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Robust Adaptive Tracking Control Design for the Mechanical Sandwich Systems
Subject to Sandwiched Saturation Function

M. Azhdari
T. Binazadeh

Department of Electrical and Electronic Engineering, Shiraz University of Technology, Shiraz, Iran
Department of Electrical and Electronic Engineering, Shiraz University of Technology, Shiraz, Iran

Abstract

In this paper, the adaptive robust tracking problem is solved for the sandwich systems with non-smooth nonlinear saturation function
in the presence of uncertainties and external disturbances. Sandwich systems are a class of nonlinear systems, such that the non-
smooth nonlinear functions are sandwiched between their distinct subsystems. This article studies on sandwich systems include two
nonlinear subsystems with the nonlinear saturation function located between the subsystems. Due to features like the lack of
invertibility and non-smoothness of the saturation function, as well as the existence of unknown gains and external disturbances,
analysis and design process for the mentioned systems face with complexities. In this paper, an adaptive robust controller is
proposed by using the backstepping control approach and its combination with the Nussbaum function, based on the Lyapunov
theory to achieve the control objectives. In order to verify the theoretical achievements as well as, the efficiency of the proposed
method, it’s applied to a mechanical system consists of a one-link manipulator that is handled with a DC motor. Simulation results
show the effective performance of the proposed approach in the tracking of the time-varying reference signal in the presence of
unknown terms, external disturbances and sandwiched saturation function between subsystems.

Keywords: One-link manipulator, Sandwich systems, DC motor, Saturation nonlinearity, Backstepping approach, Adaptive robust

tracking.

oad gugaile Masl b 5 coul 4185 13 s n5 98 (s lgesl

Iy 3] e doddto Y

o 45 ams e ol |, gl clbgia isls \ USS
V USS o Shas ol 0l g giles gl 33 9 e LBl a8
sl Soliad a5 b b gupiile slopiams Cjme o5
@ (8 Jol prwmny 7o &5 Sool Sjso cnl 4 wllie
(w(r) =) et @b (7o g eledl (o nd b 6955 Olye
WS so Jos (8,) pd iy 5955 Ol &
2 Jlgeal sl wlg iz 292y d)lse Sl g ke 50
alas sl (i 8 Sloe ;o placasgass sl el bpinew

Jal ©psonr Gl 1) Seslu Slopies 1 65k

4 ST oS cnogi Ll [l ) e pis )y aviz
by b Seelns ghls atlyion laptanwnj cul 5l plaS 52
g9 ol 5l el e o ansl elgsds gadse 5l e
50 Jlail 1 aS aib o by 5l glatws 4 oo bapiacw
Seeld b g (Sl jlgenls (a8 ol Sy 5 oo g
EPC ORI BY- L OWK TSI R RV I Vo S TG SWOUWS TR e
bt b ) ishioe ol (S pé gugnile slaptass

binazadeh@sutech.ac.ir : Kig S Cany o ,01 0aisS 45lKe odiasgs
AVATIYE sl &b
NI Y s b



So bl ki o5 ala)iSle J51S 6lp egite sl
ol ol olgiday s 393 (6395 )0 Llgesl @l 5 e
b &S G5 ol 4 g b plbeiens oz s [V P
ool el o (oyind 53 s Hsbo &y i (639)5 50 (b 5eé
Om lgesal (o 5of 1 onle lapianw ;o Sl o el 5
Sy 3 el Gl 5l Jole (Suummy sl 0ol gl g 25 93
@l Gl (o) & G399 a2y a5 0ud Sl ()b
ol aboansS S VAl g o 40 wiged Glote 0 .53l
Sptass 2bd) Al (> sl (29,5 )95 9 Sl 3 950y
Lld ol ond slgiig ooy 4l sl ali b guswils
Bl masile Glaptans 813 ey 2519 ilejlul
ol 0ai pwyy VA1 s sl mb g s slapies )
@ssls Slopias clp (Y] azpe 10 0805, il orizeen
Slp Seuh, 2hb aias cul ool ooly axwg loy atwnS
5 & b3t @l b aanile Slaptas S la it ross
e 0 ol 43,5 15 anlllas 8500 [YV] gz je j0 0350 4l
polie lub w4 bcwws g 1,35 5 Slee dgug slp [VY]
ookl b loanss J s gledl b b ol lapiogs
Sibelul polaie & izen
gbal gb g he apteren; bomasle lapters
@)l [VY] 0 s (Sslus 395 ulul p loass J s
5 il Jls slp 6055, [VF] 2o po ol eas
Slering 09,0 4l (a8 b L gugile lapinss s niycu,
JrS slp V0] g0 po orae (ks JuS (29, el oads
ool 0ah (Brmo ey riend (b3 nd @b b gl Slaptans
Sloptos J5S Gl G853 a0 38, YV 5 V] g2le 5o
(YAl g o 3 ol oads slgiin (A (s pé ol b gl
4>l bl 2l ol gl 4l lapinc ;o (b, altu
el oads Jo oy (J S 0,500, 5l eolawl b oo ye
sl Sl aie) )0 ool plxl lidsd Sl gk
JSas Gt slapin ) 5l a5 wiilos pbapins 4 by
Seoliys s las Slopioms 3| ool a5 > 4o ciloas
9% b Za @by dlies b ol ln ol Alis o
Sty Jold gl Slapiunn @l Shaki g pslie
xa> 0 bpleew nj gl S s as
AR o D90 T slagilandl 5 gt el glayul )l
Sloyiably gfalable als jslie 4 e cul jo 050
b sl YL am b g sgame )5 slaslindl 5 il
iS5 (2Ll sy, jo ek il ] LI wist e
o) sl A gl e 005 (esS baylelily cnl 4 bgy e piolie
@adle g (795 by ol b i gz e JUSew
Sy pl (IS 3,S05) bl p (ks pylie gouisS JuS
lo JUSow (oolod plfiny (JS g, Sl ooliiwl jolaie 2 098 0
5 gedl byt 2l Sl Sy 4 az s LW il iy gnie B
Jsen @l S b eldl wli ((SoeSs Ll 5o o] (05 iyt
Sg) ;o ) abkdlre alS jshaie 4y iz @0 S9d o0 0350

el o )l s ssen

4@ e > by e god Glog coglhasl slagaly
Sy iz 352 4 azgs W [0-Y] ot o w5 )lLL
Glofg Cawal 51 JS Gl Sk g e Sy, 50
RUW BASPE

Om 3 s mlg sla Sy 9 LS, (e laptan o
ol ipdige oaaline alite Sl | 65k Glapins )
s o llan slaic ©ygots Ll ok é slo,bis,
Sl ) Glidu 5l plaS o 0 aiilys e aSh il s
Oyerr Olyes ) bptass ol W s 2, ol pitans
&y b)) (Ssbial (b g ol b manle slaptons
9 oy ) (Seslid (o is @l b g (0050 4l 5 gl
Se S5 haogi Wplerms ) Om oad gnle (A
dvl sy Syme b S0gs 00 ¢l Loyl 3L (Slg e
Jl s 5 [A] DC 590 b oas (g3lailel; obiusBye s
e movile Glagiucw aez 3l daodiog iz aliwy 4 ©,08
g ge Pgmne

Sandwich system

B 0 0 o T O OO A 0 0 o PO e s i 1
'
uir)! Firstsubsystem | V()| v, ~ | w(#) [Second subsystem HREE))
e "% — .
i S] vy S5 :
1 - -
! Sandwiched saturation i

Ll (had . 2l b g gl proammnn =) JSC

O3 0050 4ol elil) oud 83 Jlgeal o jid alss
Ay i SIS GlaShy ez Sl alise J¥s 4 (A 5
I bt sl Shy 9 bk, Loy bepteew sl
obml gt gyl 0 0pf 5 LS e 4 bayje slopinew
4 gldl Jlpeal ot d ol wiges Glsie 4 DY) g
Sguze 4>l oS me dgace Sobib ygzen lihe (LYs
Jdo @ 2o b g gt (S5ad lacusgus o S 3 Slee
Gy ey aiile dapingw a4 Jloel (So58 slacenS Cuvgase
9929 9 (nl 5l w83 sa &) i )3 0508 g 5glidS (OlLd by
hoe (o Glapiann )3 pomre Plae 5l (Sooglal &b
ol 5 S0 (S edye anl o i wl [VF] 05 o Cgune
ol b slaShy 5l & aile Sobl hind oy
sy wilbos S G S 4 ol pae 5 pogabil>
Soelins g Sobiwl o Slas [0 Cusgase obnl cel 2l oyl
0] g8 oo bpiam

&S e oz 4 4y b amanle Glapiens S
0, 8ee ;o ol slacasgass sbnl cel oS Jlgeal a8
drwg I Cwl loyen Glofig Coenl Gl igd oo i
» hF et Ely e S o 4 B & SRS slag,
e 039> 53 e Sl (S wndl b 3 Shee
bl s P Sl Shs @ 4z b Grimres il S8
gy 50 ) @l Suz 5 Loy (oaly Gtz dgry 0al 53
S g Sl laoasS S el 5 (b

! Backlash

Slee ) o)led DY al> AF oLy o)led 5 oKl SilSe pwdige 4 225

ool3lin 0,0l 5 (5,05 pie— YAV azan N F- -



Sl ) ojled DY alx AF Gl o)led 5 ol Sl g 4 25

ool5ly o,0lb g (5,050 pte— YA-I aman N F- -

AR

H=x+f(x)
X =x_,+ X,
SR RO ©
y(t)=x (1)
99,9 u(t)eR 3 9> v(t)e R > psiv zeR &S
Ny x =[x X, ] R pimed iilie S, e
ey $39)9 W) ER 5 9 y(1)e R b slapsie
5 £i(%) ol »odle ol T =[x,xp0x] €R 5 03 S,
calyo 5>0 5 B slaculi pslae g atugy ot nf wls g(z)
el G JiSew @ (1) 9 d (1) 9 psbeel ol S
bl g pylaals (21
SV JSE ) bt G ond gl gledl &5
il p) Oyped i
w (¢)=sat (v ? )) _{vMsign (v (¢ )) rv(t )‘ZVM &
v (r) () <vy
sl &b b 4 v, <0 s Vb am vy, 50 ol sl 45
s e plad )
s oz b ol olinie 5y (1) gz S N (22
bl oo Sguzme 5 g cpslas ¢S, s
) (Sl polie JyS o9l (HLb Sas @l o
T NS S8 4 wlies S| ey 6098 sl (u (1)
0 Sy gele gl (7o) 4 (p(1) Sm) S, e )
On BBl b3l &b jeam 0 |y, (1) ez JiSKew w09t
aled obs; pelasl (25 sl Blacdl g o bl dapiaees 5
Sgazee diny Al (lap ;0 S97ge SJLSw (aled Geizen
les

° ~.SJ “‘sg?‘# _f

dnwgd Gl oaiiS S (b Slizz 9w, i cnl 5o
e S by Gad Bime jsliie @ ey JS
shls a5V JSG k3l 10 mgaile slapiens lp oloj b pite
) glbal ab g 0) 5 (F) (Solus a¥olbo b plopivw )
D9 oo Il il oo

2L S, 98 Gl n) Jold sl i SYolee
Szt (F) gl @l 9V S (ol o Soly sl (285 ks

wdbige )
X =x,+ f(x)
% =x,+ £ (%) i=23,.,n-1
%, = f,(%,)+b sat(v(t))+d, () )
t=g(z)+Bu(t)+d (?)
y=x(1)

oles )5 35,5 oo oanlice (V) abaly Yolew jo a5 jsb los

oS Ceol oal g ol ol ol cal el glil Al pbn

Aol 0 g Wigd g, strict feedback o jlaibiul g3 51 (V) Yol

45 355 olyen il b plfy o alind J5S os, Jlael

SHoT o slr 695509y 5 00d s oy alis cnl (o) 4 sl
20,5 o0

Srre B @l g gl @b DSl s S (b
9o DS 35 i o b (JuS 9l 5 9 eed S Byo 0ad
card oS Gl & az g LS ]S ohb s alee esa o6
@b S dbge loj b eiie g pslael o tall 3959 (J5S
B9l g0 oolatwl o1 3l ol jslaie 4 Nussbaum b 4y pgwge
Wpdy Syge SPbl 050, slie p oad @)l glady i Ll
oaS J7uS sty Ghgy 2 e ln ries Cul
9 DC 550 5l JSate o gugwile plas S 4 0sd Sl
Py g Siletnd @S ogdoe Jleel oS S5 S soib

3o LA 55 S i S35 50 1) ooledn 9,505, (92

slal sblas-v

oo dlie o colatwl 550 glaly Gblad g oyl iz ol jo
gl oo

34 s 0dueli Nussbaum a,b S N(Z) &b dyaly yge sy

b hlo ]y 25 sla S S

lim sup%fO‘N(Z)dZ:oo QD)
. .ol
vllgl mfg.[ON(/()d;(:—oo )

¢ N(z)=z'cos(z) 5l o5ke Nussbaum  Jsoso s
N(x)=exp(2)eos((7/2)7) 5 N (x)= 27 sin(x)

@b 6()=0 s Nussbaum ol 5 N(z) S1:v-1Y S5
0el Lol 101,10 poleel dty degazme )3 dguzce olg=do
Se0()(V (2)+8()) oT sl olgsds ol ) crizren 3L
-Cawl S o Nussbaum &

o3k ) dgm @y z() 5 V() w5 2R A
&b o M) 5 V(1)20, Vee[0, ) o5 o5 4y axsl [0, 7]

1095 5185 13 soleel F1 .08 lsen § 795 Nussbaum
t
V(t)SCO+e"”’_[(ﬂ(.)N(,()+l)j{ e“dr  V1e[0,0) )

0
Oles b et @8 S p() 5 ol slegull s @>0 &
s z2(1) V(1) o1 A3l e 1] o3l 4o pelasls

t

s sgame 1€[0, @) o3k s [(B)N(7)+1) 7 ¢ dz
0

i i 5 Y
A UK 50 eads eols las glil gl ab b gusailu piaaw

2 L) 5 (F) (Solos ¥oles b (as e plapinw ny Jolis
oaslive Joe slaptusw 5l il o lajlisle ol S0 L
OYolee Byee Wlgige S) plerny Jle lie 4 Wgdee
Grre S, gl 9 S od 4z p0 b S oe S (Sl
s ol o5 liagil b 5 S 5 (sp3b Ky Seliss S¥oles
Al olgzds 4 e 3l SS
z=g(z)+Pult)+d (¢t

[ ) .

v(t)=z(t)



a4 bl o W sile o axlse ool b1y sas oS b
Db 4oy ol U sl )8l Sl 5 g9090 al s
G yrin aze JLKew Sbo, Ban 4 sbows sl o
Wb oo iy 5 gt e
(t)=x:(6)=.()
(0)=x () =r," " (1) = e (t)
i (0) =90 ()=, ()
MLGA Sile U>J)""5 ‘5&:(5&5)5 a; (t) (i :l,m,n) 49
A saalgs (b oS J S (b anld )l elE e e as
Ploszes s o =x -y, Ole jl e SEie b Jol o5 )0
gdior Jol> nj Ole (17) 5 (V) Ly, (285 1l
G ==y, =0+ i(x)-0 =, +a + fi(x) Q)

o5 Jls sl V(1) =

OF) ey & ar5 b Syl b it spie bl Jyl

€
e; i=2,3 ..,n YY)
e

1 .
5912 Dygods gare Cude Spbl) &b

HUW VLY

Vl(t):elél:el(ez+al+.fi(xl)) o)
Sozenr Jsl 8 ilme S 09

>0 & web e a3 S L o g (t)=—ce (t)-f (x))

s (V0) daly jo (1) G IS Lcwd Shb lil

V(t)=—ce +ee, %)
A bl e =x, = m ey Sygen LS pg o

Dgd o Jol p5 Sysods e Frie (V1) 5 (V) Ll (5285

éz:)c'z—jf,v—t)'t,:ex-ﬁ-tzz+fz()73)—0'!1 A\Y)

:_xﬂsa Cwrddy ) O yg0dy Bl &b flf ol e
Vz(t):V,(t)-#%ezz A

(V) 5 %) Ladg, 388 S5 5 b ON) Sgibld o e
1wl ) O ysody
Vy(t)=Vi(t) +ee,

i . )
=—cel +ee, +e, (63 +a,+f, (xz)—al)

Syped ped o8 ilxe (SRS 699y (2Lb L
V) alaly, o o G 5 a(f)=—ce,—e—f,(%)+4
e Cassay o
V,(t)=—cel —cie; +eye, )
(i=3,.,n-1) >Lbal=i s o 55 mls g, cpl aslol
Deben Jol>
Pelee by e = x -y —a, Oge 4 s il o
Jol 5 Sygons (V1) 5 (V) Ll (285 Sl po b o gie 1

:m)fsn
é=% -y, —d  =e, va + f(%)-d,., [AA))
el 0 03,51 (YY) alasl, 4o o5 cnl b Bl SBgbld &b
v.()=V., (t)+%ef (")

L Beibld b grie wdbige (LS Solbld &b ¥, (1) &
gbon dmlne pj Sygods (V) bl 4 295

PO =var & Bl s eldl ab «(F) dlal, & a2y b
o6 Ll m gy ol 5 el (SSE L sl adle
e S bl o 4 05 ce g (6 lganl o
Slaptuw glp oy JyuS 0,55, dlie pl o adl e
b eyl oolital b pldl Janl oS ab L gusuile
S5 osboe Sl B(0(1)) pivgie 5 lyen L bl Jpanl
gledl > il a5 #(v(1)) Llsem @b Ly eldl @b oy ¥
A o slid vy, =5

$(v (£))=v, xtanh[v(—t)] 9]

VM
55l 2 Dygea () daly 4 axg L (F) gldl &b

Ievl o9 s

w(t)=sat(v)=¢(v)+0o(v)=v, xtanh (%j +o(v) @)

6F =—saifv) == ofv) afvi

saturation

200 15 -0 5 0 5 10 15 0
vit)

o(v) LsT sl 4 $(v) mB &b esar(v) Qb-Y S

Sypody odd 0djea,d lses al g glal Al B
O)gods polas e a> Sy sl a5 el o (v)=w(r)- 4(v)

el 3
lo @)= fsat (0 )= ¢ ()| <v o (1-tanh (1)=& )
2 Dygods (V) ool ax LG c¥olas (1) alal) @ a>g b

g oo (o3l

)'cl:xz+f|(xl)
)'c‘.:xm-%—fi(f‘.) i=2,3,..,n-1
%, =1 (%)+b g(v)+d(v.t) (QRD)
t=g(z)+Bu(t)+d (1)
y=x(t)
55 5 5 pslad o5 S T(u)=bo () ds(1) S

el 18 5 Ll 45 090 (28 (ized D9 00

o

|7 (v.0)
5 gl akble palS sl 4 D, g D, Cude Culgd oS

<D,
(QAD)

<D,

b ag, o WOAYE o Y] Wt e o pelael e
algs a6l LT polie (pesd Cas (Aedad ulsd oS J oS
2 (1) ooy b e s S b b Sszs Jdo 4 0
b cyzr el JSle Glls s pl (OY) Yol
of a5 wilised plfey (S5 35505, ol oS J S
gy a5 oy walys clinie 3 (0g(v)/ V) Sl as el

Slee ) o)led DY al> AF oLy o)led 5 oKl SilSe pwdige 4 225

ool3lin 0,0l 5 (5,05 pie— YAV azan N F- -

Yy



Sl ) ojled DY alx AF Gl o)led 5 ol Sl g 4 25

ool5ly o,0lb g (5,050 pte— YA-I aman N F- -

Yy

ole n) Sogets (V) alaily o ba, &l o(V0) alal, (35,5 s
é}wsa
ba, (t)=bi(1)a, (1)=&, -bia, ¥

sl ) Sozear (V) adaly Vb abal, (285 b o

Dyl
n-1
G (0)=-3 e e, + e, (o ()4 ber @, - bi,
a . L ¥o)
+d (v,t)—y" 702”,1)4- —ai+—D,D,
Va n

ip2ls (V) adasly 50 (V) (g5lme (J 58 (5538 (5,105 L

V()= 7ic,ef +bee,, —be,aa, +e,d (v,t)
. L )

p iz'[i'-%—;[)zﬁz

Yoally 5 0@ (nr) Sike GYb o (1Y) alal, & s b

—e, sgn(e")[)2 +

Deden Ol p) Dygo
(V)

e,d (v.1) <le,|D,

® Dy o5 oa byl Gog ol @ azg L (V) aba, o
R B

i(1)=—4(1)

D, (1) =-D; ()

ik ) Sogets (FA) 5 (V) Laly) @ az g b (F7) alal,

YA

D9l 50

V(1)< —zn: ¢, tbe,e,., —be,ad, +le,|D, —e, sgn (e, )D,

=1

(ARY)

n
P o
< —Z c,e;tbee,, —be,aa,+le,
J=1

(Dz - ﬁz (t))

205 o0 Jolo 5 e YU alal) g3lucs e b

V() <=Y et vbe,e,, ——i(i+7,e,)
J=1 Va (f . )

5

BN YY) 9 YY) BN W) OLQ/.M SMJGJ h)‘j) 6)|d.i:‘.> L
fag] oo ey (F1) alal ) o(F+) &)le

en

4—1[')z (77
n

v, (1)< 72”20/.6? +bee,,, +bpé(d(t) 7(10)
j=1 V)

+ ‘gzDz (bz (t) - Dzo)

Gl):}d;.ul 2 b Sladoz o F3) olosl 4y azgi b puizren

gl
= (A I~ 1 > 1A 2
Dz(Dz_Dzo)—_§D£+5(Dz_Dzo) _E(Dz_Dzo)
S_lD~22+l(Dz Dzo)2
1 1 ’ 1 AN
a(d—ao)——gdz+5(a—ao)'—f(a—a0)'
S—%dz-#%(a—ao)z
=255k 25 Sygods (F)) (galusls YU Laslg) (1285l o
Ryse

V(t)=V_(t)+eé

3 o (")
- —Zc/ef, +e e +e, (eH, +a,+ f,(x) _O’H)
J=1

. SR
ol Sl S5 80955 sl V(1) == c6] e e, oS
j=1

D80 Ll 5 ©ygen g8

a, (t)=-ce, —e,_,—f, (¥,)+a,, (Ye)
() 5 (VF) abal, o Sl b ool slb cul ¢, 50 o

i ylo

Vt)==) c,el +ee,, (Yo)
j=1

il e, = x, =y, —a,, S)gon s adal, phn g5 o
el 5 Sygots (V1) 9 (V1) Laslgy 0 amg5 b o] (giies s )0
é,=x,-y,"-a,,
=/, (F)+b (e, +a,)+d (vir)-y," ~a,,
&by b IS cuye (g pslael 4 azg Ll Gl 0
osbie (pl 4 0ed e solatul ki il Sl ed (v,r) polacl
gl oo il sle e

(%)

(YY)

S Dy (1) 5 a(r) cesl oad ap S L s a:% o5
S D, (1) 5 a(r) Wil D, 5 @ slagall oS
ol Sl U a5 aiil o (ras i g ol e o slas
by oe Rl (el 9Bl s

Pl Bbld i (28,5 L o b el cal b ybline Beibl) &b
25 Dapet (V) Geess gloalbs g ol o5 sllas poie (S
Y J.as|9>'

1

1 b ~
v.(1)=v,, (t)+§ef +2—}/ﬂa2 (1)+=—D5(¢)

1, b,
=Y - +— —b
S5 a5, B0

giie ool B>0 g aiil o Cutio Gyl 7oy y, a5

A

. n-l
V., (t)z_zcje/z"'eu—len g (V7)) aaly & axg b Sgbld &b
=

29 o0 Al pj O jg0ty
; ; . b .. 1~ x
v, (t) =V, (t)+ ee, +Zaa -¢—;D2D2

n-l b oo 1 ~ =

— . o2 ¥

= —z ce;+e, e, +—aa+ —D,D,
j=1

)
Ve n

+e, (fn (fr:)+b(er:+l +au)+ g(v,t)—yf‘") ’dufl)
4 by ye ki g 50 g g5lme (J5S 5l o5 onl o
Wedioo (Fhb nj O ygen o

a,(t)=d()a, 1) )

&, =-ce,(O-e (O~ /, (fj )+ 2,0 .
+a, ,(t)=sen (e, (0) D, (1)

d(t) = ~7,e,0)@, )~ 7,p (d(0) - a,) am

D,@0)=nle,0)|-n&(D,0)-D,,) ")

Lgtbf;‘")li Dy 9 ay 9 o <5L“’J':"°‘)L~: & 9 P e, &S

2L Sl (t)=a-d(r) =3 -a(r) o Pl | azs L



phn ol Solld ol (805 Sl o b el cnl Sell) o6
25 Dopets (F) peedss slas slaJiSw 5 516 lbs it
] o Cawddy

1,
n+| (t) (t)+7e;+1

+Lbf(z)+i52(t)
n+l
*Z +fﬁ’(t)+*D (1) ©)
1 -~
+EDf(z)+ab2(t)
2 adaly 0 (FF) 5 (FY) Loy, @ a5 L Beibld mb 51iee
v

n+l

(0)=7, (1) + e, +%5151 +bb
Zc e tbee,  — Zpdz +gp(a7a0)2

. . ((A])
—QDZZ +—Q(D2 -D, ) +iDIDI L
2 2 U A

+e,,+|[541;(1))(g(2)+ﬂu(t)+dI (z))—d”}

v

@) akaly o (FO) oads slpriny JyuS sl (6,05 L
gbse Jol> ) 4z

Voa( Zce +be,e,, - bpa +gp(a a,)

_éf)z éD -D.V 6¢(v)
2 z+2( 2 zo) te,, o g(z) @0

v, %(”) AN ()i (1) e, 220 4 (1
A%
—e,,d, +l5]5] L
U A
RS et Sy o ead sl St U sk 4
LN et

1005 oo Jol> (OY) salaly 4zl )0 g oo

o 5 a8lol (OY) alal, 4 €, (1) ols B

<Sietehec,-2s L plama)

Sta S pEy S (D Dm)
oY)

e, [6"; (VV) BN(2)+ 1}7(:)_%@([)
o %(vv)dl (1)~

&ilwools 5 (OY) alal, jo (F7) alal) 5l @ (1) &, L

+ e, 0, + 1 DD, + L
)% A

:M)lo
ntl

n+| ZC e +be €101 gp52+§p(a—a0)2—é;—2[)22

e

+§(D2—Dm)2 +e

5 o D, ©%

+e,. (M( )ﬂN( )+ j*(z)ﬁabﬁ%z;g

» en+l%(v)dl(t) Sike YL w= (W) alaly @ 4z L

109 g0 ALl p 5 Oyg0dy (BF) aba,

o 2004 (1)<

b0)

n+l

< 7ic e; tbee,, — b pd2 +§p(a —-a, )2
s (fv)

~ 2
7%D§+%(D27020)
s S a0 e, =g(v)-a, Sypen b akl, ST6E

Sygos v =z 5 (\Y) (V) Llg, 4 axg5 b o] i 1 Dg g0

g a2l 5
én+| = aé(v) V_dn
v (%)
“90) g2 pult) (1) -4,

[ﬂ%J e U(t) oaS SRSy Ayl 4y 4z b

card d97s s A (pizren Bl e polacl (5 lake (FF) alai, 5o
058 (b sy 4d (1) plasl 5Lzl aler 555 520 pslask
arlye pols Sl S b s, Sun 3% sk & S
3,509, yya> ;o Nussbaum &b 51 o ol J> sl 1 ol o0
A dalg> oolatwl adas
bt gz ye JLSem b, jsbie 4 caslis (Ju8 ()58
2 awdd 53 (V) JS b b guasile gl (2955 Lawgs ()lej
ol o]
b bt gty ot ganls gl ) and
Ay () glsl (el @by () 5 (F) (Seslus SVoles
elsB iz 5 (FD) ala, 3 ol ol J A5 516 5,
spax o |y JpaS dlaal 4 gbows (FA) [0 oud @l ey
S (o0 e polie 3,509, b gledl &6
u(t)=N(z)u() (f8)
ol o as
7(t)=c,e,, +be, +aéiv)g(z)—d”+sgn(e”+l)l§, (£%)
slesebly wod @ D(1) 5 b(r) Pl i ¢, >0 &
N(x) 5 38bn Dy g D>0 polacls slo i oad 055 (rass
A3l g0 Nussbaum s
N(x)= 2 cos(x)
=y u(t)e,,
Pl b Lo & ool oo polie b elis sl 7,

(fY)

dmlre 5 dalyy 5l g eyl eedS (helal (ilE 50 o
g s
D, =u en+]‘ - Hé, (D] _DIO)

~ 2@ (b-b,)

. A
b= lenem
5 Sude polie s @ g & A cp Sk oyl o5

B g;"l)"‘ L5L‘°J;"°I)L«.» = by 5 Dy,
5 b S cupo 5o polasl 4y a3 b 3T 65 o il
G oS 4 D) 5 b(1) Sle ( Ja d\(1) alez Vb o>

whS 5 Dy b sla el e 6U=> slagiSom plye
g g0
b(r)=b-b(t

)
(1)=D,-B,(0) ™

Sle ) ojled Y al> AF oLy o)led 5 olSils Sl cwdige 4 2

o3lil 0,0l g (6,05 pie— YA-VQ amio M- -

v¥



Sl ) ojled DY alx AF Gl o)led 5 ol Sl g 4 25

ool5ly o,0lb g (5,050 pte— YA-I aman N F- -

Yo

7 (0)e™ <oV, (1)e” ﬁ[ﬂw(”zv(z)ﬂjz

7. ov
+ Ce"” (@)
d oy € [ ,08(v) e
Z(Vm(l)e )SZ['ETN(Z)+1]Z+C€
ey a4 [0 1] o3k ys s aluly 5l RS LS
D9 o0
P (0)e 7, (0) 5 J;[ﬁ%(”zvu)njzm
7 Y *#)
C
Clom_y
+ (e =)

s 1 @,;;64 e € s (8F) Akl b ib Jl>

Vo (1) <V, (0)e ™ +5 j[ﬂaﬂ )N(;{)Jrlj;(e””dr

(40
C -
“n ot
o)
Q)L'».C A PJ uul.w‘ 2 9 00y ‘%(V)SI d\iul?r;-l )‘
4

L oo™ e lawl Sguzme J‘;(ﬂLiE}v)N(;()HJjemdr

5 Sl dguze V(1) oalplis 05d oo 1,500 jho a4y oy CulsdS
By oS s @ e SRl ploy cB3S L g ol L w

Sy dalys ‘(t)gg V) aal, olol 5 S 0 Juo t >0
e @
ST 5 ) Laly, o b oyl caslie Sl b 1

6¥p»‘ciu@)¢5%)lm‘c sials 5 0 il cg

Do oo [ Kan oo Suop a4 g Sz S ojluil 4 Bl &b
S5 Bl 1V (1) iyl 6 oo syios & g b Jls
ok 5o e (1), (i=1, 2, oy n41) Ua> glojsie o oo
s b I ish e [Ron jio Suoj 4 g 00s d5ue [0, 0)
Gl e B Dot s, B8 b sle bl el
Az (sl pite (09 Sguzma 9 ) (28 4 495 b (izmen Wl
s by 2(1) 5 x, (1), s sla e
pebi Ol g opdle iilege Sgume (Sob de il gugwls
Sl J5e )35 dlle o b, gl ey, bl el
9925 DS i aials bl ol ol ool b oo
@ azg b oged el (Jsd BB o> S o plyie 38 1 u(1)
Ghey S 4 gl o eliyg Gy @b @l o

i=1,2,...n

33,8 oo el
@ e S Ol o sen(e,,) Swdle B jpax ) S
oy (nl A osbiee wile G35 9 STR < RS USS
Slals coge oasay cpl Gols &, Iys-vol Sg sn 0wl S i
Slalad ol ale Geizmes 5 (SO Slaptans 5o LS 0L
1y ekl Sl ley clidS LI gl ce S e (Sl
SH el il g osuny ol GRS jskie 4 oS (oo sl by
S & AT Spdge 00) S tanh(%j &L cdle 2

R mh(;] b UK 60 ols e b g ol Soie sl

IvA-vv] 30,5 o0 S Hlews sgn ()

axdl oo Bolo j; Lalg, o(FQ) alaly @ a2 g b (yioron

b()=-5(1)

A (o)
D, (1)=-D,(1)

Ly, o855 Sl 50 5 (FY) abal, 5l i (1)e,, ==

x

100,80 e 553b 5 Oyged (OF) akal,) (OF) 5 (00)

6)‘;&%.[? L

n+l

n+1 Zce +bn ntl bpa +Z,U(a ao)

7%[")22 + é;z (Dz 7Dzo)2+ €01 Dl oY)
1(o4(v) o laa 12
—| BN 1|z -—DD——bb
L[ vy |- Lo -

Sels Q) alaly jo (FA) il Loy, o 31> L
n+l

V()<= ciel —gpd2 +gp(a—a0)z —%D-ZZ
=

+%(Dz ~Dy) + . [W )ﬂN(z)ﬂj )

+§1D-1 (bl
3ot b 5ol oY) Ll ailie ly, (28,5 [l o L
2gdier gl 2

Dy )+ a@b(b-b,)

n+l ~
M ZCe b ~z szz G;Dz 3bz
o)
op(v ) )
7,‘[ . BN (x )+1j;{+C
as
b
CZEp(a—aO)z-%—%(DZ—DZO)z
¢

+%(D, -D,) +%(b—b0)2
aibooe golo V) 5 () s, 0%) 5 0+) Ll & a5 |

)= 5 457 ()4 3550

- _ £
B )+ 570 M=
Vi (£) < oV (1)
ntl b . 57 < ~ @~ =
7/:1 Cfeiiipa27 iDZ 7EID127?1) S*C,"a,.V(t) (9‘()
ol a8
n+l
V()= e +a (¢)+Di(t)+b>(¢)+Di(¢)
j=1
cmmasfl, 2 L L L "
2 2y, 2n 24 2u

cmin:mm{cl,...,cm,g R

Slewlos plil 525 5 (PY) 5 BY) «FY) Laly, (28,5 5l o b
25,5 50 (smsil 2y Syponr (03) ala, (5L

[ ¢(V) (;()+1];g+c

e Sl o FF) alal, bl o b el o= Smn 4

‘max

Vi () =0V, (1) +—- *H
7

x

:M)ld



y.i i)

o 5

Time (sec) 10 15

walbo g2 5o JUSw 9 (29,5 JUSKw (Sloj Gl — ¥ U

el 00 03,51 A B Y sla JSi jo gilwans 4 bgye gl

O i (293 bawgi |y, (1) &2 pe Sl (2, T USS
ebdl &b yeam 5o by Jos Sl maly a5 ok len wand o
003,85 same b ilizel g b il dagiunm p) (00l gails
TS )0 8,58 slapiun ) 6999 S5 SloJiSm cul
Bl b sde Sybe bl o5 jsb olab Sl o e
9B BB Sl 2B b Db, Jes o8y s ) (699)9 JUSew
o AL Gl i 5 pobac S alyd e o
50 Sblog 098 0 cdalin ¥ s (o a5 jshiles .coul onls Jol>
sanlive 55 53l 5o cadle b symy o & 5 JUSes
Onilgd o cdle @l 5l Bl Sy iz espyy GhalS Sz 0gdiee
oS o solinal JS ol cdle o tanh(;j o 5 s
JEKs il 5 laed 4y jonie g Conl oal 110 IS o Jl =
2y 4S5 ol 4 ileand 50 Geizmes Sl ewo S (JuS
Bgd ol (5955 4 09290 (90l3] Bl y0 g ol s 45 Canl onps 5
b Sysb s Sy s (U()) J5S s5y5 JuSe oS
Bl ) e (S5 gl Sy oolel 2 jlre axels a5 el

sl

Time (sec) 10 15

uft)
- B
=—v—?=

5 Time {see) 1] 15
3 (S, w313 (§999) W(t) IS Sloj Gl -F ISl
Codle U 3l ooliiwl b (S, o 25 (6999) u(?)

Silwama -0

ad Sledy by, @b oWl Gl e ol e
odd widF B 0 e el apdy Ojge alagileand
DC ge Sy bang o5 allioe Sod S5 55k o @ by
25 Loy (Sl S5 o3k (Seslus SVolas 3gh o ssluslel,
Iral e
Mij(t) + D(t) + mglsin (g(t)) = k,sat (v(1)) + d, (¢) (2
D guyisl M g0555 59lss V(1) Jate sasly ¢ &5
salols 15 (alazél gog)9 43 (1) S oy M ils ey
A o0e (Sd SO soil wilioe 93 Jaie 5l S ey S e
L] 0 o 0l 5 (Seoliss SYolao b (59550 Lawgs
%, (1)==Bx,(2)+ BV, (t)+4d (1)
{V(f):xA ()
(Hlazel o5y d(1)  opse @y Wy V(1) &
ilbeos s syl B=(k/J,R,) 5 B =(kk,/J,R,)
<ol &, «(BEMF) oS ore 0o (59,0 <ol k, byal)ly cpl o

)

2 Bl oo el Caslie R, 53, el U, sliaS
9 S, plewy) il e Sewluo adlls 350 s
Kl 5308, ey Gl 58 (Sl ST gl Sl
R PRV B LW
Gy 5 cz=x,, 0, =4, x5 =g S Glhpiie iy b
(F) 5 FA) <¥olew aw (1) =sat (v (1)) 5 u(t)=V, (t) o9y

g p (33l ) D ygods

1:{2'(t):g(z)+ﬂu(t)+d1(t) Vo
v()=z(@)
X, =x,
S, 9%, =f, (5,)+bw (1) +d, (1) o
y=x()

Sl a @) 5 (F) OYoleo Jisle lhls (YY) g (V4) &¥olee a5
1
fi(x))=0 «n=2 sb:ﬁ cg(2)=-pz(t) B=p <lle

. 1 - _ D { .
S8l o dZ(l)zﬁ 2(1) 5 fz(xz):_ﬁxz_%sm(xl)

el oas bled oy, =50 glal b as (gileand cye

5 2(0)=-1 iy 4 8, 5 S, lagters ) adsl Ll
ey JESm s bl x(1) =[x, (0), x,(0)] =[1, 0.5]
il 3 el oad ad S L oy (1) =sin(r) 2bo, e
iloads ad S e )0 55 &ygo Wptus ) 4 barye slo el

m=1kg, D=1, M =lkgm?’, k,=1,/=0.15m,
R, =200, k, =0.43 Vs/rad, k, =0.43 N m/A, J, =0.0014 kg m’

Oygods Slwand o slael gl uizen

byl wleass Ll @, (1)=03sin(0.31) 5 d,(t)=0.4sin(27)

oS S 4 bype (b slayully g Gl GolsS adl
siloads Q! 5 Oy g0

7,=0.06, y.=0.005, ¢, =5, ¢, =5, ¢; =20, n=04,

2=0.16, =02, & =0.1, & =02, p=0.1, @ =001,

£=0.3, D, =045, D,, = 0.4, a, =0.95, b, =0.85,

a(0)=0.5, D,(0)=D,(0)=0, (0)=03, 5(0)=0.5

Slee ) o)led DY al> AF oLy o)led 5 oKl SilSe pwdige 4 225

ool3lin 0,0l 5 (5,05 pie— YAV azan N F- -

vs



Ol ) ojleds Y wla AF Sl ojleds e olKiily SlSe piige 4555

oolilis 0,0l g (6,05 pie— YA-1Q amin N F- -

Yv

S5 Ao -7
sl Slopivew lp plis (oL, Al allie cnl 5o
Sla Ui 5 Canld pse i 55 bl Jpanls o b s é
polie oS JyuS g 285 15 adllas 3550 polasli (ouliudl
b é @b ) eslinal 5 plRay (JuS By, elel p (el
I 2L,y oals slpiny JuS 9B .ol «l)) Nussbaum
& 0315 25 spam 50 e (75,5 Lawgi | loy b et g e
oz g bl daplecs ) on 0ad ggsile gLl
ptaew j phS 8 4 oad o)ly polael alanél slo JiSew
Gl by, 2l 5 ead bl gileans mls b o (el
sl iegh 3l weged Ol Jaus Glaal 4 gbows jol) oad
Slapiars Gl ko) dive J> 4 lgee @i ol o S
ged 0,Lil il J0 gl (639,950 gladl 0B (lls a5 g gails

&l -V

[1] Saberi A., Stoorvogel A. A., and Sannuti P., Internal and
external stabilization of linear systems with constraints.
Springer Science & Business Media, 2012.

[2] Taware A., and Tao G., Control of sandwich nonlinear
systems. Springer Science & Business Media, 2003.

[3] Zhou Q., Shi P., Tian Y., and Wang M., Approximation-
Based Adaptive Tracking Control for MIMO Nonlinear
Systems with Input Saturation. [EEE Transactions on
Cybernetics, Vol. 45, No.10, pp. 2119-2128, 2015.

[4] Zhang Z., and Xie X.-J., Asymptotic Tracking Control of
Uncertain Nonlinear Systems with Unknown Actuator
Nonlinearity and Unknown Gain Signs. International Journal
of Control, Vol. 87, No.11, pp. 2294-2311, 2014.

[5] Nordin M., and Gutman P. O., Controlling Mechanical
Systems with Backlash—A Survey. Automatica, Vol. 38,
No.10, pp. 1633-1649, 2002.

[6] Tan Y., Dong R., and Li R., Recursive Identification of
Sandwich Systems with Dead Zone and Application. /EEE
Transactions on Control Systems Technology, vol. 17, No.4,
pp. 945-951, 2009.

[7] Taware A., Control of sandwich nonlinear systems.
University of Virginia, 2001.

[8] Zhou Z., Tan Y., Xie Y., and Dong R., Soft Measurement of
States of Sandwich System with Dead Zone and Its
Application. Measurement, Vol. 78, pp. 219-234, 2016.

[9] Li Y., Tong S., and Li T., Hybrid Fuzzy Adaptive Output
Feedback Control Design for Uncertain MIMO Nonlinear
Systems with Time-Varying Delays and Input Saturation.
IEEE Transactions on Fuzzy Systems, Vol. 24, No.4, pp. 841-
853, 2016.

[10]He W., Dong Y., and Sun C., Adaptive Neural Impedance
Control of A Robotic Manipulator with Input Saturation.
IEEE Transactions on Systems, Man, and Cybernetics:
Systems, Vol. 46, No.3, pp. 334-344, 2016.

[11] Jafari E., and Binazadeh T., Modified Composite Nonlinear
Feedback Control for Output Tracking of Nonstep Signals in
Singular Systems with Actuator Saturation. International
Journal of Robust and Nonlinear Control, Vol. 28, No.16,
pp. 4885-4899, 2018.

[12]Mohammadpour S., and Binazadeh T., Robust Adaptive
Synchronization of Chaotic Systems with Nonsymmetric
Input Saturation Constraints. Journal of Computational and
Nonlinear Dynamics, Vol. 13, No.1, p. 011005, 2018.

[13]Chen T., Zhu M., and Zheng Z., Asymmetric Error-
Constrained Path-Following Control of A Stratospheric
Airship with Disturbances and Actuator Saturation.
Mechanical Systems and Signal Processing, Vol. 119, pp.
501-522,2019.

[14]Taware A., Tao G., and Teolis C., Design and Analysis of A
Hybrid Control Scheme for Sandwich Nonsmooth Nonlinear

5.
il -
=0 |\-___h_ - e o

-3 1
] o 15
Time {sec)
0

~ 0

=20
] 5 10 15
Time (scc)

9 (S, pimm 5 (59939) W(1) GLJUSmw Gloj Fwly - & S
tanh(é] &0 3 oolistwl b (S, e 25 (5999) u(?)
&

A
;_-_,ll!li
T
1

04! =

0 2 Time (sec) 10 15

"

=08
= 6

04! : - :

0 5 1 15

Timme {sec)

pokrel (J 508 Culpd e Sloj slagewly — 7 JSb

0.6 —
0.4/

J
0.2 f
0

o i 2 n 40 S
Time (sec)

D)

o 1w 40 50

- 3
Time (scc)

Dy(t) 5 D) i Siloj sbogly — V IS

0 5 1 15
2(1) 9 x, (1) GLJUSew Sloj gbgwly - A S5

03 —Nix )
x(r)|

——

a3l f

V/

(%3

it} Nlx)
&
- =

£

-4

1} 10 15

Time (sec)

N(x) 9 2(1) sLJUXemw Sloj el - A S



[32]Wang H., Chen B., Liu X, Liu K., and Lin C., Adaptive
Neural Tracking Control for Stochastic Nonlinear Strict-
Feedback Systems with Unknown Input Saturation.
Information Sciences, Vol. 269, pp. 300-315, 2014.

[33]Wang W., Xie B., Zuo Z., and Fan H., Adaptive
Backstepping Control of Uncertain Gear Transmission
Servosystems With Asymmetric Dead-Zone Nonlinearity.
IEEE Transactions on Industrial Electronics, Vol. 66, No.5,
pp- 3752-3762, 2018.

[34]Yang Z., and Zhang H., A Fuzzy Adaptive Tracking Control
for A Class of Uncertain Strick-Feedback Nonlinear Systems
with Dead-Zone Input. Neurocomputing, Vol. 272, pp. 130-
135,2018.

[35] Shiravani F., and Shafiei M. H., Robust Output Regulation
Via Sliding Mode Control and Disturbance Observer:
Application in a Forced Van Der Pol Chaotic Oscillator.
Journal of Dynamic Systems, Measurement, and Control,
Vol. 139, No.9, pp. 091015, 2017.

[36] Shiravani F., and Shafiei M.H., Robust Output Regulation of
a Class of Nonlinear Systems Via Disturbance Observer in
the Presence of Matched and Unmatched Uncertainties.
Journal of Dynamic Systems, Measurement, and Control,
Vol. 141, No.9, pp. 091007, 2019.

[37] Chenarani H., and Binazadeh T., Flexible Structure Control
of Unmatched Uncertain Nonlinear Systems Via Passivity-
Based Sliding Mode Technique. [ranian Journal of Science
and Technology, Transactions of Electrical Engineering,
Vol. 41, No.1, pp. 1-11. 2017.

[38] Hakimi A.R., and Binazadeh T., Generation of Stable
Oscillations in Uncertain Nonlinear Systems with Matched
and Unmatched Uncertainties. International Journal of
Control, Vol. 92, No.1, pp. 163-174, 2019.

[39] Tang ZL., Ge SS., Tee KP., He W., Robust Adaptive Neural
Tracking Control for A Class of Perturbed Uncertain
Nonlinear Systems with State  Constraints. [EEE
Transactions on Systems, Man, and Cybernetics: Systems,
Vol. 46, No.12, pp. 1618-29, 2016.

[40] Corradini ML., Manni A., Parlangeli G., Variable structure
control of nonlinear uncertain sandwich systems with non-
smooth nonlinearities. In 46th IEEE Conference on Decision
and Control, pp. 2023-2028, 2007.

Systems. IEEE Transactions on Automatic Control, Vol. 47,
No.1, pp. 145-150, 2002.

[15]Liu Y. J., and Tong S., Adaptive NN Tracking Control of
Uncertain Nonlinear Discrete-Time Systems with Nonaffine
Dead-Zone Input. [EEE Transactions on Cybernetics, Vol.
45, No.3, pp. 497-505, 2015.

[16]Wen C., Zhou J., Liu Z., and Su H., Robust Adaptive Control
of Uncertain Nonlinear Systems in the Presence of Input
Saturation and External Disturbance. IEEE Transactions on
Automatic Control, Vol. 56, No.7, pp. 1672-1678, 2011.

[17] Edalati L., Sedigh A. K., Shooredeli M. A., and
Moarefianpour A., Asymptotic Tracking Control of Strict-
Feedback Nonlinear Systems with Output Constraints in the
Presence of Input Saturation. [ET Control Theory &
Applications, Vol. 12, No.6, pp. 778-785, 2018.

[18]Taware A., and Tao G., Analysis and control of sandwich
systems. In Proceedings of the 38th IEEE Conference on
Decision and Control, Vol. 2, pp. 1156-1161, 1999.

[19]Wang X., Stoorvogel A. A., Saberi A., Grip H. F,, Roy S.,
and Sannuti P., Stabilization of a Class of Sandwich Systems
Via State Feedback. [EEE Transactions on Automatic
Control, Vol. 55, No.9, pp. 2156-2160, 2010.

[20]Wang X., Stoorvogel A. A., Saberi A., Grip H. F., and
Sannuti P., Stabilization of Nonlinear Sandwich Systems via
State Feedback—Discrete - Time Systems. International
Journal of Robust and Nonlinear Control, Vol. 21, No.16,
pp. 1841-1864, 2011.

[21]Zhou Z., Tan Y., Xie Y., and Dong R., State Estimation of A
Compound Non-Smooth Sandwich System with Backlash
and Dead Zone. Mechanical Systems and Signal Processing,
Vol. 83, pp. 439-449, 2017.

[22]Stoorvogel A. A., Wang X., Saberi A., and Sannuti P.,
Stabilization of sandwich nonlinear systems with low-and-
high gain feedback design. In American Control Conference
(ACC), pp. 4217-4222,2010.

[23]Grip H. F., Saberi A., Stoorvogel A. A., Wang X., and Roy
S., Semiglobal stabilization of sandwich systems by dynamic
output feedback. In American Control Conference (ACC), pp.
4229-4234, 2010.

[24]Luo N., Tan Y., and Dong R., Observability and
Controllability Analysis for Sandwich Systems with Dead-
Zone. International Journal of Control, Automation and
Systems, Vol. 14, No.1, pp. 188-197, 2016.

[25]Zhao X., and Tan Y., Neural adaptive control of dynamic
sandwich systems with hysteresis. In Computer Aided
Control System Design, IEEE International Conference on
Control Applications, IEEE International Symposium on
Intelligent Control, pp. 82-87, 2006.

[26]Parlangeli G., and Corradini M. L., Variable structure control
of systems with sandwiched backlash. In Intelligent Control,
Proceedings of the 2005 IEEE International Symposium on,
Mediterrean Conference on Control and Automation, pp.
1331-1336, 2005.

[27]Corradini M. L., Manni A., and Parlangeli G., Variable
structure control of nonlinear uncertain sandwich systems
with nonsmooth nonlinearities. In Decision and Control, 46th
IEEE Conference, pp. 2023-2028, 2007.

[28]Song J., Zuo Z., and Ding Z., Backstepping Control of
Sandwich-Like NonLinear Systems with Dead Zone
Nonlinearity. /ET Control Theory & Applications, Vol. 11,
No.17, pp. 3122-3129, 2017.

[29]Nussbaum R. D., Some Remarks on A Conjecture in
Parameter Adaptive Control. Systems & control letters, Vol.
3, No.5, pp. 243-246, 1983.

[30]Zheng Y., Wen C., and Li Z., Robust Adaptive Asymptotic
Tracking Control of Uncertain Nonlinear Systems Subject to
Nonsmooth Actuator Nonlinearities. International Journal of
Adaptive Control and Signal Processing, Vol. 27, No.1-2, pp.
108-121, 2013.

[31]Ma J., Zheng Z., and Li P., Adaptive Dynamic Surface
Control of A Class of Nonlinear Systems with Unknown
Direction Control Gains and Input Saturation. IEEE
Transactions on Cybernetics, Vol. 45, No.4, pp. 728-741,
2014.

Sle ) ojled Y al> AF oLy o)led 5 olSils Sl cwdige 4 2

o3lil 0,0l g (6,05 pie— YA-VQ amio M- -

YA



