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Synchronization of Chaotic Fractional-Order Genesio Tesi -Coullet
Systems via Fractional-Order Adaptive Controller

Ali Fayazi, Hossein Ahmadi Noubari, Hasan Fatehi Marj

Abstract: This paper presents a fractional-order adaptive controller based on sliding mode
control for synchronization of commensurate fractional-order chaotic systems. The adaptive
controller is a fractional PID controller, which the coefficients will be tuned according to a proper
adaptation mechanism. Fractional PID coefficients are updated using the gradient method when a
proper sliding surface is chosen. To illustrate the effectiveness and performance of the controller,
the proposed controller is implemented on chaotic fractional-order Genesio Tessi and Coullet
systems. Performance of fractional-order PID adaptive controller (P*I"D*) based on synchronization
error, and control signal is compared with the conventional adaptive controller (PID) and sliding
mode controller (SMC). The simulation results show the efficiency of the proposed controller.

Keywords: Fractional-Order Adaptive Controller, Sliding Mode Control, Chaotic Fractional-
Order Genesio-Tessi and Coullet systems, Master and Slave System, Synchronization.
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Superheated Steam Temperature Control with Adaptive Predictive
Functional Controller Based on Unstructured Identification Using
Laguerre Functions

Reza Dadkhah Tehrani, Mohammad Hossein Ferdowsi

Abstract: in this paper, a new adaptive predictive functional controller based on unstructured
identification using Laguerre functions is presented and this algorithm is used to control of the
superheated steam temperature in a thermal power plant. Combining predictive functional control
with Laguerre series for constructing plant model leads to lower computational efforts and higher
tracking precision. There is no requirement for accurate model in controller design. The designed
controller can be adapted to big process variations and has high performance for controlling non-
minimum phase and time delayed systems. The proposed algorithm is applied to superheated steam
temperature control in a thermal power plant which has great variations in model with changing
load unit. The proposed method is compared to a PID controller witch has two set of adjusted
coefficients with load variations. Simulation results show better performance for the applied control
method.

Keywords: predictive functional control, unstructured system identification, Laguerre functions,
orthonormal functional series, superheater steam system.
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Survey and Comparision of Quantum Systems: Modeling, Stability
and Controllability

Abolghasem Daeichian, Farid Sheikholeslam

Abstract: Nowadays, we are in the beginning of a revolution in technology. The revolution is
entrance of quantum theory to the world of technology. An essential task for the quantum
technology is the development of the general principles of quantum control theory. Thus, it is
required that control engineers enter to this topic. In this paper, a survey and comparision on the
dynamics and models of quantum systems such as BLM for open loop control and MME, SME and
LQSDE for close loop control are done. In addition, their applications are considered. Also, a
survey on quantum network is done that link the control engineering to quantum theory. Quantum
network theory analyzes the subsystems interconnections and total model. This paper followed by
the concept of stability based on the quantum version of small gain theorem. Also, the concept of
quantum systems controllability and investigation of controllability, which determines possibility of
atomic or molecular transformation especially in open loop control, are considered. Finally,
conclusions and discussion on the mentioned topics have been done.

Keywords: Quantum control, Quantum Systems Modeling, Stochastic Master Equation,
Quantum Network, Stability, Controllability
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Nonlinear Control and Estimation of Tire Longitudinal Slip for using in
Anti-lock Braking System

M. Mirzaei, H. Mirzaeinejad, S. Vahidi, D. Heidarian, M. J. Khosrowjerdi

Abstract: Anti lock braking system (ABS) is one of the most important safety devises in vehicles
during the severe braking. In this system, by regulating the wheel longitudinal slip at its optimum
value, the maximum braking force is generated and therefore the minimum stopping distance for the
vehicle is achieved. The hard nonlinearity due to the saturation of tire forces and modeling
uncertainties are the main difficulties arising in the design of ABS. Also, the system states including
the longitudinal speed and the wheel slip are not directly measurable and have to be estimated. In
this paper, a nonlinear optimization based controller is analytically designed for ABS and is
combined with a nonlinear estimator based on Unscented Kalman Filter (UKF). This estimation
algorithm directly uses nonlinear equations of the system and does not require the linearization and
differentiation. Here, the performance of the designed controller in the presence of states estimation
and parametric uncertainties is analytically investigated. The simulation results indicate the
efficiency of the proposed controller in tracking the optimal longitudinal wheel slip.

Keywords: Anti lock braking system (ABS), Nonlinear controller, Nonlinear estimator,
optimization, tire longitudinal slip.

o sb e k| i o813~ 01l 335 1) 5 J S Oledige ezl o =S e S5 e 1O s edge o 5



Y

JBAS 5o s 53 03Ul Sz 0 Jsb J5A (as f rassi 5 IS

(83 o 9 = A\)?.Lmnebl{)—l:’ b}\} ‘5.&9}&}\?" g:‘_}; g;')ﬁm““"g;‘)ﬂ S

B S G IR RS EPY R
B oo LS 5 s Calodd o1 b (g5loaig bl 5 &S ol
;MJ%Ew‘q.bﬁf@)‘}o}m\é)yUKFuja:'-j:.ﬁ
S s 3 1l e (6,8 0511 Sl eslinal b 555
OT S5l oy tilei oo &) 53 Jsb o 5 5 2 Job 24
1 osllan 5505 58 ¢ prains DA S oslizl b oS’ 28
S ol odd s (S 4 5328 ol S 0 sl (R
Ods Ja 51 g o3 5ed Lade gl e 3 1) gye e Jsb A
3 3 add 3 (A sl il aalsl 53 e (6,8 sl g 2
@B 335 o e S Sose w edd (b e 1S
e 3lie 5 nlis 5 Shas goins Ol giluans 5 Lo
S oy 03 A Jsb S Gbas oo oleiy U RS

REIRPINER

Sl Jow =Y
5555 polgr e Jaa )Y

3T w53 53 b op3 5 polez eSS (s e Jia (1) S8 L olls

dbe ol pd o0 B 5 S 5 Jsb S S U ST bl
ks Gl 6,5 505 o 53 pU Slag s o b 5 0k s o
350 e 310k 03 5 035 e ST U RS (b sl AL
w15 o g a3 Jsb o [N F] ol 4 S 15 eslinal
Wi ol lol s o JSK85 1y Jae ol (315T Sl ys o5 2 6

:.u}:a_s.m};ﬁ)'g)yg,,;f'.‘_;lﬁvﬂ,.o\l;w

v="Fx )
m[
o= (RF,-T,) ®

Gyl e m @ ctﬁ@ﬂ\bw\] ‘Cﬁt}"z R G Ly, y5 a8
Ssb s B i 08 Ty espos Jsb o m Vg 2 )

AL 935 poler S My 5 46

3535 ol &G Je o3 oo ol SUs Y S
330055 oy 235 8 b Sl Jels 53 ) Sz (36 L
65k ol ol ol (8 e 5 53l JUS 4 b e (Sals el

Sl Oole Jde cpl 5o

doddo —

o) Ut o fege 3 (S (ABS) JiBus ja s e
50355 el el (812 (6550 Al s &K Ol gt 4 45T Bl o U
Goa 538 oa eslizal bd oS a5 o 0 OT Ol
P 5 o 0 B ) S S (e ol )
S35 S Wl U il s eagione & o OT b
Gl il Pl 41y gy0 5 g Aol g oo ST U5 1) 650
(i b D550 4 55 B8 s 03 550 Splile
28 S

Slp Jhe o SleliS IS (b 5 Lol S
a0 $Salys 53 s (gla Jat b Sl (BU JBAS e e
Lds sl S a5 53 pb Glays Pl 4 bdes o Bl s
ool 4 g b B U5 sl by ssie b
a5 4 Jsb RS l Oleds 4 05 g pslie 5 e S
ooy 35 (A5 e s oslasl S SG Y oY )
o kS Gl s sl dlie 08ty [Fowl "y
o Sl oS S 4 (s e (2 plae ST J 1S
(bt s (S 056l 03 [P O] Wlesged Syl LS e s
2l ol Jlael a5 55188 Dler o J 28 IS
wolle 5 odd it A Glagal ol 035 filie L
s bl &l ot 55 bl s adl il sl o 2
Al s 930S U ST (bl S e sla bl
390057 b Lo ot G- S Sl = s ol
oI g At (5,8 3 BB g L b 6 b 2
G 3 kb T olie 1 sl e 4, 4 05k 6T 6,
S E o Slls o e (55 510 BB 5 5 s e LS
3y 03;

e S Olse 4 0586 (EKF) wlanny oS 2ls
I 30355 Slaptene Sl 5 byl (e Gl o35S
oe e 4 Sl b AT 3 s gy opl Lol AVE] Sl 4,
Gl Vo a5 pp 5 s o b oSales b lapts 2
ol i 53 S Yy ads sk 4 B e 5L 5 Sllos
S A5 b L e sl UKF (s 5 o, 1)
Babe oslinal oS JRST (b s edlil S 50
Jbe 5 s S50 4 EKF O3 UKF (a2, S
a5 Gleks 4 L s 035 eslial £ Salys (s
A 5550 3550 Slabs o 03557 0l 53 (nl s )10 (5,8
G4 b sbadde e 53 Sy cpl Cuge adl [8] 55l gl

s e Ol i 1 s SV

! Sliding mode
2 Chattering

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF oylad Ao o] 28 aloee



JBAS o 5 e 3 3liul g 6 (Jsb B3 (b res 5 U RS ¥

(83 7 5 = :‘}?MLQH)A::» A}\J (Sl u,::}l:.w g:‘_}; ébﬁyaébﬂ S

2000 —Dry 4
o —==Snow
Y

8
21500
&
&
Bz
E1000
|
BT
Dsgof T TTTEReal
(=}
—

0

0 0.2 04 0.6 08 1

Wheel slip
Mt}]ﬁw ‘_g\).gt).? Do e o U c5]9J’ Sops YIS

2z Ssb P oshe Jhe Olse 4 5 ol 4 o e (] 2
¥ F] 558 0 a8 5 i

A, (t)=0.15-0.15¢ )

s S8 b Y
Sk A IS sl e S 058 6 Cand il 5o

LW A e Ja b33 8 o (b (V) SVslae ol 5 5

.ﬁ)‘éﬂ)@)y‘b(v)QYJl&awy)bb.isgliéj

% = f1(x) @
. R

Xo = o (X) +—Tj

5 = f2(X) I D)
y=Xp Y

A Olge Y s e by x=V AT S ok s
o5 el S e0ss 55 Ty il ol @8l 55 gres
ool b b s b sl e o8 00 o s e
Siletings BY p omotn G JAS 056 6 Jl il e gL
S o b b oslhs g r B S GlotiS IS b
Ear AR el i s il st sb s e L
50kd i yskd 6 L Lo g At D) o Sl 05b Gl
rote gl 035 Bl eled 5 T (L) (e ST 55 e
Cote sde 8K 5 edp wibe Ol N benl s T e S ous
Al or Rk
Xy =4 G A M 8 Sl ol (J2S ptn Sda
e T3 Olge 4 Sl ke ol ST Bk sllas ey S50
23 oK a0 o5 (6 s 43 A+ ) 2 53 55 0 43 5o

:Jﬁ@az‘éhﬁﬂj@)ﬂ@t QLA)

ACE+R) = A@) + hA) + 2 A(0) + -+ 220@) (1)

mh,,
Fz=mtg—7"X=mtg—FL ")

gLl Ny i U sl 5 s s 15 daly y5 o8 la & o
e My S 57 o 530k Sl a8 F s 518 58 50 5l
S Sk B S e g s Bl e 5035 s s B

g o dle 55 D) s

A=
v ()

() 5 (V) Lty 5 oslizal 5 Oloj 4 G (F) daly 1 (6,8 G20 b

:;"LJ"
. 1| F R?F R
A=—=121-)+ X+ —
V{m,( T } (o ®

J.'JAJ@OL&J‘)})éydfﬁrSBQYQw(b)j<\)¢JYJLtA

03 5 eiies s 535 2 S5 o7 65 0 o3 DVslas planal
Al B8 a3 gl a lie ol 53 5,8 e gl Ol wsl;
o o3lizal (DUGOTF) o815 ot 2 56 Jua 51 ub slag s ¢ LS
[N ] el

slage bl A & Job S5V g0 o pm Cu m L
el -

x=V, %=1 )

%, =
1 mt
2 V)
)'(2=—l i(l—x2)+R Fy + R T,
an J %J

i SRS (53555 0ums 0L Th (5505 5518 G SVolan s
Sosb Ll Ty wdls 5o el dal s Gy J 287 056 51 687 Aol e
e B S I |y o e ke S8, o b S50 6 53 8 Jles
Lag o 4 55 a7 S e e dlag 2 08 i 1 (5,8 Jr
.::Jf Jles!
b e lS =S b oS b S Gl slle wr e Joke
S 55 Jsb 55 505 S SMie 4 355 Sl 655k il 345 e
3 gi gn odalie ¥ S 51 a5 b0l il atd ool Calises Ll 5 5s
e el 53 ilga /Y B o/ o (olie Jsb o4 atg e
o 3Ll I oyl 55 e 53 4 ol odd 5 5 53 010 gy

.\:a.»"

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF oylad Ao o] 28 aloee



JBAS 5o s 53 03Ul Sz 0 Jsb J5A (as f rassi 5 IS

Yo
éﬁﬂ}féé\)?.l.m»4bl{)—l:>)}\J‘&A?}J}Ea E}‘}é')ﬁwéé‘)ﬂ‘sw
a _, LS sk 4 Sl (s 2 1 K o a0 Bl ol s Jl
T RV
aTb M'fijMbwwwﬁwb‘jewdﬁf\kd‘.ul

S $2005 Slp e S dal 4 e G5l esle Sl e S

Pshs
V] :
To () =—pp [e+h(F, —4,)] ()

S e ad dad )5 GUs, glex € &S

e=A1-4 o)

5= Slpseas Mos JSaa (Y0) JaS 056 8 555 00 outalis
il e (Sl eoly
ESalys Ol g s bl SYslas 55 (S 287 056 KL L
3 el 6omr & Jape 53 g dln ) o 5 sl
oo 250 % Er A Gl SSales (bl @bl e (sl
T e
1

e+—-e=0
h )

e Ol 1 s 5 o (YY) (gl oSl s oS o =2
Sl el S 4 e S 056 5,00 cpl 55 &S 5s8 e edalis
oy Al (e LS5 p SsE e e T S35 Sole
ot Sy 4 a5 LSl gLl h>0 o Gl a5 s
G SIS Gyl o o A s, sl S 8
5 g5 g Jai Wgila3 alod 1 f
03 ok (o g Gamal 5 SLEZE] Ok e &S 355 0 odaline
s (g 433 &S ol 5l Hll e &g a5 (YY) dslrs
Sy 6K Gl s 2l ol dBl o 53 (s 45 50 5 el
Salys 5L bbb ol 5L sl ol ply LBl o Sl
3035 (Jsb Co g b (s Sl (3 pd e 5
AL LS5 o8 s il 8 GbT I Ll dib
Sl bl n 28 sl 4 55555 S (YY) slan b olas & >
¢ R (P $Saalys (oIl I 53 pd s g3 S
i 53 My ail pt 5 Slas ol i 53 sdige e

el gy Biad LS 3 e 5 S el Sl el

Ko b -

Sy ol il Sl oSus ulal L (V) J 287 056

S Olger Dbl 4 5L dbd a5 (e 5skiS e el

sl 6,8 ojlul ol phe Mo 4 il gt s

Slp s b 5 i bl oY i B 5 b e
By (b

- e 93 od oslial g 5 3R 45 e oy YL oS edein oS Lo
ok Bl J ST 45 e 5 (st b s (e 0 e & el
o Sealys SWslae I as [IFOY] 338 o 3sdous
S ol s G a5 Fonb bl s 0o s d e BB b 22
st AL SVolae 3 o sk 4 L sl 6l JAST 63555 0T 2
ey Ghl> g Salts (1)) 6 (4) SVslee 4 4 5 L [VF] 355
G Odery 1 B3 Db il sS4 S Pl
G S 056 S S e s el S 63
(Ol opl 3k e o Sheo m Sas Jile 4 byl s xS
U o3k 6 03 JAS S5 25 Lol ko S S w5 e

.:ﬂﬁ&@;f@ﬂ&ﬁ)ééﬁé:j)}g;m“; joJJLeC_,.:‘U@:.E

din(tﬂ):o for z<[o,h] -
T

b (o Do b (b b gt (1 e (J RS 45 e Ol
ST eyl &G 0l 4 557 45 0 i gare y5b 4 VY] bl o oo
GFS 5P Sl 5 (J A gt Dlaseia b clie 5005
238 o o b ks
bl Jsl a5 ks s B LY @ S LSS ek
il P Loy (6 e g
Alt+h) = A(t) +hA(t) OF)

o> (O0F) 5 (V) da MK

R
At+h) =At) +h(f, +wa) ()

o s obsy gl 1 S5 S e 40 Shes Lt ls Jl-
whg 5 Sope 4 S am ) (b a5 J ST G55 e

Dbt

J :%[ﬂ(t+h)—ld(t+h)]2 09)

25 Sospe 4 g 53 llan 2 e (OF) doles | oL

1554 0315 Jouy
Ay (t+h) =2, (0) + A, (©) ov)
3 S 4 Olg e 1y ek 0303 Jay 3 Shes et li J-

25 g 4 (19) 53 (W) 5 (10) Lalyy o 13K b ( J 8 (651

::J)T Cen s
As(t+h) =2, ) +h4y (1) oA

Bl Sl Djle Do gy 1 05V b0

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF oylad Ao o] 28 aloee



JBAS o 5 e 3 3liul g 6 (Jsb B3 (b res 5 U RS g

(83 7 9 - :\}?Mco\w.x? S4ls (S u:‘}l‘:‘" g:‘j} é')‘):"’&:“";;"‘)’):‘ Sge

..x.‘zl{@uu,:;;»pél)bwmuw>,,~J.\M{4?}:b..cﬁ.~‘

Sy50 S35 ul b 303 N=2 UKF Q,,.';,;‘._—,_J;Jl 53 ol b

i=1234 sl . (WO =1/2n=1/4) o5, cp! 53 esliul
,;);@43)?}2;),

.*.)y("‘)ewdﬁfkgjjaa&f\};wublja

3 Shee 1zl (55le 4t Slalllae ploil 51 15 .28 S al s 13 eslizd

3550 soldde ‘_;LAL;?.AUW);WJ)J& 3 oS J s

rd - -
3,8 o o B Jde 5 o g
/':'rl P
—— g | T, e | @
s 2 43995 e

1,"

audﬁe\ﬁm;w‘;’dﬁéu :FJQ

28 e 9 I el 3 (b Sl ki -0
oS J yis” & hos

= e gl 53 (Y0) J S 056 Lol s T35 Cand ol o

slan ) sl (1 3 5 o Jdond Je &S5 el (sl gumel 5 S
A i G el 815 (1) (I 28 050 st Sl
r_Sw Jlasl o5 &g 4 (YF) (dly Js 53 1) Gl o Ly j05
23Las ol S U ST 53 edd eslinwl gla eyl 5 Lgdl 487 558 Cds

Db oo w s 6T 555 2 (M) DL L s ey snss

. A PO R
A=t gl 2) +h(h =AW L g =r (o

3,5 i $h 5 Doz 4 0l o)y B Aslae

(i do) + (D=2 2-20) =(F,~ o)+

g , (¥$)
(1—6)(f2 —Ag) T W,

B=A—] 5eSJS s, sl e=A—4; G5 dole
w i A b sl $Salys C i o AL e sl
T or ey 5 Sy s
1 : -
e+ﬁ(%)e=(fz— fz)+(1—%)(fz—zd)+

()
1.0,,
R

Jole 53 5 m Slatomsls 31 86, aded e 51 f, O
SVl o 5 Jib B3 e sl 5 o3l Ll gyn

4 Ly f2 GU sl sl NS b g8 oeeds slas

L Fb S s s Jb e s Hsk o
spein Lo $ G s Ol 4 Sl sl e B8
Sl g s AT 5 55 b olen 1y (V) S¥sles 8 0 4 8 05100
02 o 5 5 S e 4 S
X = f(X)+w,
X, = fZ(X)-f-in +W, )
9%

y=w+V

g 015 o 81 sl e gl (F) sl Sl eslizal b

— (1_ X2)X1

R (Yf)

25 o w=[w el sy x =V ATT G5 Vsl 5
@5 3 e s Olge w Yy S s VT
Al 0k

(UKF) MT&JK#&})}‘M&U&BMJ#@
Slos S Slsiap 3l eslizl b ol s S 5 35 8 o o5l
S (02 2058 e 1SS R PENE P S RHP
Lo ilsla Sy SOl (sl ot e 4 Sy 3 e
(ot D31 (s b Do 53 s e S50 G sk ST A
5504 2 sk Bl st S 2 L blssS 5 Sl
3 ke 83 S 03,57 ey 3 ooy Sla gt 53 Aigh o0
23 Nl g g T s Ba) il (6l otamy Sl ST bty S
Al mal Jol 33 bl 2 sy ol Bl s sl 35050 4585
3 AT Sl a6 sl a8 Joks 03557 Sy K1
S8l e geme 03,5 Iy Sl pys el wials ST gl OT 03 Sy
O AL e (Bl 155 5 B T S5 S Dl sl b
Gl 4 samn s (ot o LS 03551 oy sl Bl o (e
Sl o Kla bl 6T a6 gome (Kl 1, W&o ply b5 51
ol s sl oIS Ll 4o samee mlyla S 5 (e
sl & a (555 215 5 5550 (o b dslan OT 51 g oS (0 1y
3 s i il Jot5 bl o pazme ills S 5 Rk el
g dal adly bS5 oSl

b33 gm elizal (YF) S¥olan 51 UKF (2, 830 51 eslinel g
3550 b eyl g T (gl il ylssS 5 il adsl islie Osls 5l 3
A e S Sl AT e oty UKF o), S 5087 ol 5L
Wl o daT (oIl s g 53 Al o 4l 0 &y 50 4 UKF

e g S5 3550 DM el 5 et 8 ) 2 )
@B s e ) ol i anlie LU s g8 or (Gl ad 55 Jhis )5
Sled 3,551 Gy pmadsd llas 51 (65,557 5 Ol s ¢Sl 4 I Jool
odd osls DL ¥ IS5 53 S s 5 oSS (oS 5 e JS

! Sigma point

Journal of Control, Vol. 5, No. 4, Winter 2012

VP Glis oF ojlod d dlor 0,28 alons



Yv

JBAS 5o s 53 03Ul Sz 0 Jsb J5A (as f rassi 5 IS

(83 o 9 = A\)?.Lmnebl{)—l:’ b}\} ‘5.&9}&}\:# g:‘_}; é')j:""u:"“"é‘)):‘ S

Silwdnd W -F

Somess 5 oS J a8 s Shae Qb5 6ln $ilvans Slilas
Golw i 3 oslimul 5550 Jie gla el )l b uolie .l ol rlg..;l

el ol aJJ}T\J)-b.-JJ

Jowe 5o oolainl 8 )50 sl el )l sob piolie ) Jsu

9,595 plezr S
R ¥YE M e gl
| Y/6 m e U gl gme sl
heg /oM o S gl
My ¥ kg txe
1/4mys 10 kg 1ok Gy b o
J v/ v kg.m? Err ) Ol

SRS 3 eslial Oads 1y Jsb 55 5 S slaln e O S
polas oSl odd 55 bl ys dan oo Ol ued g 5 0diS
bosbe mhe oy p bSleand Ll Cs 53 Il Al
305 gl e sl 5 ol o plowl 1= 0.4 S Shsl s 5
S s 358 0 oalin & S 55 oS shiles asb e YH(M/S)
_é'::uéjﬁ(-*ﬁ 'gj’e;%-:““e*fg_)ﬁf‘*i-’a& SrF ))\:;:-.5/)5%
2 (RO GT Jamms S o 50 J5 i 2 03550 Jlesl Al o
Sde ol (b Sl S 53 cpl iy o o 4 a5l &K LB Ol
29 4 20M/S 515 S okl i 5 6 40 S o S
G pas g e ol 5 gl el @l el 15m/s
a5 gl B el Luld s e 5o 5 0350 O A

s

Speed (m/s)

Time (sec)

Wheel slip
S -
Qo R B O —_

&
&)

(=]

2 3 4
Time (sec)

S S a S 5505 s sledl s 0 S

a3 o O 1) piess sl VL O1ST STF Laste Sl dls
[V] 358 5 5doee
535 1 YL OIS Ol e 55 osllas 55 G 1 (B0 )
s s (sl 03 IS Il S eds o b L 3 8
bW YL OIS 5 i sl sl 1y & VL OIS Ol 5 ok
A osls & Glmd g 4 a5 Ll ple 88 5o T8 sl
gyl sy Wy &5 77 5F Cte slalall 28 8wz Ol e

W Ol e S gl S

8=,

\f}—/id\sn, w,| <W (XA

fz—fz‘gF,

23 ure 4 § L g OBl Eel 5 S et S0

:3};@
g=G+p§ = %=1ip 0

o e AL gl s § 4 g Ce AP OT s3S
il oo

dalas Jo 5 (YY) (gl dslae 4 (Y8) 5 (YA) SV¥sles les! b Jl>

S g amS (P L alie o adyl Ll 5 L dl e e ol

Wk ST D) e 4 Ol b (2ls) sl

S Gysb 4

_(F+W $ﬂ)h+§

e
m lip lip (¥Y)

Sdde gl el 51 3L gl glas a5 ol ol 51 (Sl B e
S s e Ol Hgie dolas Coman AiL o s sl 5 G5l
- st 0Ly Oler TN 15T eyl dhoy 4 Ll o sl ol
o 5 cnel Sl padeia i gl 4 45 g5k 4 a5h Sl
b e 03 T s pssi e oS e Dl 2l L s
ke sl e 3 Shas Dab p odud 55 Aty adl> e S5
el o deT (S5l 4 s h Caeses
el g plazel O e S As esls Ol P o 3
Oeomen g o3y JIl blme Syge 4 (YY) dsles j3 ol o s
5 ALl b )3 5sh o e @ e (513 $Sals (65100
Ol VU s o8 a5 sl JUSw 03 SIS & a5 el
ot b0 4 s Jls $SCalys 035 5L e 5 A o0l
potie 3y dalp 'S L e o S Ol il S5k
1> ST S B ol 03 1) e & QUL IS )

]S oo patein

! Total stability

Journal of Control, Vol. 5, No. 4, Winter 2012

VP Glis oF ojlod d dlor 0,28 alons



JBAS o 5 e 3 3liul g 6 (Jsb B3 (b res 5 U RS YA

(83 7 9 - :\}?Mco\w.x? S4ls (S u:‘}l‘:‘" g:lj} é')‘):"’&:“";;"‘)’):‘ Sge

Ol e e gy 93 51 Jol pai glalas g amlie sl
Slace w5 il polie (b)) 4 s gl (RMY) Slay
“Jsder 53 Calten (6,8 o301 Gl 5 (151 4 oen 5 med (sl
00 o Kle 148 i ol 555 o otalive .ol ot awslin ¥y ¥ (gl
sl Gl 4 UKF g,y sl Canlods avnlowe aal gl 1 5L

Al or ST el

Sl 4 opeind (sl Sl o il 5o e Y J g

O Sadsl Gls I giliee 5ola

Root mean square of estimation error over 50 runs
R=001 Q-diagho5107}

State X1 Xo
Method EKF UKF EKF UKF
Vp =15 f% 1.200 0.348 0.062 0.019
Vo =25 1173 0477 0.042 0.018
—-30M,
Vo =30 A 2277 0.798 0.075 0.025

Sl 4 gpeind (sl Dl o il 5o e X5
Calidee gla s 5

Root mean square of estimation error over 50 runs
Vo =25m/s, Q—diagh0®10°}

State X1 X
Method EKF UKF EKF UKF
R=0.01 1.210 0.477 0.042 0.018

R=0.1 1.655 0.585 0.063 0.030

R=1 4.106 0.850 0.103 0.059

) 8 e b oS J 28 S 5 51 ol s 03l 0L 51 13

JJ:““’P(":“‘t‘”éL“dl" @ébﬁsliﬁnxfr_.:f@ woorly S
S S L b 8 5 e ¥ S 3L e
Aoy Vo aS Calodd (55 bl s s o Ol 1) sl H gl s
él)lfbJi..'zl{wuﬁ):VJﬁ.:)l::}g-)j):)ﬁ-fﬁ-):&ml}
MﬁQTJDSMbGGQw‘JJ&M}A;M4{}42‘;&6})3}5-
G Bl 035 Jsb S a5 0dd S8 05 a aoe
53 0T o Cope 5 fr S Zope alS ST Sole
S gailen ol QLS LB JBAS a5 ot & e S90055
ol ks B 5 g g e 53 Jsb 550 e 358 e il
VEIPE J 55 Oss Sl 5o 5 e OF/YF 8 L Sl s Cib g alols

el ol dslea 20

s UKF uij)p)‘tr.u.,”_;l.adb s e 4 a5 L asll o
S (jluand plasil (5l el ol oslizl T cmeds ¢l EKF
Ay et e 3 9 Yo MIS) s als dke 55 gl Job Cs
Y 55 eeds s ls e b Al el 55 YV(MIS)
Lab s ad gl e gllas Ol gie 4 Hldae ol aST 5515 (oDl
oo s EKF (50, UL UKF (o) s ol e # S5
A 5ph e odalie das o Ol 1) H S de B9y 93 Loy e sl
Ll 03] oaded 1) g Sl o5 @ Py 53 2 2050 02l 2

(oo ]
h

=
e

n

Speed (m/s)
S

n

0 0.5 1 1.5 2 2.5 3
Time (sec)

Speed error (m/s)
2 +

(=
H

'
(3]

05 1 15 2 25
Time (sec)

w

f=}

e
o -

True| 1
e EKF ||
— UKF

o
=

Wheel slip
f=]
'S

=
o

0 05 1 15 2 25 3
Time (sec)

—UKF

Wheel slip error

0 05 1 15 2 25 3
Time (sec)

EKF LUKF i) bu g s ol amlin 7 IS5

S Ok g3 sl

Journal of Control, Vol. 5, No. 4, Winter 2012

VP Glis oF ojlod d dlor 0,28 alons



"

JBAS 5o s 53 03Ul Sz 0 Jsb J5A (as f rassi 5 IS

(83 o 9 = A\)?Mef_}l{).l? A}\J cé.k:.'»}LP}l:.a g:‘_}; ébﬁﬁwcébﬂ S

4 JAS 63555 Olge 4 8 das e O |y G55 kiS4 IS

.::J.fsa JL..;IV.:....:....

700

6OOP .
Y e

T, (N.m)

% os

[3%)

1 1.5 2 25
Time (sec)

ol damnlous (I 28 JUK) (6305 55ki8 14 IS

"o i il 0 655 2 N o i Ol ST e 4 welsl s

SRS by e e Gy a b e e ol Sl elo
ol 03,57 Vo S 5o N i 0l Sl dlisen olie o3l 4 oS
s somal s madd sl gl 3 (i s Ol S0 sl ol ol
L Olg oo surol 5 Cpmaded g )3 oS 550 o0 odaline L lias e O
1 I (Jsb B e dde (la) S35 i Ol S
@l Nt Olj 0387 a8 LS das e Ol Vs S s
S (At plin Gl i ] 8 Lo BB o A L)
I AL Gy Ol ol ks ol s ey O

.:l:ﬂbéll)&b_:)d:o-l—mﬁﬁkgolj@Afc.,..u\

Wheel slip error

0 0.5 1 1.5 2 2.5 3
Time (sec)

Al 3l a S p5A ediS J xS s il IS

N moie O
S5 domi Y

St 4 Sl e (a5 0SS S Wi s

P i LS 5 0 g0k (ool b S a5 e 5l Mo
SAS 050 Lol gl F5s.08 8 15 eslinul 550 UKF L 2
N Jedond 55 50 ke & byl sla mali 5 8 a5 sl 55 (Y0)
aglie 55 BKF 55 LUKF ) i asss 3 Shas impen 23 5
Gl i 3,Ken S ogdle UKF 25, 48 s da>Se s S

Speed (mm/s)

0 1 2 3 4
Time (sec)
0.15
Ry
7 0.1
3
=
=
0.05
0
0 1 2 3 4
Time (sec)

oS ST e Ay (sl sV ST

el UKF S i b atiS U287 (S5 s p @ @bl o
S 503 sb S 5 Jab e ad 8 A S s,
Gl el il slie gl 4 oS S L S s
3 )fu:..oé clie 3 Shes (godiasolis @l e e 0L ) eedss
Aol Lyl 5 b (rasd Sl 57 550 on sdalin Bl 0 () 2SR
5 B o | S 8l Sl 4 0 e L e

30 _V0=]5
v V=25
253 0
= A True speed
20 =3
N e V30
15¢

=
]
&

10

5

0

0 0.5 1 1.5 2
Time (sec)

k=
7
o
20
= & .

0.1

True wheel slip
02 -
e V=15
-03
"0 0.5 1.5 2

Time (sec)

oS J S S L UKF o2, S b 5 s gl A S

e sadsl Glae I alee pslie ol 4

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF oylad Ao o] 28 aloee



JBAS o 5 e 3 3liul g 6 (Jsb B3 (b res 5 U RS ¥

(83 7 5 = :‘}?MLQH)A::» )}\J (Sl u,::}l:.w g:‘_}; ébﬁyaébﬂ S

and comparison,” Vehicle System Dynamics, vol.
24, pp. 163-181, 1995.

[12] W. H. Chen, D. J. Balance, and P. J. Gawthrop,

“Optimal control of nonlinear systems: a predictive
control approach,” Automatica, vol. 39 no.4, pp.
633-641, 2003.

[13] M. Eslamian G. Alizadeh, and M. Mirzaei
“Optimization-based non-linear yaw moment control
law for stabilizing vehicle lateral dynamics, Proc.
IMechE Part D: J. Automobile Engineering,”, vol.
221, pp. 1513-1523, 2007.

[14] J J E. Slotine and W. Li, “Applied Nonlinear
Control,” Prentice-Hall, Englewood Cliffs, 1991.

UKF jld i 59531 : A Cawvgu

8] 42k 5 2 m UK A o2, S
5 Oy s SV¥alae b st 8 e — )
X = F (X, U, B + Wi
Y =h(x, ) + Vi
Wi z(Ole)
Vk Z(O,Rk)

“o3 5 V5 Q s s e il LT 5 WS
Al R il sS 5 e oSbe b 6,8
b ST 25 pelie b s -
%5 =E(x,)
o o+\T
R =E[(6 %)% %) ]
AL o Sl sl lae X 5 s bl ST e Sl P S
oSS 5 Ll s sl ) Gl Slends g DYl 1
Ly K OT
238 S g oS o bt | (X)) LK LUzl V-
o P R eSS 5 ok 6l b e o i dl e )
N eyl 3 e Kok a K=10bj 3l o o opl 53 o871 il
Aok o o ol e sl

5O =%, +%0 i=1...2n

00 (YR =L

i
) T
KD :—(\/ﬁ)i i=1..,n
R0 4 L& DS 3 6l 1y e o o SVlae —¥-
A 1N
)A(tgi) = f(A(i—)lluk!tk)
B K Ol 55 adsl e 3357 Sty 5115 )A(S) -z
fpmleior S 5 ) dalae bl

) sl solie (151 4 (6 S e sllast Dol Kils o lukie

il (5,8 3100 Sl 5 b3l g e 5 sl e (Slae
1 sss 5L ad e 6la i 53 8 e ol S L 3L e
05 94 EKFJ}))AW;BL’“{_;MWW J‘ﬁM:@QLZ‘;_,L&:J
BER .w‘d\e%}@»)w)KYlgﬁfdhwé\ﬂ
g‘}:_a.éu"dw)p):o&f‘jbo&fdjff%:;oM&»@w
N oot 0l (28l Lyl lie 3 Shes &5 alyl (sla mals
Bl S F o A gl sl oS J S ST il Olse 4

Syl (6 i SIS L (235

&l
[1] R. Kazemi, B. Hamedi and B. Javadi, “A new sliding
mode controller for four-wheel anti-lock braking
system (ABS),” SAE paper 2000-01-1639.

[2] S. Drakunov, U. Ozguner, P. Dix, and B. Ashrafi,
ABS control using optimum search via sliding
modes”, IEEE Transactions on Control System
Technology, vol. 22, no. 1, 1995.

[3] A. Harifi, A. Aghagolzadeh, G. Alizadeh, and M.
Sadeghi “Designing a sliding mode controller for
slip control of antilock brake systems,”
Transportation research Part C, vol.16, no. 6, pp.
731-741, 2008.

[4] H. Mirzaeinejad and M. Mirzaei, “A novel method
for non-linear control of wheel slip in anti-lock
braking systems” Elsevier, Journal of Control
Engineering Practice, vol. 18 , no. 8, pp. 918-926,
2010.

[5] H. Mirzaeinejad and M. Mirzaei, “A new approach
for modeling and control of two-wheel antilock
brake systems”, Proc. IMechE, Part K: J. Multi-body
Dynamics, vol. 225, pp. 179-192, 2010.

[6] F. Gustafson, “Slip-based Tire-Road Friction
Estimation,” Automatica, vol. 33, no. 6, pp. 1087-
1099, 1997.

[7] B. Samadi, R. Kazemi, K.Y. Nikravesh, and M.
Kabganian, “Real-Time Estimation of Vehicle State
and Tire-Road Friction Forces,” Proceedings of the
American Control Conference, Arlington, 2001.

[8] T. A. Wenzel, K. J. Burnham, R. A. Williams and
M.V. “Blundell Hybrid Genetic Algorithms
Extended Kalman Filter Approach for Vehicle State
and Parameter Estimation,” University of Bath, UK,
2004.

[9] D. Simon, “Optimal State Estimation,” John Wiley
and Sons, Inc., Hoboken, New Jersey, 2006.

[10] K. R. Buckholtz, “Reference input wheel slip
tracking using sliding mode control,” SAE paper
2002-01-0301.

[11] D. E. Smith and J. M. Starky, “Effects of model
complexity on the performance of automated vehicle
steering controllers, model development, validation

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF oylad Ao o] 28 aloee



f

JBAS 5o s 53 03Ul Sz 0 Jsb J5A (as f rassi 5 IS

(83 o 9 = A\)?.Lmnebl{)—l:’ b}\} ‘5.&9}&}\?" g:‘_}; g;')ﬁm““"g;‘)ﬂ S

dalon 5 dslae L dlo e cpl (sl 1y U bl S P
r.fga
R = SRR %) +Q
£ T on &% AN X 1
I PPN W plil 4 Slej (Sleyssn SVoles ST Jl= -
e S S5 o5l Slayssn
w5 (R e oo sl el (61 1y LS bl -3
3 R oIS 5 o Slp b et o g il e ] 9 ST S
Al P

=% +%0 i=1..,2n

0 :(\/ﬁ)IT i=1...,n
X(mi):_(ﬁ)? i=1..,n

o LS bl b sl ) @ S el o e SVsls —Y-s
st S8 Y

9 =h&.t)

LK obs s o Saslul 0T o sl 1) b Y0 s
oS o S s Aslae il S

1 2n.

T O

Yk ZnZﬂ: k
e 5 doles Lo al el gl 1 e bl ST P

NI M _ o\
cB) ol o
Py 2?2(yk _yk)(yk _yk) +Rk
N
S o a5 Room b el el S 00
135 o D _o\T
o) ovral) o
Py =50 2.8 %) =9
[y
355 0 oSS 55 SVl b g8 0510 SlaySs p S¥alae—F-5
_ -1
K, = nyPy

>A<k+ :)A(;+Kk(yk _yk)
RO =R ~KPK

Journal of Control, Vol. 5, No. 4, Winter 2012 VP8 Olie ) oF ojle o Ao o =S aloes



|

‘ ! U dloxe @
|
c FY=0Y dis (VWA e ) (F o5l B o o

A 53

Spluil  iseilel (Sl g obied § dug (J S e (Silwodly 9 13k
G351 4233 7 (S 3lg0 Dlbigy O 3l odlaiul b (57 > 01956 Olskow sl

T s e e ¢ iz ¢ 5T el Oolag

wahabamini@gmail.com «il,¢ Slided 5 p she oty ¢ Dol 33T o313 (5 103 8 257 (oo hige (51575 (5 gmetils =)
fnajafi@KNtU.ac.ir ¢ b ol i 4ol o5 iy 5 Sl oy (SIS pumitign 0aSCisls Ltils —Y

anekoOi@KNU.AC.IT ¢ b o | s 4l 55 ol ¢ 18 03 5 5 omnign 01STESNS (b sl —F

OFQAYAA dlie pdy J o6 OF8/) /) dlie S5 55 5o 56)

45l 5 00y p0l 8 S (a3l $) Jgans 5 by olis 4 LT Odle) S Laamale 4 Odedn S,5 Uy, 10

g ¢ (MY 4 il ol STl sy ils dolie Gl ol Godas sed laile syls GVL CEs 5 4y e
Sl 2ol 5 i pp s S b (51 g 558 5 20 SN S i ) 53 S gn B szl 355 035 5 3 guons
5 oeolal glad 287 .l 0us slgiiy (B-DOF) (03137 4o 5 i (Stewart) &l sl (g5l Dby S5 5 oalizal b oLl b
5 (NN) e (slaal 3l oslizal b J 287 6o sl (ludings 5 oraind 85,8 oo 13 oslial 3590 Sy S8 (6l s
i I eslinal 355m g5 5 Ikl Sl G )3 s leand plnil (g s Sl 5 b 55 oo pll (GA) S5 r—“u;f\“
Croa LV I sl s Sl 5w 5a oS wlie Gledss nle bamlie 3 (e3lgity a5 4 350 gr 03ls DL OLL 3 3,8

313 (6 S G455 855!

W\J:A‘JJL{M..:@;J}S‘JﬂéhAﬁﬁg&jﬁ)ﬁ“égLJ)s@\j:gSw\ﬁb’Qw

Design and Implementation of an Optimized Intelligent Control Algorithm
for Robotic Rehabilitation of Lower Limbs of Handicapped Patients using
a 6-DOF Parallel Robot

Wahab Amini Azar, Farid Najafi, Mohammad Ali Nekooi

Abstract: The process of empowering muscles in order to make them to a normal and common
value is an expensive and prolonged work. There are some commercial exercise machines used for
this purpose called rehabilitation systems. However, these machines have limited use because of
some reasons. In this paper, an algorithm and an improved rule are presented for designing a
rehabilitation intelligent system of lower limbs by a 6-DOF Stewart parallel robot. Impedance
control and adaptive control are used to control of robot. Estimation and optimization of control
parameters will be done by NN and GA, respectively. Thereafter, the results of simulations are
presented by defining a physiotherapy standard mode on desired trajectory. MATLAB Simulink is
used for simulations. It shows that proposed algorithm in comparation with other similar methods is
a low-cost method and needs to less energy and force with high accuracy.

Keywords: Rehabilitation robotic, Genetic Algorithm, Neural Network, optimized control,
impedance control.
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Phase Transformation Modeling and Robust Adaptive Switching
Control of Shape Memory Alloy Actuators With and Without
Considering Time Delay of These Actuators

Hossein Chehardoli, Mohammad Eghtesad, Mehrdad Farid

Abstract: Shape Memory Alloys are widely used in the industry. Different researchers
introduce successful models for phase transformation. In this work firstly the Lagoudas assumptions
is corrected and an enhanced model for phase transformation of these smart materials is introduced.
Secondly we compare results of this model with cosine Liang-Rogers model. Results show a good
consistency between this model and cosine Liang-Rogers model. Afterwards for the first time
switching control for these operators is investigated. For this reason, special application of smart
material is selected and a common Lyapunov function for all subsystems is selected to prove
stability of the system under any arbitrary switching. Subsequently robust adaptive switching control
is applied on it. Lastly, a time delay problem is supposed and it is shown that even by considering
time delay for this switched system, it is globally asymptotically stable.

Key words: Shape memory alloy, Switching System, Common Lyapunov Function, Robust
Adaptive Control, Time Delay.
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Parameter Estimation of an Exponentially Damped Sinusoidal Signal

Using Adaptive Identifier

Mohammad Ali Ghadiri-Modarres, Mohsen Mojiri, Bahram Karimi

Abstract: This paper presents an adaptive identifier based algorithm for online estimation of
damping factor and frequency of an exponentially damped sinusoidal signal. The algorithm is based
on an adaptive identifier which is a theoretical tool for the estimation of the parameters of an
unknown linear system. The governing equations of the proposed algorithm are composed of a
second order linear filter and two update laws that provide indirect estimation of the frequency and
damping factor. Local stability analysis of the proposed method is presented using averaging theory.
Simulation results confirm the analytical derivations and also the desirable performance of the
proposed algorithm.

Keywords: Exponentially damped sinusoidal signal, Frequency, Damping factor, Adaptive
identifier, Averaging theory.
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