, b jlopst slapitens
- 6l LS sl (LKF) L Sl S— L) g, wiile ool
[98] & ¢lsiice Loy, sl gy sl 25 oslital Jloysb sl
2,5 azxlye

3598 09558 jsbots 0590l a5l 5 s Gt (npte )
ol 05 pb plgis |, TaSed Co8 J5S T (Slapinges 10505 50 1,8 ooli]
YU B3 b s o aiile g3 sblpe il LS ) byt 5l as
e 5l S & s 55 (enlee s Lol S0l ae 5 esle coe &)
120l el lapican ol 5o Slboj 36 0925 byl culas (5

SRS Syl St lp g, (b con 23 gl )
g lapyd g5, Glaime 5 Wlbige JSS 655 50 pe Sl
Koy b silone Sugy rr g Phb 4 bt Slapies
5 250 oo ooy b it b g ool 4 4z g b o5l slapianes ol
5 79 (53959 <l o Wi e 45 SWolas 50 5T (185 15 0500
S5 s Sk Alio g1yl 4 w2l S 5 slo xS b L

s 111 o ddlo o b b (o Glapiam lp Sy, b
Sy el oads oy p [12] 5 295 0 3 L b slapiew sl
[13] & (gos il Ao ,s 36 &S Sye 0 s slapiuw
20 L Sl sl 00l plxil L) (n ke Sl Crizon 0,570,
Sizgy b 5030 o lallie nlsl oy ol [14] lsige (2,5 0
s 5§y Ao o plojen 5l & s Glapiar sl
Sl 5l ol WS Sy oy s &S el [15] 8,5 & ke 1, a5l
wSloy wilos oo 5l o Ol as i g (s 5 a8 p0b 4 bl
b wize g ool oolaiwl 5 pisdas Kig, jlsle jldlie ol o .ol
oy s SI0L omp 4TS sl Slasglsl 0 Ss,
oW

Colo 5l (o 5 o3l slapianm slp Vb o S, (b
Ky Fhb 4 a5 (Ve (n et 5l abliee b Sy, i) 9 ot
ab p ol s b b (e b 4 (hs il Glapias lp YU o
YU oy s, o>k 4 [17] jo oy pb 1, [16] g oo ccslo  J s

! Lyapunov-Krasovskii functional
2 Networked control systems
3 Linear matrix inequality

464


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.23.5
https://mme.modares.ac.ir/article-15-2057-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1396.17.12.23.5]

Obled 9 s3lrw (5485 )0

P9 963999 wialls ) iglite 9 Yo MAL b Sod yut (SlaEims Jl Ol (WUS 5133 Vb 0 pig a9y Al

V(e) =e(®)T0((A - KC)TP + P(A - KC))e(t)
+2e(t)TPAG(x(t), £(t), u(t))
t
+2e(t)TP91<cf é(s)ds +le()]?

t-1y
t

=lleCt = DII* + 7, lle@®? —f le(II* ds 20)

tfry
b |) (21) 4_]44}) ul%s“ 19) LSSL'*“"U )'| solawl b
V(e) < —pblle(®)|?
+2e()TPAG(x (), £(t), u(D))
t

+2e(t)TPOKC f é(s)ds

t-1y

+le®I* - lleCt ~ DIE
+1,lle®|” - le()HII* ds (1)

t—‘L'y
23591 Canssdy (22) S 4 (s9lusli o)lg5 o0 09 o0liiul pgs 53 51 S
l12e(©)TPAG Cx (), £(6), u(O)l < 2B, [IPlllle(®)]?
+2B1IPIllle@lllle(t — DI @2)
2 o Cawas (23) byl «(21) 50 (22) (g5lusls (5,131 b

V(e) < —ublle®II* + 28 IIPlllle®)|I*
+2B:11Pllle@l Ile(t -0l

+2e(t)TP6KCf é(s)ds + lle@®II* — llet — DI

t-1y
t
sle@i - [ @R ds @3)
t-1y
28] 558 ooliul ool (24) alal, & goas a5 TSl g5lasls 51 51
2 2
|lab|| < llell /2 + [l /2 o

ey |, (25) abayly s oo oS ]
t

Ze(t)TPGKCf é(s)ds

t-1y

uo 2 2 2 2 2
< —_
<< lle@ll +#6||PII K1y @1l 25)

18] cosgi 1, (27) alad, (g5 50 (26 alal) T jalsm (sslusls 3l onlinal b
lla+b+cll” < 3llall* + 3]IblI* + 3[lc]l*
(26)
Tylle@I* < 37, (BllA - KCll + p)*lle()]1*
+35, K IRy (N7 + 37, 8,7 le(t — DII? @n
D9 o iy y25 (28) alal ) &) 50a V(1) &b 45

t

y(t) = 0[ é(s)ds 28)
t-1y
Cewdds (29) u)L.c «(23) djL...,oLl S @7) 9 25) 6'—“65L-*’U djl..\f.ab L
Vie) < —lé(ille(t)ll2 + gﬁllll’lllle(t)ll2
il 22 2 iplznk? 2
+=lle@ll +#6 IPIIK Ny I
+le®II? + 3z, IKI 1y O
+37,(0114 — KCll + B)?lle(I?
t
—f lle()I? ds + 28, IPIllle®lllet — D
t-1y
+31,8,%lle(t = DII* — lle(t — DII? 29
129] cosgi 1, (31) abasl,y olgs oo (28) &b g Fopaiz (s5lansls 5l onlictl L
b b b
—(b—a)f eTe < —[f e]Tf e (30)

2 Young inequality
3 Holder inequality
4 Jensen inequality

465

() = A%(t) + @(2(1),2(t — 1), u(®), u(t — 1))
—0A7K (9(6) — y(0))

y@) =C2(t—1,) ®)
@ aily 6,Ih by 5 555 >l syl a5 sl Y 0,0 el 6 45
& ol ylite mle SHAT g sl Sl ol canye ol
2,10 (7) dlaly & q0ds (5,50

A™'= diag(L,6, ... ,6™1) @
a5 0gd dnwle gysb Wb 5 K =[Ky Kal® Jloy owizeen
09 g Ay s Sle
A, =A—KC ®)
0 sl oo Sl L olS T wansl 13,2 51 slas s 511 anad
e Sl s (25 53 3 e 3g 5SzsS by izen
slaz Jlaie by (1) e polasls ol wlg o (6) Ky (amine
Wi eSS (eilme O jgods Sho
Sy b &S ool gl e lanl 1 aad ol 6l .oldl
A5 55 (9) abuly &g pier (HBly Sl g Wgdge 03] eSS
Dgb o0 48,5
() =2(t) —x(t) ©)
5 en ol (10) & g0ty Uas Soaliys o5 ]

x(£) = A%() + ¢ (x(6), 2(6),0)
—0AT'KCE(t —1,) (10)

g 1y (1) adal,y los o0 &S

@x(0),2(0),u(®)) = p(2(), 2(t — ), u(®), u(t — 1))

—@(x(t), x(t — 1), u(t),u(t — 1)) a1
119100 5 o o)lo (12) & 90 5utcd cigs salal

t
#(t—1,) =% —f %(s)ds 12)

iedgs (13) alal,y olgs oo dmdd ol 5l ooliwl b
#(t) = (A—0AKO)Z () + ¢(x(t), (1), u(t))

+6A7KC f %(s)ds (13)

t-Ty
04 ooliwl (14) alayly yscie Joos 51 ST aalsl o
e(t) = A%(t) 14)
{16,15) Ly, 4 a>55 L o
AOATTKCA™ = 0KC 5)
A(A— A'KC)A™ = 6(A — KC) (16)

g e |y (A7) dslas ol
é(t) = 6(4 = KCe(t) + AP (x(1), 2(6),u(®))
t
+gxcf e(s)ds @

t-1y

109 oo ol (18) & yg0as onlin LKF

V(e) = e(t)TPe(t) +ft lle(s)|I?ds

t-t

t t
+ f le()l*dzds 18)

t-t, Js
Wl oo Cawody (19) SIS, dlolas o 5l 5 0l o P >0
(A—KC)"P+P(A—KC) < —ul u>0 19)
b | (20) abaly ylgs oo bl b 5ie damloma b

1 Newton-leibniz formula

12 oplouis 17 ©)93 1396 suawl ()3 SHlse Sw e


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.23.5
https://mme.modares.ac.ir/article-15-2057-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1396.17.12.23.5]

Obled 9 s3lrw (5485 )0

P9 963999 wialls ) iglite 9 Yo MAL b Sod yut (SlaEims Jl Ol (WUS 5133 Vb 0 pig a9y Al

ol S 0gh cwym BT) 5 (B6) bg,s b lawl 31 al> o 0 -4

@ 0095 )l B R Dyge ;3 5 00 anubre |) Kiug; o 92 A0 byt

Silwdnd gl -5
LS osSne Jsolh oot pims sl Soug, 9,5kos (o) sl
o s Ol 4 1 IS5 sl o550 S s ol 450
ol slacdls ess [2221] alie jo [20] conl oty Llsesl adlas
s Ol il o a5 el oad plonil ;3 gy b s pies
Siloosly T 55y sty gy 9 Cowl 00d 4SSl 0 n3b L
D9 s
@55 Ok s Jsnib sl S ol gl 285 i o L
[20] & az g5 b oads aid )3 Jlas o i SYolee > slo piio (lgie
23,1 (40) & g0y (5,5
X1(t) = %2 (0)
%, (t) = x3(t) + sin(x, (t))
%3(t) = —0.5x,(t) —.08x3(t) + u(t)
y(&) = x,() (40)
ralion S (A1) Ly, (25,5 5 5999« 0 53 05l

%1 (8) = x,(8)
%o () = x3(t) + sin(x, (1))

%3(t) = —0.5x,(t —7) — 0.8x3(t —7) + u(t — 1)
y(@©) =x(t—1y) (41)
1wl (B2) wiile pis (6399 D9 o0 (2,
u(t) = sin(10t) (42)
o Ty =01 5T =1 S50 & 55 s 53 5250 (10,5 (iznen
- e 5 g, Sl gl polie Ceul 4l oy (Ko 4 il
9 o0 Sl (44) 5 (43) & 50
x(0)=[102]" 43)
20)=[0 1 —1]T 44)
bl sl Jake Sl 5 1= T o oy by 5 Lo 4 a5
Bedon 485 )l 5060 =3 &jp0n Yoy
ke 5 ) dawg Jol cle (eedS ileoand mls 2 S 50
ke 554 53 Gl USs o el oad ool Lii 0 =3 gl o] el
@bty Sy bagi bl (goad 035 (e 5 poes 5 p90 S el

e 3l y2 y5ige 0allS LS b mgSae Joaily 1 S0

* Inverted pendulum controlled by a dc motor

12 o )lais 17 095 1396 sl (w30 SilSo e

¢ 1
- neirds < - g @
t-7 y

y

oo s (32) byl «(29) 45 (31) alal) (5,131 L
V(e) < —59|I6(t)ll2 + gﬁlllPIIIIe(t)II2
M_ 2 R 2 2 2
3 llell +M9 IPIPIK Iy (O

+Hle®I1? + 37, IKIPly (O
+37, (0114 = KC|| + B)%[le(®)]?

1
— gz YOI + 2B, 1IPlllle® et — D
Ty
+30, 8, lle(t = DII* = lle(t = DII? (32)
g 1y (33) alaly lg5 oo «(32) (golunol (0,5 Sy b

. 0
V(o) < (=57 + 2BIIPI+ 1+ 35,0114 = KCIl + 6.7 le (@I

2 1
—|IP|I*K?% - 37, lIK||? 1
+(M9|| K2 = 25—+ 35, K] )ny()n

2z,
+2B,1IPllllellleCt — DI
~(1-37,8,)lle(t - DII? 33)
355 05 5 o5 (33) (bl 51 (34) & le S
B,°IP|I? 5
——|le(t 34
ol @4)

9 so ol (35) ala, Lslo b sglasls o8]

. ué
V(e) < (—7 + 2B, |IPI + 1 + 37, (61|14 — KC|| + B,)*

B2 IIP|I?
+ 2| [le(®)|I?
1-31,8,
2
—IP ZKZ_ K 2 t 2
+<M9|I [ 921y+3ryll I )Ily()ll

P o - \/Tryﬁzzlle(t - 0lh?

(35)

23l 1,85 (37) 5 (36) (ggluol g0 aS 04l 5,8 S

Ty < ﬁ (36)
1- 3Ty[322 >0 @7

Al 59 o5 5550 andS Jy0 0 o &k ilne ) Res 5]
b 185 Vb o e el (59, (39) 5(38)

ué 3u ||P||2322
—=>2B|Pll+ = (OllA-K 24 —" 41
7 220+ G OlA - KOl + )+ 0+
92
(38)
62 > 2||PI2IIKII6 + 3u2|K |1 39)

o 00,5 et sl 4 a5 cel Lasine odel Cansas slagslusl
¥ Loy g 03,8 180 1) lasslual (lsiee O 2l sln S5 slade
wals ooyl |y K, il 6)lul oLl 6l

b 335914
" i Ky, syl Sl sl ead plil sla oz 4 425 L
by Oypets (b a0 Ky, nl sln Ol

dle 2 o8 &b By 9 B udiced el (Jol > e o -1
g

Ay oyl &5 g 03,91 Cawdes 5 y5b P o 5lo g K I 51 psaw =2
20,5 )80 55 (19) s5lunls 9 393 09,0

(39) 5 (38) (slocssbost el O YL 0,0 2ol oy al>ya , -3

466


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.23.5
https://mme.modares.ac.ir/article-15-2057-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1396.17.12.23.5]

Obled 9 s3lrw (5485 )0

P9 963999 wialls ) iglite 9 Yo MAL b Sod yut (SlaEims Jl Ol (WUS 5133 Vb 0 pig a9y Al

15 T T T T T T T T T

est x,-real x1

————— est x,-real X2

- est x,-real x3

-10~

15 r r r r r r r r r
0 1 2 3 4 5 6 7 8 9 10

time
Fig. 5 Error between real states and their estimation for 6 = 3
0 =3 sl Ll goads 00 (oS g ol adly Jlaie (o sl 5 S

8L 6 Glass ;o ablbof =145 09800 (58 s sal>ye o
Lg badl eds om slalhs e 9 S5 0 5 bl (yuess
ool ons ools GLai B =1 gl bl By e 5 ot S,
oles Vb oy el o o b el et oSGl a5 jebles
sl gyt ploy GRS 1 am S,y 5 d5d e sl 2 S

X, and its estimation

6 r I r r I r r r r
0 2 4 6 8 10 12 14 16 18 20
time

Fig. 6 Comparison between first state and its estimation for 6 = 1
0 =1 lp ol odd 05 (uesss g Jgl Il 8y Jlade e anslie 6 KU

10 T T T T T T T T T
Sﬂ:‘l A
n real X
‘: 2
et 4
: .II estx,
.% !
I P il
3 1 \
2 i \
= 1
T 2 i
s !
~
< \
\

)
1
1
1
1
\
\
A
4 I r I r I r r I r
0 2 4 6 8 10 12 14 16 18 20
time

Fig. 7 Comparison between second state and its estimation for 6 = 1
0 =1 lp oyl oo 00) (o g pgo Sl 2Bly Jlade (o dunlie 7 S

467

X, and its estimation

-3 I r r I r r I r r
0 1 2 3 4 5 6 7 8 9 10
time

Fig. 2 Comparison between first state and its estimation for 6 = 3
0=3 lp ol oads 05 ass 5 Jol o oably ey dnglie 2 S5

12 T T ; T T T T T T
,
3%
101 g
1
I
|I
H
8H 1 -
1 1
!
[
6 real X, i
[
o e est X
1
!
1
1
1

X, and its estimation
D

time
Fig. 3 Comparison between second state and its estimation for 8 = 3
6 =3 Lgl).gQIoncoj@&;'d555adl>b_él5)\m%w&n3dm

15 T T T T T T T T T

X4 and its estimation

-15 r r r r r r r r r
1 2 3 4 5 6 7 8 9 10
time

Fig. 4 Comparison between third state and its estimation for 6 = 3
9=3L;'ﬁd’lod‘i:oojwsfawdbséls)‘mwMLBA4JS~J:

asie LSS 5l aS jebylen a5 Cusl oals ools lii @ =3 sl 1,
Shge o 1) e (ABly glacdl asl e cld o Sug, ol
S oo JLio (orilne
5 $olrdn ) by Ll ed o lalk Gl 5 SO
Ol Sl ettt a5 ams o lis 0 =3 glp 1) o] a8ly lade
X002 jao Caowds (oibme Ojgody pasin gloy CidS Sl am balks

Dy

12 oplouis 17 ©)93 1396 suawl ()3 SHlse Sw e


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.23.5
https://mme.modares.ac.ir/article-15-2057-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1396.17.12.23.5]

UblSed 9 3lmw (485 50 G293 953999 wslla )3 igliio 9 Ylojpd MG L Lhod jat Lo el Jl 0l JuUS 613 Vs o jg SS9y ALD
.o . . 15 : T : : : : T T T
Bedes Sl gy o Ses g wiS Jlis )
- 5 107 1
MM: S 5@ -7 '|I real x,
- .. n 1
nX 1 olul b cwa Ll glad R s 5 L AT est Xy |
. = ! S
b e ple 41280 B
g 1 [
nanb Sbs pwile I £ 0 ' ] 4 '
A uylopy A NIV
omrl ey O Y i
.. . [ M
Q)L""er"ﬂ\‘owr’u P>0 |I‘|"'
bous¥ly Y *
R g T
u"".’.)"L" °‘>LQ“)" 15 r r r r r r r r r
2 4 6 8 10 12 14 16 18 20
il -1 ;
o u“9s*" time
ig. 8 Comparison between third state and its estimation for 6 =
Fig. 8 Comp bet third state and its estimation for 6 = 1
&&lw-8 0 =1 &lp ol 0 00) et g pouw > 2Bly Slade (e dunlie 8 JSib
[1] D. G. Luenberger, Observing the state of a linear system, IEEE Transactions

[2

B3]

4]

[5]

[6]

[7]
(8]
[
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

on Military Electronics, Vol. 8, No. 2, pp. 74-80, 1964.

G. Ciccarella, M. Dalla Mora, A Germani, A Luenberger-like observer for
nonlinear systems, International Journal of Control, Vol. 57, No. 3, pp. 537-
556, 1993.

H. Hammouri, Uniform observability and observer synthesis, Nonlinear
Observers and Applications, Springer Berlin Heidelberg, pp. 35-70, 2007.

H.C Cho, J. H Park, Stable bilateral teleoperation under a time delay using a
robust impedance control, Mechatronics, Vol. 15, No. 5, pp. 611-25, 2005.

K. Natori, K. Ohnishi, A design method of communication disturbance
observer for time-delay compensation, taking the dynamic property of network
disturbance into account, IEEE Transactions on Industrial Electronics, Vol.
55, No. 5, pp. 2152-2168, 2008.

S. Talebi, M. Ataei, M. Ekramian, Guaranteed interval of delay for a class of
non-linear control systems, Transactions of the Institute of Measurement and
Control, Vol. 38, No. 3, pp. 364-369, 2016.

D. W. Ross, Controller design for time lag systems via a quadratic criterion,
IEEE Transactions on Automatic Control, Vol. 16, No. 6, pp. 664-672, 1971.
W. M. He, J. H. She, Stability Analysis and Robust Control of Time-Delay
Systems, First Edittion, pp. 100-250, Berlin: Springer, 2010.

G. K. Chen, V. L. Kharitonov, Stability of Time-Delay Systems, Second
Edittion, pp. 10-150, Berlin: Springer Science & Business Media, 2003.

F. Kheirandish, M. Ekramian, M. Ataei, Stability analysis and state feedback
controller design for networked control systems with time varying delays,
Modares Mechanical Engineering, Vol. 17, No. 5, pp. 77-85, 2017. (in
Persian )

H. M. Zitek, P. Patton, An observer design for linear time-delay systems, IEEE
Transactions on Automatic Control, VVol. 47, No. 1, pp. 121-125, 2002.

K. Subbarao, P. C. Muralidhar, A state observer for Iti systems with delayed
outputs: Time-varying delay, 2008 American Control Conference, pp. 3029-
3033, Washington, 2008.

A. Germani, P. Pepe, A state observer for a class of nonlinear systems with
multiple discrete and distributed time delays, European Journal of Control,
Vol. 11, No. 3, pp. 196-205, 2005.

A. Germani, C. Manes, P. Pepe, A new approach to state observation of
nonlinear systems with delayed output, IEEE Transactions on Automatic
Control, Vol. 47, No. 1, pp. 96-101, 2002.

A. Vafaei, M. J. Yazdanpanah, A chain observer for nonlinear long constant
delay systems: A matrix inequality approach, Automatica, Vol. 31, No. 65, pp.
164-9, 2016.

S. lbrir, Observer-based control of a class of time-delay nonlinear systems
having triangular structure, Automatica, VVol. 47, No. 2, pp. 388-394, 2011.

M. Farza, A. Shoui, E. Cherrier, M. M'Saad, High-gain observer for a class of
time-delay nonlinear systems, International Journal of Control, Vol. 83, No.
2, pp. 273-280, 2010.

T. Ahmed-Ali, E. Cherrier, F. L. Lagarrigue, Cascade high gain predictors for
a class of nonlinear systems, IEEE Transactions on Automatic Control, Vol.
57, No. 1, pp. 221-226, 2012.

Xu. Shengyuan, J. Lam, A survey of linear matrix inequality techniques in
stability analysis of delay systems, International Journal of Systems Science,
Vol. 39, No. 12, pp. 1095-1113, 2008.

S. H. Zak, B. L. Walcott, S. Hui, Variable structure control and observation of
nonlinear/uncertain systems, Variable Structure Control for Robotics and
Aerospace Applications, Vol. 4, No. 5, pp. 59-88, 1993.

S. H. Zak, C. A. Maccarley, State-feedback control of non-linear systems,
International Journal of Control, Vol. 43, No. 5, pp. 1497-1514, 1986.

B. L. Walcott, M. J. Corless, S. H. Zak, Comparative study of non-linear state-
observation techniques, International Journal of Control, Vol. 45, No. 6, pp.
2109-2132, 1987.

12 o )lais 17 095 1396 sl (w30 SilSo e

10 T T T T T T T T T

est xl-real x1
_____ est x,-real x2 a
---------- est x,-real X3

-15 r r r r r r r r r
2 4 6 8 10 12 14 16 18 20
time

Fig. 9 Error between real states and their estimation for = 1
0 =1 gly Ll goads 00) (ueds g il adly oo s sl 9 JSCi

&5 doms -6
ol O Sl Vo Kug) o (b g oy n & edlie 0l o
Wl o Sglite 5 lojer 3B b Hlie p3 4 (oSl slaptes
A3 e LSl (55) (28 W ll al sy (255 5 59555
Sy Gl oenn @ LKF gapdd sl oolital b g 5 0l 83
0 3smge w3 Glpe ST a5 al eols plas g ab asley ol
g <ol ol SIVL o el g oS (patin jlade 5| el (29>
5 s 8ly Sl o llas Jlade oS ll 55,5 eslas
oo Sty (orilime g0ty wiload 035 (e Sy, b oS gl
Sl essleiny Sy, celie 3 Skee ols LS sl S (o0 e
s 5Ly H5ige Sy (gabiwg 4 4T wsSe Jouily vl las picns
SNy q b pia, sl eolainl by s 3 oolannl wed oo J S
odal Cewd @y Lly) @ az g b ad (ilueoly w0l (59, oletig
a8 o 00ld ylis s 9 Sl s 0 Vb o0 2alyb sl (5 loke iSTas
i g OBl jeS sl Caws 4 laie 51 YL ey el )l ST
medle it loy SB3S Sl am S, g adly (il R, 2l Ses
Sl 5l i Vb o bl ST iz ps Wjos (peS ) pien sla
s o33l Sl Wlgias ,Kas, olF T 035 Ll 0id dpulone

468


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.23.5
https://mme.modares.ac.ir/article-15-2057-fa.html
http://www.tcpdf.org

