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Observer-Based Tracking Control Design for a Class of Fuzzy Polynomial
Systems

Roozbeh Salimi Tari, Ali Moarefianpour

Abstract: In this paper tracking control law design for a class of polynomial fuzzy systems is
considered. The control law consists of an observer and a state feedback. A polynomial fuzzy observer
estimates the state vector of the plant, and then the estimated state vector is employed by a polynomial
feedback gain to fulfill the control law. The polynomial fuzzy control law leads the state vector of the
plant to track the state vector of a stable reference model subject to an H,, performance. Sufficient
conditions for determination of the control law parameters will be presented in the form of an SOS
program. Additionally simulation results are presented to show the merits of the proposed control
design approach.

Keywords: Polynomial fuzzy systems, tracking control law, polynomial observer, polynomial
feedback gain, H,, performance, sum of squares (SOS).
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Finite time Controller Design for Time-Delay One-sided Lipschitz
Systems

Hadi Gholami, Tahereh Binazadeh

Abstract: This article studies dynamical systems with one-sided Lipchitz nonlinear functions in
the presence of time-delay and unknown terms due to model uncertainties and external
disturbances. The one-sided Lipchitz condition is less conservatism with respect to well-known
Lipchitz condition and includes a wider class of nonlinear functions. The goal of this paper is design
of state feedback controller for the considered system which guarantees the robust and finite time
stability of the state variables of the closed-loop system. For this purpose, based on the Lyapunov
approach in stability analysis of time-delay systems; the appropriate Lyapunov-KrasovskKii
functional is selected and the sufficient conditions for robust finite-time stabilization are given
based on linear matrix inequalities. The feedback gain is also calculated by solving the obtained
matrix inequalities. Finally, numerical examples and simulations are given to show the performance
of the proposed method. Additionally, it is shown that the proposed theorem has been less
conservative and its functional range is wider.

Keywords: Finite-time stability, time-delay systems, one-sided Lipchitz systems, robust
controller.

b e | i O o J S e (s - 01l 355 15 5 ST Oledtige el o S alaes o303l o alb 1L s odge ol 5



b b o 2 G (sl e (512 39w Olej oS J 287 b \F
aJUL'.:{ eJAUa n@)\.’f— 6:\.&

obalazl sl wils )b olslal 3 Ja L;u\;:xhsf,\;
.. . .. . . ./ .
oPr 3 gd>ee ‘_g)j\ Lv Léj (-}l;ula Qlﬁ) L Pl 6\.@_“.&.:« c@-;l;—
sl 03 & &yl oLlas (Il s 0, b g lods
“."“;)5 pu.a S gd>es Q\A) Lg)l.ﬂ)\uti‘li\:,#@lf.lajﬁ L.L‘é L’ﬁ\)b
LML bl 5 bg 8 cpl e Sl 0 €] g 5l (slag slensl
dnloes Ll ¢S 0,0 T (s o Sy e 53 45 o OL
Syl S =LY Sl ks €l DU Ly, 5 3 8
S odd gl el s Sl (Sl slusl O wlel s bl Cnlie
ren 238 o s JS Ods G 4 e 6T )l
el @bl S & (Glaslin by os 5 @l ol gleass
3 Wi ol 55 0ds wlyl 3 g, 45 (6 2aS (6,8 diblone 5 Cslin
) 0l 03l OLES

b g G1H1Y J:A{):Mq?a}:}@ﬁ oyl cdllas aels! s
L: 3 gd>es QLa) Il &.L:B oS J,:S u’;-‘}]é -\5}) iy u;au BE
.- r - £ - £ .

Sl by LLES 5 3,8 (o0 JIF psp 5 Lo 3y DU
Pl e ¥ e Sl el Gl B P i 55 L
T s @S O0sls Ol gt 433 8 oo (e 3L 6 sl
OLL 5 el o3 § 4,10 idw 3 ols il and 5 b Jle ol

.Cﬂﬂ‘a.a\-ie:))'rf‘g}i.&q)bd@d;%

s o o 9 gl LRl Y
S 3 e 05 4 e 338 0 S5 wl Gl il s ol 5
b gn w5l dlie J 28 Coua

4l sl —1-¥
) Dgartin 2 Il F(X) b g 1 [FO]) o8
) 1>0 b $1u & (el DR 5oy clis Jols D 4t
25l VX, X, €D Gl 4 oS a4 A3k w3l sy (b G

V1P g
) - FO) <X =% | o

S S 6 oS 7 I () ot o1 Y i 58
(i el 4o peme Sl R) peR id> <6 VX, X, €D

S (g AL azils 5 g

(FO) = F(x)) (4 —X) < p(%, =) (), —%;) O
e (e Wl 5 g 503 b & b S b p OT 28
Pl E
T Gl e clils 1y F(X) st o6 AT Yk 8
35 0,0 €R g VX, X, €D sy SIS D s,

148 (6w a LS azdls

¥ Quadratically inner-bounded

doddo -

clj&mﬁuw‘#géuwjlwémz
e b 0 Sl b G b s e (b 50 OT s b
o lp eSS b s ol Jed S e Gue
3 b S [FN [l 635 (S5l e Lo 3050 (8
el bg 4 a5 S Sasy (b 5
oS b DL s b gt 6l Bee ) S
A st ol sl ey ssdons ol SRR TS
S Ve 53 T b o md a6k S Y
[a-0]Llens

Slos il s b gt e S 4 S LS
o3k (ks St Sl (ol 53 &5 o 53 (S 0 a5 3 gl
Colo )b Sspo opl 5 ol dpdomn (s anllls 5 Shes
ospdoe Gloj ol &K 03 pteew 5 86 0L 5 sl
(Sorlys Gl ot (ldbe 53 Kos (gpm S1[IV b e
Je sla ol oo b 5 (sl OLalizl I 36 e glasli slag 5
3l o3l 31 (B hb slap 3 L s 6 el lacalas pe fals)
Lyt Blod oS J 18 b gy 4o ST 558 e el (e
@D s 035 ol 2 oo 03 (olie (211 Jol oS J 28
Slaptom pslie 35dme Olej (651l 110 Vs ls 1y gnslin
[l [NV [l 03 57 (5ol Oliions 4 55 3550 b o ot 8
Shpiee $lp el 2pde 0L oS Jps b
N YY) 8 15 Ol anlan 5y 50 0 45 LSS b
28 Sl b e 53 Ul or & gmpr il S K> (S
Bl 0 b O lasl 3 Shes ol 5 Bl il
(S Psm calet SlaT wile il e Slaptenn 5
Sl lon [YV-YFs5d o odalio o, Sl ¢ gl
6;:"% éhw&‘x}ju\m Obej odiS” J 8 1 b ‘J.::-i: O
Slapum 3550 53 LYV-YA]C ] el é\} Olaies 4> g5 3,50 50
T D
AT by st Bt ol (51 3 5kmn Olej (sla S
Gl 35doueile) oS I xS b Wlis opl 08 dis 5 Slides
Lk I IS IS RSP P
2315 00 § b g cp) dllln 4 - i

P ";LAV':“:M r}lﬁu Sgdoee Ol (iluyluly lie pl )
L B R LA SC R N
e 45 358 o (b (G 4 Ll $SGs oS S 0 gl
Pl s eoslie 3 Sles g Ol ol osde 4t ail>

' One-sided Lipschitz

¥ Quasi one-sided Lipchitz

Journal of Control, Vol. 12, No. 1, Spring 2018

WAV Sl o) o5l )Y o oJ =S alos



N dﬁsﬁakﬁygduwd\ﬁwwouja.x;sd;sf\,b
o33l ejhlb n&)ﬁ.’c ©sla

Sl $ 3 s iy 55 T

25 et s R Gl e bl s e
S
X(t) =[A+ AAD]X() + Bu(t)
+[G +AG(D)W(t) + f (X)
+[A +AA (O]X(t-7) ®
x(t) = o (t), Y(t) e[~z 0]

Lot sy X(E—7) R« sy X(t) €R" i 2l 13
sl e W) e LI cssans sl u(t)eR? (b L=k
whlals by o(t)el[—r 0] wsew 550 L 2o
(£(0)=0) ot b 12 sion o5 f(X):R"XR® >R
sl b oot g i slam s A5 AJB,G,C Gl o ile omen
b eite 5 b3l sla e 5l AA (1) 5 AA(L), AG(E) s cbee
plos & Sl ol (53 cpman Sl by Sl sl T ks 0L
Al g e tws 53 JD G gy LI (ola Size
S el g 4 U(L) = KX() o oKud U8 056 1 b o
b sle o s W(L) (Blastl belse b 3 25 Gty 4l (i
sl (FTB) 5sdos Olo st (551 oo
X(t) =[A+ AA(t) + BK]x +[G + AG(t)Iw(t)
+1(0+[A + A D]X(t-7) W
X(t)=o(t),V(t)e[-r 0]
b AA, (1) 5 AA(L), AG(L) b sl m SL TR (o 9

Wb e ROl e

AA(t) =M, S(t)H,
AG(t) =M,S(t)H, (8]

AA (t) = M,;S(t)H,
pore 5 i Sl gla il M H H, H sl e Sbe of o &8
‘Sdﬁibﬁ“f@—ﬂ‘b\ﬂj‘uﬁ-‘ﬁ“"muwﬂ‘@‘:& S(t) 5wz

Cwl Bslo 55
sTmS) <1, vt=0 @

I 5 b S et I byt s F(X) ke b 1Y P
.[r/\]é)lbb'c.«lidbglL};&(V)W}M\{dﬁf

o 09 9 A9l sk Y

o Olej Sl @S 08 J 1S b 4 Cand ol 5o
A Qe Lolyan 65 oS b (s b (Sla gt (51 pslie
S L3 F 0 DUy G i ol 53 lands sd e wls

Ll 5 Gandd yh o ogmmme s pl s3T5 o jtege

(1) 1)) (Fx)=T(x)) o (x,-%,) (%%, )
ro6-x,) (f(x)-1(x,))
el Bl o by e ot S S WS e @y O 0T 5 S
b s @=0 Gl 4 g S sl oy 6P
s d sl it o s g 1wz 2 S0 >0
s S Cands (V) IS e Bl 0T oS s s 55 e
D N T e R S e N -
5 St 3o stalie 55k Oles s e Ol SKUS
G et ) b St S oSS ol Sl i
S Jom 53 il b sde a Wl e b 200 Gl Ll s 6 b
Vsane ol ol @01 Gt o Sble 51 i e Do e b
Lol ol ool 7 ol 580 8 1 G b G b S b b
G e mehad bb e Cod L et i mls S ssa e
GBS g B b5 T I boa o al S5 05Y YV e
2 @l 03 B Fead b ol s el GBS bt s ol el
6k oS s o e 5 b (Sl e 1 YAl 3 8 )3
yled Gobo ol (USG Ly 5 3 il g e 5

e e 5 6 b oS s ps Gl ) S

Db S Do a X(E) Slan sl 05 es [T E R &
Ix®ll; = x®" Rx(t) )

Lt R=1 8l o 2t ujle &K R 0T 5
er sl G5 e el X)), =X, =X X() KT

s 1 5515 Do g ol
X(t) = (X, X(t—7), W(t), 1) o= & i (210 B 58
W) 5 Sl b bl s X(E—7) oS s X() 0T b5
A SVt 6> 0) s5dme ($3,1L s psbaals ol ilizel S
Sl p oo sde
WS B s L (w(t) e, = [ wt) wt)dt <5, 6>0

Ky ) Sl I

35 Gloj b sl (C, Gyt , O, R) Sl bl 4 Sl B8 (e
S s 4wk il 375 0 <, < €, STl (FTB)

X(t,) Rx(t,) <¢, = X" () Rx(t) <c,,
W,e[-r 0],vte[0 t] ©

el ol gylie 5 Sl b 750 0T ja o8

'Finite-Time Boundedness

Journal of Control, Vol. 12, No. 1, Spring 2018

WAV Sl o) o5l )Y o oJ =S alos



b b o 2 G (sl e (512 39w Olej oS J 287 b Vv
aJUL'.:{ eJAUa n@)\.’f— 6:\.&

S N 5 Do uls I sl
3, =VIX®]-aVx(t)] - aw' (t)w(t)

Lalt X (0)x(0)do "

Jo 5 oke 3y s VX 5 VIXO] 68l b
338
J, = x"(t)[A+ AA(t) + BK] Px(t)
+W (O[G +AGOT" Px(t) + T (x)Px(t)
+X' (t=7)[A +AA (O] Px(t)
+ X" ()P[A+ AA(t) + BK]x(t)
+x' (D)PIG +AGO)]w(t) + X" (t)Pf ()
+XT (P[A, +AA (OIX(t—7) + X" ()QX(t)
- X' (t—7)Qx(t—7) —ax' (t)Px(t)
—af X (0)Qx(0)d6—aw' (t)w(t)
+af X (O)Qx(0)do
g0 o 53 25 oSl p B a OIS L OB Osle
xt) T . P X, I, x@)
f(x) * 0 0 01| f(x
e w(t) * * gl 0 w(t)

xt-o)| [ * * * QJxt-r)] &
£ h 0
=T Ore
of 45 &

T =[A+AA(t)+ BK] P+P[A+AA(L)+BK]+Q—-aP  (1%)

S I 5 b S Byt s F(X) @b S T S
3 %(0)=0 5 X Q) =X({M) ' M G 35 ks LIl el
il el gy >0 5 () s daly b b o8
£ T O)X() —g,0x" (t)X(t) <0
= &oX (H)X(t) —% T (X)X(t) —%XT M) F(x)=0

el Shaled BB 5 5 g Lo (gslesl Doy po 4 G5 (S 5lunsls

xt) Tlep -2 0 of x@)

f(x) * ol f&

wt) ||« o« o of WO

X)) |« o« o« o|Xt-D) v
O G

=& (4120

Al F(X) @b G 15 o L ps el (6 lie b @
el e s X020 5 KO =X(0) S () o 55
:ﬁ)\: &, >0 Y )

sl FTB (S5 lyls (V) (st 4l s 1 11 15 S

s e &1

Gl 55 I s b (V) (g 4l e N oA
il 4 IS (A B) 235 SVt FTB (c,,C,0t,0,R)
Sk 5 O)lae slo J"“-.J;L"ﬁ (a1811521ﬂ11ﬂ21ﬁ3) C""&'ﬁﬁ"’b;}

Aol G5 by b S el ety Q P e

Zn Zp Iy X,
* =gl 0 0
A= <0 ()
* * —al O
* * *  _Q
ol BE) ny

¥, =[A+AA(t)+ BK] P+ P[A+AA(t) + BK]
+Q-aP+¢pl +e,0l

ZZZ:P—%I +2201,
Iy, =P[G+AG(1)],
I, =PIA +AA (1)]

)
B+ Byre,+Sa <c, e O

RIBTY Y

B = 2in(P). By = A (P). B = e (Q)
F~’=§7%P§7%, Ov)
Q=R QR -

1oLt

1 8 50 15 5 (S gl S 5L St
V[x®]=x" OPx®) + [, x" (0)x(0)do (v

V) Sty all e sbul) 53 38 o S 68 G L
:@l;‘.__.»ljs-

V [x(t)] = X" () Px(t) + X" (t)PX(t) + X" (t)Qx(t)

—X"(t-7)Qx(t—7)

= X" ()[A+AA(t) + BKT Px(t)

+W (O[G+AGH)] Px(t) + T (X)Px(t)

+xXT(t—7)[A +AA ()] Px(t)

+x" (Y)P[A+ AA(t) + BK]x(t)

+X" (Y)P[G + AG(t)]w(t)

+x" ()P (x)+ X" (t)P[A +AA (B)Ix(t—7)

+ X" (1)QxX(t) - x" (t—7)Qx(t—7)

Journal of Control, Vol. 12, No. 1, Spring 2018

WAV Sl o) o5l )Y o oJ =S alos



A\ L;ﬁsﬂl:«é,\oaﬁ_ﬁ.igf.}duwd\ﬁ:jbuouja.,\;.{d,‘.ff\,la
o33l eJAUa Eh_sﬂ)t; ©sla

s e 5 PR PR £0=R QR * i |
1l ol (Y9 (g o
VIx®)]<e™ A, (P)x" (0)Rx(0)
+e [° 4 Q)X (ORX(O)dO+ae™ s ()
<e™ 4. (P, +e™ A (Q)rc, +ae™ 5
:wu(\rm@tm@jpﬁ,g,&;\
VIX(®)] =X (O)Px(t)+ ] X" (O)Qx(9)do
> x" (t)Px(t) (Y0)
> 4 (P)X (t)Rx(t)
13 35 o 4 (YD) 5 (TF) (5o (55l
A (PIXT (ORX(D) <V[X(1)]
<€ A (P)C +6" 2, Q) (0P
+0e™
S olply Cwl XTRRX() <C, dsdoe 0L bys 55 O

WS 23 8w 015 oo (19) (gglusls

e Ao (P)c, +e™ 2 (Q)re, + 5™ a

XT t ﬁxt S = SC (YV)
( ) () j’min(P) 2
ST AI<P<fl, 0<Q<pl Sal (55 L Sk 5
R V.:.a\?
B,C, + Brc, +da <c,Be (YA

Ao ol (V) b 1l

(LME 4 (1) (& 402 b9y Jod £
Sl O it LMI skl &) 50 4 (V) (5 a0l Ly 2
Sl B 0T o 53l 5 s L OT 53 0lej b e 5 s
S 5o 5 5 LME € () s lagslasl L5 ¢l

b S
Aol U MIN (R s fl g3 sl t[E0] ) o
Kt S 03,57, 1) STMSEH) I @aaly & S(t) wsle

WS s ass ey u>0

MSE)N +[MS(HN]" < MM + uNTN
T
ZlZ ZZZ
-~ b g by al cwbe sl b gl 5L Z,,7,,,7,,,Z,,
1l Jsolas
(W <0
(ii) Z11 <0, Zzz - ZT1227111212 <0
(iii) Zzz <0, Zu -Z 12271222T12 <0

FT(X) F(X) <ax" (E)x(t) +@x" (1) f(x)

= g,0x ()X(t)+ S—ZZ(PXT Ofx)

+g—22¢fT(x)x(t)—ngT(x)f(x)20

Wl aled (BB 5 55 s Sl (slesl Do) o 4 B 8 (5Ll

T

xt) T|eo %(0 0 0l x(

PO 1 0 off TO
P D P B
20 = £)

— £ OrE) 20

338 o Jole o545 (VA) 5 (W) c00) pas jile (6l 6 5Lusls

J=&TOT &)
<EOTEMR +& ONEM) +E OIS
=& (O)(T,+T, +T5) ()

ol ol b Gas 4 e ‘]1 o;,{sa;ﬂax{;}.:@nl;owm;\);
Ll il Jp <0 Sl gl 208 e (V) wi il (i gl 35
'JA;J:MJE"' (r1+r2 +r3) oAb

2y Zp Zyp Zy

* -5l 0 0
A=T+L,+T3=| * _al 0 <0
* * * _Q

O3 cte s OF) Sjle 85 L 5L b s Juols (V) bos 11
S e s (2,Q>0) af X (OQX(O)dO S e

ke Al S spEe ens J; oL
g 3t e VX()] - aV [X ()] - aw (t)w(t)
J, =VX(®)]-aV[x(t)] - aw' (t)w(t) <0 )

2013 €7 53 (08) (ol 8 b oy L
d —aty —at, T
a(e VX)) < ce™™w' (t)w(t) (¥

1l el U 0 Sl osb o G ole 3l 6,8 JILSsIL
eV [X(M]-V[X(0)] < f e W' (s)w(s)ds
= V[x()] < e“V[x(0)] ()

+oe™ [je W' (s)w(s)ds
D st S ) ke 120 Gl 4 OF) el 51 K5 b )
V[x(0)] = X" (0)Px(0) +[°. X" (6)Qx(8)d & (Yv)
(g Ol o (YY) (g sl 5 (YY) gl y (100 b ol b
Vx(t)] <e“x" (0)Px(0) +e™ [° x" (0)Qx(6)d&

+ae” [ e W' (s)w(s)ds

(Yv)

Journal of Control, Vol. 12, No. 1, Spring 2018

WAV Sl o) o5l )Y o oJ =S alos



b b o 2 G (sl e (512 39w Olej oS J 287 b A
aJUL'.:{ eJAUa n@)\.’f— 6:\.&

e
oo — Czﬁleial' \/aﬁz NGT P,
* -5 0 <0 (vY)

—Ps

Sl by b i Gy 4 Al 3z pe @ >0 e K filis S
L o 5l genly (51l e ST i 13 (F1=(Y4) oy 5L
oS 28 o g 5 428 pakae PIL polie (FN)=(YQ) s 5o glag sl

T gr Sy 25 sy 31 (K) mlie Sl eSSt

K =(B"B)'B'P'L (rv)

1oLt
Mo ) (ol sla p i Al lal LMI & O (s 5lo s5bsl a5 6l

23405 (o 930 25 S 415 OT 503505

¥, 5, PG PA
* gl 0 0
Al o« a0
* * * _Q
]
AOP o paGH) PaA ()
+PAA(t)
* 0 0 0 |<0 (¥F)
* * O 0
* * * 0

QT):S
¥, =[A+BK] P+P[A+BK]+Q
—aP+¢gpl +s,0l,

&, &
>, =P-221+22p]
2 2 2(0

4:.34}; j.'.) Q)}aé 4 (“F) L?“'-‘-ITL‘ LS}L‘“-‘L' L(/\) AL;‘) )‘ o:Lﬂ:.w\Lv

PN
Y, X, PG PA
* =gl 0 0
A=
* *  —al 0
* * * _Q
¥, 0 PM,S(t)H, PM,S(t)H, (D)
* 0 0 0
+ <0
* * O O
* * * O

¥, =H,"S(t)"M,"P+PM,S(t)H,

B8 sl 25 A e F e () (s Slo g5l

okiS IS b Ol LM () gands L2 has' b
G Gl Gl pslie sl Ol S oS
o 457 313 plowil (s 1y Sl ol bl en 48,b oS ja
sk FTB ol W(t) (ala! Julse ) pim 55 (V) (i <il>
Sl okeT Yauds 5 Cllas o
S 4 e V) G il e TR
24 J5 (AB) zs5 SV <l FTB (c,,C,t,,6,R)
i il s Q s Pme Cote 5 0)lime slam 5le 5 i
5 (B By By 61185 gy s 1) e 5 i sla bl 5 L
23 ba s Al Bl s g 4 O e 5 e SIS

2l By
Q, %, PG PA ¥, PM, uHS
* gl 0 0 0 0 0
* x gl 0 0 0 0
* x % .Q 0 0 0
* * * * _\P3 0 0
* * * * * _/,lll O
* * * * * * _MI
* * * * * * *
* * * * * * *
* * * * * * *
* * * * * * *
PM, 0 PM, 0 | R
0 0 0 0
0 wH, 0 0
0 0 0 uH,S
0 0 0 0
0 0 0 0 |<0
~ml 0 0 0
* 0 0 0
* gl 0 0
* * _/13| 0
* * * _ﬂ3|
QT):S
Q =AP+PA+L+L +Q-aP,
& &
Y, =P-Z1+2¢l
2 2 Z(P
Y, =¢pl+g,0l,
5
BR<P<pR )
2
0<Q<fR ()

Journal of Control, Vol. 12, No. 1, Spring 2018

WAV Sl o) o5l )Y o oJ =S alos



)4 b a,b 6 2 (Gl e 12 35ke Dl 0SS ST 1 b
aJUL'.:{ ejhlb ‘A.Sﬂ)k&‘ 6:\.&

Q %, PG PA ¥, PM Y, I, PG PA
* gl 0 0 0 0 Aol 0o
*  * gl 0 0 0 B T |
* * * _Q 0 0 * * * _Q
* * * * _ _ _ ~ _
¥ 0 PM, PM, !
A<OQes| *  *x % x oy 0 0
* ok x ok x x i S@M[H, 00 0]+ o SO 000
* * * * * * L O L O
* * * * * * _PMl_ _PMl_ T
0 0
Lot i lso[0 0 H, o+ SO0 0 H, 0]
wHT PM, 0 PM, 0 ") 0 0
0 0 0 0 0 ( L 0 0
0 0 ﬂszT 0 0 PMI_ _PMI_ !
0 0 0 0 wHy 0 0
0 0 0 0 0 L SO0 0 0 H,+ 0 SO0 0 0 H,]p <0
0 0 0 0 0 |[<0 o o |
—ml 0 0 0 0 N .
* — 11, 0 0 0 A3 Sose 4 0l5 o ) O (s Flo Solsl (\)HJ‘ oslawl |
* * _IUZI 0 0 C—'-‘:’_}J
o sl 0 ¥, 1, PG PA
* * * * _/l3|
*oogl 0 0
A<
* ok —gl 0
* * * _Q
r ar T
s PM,TTPM,
0 0
Q, =[A+BK]'P+P[A+BK]+Q-aP | g | FedH 0 0 O[H, 0 0 0]
=A"P+PA+L+L +Q—-aP, 0 0 w'luHy 00 0fuHy 00 0]
Galusl 0 gl Oog psbe s L=PBK iz 5 b :PM ::PM - ¥9)
s Gb Sl si e ks (O LME & (V) b 01 01 (
_ -1 i
Rme e s psban oy ile 31 55 (M) 5 () (slagsslsl Mg | o #a[0 0 H, O]T[O O H. 9]
IS8 4 015 o 5515 O (g5lanl (1) o 51 eslizd L tzn LMI L0 ]l o] o 0 wabe A0 0 sk 0
25 w53k 23 _PMl__PMl '
oty 40 0
BoC+ Byrc, +Sa < ¢, fe w0 000 H,J'[0 0 0 H,]<0
= 5a_czﬂ1e_mf +ﬂ2Tﬂ2ﬂ2_1C1+ﬂ3Tﬂ3ﬂ3_lfcl <0 0 0 #5000 s T[0 0 0 ughy)
sa-c,pe o8, urp, (*A) -
= * -5, 0 <0
* * Py 1l poal g (FF) (o 5le (S3lsls (555 2 (V) o Jlesl

.Myb);#sjul}&j)ﬁ(r\')bﬁ‘.u

Silw 4ud 9 Jlo -0

Journal of Control, Vol. 12, No. 1, Spring 2018 WY Hle o) sl Y o oJ 28 dons



b b o 2 G (sl e (512 39w Olej oS J 287 b \z

DJ').L.‘:J. ejhlb n@)\.’f— @l

o e Sl @ e Kl S

25 D=0 LMl J> 5 2 =0.0153 ;55 ki s L

T Sk
P{ 0.4129 -0.0001}
-0.0001 0.4130 |’
0.1236 0.0017
° { 0.0017 0.1231}’
L:{ 34775 -1.5904}%: 03895,
-1.5904  -1.8300
1= 00733, = 05243 4 = 0.4099,

p, =0.4162, g, = 0.1908, & = 0.8376,

&= 00118, K=[ -54496 -4.1524]
Q@M%WJ}\)C—]B—)‘AJJCJJCJA@Q?JQ
ol (S5 a4l ot 358 o odalin o shilen das oo

Al o yls 1y edd 573 sla elyl 4 s FTB

|
| 2 3 B 5
Time{sec)

g il e el X[, S5 EelF JSE

[le @)

21
A=| |, B
o

=004, f (x) :{

0.7 0.4 01 0
y G = il A = )
12105 A ot o1
sin(x,) —2x,
-10x, +sin(x,)
(v4)

0.14 0.084
w(t) =0.5c0s(3t)e™, AA(t) = sin(t
(t) (3t) (t) {0.06 0.036} ®)

0.014 0014 .
}sm(t)

0.006 0.006

0.04
AG(t) =
0.01

2 in(t), AA_(t) =
8}5 (t), ,()—{

Soge & My, Hy Hy HG, S() 23 W) Bils,y « 5 L

Sl g dnloe )

S(t) =0.2sin(t), M, = {0.7} H,=[1 0.6],H,=[03],

0.3
H,=[0.1 0.]
sla bl Sl e el Cer
sl b emes s ¢ =1 c,=111t,=2 R=I

Fel o K8 et Bl o(t) =[-0.5 0.5],-0.4<t<0
An g O Sl all ot (sl b Sl gl e Y e e S5
s FTB Il b ail s 355 (0 odalicn 7 sliles

-
/

0 0.2 04 08

Time(sec)

S e [, s et S

e (ol okl (M) aasly 3 & F(X) Lbsle 4 arg L

wa BSE»LaTe s p=0,p=-1 ,0=104
sba ol (V) ¢ add SLLMI o 5 Cote § ol eyl Ol 5
iy L sl S5 WLMI OT 55 &S les (5 03 sdoee (alibes
(sor s e Gl AT Sy 5 lS el el S
e saax )‘:}Jru)l{.@‘anTC.«ﬁ-\{ 0<a<.047 o35d>a
o S et sl sl 4 & d dal g i Ko e
(1) JS& Gillae pl oy ABL o osllae o8 5580 555 K g

Jﬁw Kaﬁrj;n’.{))&ube:q‘azools?)

Journal of Control, Vol. 12, No. 1, Spring 2018

WAV Sl o) o5l )Y o oJ =S alos



A b o b oK 28 O (sla s 51 35w Ol oS J RS b

a:b't:a. ejhlb ‘gs‘)\'é‘ 6}[.&
Ao -1 2
105 -12 A

{—1 o.s} :H :{0.4} 4 SRS 62555 5 s il (s )3 - gla e Sl el
12 04/ 2| 03/ (s ke TF 50 sl S5 3
C=ft M,=| },MZ—O,r—OZ

08 . . ‘ . .
H,=[12 0.6],H,=0, H,=[0.7 1], = 50 |
— |10 ()
R:{O J,o—(t):[O.S 0.2],S(t) =0.2sin(t) 04

0 0.5sin(20t 02;
f(X(t)){—o.ssssin(xl(t))}’w(t): 1+f2 ! P i, T
ol (M) 5 (V) Ly, f(x) R
4 oliS JuS5 b Ods b =0 5 p=0=0.333
Glaphl 4 G agdee Ol olul b y
S ke (g.0,t,6,R)=(05 1 4 05 R)
JBdle dles o bl oosllas Hldie 03557 s S o b 08! -
J= s a=0.02 @l aY ads 5l eslial 5 a0 el .Tllh‘l"fﬁt‘-\‘l ‘ .‘ |

2358 el s Lo (la (s slusls e il o 53 gl e Sl el B S

00146 1.0944 65940 -8.8499
1.8743 0.2310 2 | T 1 il
={0.2310 1.9078]
14, = 2.4621, 11, =3.8888, 1, =0.9338,
B, =1.0048, B, =1.2343, f3, = 2.5685
¢ = 2.8506, £, =3.5197

_{1.0837 —0.0146} _{—13.3425 —6.5940}

K =[-4.9550 —4.5063] O
33wl e (51 1 Sl sl e 5 e Sle el Y JS
b Al e 358 0 sdalin & shailen das e 0L sy adl> 0.1 F
Sl bl 4 S FTB il iy 4l ot bl 35 LG
..U:\.gdnou\.i:
"l" -
T 1 2 3 4 5
::? gl Time(sec)
t M%w;:éﬁs:,,,@bj?gﬁﬁ
§. .................................
b ol oks 35 L 55 (6,03 prew Jle ol 55 ¥ Jle
4 s st a1 385 18 Aglin 3550 0 e By S
. — = 2, sy 5 pslie sl al, ()
% [
S .
T B R e e = {_‘ -
b 1
805} ———
0 05 15, ‘2 28 3 35 A

Tme(sec)
3 il g a4l 2 sl ||, S ey S

Journal of Control, Vol. 12, No. 1, Spring 2018 WY Hle o) sl Y o oJ 28 dons



b b o 2 G (sl e (512 39w Olej oS J 287 b Y
aJUL'.:{ eJAUa n@)\.’f— 6:\.&

b laptnw (el o Slaptenw oo dlie oyl 53 ol &1 s, Wl ook 0303 QLA S8 > J5S7 63505 Sle) el
O T T R R R S Y e

e A B 2sh o Jelb ]y (S

S 5 4o -
6\,3 leu 3 gloes QLA) oS J,:S f‘}b PAA 4:43‘.2.& d’l‘ BE]

$3553 (S5 B L b oS mh (e slepi

uis)

Llie ol 5o ks astls  Olos b kte il sla jelyly 5 J5LazEl
S 3ol 5= LU Sl QB b s B 5 S Sl etz
pslie 5 3pdome Oloj (S)lhl & w38 Flinal Jul b cwla

S sl (5 dhwy 4 Ll 2 pl il oS 1) a4l (S

syl B s bagslasl ol e 5 035 O oyl : . - : . -

S da slas slusl J= 5has NYPIBY b oSl sl sl Time(sec)

polie 5 35oms Ol (5luslbl g Sl Ss J 18 o6 o e o il s 53 S S (53955 Sloj gl A S

AT 0 T cay b b S i I b e Gl
ngduﬁ@\,;@%dz”;)&mwuﬁuquu

V doer 53 el &1yl Dglize sla eyl 4 Cnd FTB (5511 ([ YA]
S osb Dlon a8 5 513 )y 3550 DL s R 1L 5
23 ok 7 e 48 03,5 o Bl (1) Jsdr 3 0 S5 s
G S 55 (G il 5 a3 Sas o3l dlie

Gb a8 T Bls 53 2505 [YA] g o 53 0 &) 55,

-3 ;ﬁ..cwje_u s 031 Olas Gl ol ileans

Cdpdy O o3\l

sleb; wa Gl XT(ORX(M) <G, Lra 4L 0 Cuw
Cp JMs 5 Rl t, ke e a1 AL 3, Vte[o tf]
A el il i gl 4 plaes Lyl 5l el
855 b slac, 5SS ot sl 46,0 [TA] &
Gy e ol 53 ol 6yl 5,5, Js ol dalss 1) culs &b
3 Sl lin oy (115 5 8 S S Cy e 5 55 lat,
DS gy sl palS Sty lie 4 )8 diblows 1)
53 ok iyl 3,0 a, Kos b Syl ) ke Slkes 350

Sope > Col ok e 1t QS (e 1 [YA] e e

©olgig 5,555, L [YA] e delie ) Jpur

olet C, C, t; o @algring 5 Sy, [YA] g 2

\ .,0 oA \ .,0 K =[-1.9907 -2.1769], =0.02 3 el 61 O 2 (615

Y .0 Y,4 ) .0 K =[-2.0215 -2.1275],z:=0.04 3l 1 A p sl

¥ .0 Y ) .0 K =[-2.0440 -2.1496],c =0.04 K =[-3.7182 -4.7818]x10*,:=0.68
¢ S o, ) .0 K =[-1.5402 -2.1775],a=0.05 K =[-10.2382 -12.1326], =1

° .0 A Y .0 K =[-7.2741 —6.2407],a=0.01 K =[-346.1516 —424.8733],:=0.65
1 .0 A ¥ .0 K =[-7.2420 —6.2176],0=0.01 MGl SO p sl

Y .0 A Y. .0 K =[-6.7320 -5.8377],0 =0.02 3l 1 A p sl

A .0 A YV, .0 K =[-9.8494 -11.9445],c=0.01 MGl SO p sl

Journal of Control, Vol. 12, No. 1, Spring 2018 WAV Sl ) oslad VYl J =87 dloes



Yy 6?%@}&%%6@Md‘ﬁ:jwbhja.ﬁfdﬁff\,la

aJUL'.:{ AJAUa Eh_sﬂ)t; ‘SALA

[13] F. Amato, M. Ariola, and P. Dorato, “Finite-time f
control of linear systems subject to parametric &
uncertainties and disturbances,” Automatica, vol.

37, no. 9, pp. 1459-1463, 2001. o
[1] M. Rehan, K.-S. Hong, and S. S. Ge, “Stabilization

[14] H. Chenarani, and T. Binazadeh, “Flexible and tracking control for a class of nonlinear
structure control of unmatched uncertain nonlinear systems,” Nonlinear Analysis: Real World
systems via passivity-based sliding mode Applications, vol. 12, no. 3, pp. 1786-1796, 2011.
technique,” lranian Journal of Science and
Technology,  Transactions ~ of  Electrical [2] A. Zemouche, and M. Boutayeb, “On LMI
Engineering, vol. 41, no. 1, pp. 1-11, 2017. conditions to design observers for Lipschitz

nonlinear systems,” Automatica, vol. 49, no. 2, pp.

[15] Q. Guo, J. Yin, T. Yu, and D. Jiang, “Saturated 585-591, 2013.

Adaptive Control of Electrohydraulic Actuator . ] .

with  Parametric  Uncertainty and  Load [3] H. K. Khalil, Nonlinear control: Prentice Hall,
Disturbance,” |IEEE Transactions on Industrial 2014.

Electronics, 2017. [4] S. Tong, B. Huo, and Y. Li, “Observer-based

[16] T. Binazadeh, and M. Shafiei, “A novel approach adaptive' decentralized fuzzy fault-tolqrant control
in the finite-time controller design,” Systems of. nonlinear Iarge-scale'systems with actuator
Science & Control Engineering: An Open Access failures,” IEEE Transactions on Fuzzy Systems,
Journal, vol. 2, no. 1, pp. 119-124, 2014. vol. 22, no. 1, pp. 1-15, 2014.

[17] A. Abooee, M. Moravej-Khorasani, and M. Haeri, [5] W. Zhang, H.-S. Su, Y. Liang, and Z.-Z. Han,
“Global Finite Time Stabilization of a Class of “Non-linear  observer ~ design  for  one-sided
Uncertain MIMO Nonlinear Systems,” Journal of Lipschitz systems: an linear mat”?( '.nequa“ty
Dynamic Systems, Measurement, and Control, vol. approach,” IET control theory & applications, vol.
138, no. 2, pp. 021007, 2016. 6, no. 9, pp. 1297-1303, 2012.

[18] T. Binazadeh, “Finite-time tracker design for [6] M. C. Nguyen, and H. Trinh, “Observer Design for
uncertain  nonlinear fractional-order ~systems,” One-Sided Lipschitz - Discrete-Time ~ Systems
Journal of Computational and Nonlinear Subject to Delays and Unknown Inputs,” SIAM
Dynamics, vol. 11, no. 4, pp. 041028, 2016. Journal on Control and Optimization, vol. 54, no.

3, pp. 1585-1601, 2016.

[19] W. Xiang, and J. Xiao, “Heo finite-time control for .
switched nonlinear discrete-time systems with [7]1 J. Huang, W. Zhang, M. 5'_“’ L. Chen, a_md L. Yu,
norm-bounded disturbance,” Journal of the “Hoo observer design for singular one-sided Lur’e
Franklin Institute, vol. 348, no. 2, pp. 331-352, differential inclusion system,” Journal of the
2011. Franklin Institute, vol. 354, no. 8, pp. 3305-3321,

2017.

[20] Y. Cao, W. Ren, D. W. Casheer, and C. . ]
Schumacher, “Finite-time connectivity-preserving [8] L. Li Y.Yang Y.Zhang, and S. X. Ding, "Fault
consensus of networked nonlinear agents with estimation of one-sided Lipschitz and quasi-one-
unknown Lipschitz terms,” IEEE Transactions on sided Lipschitz systems.” pp. 2574-2579.
Automatic Control, vol. 61, no. 6, pp. 1700-1705, [9] S. Xia, S. Ma, Z. Cai, and Z. Zhang, "Stochastic
2016. observer design for Markovian jump one-sided

[21] H. Gholami, and T. Binazadeh, “Design finite-time Lipschitz systems with partly unknown transition
output feedback controller for nonlinear discrete- rates.” pp. 1139-1144.
time systems with time-del_ay and exogenous [10] J. Wang, F. Wang, Z. Zhang, S. Li, and J.
dlstt_lrban_ces,” Systems  Science &  Control Rodriguez, “Design and Implementation of
Engineering, vol. 6, no. 1, pp. 20-27, 2018. Disturbance ~ Compensation-Based ~ Enhanced

[22] Y. Huang, S. Fu, and Y. Shen, “Finite-time Hoo Robust Finite Control Set Predictive Torque
control for one-sided Lipschitz systems with Control for Induction Motor Systems,” |EEE
auxiliary matrices,” Neurocomputing, vol. 194, pp. Transactions on Industrial Informatics, vol. 13, no.
207-217, 2016. 5, pp. 2645-2656, 2017.

[23] M. Benallouch, M. Boutayeb, and H. Trinh, “H_oo [11] Q Meng, an_d Y. Shen, “Finite-t_ime Hoo control for
Observer-Based Control for Discrete-Time One- linear ~ continuous system with norm-bounded
Sided Lipschitz Systems with Unknown Inputs,” dls_turbance,” Communl_catlon_s in Nonlinear
SIAM Journal on Control and Optimization, vol. Science and Numerical Simulation, vol. 14, no. 4,
52, no. 6, pp. 3751-3775, 2014. pp. 1043-1049, 2009.

[24] s ) e, and »33kn S, “Stabilization of Time [12] C. Martin, M. R. Arahal, F. Barrero, and M. J.
Varying Delay Singular Systems Subject to Durén, “Five-phase induction motor rotor current
Actuator Saturation,” s sBoiily (5 oudiea Alaa, observer for finite control set model predictive
vol. 47, no. 3, pp. 843-855, 2017. control of stator current,” IEEE Transactions on

Industrial Electronics, vol. 63, no. 7, pp. 4527-

[25] Y. Chen, and W. X. Zheng, “Stability analysis of 4538, 2016.

time-delay neural networks subject to stochastic

Journal of Control, Vol. 12, No. 1, Spring 2018

WAV Sl o) o5l )Y o oJ =S alos



b b o 2 (I (sl e (51 35w 0L oS J S b e
aJUL'.:{ AJAUa n@)\.’f— 6:\.&

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

M. C. Nguyen, and H. Trinh, “Unknown input
observer design for one-sided Lipschitz discrete-
time systems subject to time-delay,” Applied
Mathematics and Computation, vol. 286, pp. 57-
71, 2016.

Y. Dong, W. Liu, and S. Liang, “Nonlinear
observer design for one- sided Lipschitz systems
with time- varying delay and uncertainties,”
International Journal of Robust and Nonlinear
Control, vol. 27, no. 11, pp. 1974-1998, 2017.

H. K. Khalil, “Nonlinear systems, 3rd,” New
Jewsey, Prentice Hall, vol. 9, 2002.

J. Song, and S. He, “Robust finite-time Hoo control
for one-sided Lipschitz nonlinear systems via state
feedback and output feedback,” Journal of the
Franklin Institute, vol. 352, no. 8, pp. 3250-3266,
2015.

R. Wu, W. Zhang, F. Song, Z. Wu, and W. Guo,
“Observer-based  stabilization of  one-sided
Lipschitz systems with application to flexible link
manipulator,” Advances in Mechanical
Engineering, vol. 7, no. 12, pp.
1687814015619555, 2015.

R. P. Agarwal, R. P. Agarwal, and V.
Lakshmikantham, Uniqueness and nonuniqueness
criteria for ordinary differential equations: World
Scientific, 1993.

M. Lacey, E. Sawyer, and I. Uriarte-Tuero, “A
characterization of two weight norm inequalities
for maximal singular integrals with one doubling
measure,” Analysis & PDE, vol. 5, no. 1, pp. 1-60,
2012.

J. Song, and S. He, “Finite-time Hoo control for
quasi-one-sided Lipschitz nonlinear systems,”
Neurocomputing, vol. 149, pp. 1433-1439, 2015.

[26]

[27]

[28]

[29]

(30]

(31]

[32]

perturbations,” IEEE Transactions on Cybernetics,
vol. 43, no. 6, pp. 2122-2134, 2013.

Y. Chen, and W. X. Zheng, “Stability and $ L {2}
$ performance analysis of stochastic delayed neural
networks,” IEEE transactions on neural networks,
vol. 22, no. 10, pp. 1662-1668, 2011.

X. Wang, G. Zong, and H. Sun, “Asynchronous
finite-time dynamic output feedback control for
switched time-delay systems with non-linear
disturbances,” IET Control Theory & Applications,
vol. 10, no. 10, pp. 1142-1150, 2016.

J. Song, and S. He, “Finite-time robust passive
control for a class of uncertain Lipschitz nonlinear
systems with time-delays,” Neurocomputing, vol.
159, pp. 275-281, 2015.

S. B. Stojanovic, D. L. Debeljkovic, and D. S.
Antic, “Robust Finite- Time Stability and
Stabilization of Linear Uncertain Time- Delay
Systems,” Asian Journal of Control, vol. 15, no. 5,
pp. 1548-1554, 2013.

J. Cheng, H. Zhu, S. Zhong, Y. Zhang, and Y. Li,
“Finite-time Hoo control for a class of discrete-time
Markovian jump systems with partly unknown
time-varying transition probabilities subject to
average dwell time switching,” International
Journal of Systems Science, vol. 46, no. 6, pp.
1080-1093, 2015.

G. Zong, R. Wang, W. Zheng, and L. Hou,
“Finite- time Hoo control for discrete- time
switched nonlinear systems with time delay,”
International Journal of Robust and Nonlinear
Control, vol. 25, no. 6, pp. 914-936, 2015.

M. C. Nguyen, and H. Trinh, “Reduced-order
observer design for one-sided Lipschitz time-delay
systems subject to unknown inputs,” IET Control
Theory & Applications, vol. 10, no. 10, pp. 1097-
1105, 2016.

Journal of Control, Vol. 12, No. 1, Spring 2018

WAV Sl o) o5l )Y o oJ =S alos



ISSN (print) 2008-8345
ISSN (online) 2538-3752

YO-TY domis YAV Sles ) oyled VY o

F

()

Mookl b oylgnl  qublize Ku 39 (6595 Ugawl pdl5 i 5o 140
Sl 50 95 (I Jld 9 35 podo Gl S 9

Teble s Sl e SOl e

alirahdan1370@gmail.com «zwws 5 ol o&isls (J 257055 3 (mikige i3] gl )57
h_bolandi@iust.ac.ir «zaws 5 ol o&esls «J 257055 (3 1 (mikige 348505 5Lsls |
mo_abedi@shu.ac.ir « i tes oKuils (J 8 05 8 (8 owebige 848K bkl 7

OFRF/8/8 Sl 5 )6 OTAFVIFs i 3l 53 56

ol 504 4 5 b oSl o)l gale Condy J 2575 el s 93 030l 3 50 g (518 S 31 (S bl S o
S5 S5 4 SKem pl o el ol Y e 3 o)l pale 2o o8s rioen 5 o)l gale 310l sale G5 o pl8a 53 Calisne
il 4 3 T 53 oS Sl o w1 Ko (gl 20l il (sl oy Saly Alie 53 5 sie ol (6135 8 2l o535
S el e ladits OBy o ek Sl peblite Ko 31 Jin oS ) aly o) 53 Al o)l pale sl Conds
Sz 3 695 Oel IS 5 shain 4y sl 53 ol i (sl 5 (S 3 s clmosls 03 ST 331587 ST ¢ S et 1 (a8
j;ﬁ—.‘éﬂgﬁ)ﬂt,gsﬁs;ygbjtvuuu);.;ﬂuu slgt bty 5 b 5l 2l (glab e 53 (6w (gla L
oslial b ol o> 8 slgtiy (2ot 5 adly an g odlS 2E y e 0 S 53 Lty Sl 3 5 o o sl 5,055 55
85 53505 e Olejan ol 1) i slla 5 e o bl ol S Glallas g1 015 gn 0k B pan slaySal,
50 33 ) 4 das g DL e 4 S0 0lsmle 60 (555 (leand il Adu g alie SIS Ll 3 1) O sl IS
3 Slbus 0la3 s dim 3 5t el 3,355 el 1 S 0 il g B s L1y S sla bl
bl gr S 83 Sls Wl Bl s Ly gl by b ol 03 Fob S ol Sen

.;tf,u_sf,;,sr;ﬂ)jiﬂ (Sl o 33 ST S coyl gale ¢ pbline Ko [ SUMS” DIlods”

Design of On Board Calibration Algorithms of Satellite Magnetometer
based on Two Stage Centered Solution and Kalman Filter Methods

Ali Rahdan, Hossein Bolandi, Mostafa Abedi

Abstract: Magnetometer is one of the most important sensors used in the satellite attitude
determination and control system. Due to occurrence of various errors when the satellite is separated
from the launcher and also during its rotation in the orbit, it is necessary to re-adjust onboard the
sensor parameters. For this purpose, some solutions are proposed in this paper in which the satellite
current attitude is not required. In this regard, first a magnetometer model is presented that despite
conventional models; it includes nonlinearity, hysteresis and data quantization effects, permeability
and installation error. Then, for sensor onboard calibration purposes, two stages-offline and two-stage
online series structures are suggested. In the offline case, the centered solution and Levenberg
Marquardt methods have been integrated. Also, the extended and unscented Kalman filters are
integrated for online case. Utilizing the suggested algorithms, different errors including bias, scale
factor and installation errors are simultaneously determined and also the accuracy is improved
compared to the similar works. The simulation results for a Leo satellite show that the sensor
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parameters are derived with acceptable accuracy. Accordingly, it will be illustrated that the centered
solution method has lower computational load and shorter time convergence, but it has lower

accuracy with respect to online methodology.

Keywords: Magnetometer, satellite, two-stage Kalman filter, Levenberg Marquardt.
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Designing a Fuzzy Controller for Visual Servoing of a Robot
Manipulator with Online Adjustment Capability

Fatemeh Abadianzadeh, Vali Derhami, Mehdi Rezaeian

Abstract: Vision-based robot control is a method to motion control of a robot using information
extracted from visual sensors. In traditional approaches, a model of robot and camera are needed.
Obtaining these models are time consuming and sometimes impossible. Recently, intelligent
methods are used to cope the above challenges. In this paper, a hybrid fuzzy controller is proposed
to control a robot manipulator. Visual inputs of the controller are provided by Kinect and outputs
are the rotation of joints motors. The hybrid controller contains two controllers. The first controller
in based on fuzzy inverse model which approximates real inverse model of robot using gathered
data. In order to increase accuracy, a fuzzy expert controller is designed and it is used when the end-
effector is in the predefined near-goal area. Since determining exact value of the fuzzy expert
controller parameters is impossible, in addition to make system adaptive with small changes in the
environment, actor-critic architecture is used. This architecture is a well known continuous
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reinforcement learning methods. The proposed method is applied to control a real robot manipulator
(ARM_6AX18). Experimental results show that using the proposed method in practice, the end-
effector reaches from any random start position to the goal position with a good accuracy in robot

workspace.

Keywords: Visual servoing, Fuzzy systems, Fuzzy inverse model, Robot manipulator,

Reinforcment learning, Actor-critic.
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Adaptive Trajectory Tracking Control of Dynamics of Nonholonomic
Mobile Robot based on Orthogonal Function Approximation Technique

Abolfath Nikranjbar, Nima Valadbeyghi

Abstract: Control methods based on regressor matrix and vector of uncertain variables, are the common
approaches in control of nonlinear systems that are successfully extended to mobile robot control applications. To
establish the controller in regressor based approaches, rewriting the process model in the parameterized form of
regressor with uncertainties is essential. Evidently, this main drawback became a motivation for development of
the regressor free control strategies. Controller design principle of the regressor free approaches are based on good
estimation of the unknown dynamics by function approximation techniques (FAT). In this study, the systematic
trajectory-tracking dynamic control design of nonholonomic mobile robot using (FAT) approach is illustrated.
The robot dynamics is estimated using Fourier series approximation using variety of orthogonal basis functions
such as Bessel, Laguerre, Chebyshev, and Legendre orthogonal basis functions. The function approximated
dynamic of the system compliance with stability requirements is directly used in trajectory tracking control design
of nonholonomic mobile robot. The results of the proposed method is compared with the inverse dynamic control
method, two main regressor based adaptive inverse dynamics, and passivity based adaptive control approaches.

The impressive quality of the performance of FAT based control algorithm is presented.

Keywords: Adaptive control, Function approximation control, Nonholonomic mobile robot,
Regressor-free.
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Stabilization of a Supercavitating Vehicle in Depth Mode using
Linear Quadratic Regulator Method and EKF and UKF
Estimators

Mohammad Bozorg, Tahere Jahanpour

Abstract: In this paper, two main subjects are dealt with: stabilization of supercavitating vehicles
in depth mode and estimating the state variables of the vehicle in order to control the vehicle in this
mode. Using the feedback linearization method, the model of the system is linearized and a linear
quadratic regulator is designed for the system to stabilize it. This method needs to feedback all states
of the system, while measuring all the states is practically infeasible. Then, it is needed to estimate
some of the states using the model of the system and the sensor measurements. This is performed here
using two well-known filters of EKF and UKF. Through simulations, it is shown that both filters can
estimate the states of the system in the depth mode, stabilize the vehicle in this mode and reject the
disturbances. It is observed that each filter can estimate some of the states more accurately. In
simulations, the performances of the designed controllers are examined, practical issues like actuator
saturation are taken into account and the ability of the controllers to stabilize the vehicle is
demonstrated.

Keywords: Linear Quadratic Regulator, Supercavitating Vehicle, EKF, UKF.
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