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Centralized Controller Design for the Moving Vehicles in a Platoon
to Achieve the Robust String Stability

Bijan Moaveni, Mehran Movahedi

Abstract: Advanced traffic control strategies are designed to improve the safety issue, as well
as these strategies consider the dynamic of vehicles in traffic system. One important issue in the
field of automatic traffic control in platoons is the string stability. In this paper, a robust centralized
traffic control system, for a platoon of the same vehicles based on the linear matrix inequalities
(LMIs), is designed. This control system satisfies the robust stability and robust string stability

conditions. Simulation results are presented to show the effectiveness of the control design
methodology.

Keywords: Automatic traffic control system, robust stability, string stability, platooning.
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Robust NMPC- based Fault Tolerant Control Design for
Compensation of Actuators Faults

Robab Ebrahimi Bavili, Mohammad Javad Khosrowjerdi

Abstract: This paper presents a new approach for fault tolerant control system (FTCs) design
based on robust nonlinear model predictive control (NMPC) for multivariable affine systems. The
proposed FTCs uses an estimation scheme that is based on adaptive extended kalman filter (AEKF)
for the state estimation of plant and loss of effectiveness factors of actuators. A supervisor module
also uses the fault modeling and correction of plant model per sampling time to accommodate bias
and loss of effectiveness of actuators. In addition by feedback compensation in NMPC, the
proposed controller is robust through plant uncertainties. The most important advantage of the
proposed approach is its ability to deal with the constraints and simultaneous fault in actuators and
it is practical. Simulation results of the proposed method on automotive engine show the
effectiveness of the proposed method.

Keywords: Fault Tolerant Control system, Robust Nonlinear Model Predictive Control, Adaptive
Extended Kalman Filter, Actuators Fault.
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Abstract: In this paper, we investigate the design method for interval type-2 (IT2) fuzzy
controller for nonlinear systems along with uncertainty parameters. In order to analyze the stability
and synthesis the control methods conveniently, an IT2 T-S fuzzy model is applied through
representing the dynamic of nonlinear systems. Uncertainty parameters are captured by 1T2
membership function characterized by the lower and upper membership functions. In this paper, for
IT2 fuzzy controller, the membership functions and number of rules can be freely chosen different
from the IT2 T-S fuzzy model. This method is known Non- Parallel Distributed Compensation. To
reduce the conservativeness of stability analysis, a fuzzy Lyapunov function candidate is applied.
The stability conditions in term of linear matrix inequalities (LMI) are obtained.

Keywords: Interval type-2 T-S fuzzy model, Stability analysis, Fuzzy Lyapunov function,
Linear matrix inequalities (LMI)

b Ve arl mto oils axis J ST ale LS — 0l 0 383 15l 5 J ST Oledige ezl (S dlons 3B s 1S s 0l iy 5



Sl 5n s oAb i SOl 5 556 J};L;I:JCU :ﬁ”l;'d\d.a\é\‘—tj-r-s 5}\5;]»,:@:.,“);56&‘,@ Sl 5T 5 1 b \id

a)\j Lﬁ“"l’ ASLL oo ‘Lf“ju AJ‘fr..u 4g'l>' QLA)T

Jbe & e ols dlae ol s poees AsL e e sla sl
Gy e o Slacand 1 Ly s 2 e TS (5530
ln e il 038 s b Ll e b 4SS sy T ou
Gdjs Gl Grie dmle 5 Ll Cuws glosle 56 o 4
8 03 A8 OLT 1y 555 g ealanal OT 51 g sl SIUT 55 o875
5 g T8 656 Jbe e JA5° 0t 0L I8 dl-
ok &byl (LMI) Jos o 5l Gagslasl &)z oS S
Al
Sl e T-S 56 Jue ¥ w55 Il aelsl s
TS Je ¥ i 53 55 o 4] slalols Y=g 5 (536 (slase yomme
el o Ol (glalools Y-p 55 (55 (laas oz (Sl p oS’ ST
F 55 TS Jto g T-5 Jio y (e U558 s ¥ 25 )
@yl ol LT O 2oe 53 358 e @l etiSJ 28 T-S Jube
Ol (68wt ST i 55 il 5 (5lo ad # i 53 Sl 08

RS PN

Sl i TS G Joaw -
[A] Sldold 7—695 31 Sdacgozxo
P WY-g 5 b Glaas sazms sln 2 T-S ko (636 g K

RPN T S RSPV ETST L T RESEIVEt

Rule i : IF f,(x(1)) is M; and,... T, (x(t)) is M},
THEN x(t) = A x(t) + B,u(t)

i=1,2,..,p "
056 4 by je (slabols Y=g 5 (53 40 pome &S M, OT 3 oS

WS b FL(X() @b e b oeles ol g6
Cpoman a=12,..,y,i=12,..,p
sl e ow B A OT 5o B e RV A e RV
Sl sy X(1) € R™ Abl oo s (63555 i le 5 T
T-S 36 e 55 sl J 287 I U(t) € R™ 5 ot
056 &l 6 25000 iy 5 ol sV 055 92 056 2 6l Y -5 5

Ml 5 s pll

(W @), wyx®) ] 1 i=12,...,p ™

20T S

W (D) = g, (6 CCON) it (o (KODx-cxpy (F, (X() 2000
W (x(0) =, (OO X (F () ., (F, (K(1)) 20

WSS ks

i, (£, () 0.1
) )

f, (F,.(x(®)) e[0,1]

docdo -

e 5 T-S' Ui 36 lhorsd 28 ol cbadle s
los ST e 35 415 (630§ Oliis 4 5 Vg 5 (536 (laas sazme
PDC) (jipe otsipiy et 5 Sl ol )8
T- Joe J 287 Mgt oI 36T 5 (b 6l 25 0 il
A Sl Sk il Vg5 G e sare sl 5 S
S ssh g b B O oS 2SS s
b (o 5l g sl I (slae sazmn oy oy 5L b5 0T s
ol Gl ezl gl bs, s V-] AT e caty (LMID
s 2L mb K TS g o Jule (s Slapi
DY Wb 058 Iy el 0 5 L5 55 ol LT ol
S0 2 G Sl (San (ot Glagiea ) e Sl 1508
AT ) 2 Cassdons 2l Hshte & 35T 32 g 5oL SIUT
B 53 536 LU Al sl sadee UL iy Tl ol
Gl 0l (b el (5 pds Oollanil ol 3l sl 45T Sl o 4 S
Ir]

Copie wls S8 4 S OB Wb B i o
g5 638 slaee gera plul (636 O LU AL il il Ko
SIS IV PR IO PREPE I S0 (2 § S )
33 emal JA] ol o whyl OV 3 el 05 ST Jue skie 4
V-g5 636 Glaassazme Copde ml 50 (05 4 R Gla bl
IS s dexr Sl e Gl S [AJusl o sdalia LG
23 Yo s 3B e geme Gl 5 el s b Glage
S oy g Olides ghn LA 5sbe odalin &Yl
035 de 5 Yo 5 656 Slaas gazme s (o b Slaptm
53 el ki gl TS Juke S eslitol b cpmel s 1 (U
Shoeslimal b el ot b Glagte ledde s, [A]
el ok &1yl funde sb 4 Y- C}J‘ﬁj\ééu‘\;w
T-S Jia olal (536 oS 28 ol b ol oyl bl dllia o
Gl Ol 35, el Sl Yop 5 (56 (slaas gome
36 s wb o35 s 5 (NON-PDO) (s3lse b o w5
Jde (536 b0 g6 sl log ) 0T 53 8 sl o s luly LT (sl
Algad plp oS J 2T T-5 Jule (556 S0 56 slia b o2 T-S
Sl oS 3B SO slaw (B s L Ol sk
G5 B B 3 immar 5 e (556 e 4 Sl oS U S
S 53 3l s o3l sl L (slediS U 1S 4 e Sy e
S oS 8 Sl (Salo gy ol b ot U287 b 55k
03 Gl Rl 53 elSUEST 0oy pslie 5 PDC 5850, 4

! Takagi - Sugeno
2 Parallel Distributed Compensation
® Linear Matrix Inequality

Journal of Control, Vol. 9, No. 1, Spring 2015

WFAF Sle o) osled @ o o =S alme



Yv S 58 e 02 ois SOl 5 556 _},gucu ;ﬁ,,pé\wmf@ﬂ-s 5}\5;]»,:@:1.“);56&?:& oMb 5T 5 1 b

a)\j Lﬁ“"l’ ASLL Loses ‘Lf“ju d‘fuu 4g'l>' QLA)T

M;(x(®) = [ m; () . m;(x() ], 0
m, (1) = [ Ty, (€.x(1) 20 av
m, () = [ [, (@.x(1) 20 an
My @) 2y @XD)20 V) an

My (X (£)) g, (9, () <7, (9, (X @) oT 5 o

e el 3505 Vb upie s o5 4 My (X)) S
056 ool | & bspm 0wl 055 5 VL 055 epla 63555 ol o sl
opl 3 el ol e 55 OF) 6 () Jalgy 5o [ V] sl o500
(e $3B dee 4 Bg e (G50 (8 el sl b ST 38
Al Il s ey S oS ST 056 g 55 i o
Db ) el &) s
u(t) = 3 M, (X(D)G (1) 0%
o V] oT S
() = = B, (x(0)m; (x(1) + B, (x(1) M, (x(1))
; (B (x(O)M, (x(1)) + B (x(V)M, (x(t)))

>0,

. )
ij(x(t)):l

kb i Sy Sl sl Be[01], Be[01] OT 5> S
5 S e Bl BX®) + B X(D) =1 iy 53 S dibl

[\'].L).Z@@ijbjbOSj\ij

9 s T-S Jho 3 (a0 J 505 s —
oS J 5 T-S Jow
[V] 5 sbesls 8,5 5555 50F) 5 Ly, 4 ar 5k
Zw (x(1) = imj(x(t)) - iiwi(x(t»mj(x(t» =1 09

oSS 5 (V) ey T-5 (656 s (2e J 57 0 S 5 L
T e S 4 (W) sl &) s 4 s al s (VF) ol

X(t) = iwi(x(t»[Aix(mBiimj(x(t»ij(t)J

P c

= Z W, (X(t))mj(x(t))(Ai +BiGj)X(t) av)
i=1 j=1

o il G Ll oSus slao,g 03,5 Ty Sua 0T 3 &

255 5L (1) (o & (5165

Al gr by o S e wl GV Oml Sy e ar s G B S
g sl 55 5 e 1

By, (£, (X(0) 2, (F, (x() 20 N

s ) Ssleal 4 e S
wy (x(1) = wi (x(1)) ®)

AT r Sy ) dlaly O e 0 T-5 (556 Joe g 5o

X(t) =iwr(x<t»yi (X(D)(AX() +B,u(t))

V)
+ iwi“ (x(O)V; (X)) (A (1) +Bu(t))
=iv~vi (x(EN(AX() +B;u(t))
0T 45 oS
W, (x(8) = wi (x(O)y; (1) + W (xO)7, (x() €[0T )
4SS sk

iWa (x(1)) =1 v, (x(1)) €[0,1], V;(x(1)) €[0,1]

St i wlg V(X(E))V(X(E)) OT s &

Sl p owis Jus T-S b Jow -¥
Sllold Y- 45 (531 (srdegoxo

oMkl skt & kol ¥ ¢ 5 (551 oS J 1S Jidw nl s
S8 SO SB 5 5d o LIV dly ka5 0l 0Ly T-5 (556 Jobe
Bdes ol opl dilbpe 5 daly Spsm kS US4 Lo
Sl S dilgn 1l 1y G5l ge b oks @¥ &b Ol 3503,
50y S Wil e S 4 0T 36 Gls ke slaws o7 ECrE—
AL gl 0kl w5 GOl S

Rule j: IF g,(x(t)) is NI AND ... AND g, (x(t)) is N,
THEN u(t) = G x(t)

@
b Soad sbeg G eR™,j=12,..,c K5k
Glhol ¥ =55 (56 assama NL 5 dpd oo bl o il o
=12,y ,0,(X(1) &6 e 5556 056 el f 4 Ly e

s e S B 3 5 bals) omen A

Journal of Control, Vol. 9, No. 1, Spring 2015

WFAF Sle o) osled @ o o =S alme



d;l,ﬂ;,mcjjwuolﬁ}sju_;ﬂgcu;,g,,wxwmfth-swud,\ﬁﬂ&d,:séuwwl%gguuu,% YA

a)\j Lﬁ“"l’ ASLL oo ‘Lf“ju d‘fuu 4g'l>' QLA)T

Zp:i M (2x(1)TP, x(t)+2w X(t)" (P, +S (1)

i=1 J:l

+i X (B +Y,)X(0)

C

= Zp: W, (2x(1) TP x(t) + Zp:v*\/lx(t)T (P, +S;)x(t)

=

o

+ mx(t)" (P, +Yi)x(t))+2[x(t)TM +xxT(t)M]

1=1

X{X(t)—iiwimj(Ai +B,G;)x(t) ")

i=1 j=1
e
P;+S;>0 ,P;+Y; >0 =12

1 Uij

Py j=12,...,C

(YY) daly Do My s Wy VL OIS 035 Jai s s
| <o M| <9, ()
SN dahgerglbait o $;20 5,020 0T 5«

Wb Oy g0 (YY)

m;(2x(t)" P,Jx(t)+2cs X(1)" (P, +S,)X(t)

¢x(t) (P,|+Y)x(t)+2x(t) Mx(t)

—2x(t) M(A,; +B,G, )x(t)+2kx(t) Mx(t)
—22x(1)" M(A; +B,G;)x(t)

(Yf)
YU (ssbsl alaly (14) alasly 53 ok s M oy Lo 1 oslizal L

R NPT SRR

V<Y Sw

p
i=1 j=1
p

m, (2x(8)" MM P,M TMTX(t)
+Y o X()' MM (P, + D;)M TMTx(t)
1=1

¥ x()TMMA (P, +F)MTMTX()

+2X() MM MM TMTX(t)

=2x(t)" MMM(A, + B,G,)M "M x(t)

+ 20X (1) " MM MM TMTx(t)

~2)x() " MM™M(A,; +B,G,)M TM"x(t)) (Ye)

g o $3b 25 g 4 (YO) daly Solg o

V(0) si c w (2(MTX, ()T MP,M T (M, (1))

k=

+> 6, (M, (1)) "M (P, +S )M T (M, (1))

1=1

Silmb WET-°

ol Il T (sln 5 636 Dbl Wb 51 Ced ol
My, W, 5 (X)), W (X(E) sl 4 Ssle sl osa 0
(5 g g0 o5l

V(t) = iZpl:jz;;wimjx(t)T P, (t) OA)

Qwu\{(\ﬂ)dblm(\‘/)&.gb@dtq—jli.laijZPi}r>O S Gogba

AT e
2[x(t)"M +Ax" (t)M] x 0
(x(t) ZZWm (A +BG, )x(t)]

A>05 cilul T 55 K8 pusil MeR™ 0T 5 &
Sl & 5 b rmen 255 il & Al g S e
okd 5 k5 55 56 S0y Sl (B8 55 5 (19) dal,
Al gr e Sl 5 Ole) @ Lo pdy Gl 5 sy S

W ol g e [V-Y]

P, c_ .
ZW‘ :ij =0 (Y+)

Lol MW 656 Glaoss Sl grie MW, 0T S5 &
O (1) daly S; € R LY € R™T (sla oy 5o Sy w0
Wl ) e

p

D W x()'Sx(t) =0

=1

,1=12,...,c

. ()
mx@®)"Y,x(t) =0

M-

|i :llzl---vp

S
Gy 3 Sy w V() (1) 5 00) 5 0N sladal; 4 5
T e

V() =3 3 i x(®) Px(t) +

ST () () +

230 3 Wmx(t) P()
=3, X0 P+ x0T RX() +

1=1

i1 j1

> i x(OPX(D)

1=1

Journal of Control, Vol. 9, No. 1, Spring 2015

WFAF Sle o) osled @ o o =S alme



Y4 S 58 e 02 ois SOl 5 556 _},gucu ;ﬁ,,pé\wmf@ﬂ-s 5}\5;]»,:@:1.“);56&?:& oMb 5T 5 1 b

a)\j Lﬁ“"l’ ASLL Loses ‘Lf“ju d‘fuu 4g'l>' QLA)T

SJ. :S]T eR™"Y, :YiT e R,
V, =V, eR™ E, =El eR"™", I, =, eR"™,
Z emnxn, NJ EiRmxn,
(i=12..,p,j=L2.,c),(c<p)
.-U}.ZA}J}Tﬁ(Y*)‘_;L&LM/fLS)}LA{
:QT): "y
p c
Y 22,210'1(\/”- +Ej)' L :Z|:1¢1(Vi1+|i)
T gr Gy ) oy gty Sl $S0ud (o g ol
G,= NjZ‘T, j=12,...,c
S bl =1
daly g el gl el Lol e o sSKae iy s
TN 4, s 5305 5
0= gsin(e(t))—ampLé(t)zsin(26(t))/2
—acos(B(t))u(t) ()
/(4L 13~am, L cos (6(1)))
E) J}...\.?l;1 J}]o L ‘a:]./(mp"rMc) M{\)‘ S MC ‘J).\JL;
Sk 03 don ABb o 055 i 2 4l 2 3015 55,5 U(L)
AL e 25 D e S Rl
mp e[r’npmin rnpmax]:[2 3] kg
Mc eI:I\/Icmin Mcmax]=[8 16] kg
2L=1m
) o o (gla e 038 i s L
X, (t) =0(t) €[ -5n/12 5m/12] (rad)
X,(t) =0(t) e[-5 5] (rad/s)

(o)

7" t
& Y,+T,-AZ -ZA] -BN,-N[B] [Vij+Z—X(AiZT+BiNj)JT &
V, +Z-MAZ" +BN,)

£ 0,(MTX() MR, + VM T (MTx(1)

+2iMTx(t))TM’lMM’T(MTX(t))
—2(M™X(1)) M*M(A, +B,G,)M T (M'x(1)
+F2L(MTX()M MM T (MTX(1))

—2.(MTX(1)) MM(A, +B,G )M T (M"x(1)) "

el slal b 5 gla s jlo C i L
z=m",G =NZ"V =ZPZ"E =287
|, =2v,2" Y, =) oW, +E))

L= 4V, +1) £0) =2 "x(t)
y)=Z7"X(t);
i=12,..,p . =12,...,C
s o 530 (V) &g 4 (Y9) dlasly Sl o
Lsbon (YA) dasly &gy €2 5 O 0T p5 8
S s phm atalin il V<O gl sy il pi )l s
3 okl T s a5y V<O bys <0 L
sl 0 03557 3 5 dnnd 53 oS 1S I b
wils 5 ey A ol K A>0 w8 55 lanad
0,20 56,20 & ,4b 4 |r;nj|s¢jj |Wi|£6i =5l
ok 25 (V) (glalols ¥ @sT-S G50 Jbe e J ST s
o e 4 (DY £ 5 G50 oliS IS 5 (V) e (556 Jubs )

RO Ik SR B PO P o GO [ WO EeS

MZ+Z") ()

LI : . (Yv)
=2 wm, [T ] ©
v(®)
p C
©=> > WmQ,
i=1 j=1
Y +T, —AZ —ZAT -B.N. —NTBT [V.+Z—X(A.ZT+B.N.)]T]
Qij: j i i i iV ji ij i (]
T T
V,+Z-MAZ" +BN,) MZ+Z") (YA)
V;>0 V;+E; >0, V;+[; >0
.
Y, +T, —AZ" -ZAT -BN;-N/B] [V;+Z-A(AZ"+BN))] -0 ¥4
V, +Z-MAZ" +BN)) MZ+2Z")

i=12,...p ,j=12,.,c) ,(c<p)

Journal of Control, Vol. 9, No. 1, Spring 2015

WFAF Sle o) osled @ o o =S alme



Silse e e Gl 5 558 ;}};L;I:JCU JJQL_”L'&\WB\‘—C}T-S ‘5j\édwu,:@:...ad,::§6hr;..:.~ Sl 5T 5 1 b Y

a)\j Lﬁu\éb ASLL oo ‘Lf“ju Aj‘fr..u ‘LE;B QLA)T

i IS 5 s o (550 a0 VL b 05T e 61

. W W . om, om.
wi:%x%:%x(t),m.:_lx%:—lxa)
ox ot  ox 'ox ot ox

05y Grie kil Xy (1) o LB My 5 W, Solw sl
T o Sy 5 S s oS ST (656 Jee 5 s (556 ke
LW, Ox, oW

: L, (t
'oox, ot o, 1

om, ox, om,
m=—2.x—1=
ax, ot ox,

*,(t)
20T BE) ny

X X
X, = ([0 1]{ 1}%[0 1]{ }

2 2

,[0 1]{;(1}%[0 1][)(1})

4
= (W X, +W,X, + WX, +W,X,) = XZZVVi =X,
i=1

x
x

x

Xo (1) 5 X (1) Sl olo a6 03 5utome 4 5 b s 3
oS’ J 28 e e Jde 36 oy Sl Grie YL U

g o a5 &) g

;| < o, =30.99, || <o, = 95.77
|r;| <o, =7.80, || <o, =19.79
|| < ¢, =14.25, || < ¢, = 14.25

v b S
b b T ety G, =G, =[10085 240.3] & s
sl s S SRS IS s e I el (s

25 alibs

LSL’“JG‘. YL 4:-».43 J‘ oslatal L

. _pPr T

W: X(O)—[i2 0

@): X<0)=[g o

®): X(0)=[‘§ o'

. -

@: XO=[5 0
(@U);}t&néhrﬁj

cmin

m, =m, ., =2kg , M, =M, =8kg
mp = mpmax = 3kg’ MC = Mcmax = 16kg

s . e.LSJj:.f ny L o Ol e luand L das o OLES

E) Mc ul:xﬂsucfjwjlbwﬁmdju\:h&ﬁﬁw

T n Cawds () )y & g g Sl SV las
0 1

Km - 9—am, Lo (" cost, () s, 1),
2 4L/3—am,Lcos(x, () = x,(t)
X, (1) 0
{xz(t)}r —acos(x, (t)) u(t) )

4L /3-am L cos*(x,(t))
b s 5 daly Sy 656 sl (M) OVslee 4 a5 L

b e 43S
o) =L am, L, (t)* cos(x, (t)) (sin(xl(t)))
! ~4L/3-am Lcos?(x, (1) X, (1)
£ (0, () = 2004 () )

4L /3—am L cos®(x,(t))

5268 LT Sty () (2 T-S Jla ) 5 (V) Llyy 4 a5 L

0l
A:A{o 1}A:A{o 1}
! 2 flmin O , : ¢ flmax 0 ‘
B:B{O} B:B{O}
' : 1:Zmin ] 2 ! meax
f,., =10.0078, f, _ =18.4800,
f,, =—0.1765, f, =-0.0261 ap)

3 g de 50 SLOSE 4 by ml 5 Y Copie als

L g w555 (V) gl S S sy

JINLT-S Jow & by o Cogias @lgi 1) Jour
]

Yoy ple wls onl Sl mly

2 X12

Xy X
Hig =Fge =1-0.28e 0% | o =p. =1-¢ 22

X2 X2

2L P
T —1 — 12 — — 0.25
Hge =Hgs =€ Hys = My =0.238

A o
T Ty — 15 — — 0.25
Mgy =Hgg =€ My =Ky =0.58

x¢ X

ﬁmg =ﬁl\-/1; =:I-—O.5€7E EM% :BM; =]1—e 15

byl 53 o8 3500 485 s (656 06 55 5 eSS ol
Sl i w5 oy O pa oSS 4 by e 50 e
03,57 1 1y Vb 4 Ll 3 6 (550 w358 0 43,5 iy X, (1)
e g Lol U RS 4 b ol 5 Vb Ly sde wl g AS

X
—p 03

sl s sy o =1 4 0, (X(1)) 3k

Xt

m, (%) = g (%) =M, (x,) =i, =e °F
M, () = e (6) = M, (%)) = g =1 ()

B, =B, =05

Journal of Control, Vol. 9, No. 1, Spring 2015

WFAF Sle o) osled @ o o =S alme




" S5 o 155 53 3 530 S 5 5,55, b SMeols Y 5 T8 530 e e U 5 5l e 5oy ST 5 1 o

aé\j gﬁu\éb kfk‘ Loses ‘g;u‘lﬁ A}‘j’r.w ‘u_v'l>' U\A)T

4

a Mormin &M

2 v
_ 7
<y o

2-

-3

40 0.5 i é 2:5 3

1:5
time(sec)

b Celien (gl imal 5 Calitus adsl a3 S X, (1) Sl il 0 S

A Er S s

xyiradls)

1)

05 1I Iim;fgec} é 2:5 3

b Caliiee o nel 5 Caliie gl Lyl S X (1) Ll ety 7 IS
[\']@-,»di})“e‘*’.-f"

o gl o 55 00 odalin agualy JSK3 5 ¥ Jsdr 4 5 L

Glols Sos slabsy & o dlie ol 25 b X, ()5 X (1)

il e I el 35 51 0L & il r (6 2 S5 el

5 % (1) Sl el 1l i) ple b ooty s amlin T Joo

X, (t)
0 (45B) ey 08 i 0L
@olgiin iy, 16s
A g o s 2s
V] e o 2.7s

Sl s sl Ll s gl LU(L) I8 ISl (V) S
Q) 5 (N b e ummar o o 0L 0555 o Calibes
3> otd &l gla by Sl eslial L aSTU(L) JS IS

.vu;@ol;:;\)vuuu‘;,'u&.:[\.])[/s]@tf

)

R e T

[ ‘

w2

u(t)(Newton)
=

500 .:*"*(sj
s
1000/ /
1500 05 [ 15 2 25 3
time{sec)
o msl 5 Gl ad gl Ll o (L) IS I v S

C}L&Aa-\;{dﬁfég‘Mﬂ}a:;)‘-ﬁggﬂﬁuﬁ.‘}“]@"fi} mp
Slapr 5 adsl Bl sl X (1) Sl sl (1) IS ail
X (1) Sl ey (1) 5 () (sla S8 oman das o OLES Cilibus
as [Vo] 5 [A] E 03 okd Sl gl i) b S as e 0L 1y

Lok ‘_;)Lu

mpm\n& Ml:mm
Memax EMypg oo
z
1‘ 1:5 é 2.‘5 3
time(sec)
Sl gomal 5 Calbee sl il 12 s X (1) Sl ) S
1.5
"\\ g L —
| \ Memax EMyg e
g
g
05 1‘ é 2,‘5 3

15
time(sec)
Calien sla cnal 5 Gl a3l Lol 5 o X (1) o ety ¥ IS

[A] ErSoeest

X, (red)

05 (R S 25 3
Calien sla nal 5 Calies a3l Lol 5 o X (1) o ety 7 IS
DNl rpsvest
Calten (slap > 5 adsl Ll b sl 15X, (1) Sl ety (F) S
Ol 1y Xy (1) Sl el (8) 5 (0) (sla Kb oman das oo DL

ol and [V SN e 53 edd S Gl Bs) b ST

HPR
Mmin EMy ————
Momax Mg e
N
k-
£
‘-'-51
¥
~o 05 1 15 2 25 3
time(sec)

Gl (gla somal 5 Caliien ad) Ll 5 o X (1) Sl ey ¥ S

Journal of Control, Vol. 9, No. 1, Spring 2015

VFAF e o) osled & Al (=S dlons



d;lyﬂ;,m@}:wuolﬁ}&;ug}jwcu;,g,,wxwuLUT-s‘5;\;J,\Aﬂﬁd,:séuwd,|%3uu°,t,\g rY

a)\j Lﬁ“"l’ ASLL oo ‘Lf“ju Aj‘fr..u ‘LE;B QLA)T

A5 el il Sose 4 gt G5B Js 4 by e D sl
@36 e (sladjs (Glos Gt o5l dnlone 4 e o7 Liloks 43 S
S eslizal 4 55 PDC gy O i 355 n e T-S
sk 4 Al gad 0SS 5 (s (512 QLSS (656 ol 5 2l
oS 5 e (36 a0 5B sl 35 i )3 b Ll e 2l b &S
4 Galg 0 bl Susde Al Gy eSS Gl
3505 4 S FOLT (iluosly &8 b Caws oale (glodiS™] 8
B3 ok e Sns 3l Sl e falSasl asls PDC
Glo,p 03557 S 6l 3B DS Wb 35, b b
o S odalie o5 4 (Sl e 3 Bl e b SKS
S U 2ST L dla eyl 53 omel e 3 3L (S ko b st o
il g pslie oS RS 6 Gsad 8 A SRS ol
= SRS I 5 e Grnly 35 Ll (3Lt gy et

.C_Am‘a.k.i:*@\)1})}ﬁd;§56hr&ﬁ“):6‘o}_3¢:&k‘j\

&y

[1] K H.O. Wang, K. Tanka,M.F. Griffin,”An
approach to fuzzy control of nonlinear systems:
stability and design issues”, IEEE Trans. Fuzzy
Syst.,Vol. 4,no. 1, pp. 14-23, Feb 1996.

[2] K. Tanaka, T. Hori, and H. O. Wang, “A multiple
Lyapunov function approach to stabilization of

fuzzy control systems”, IEEE Trans. Fuzzy Syst.,
Vol 11, no. 4, pp. 582-589, Aug. 2003.

[3] K. Tsanaka, T.Hori and H.O.Wang, “A descriptor
system approach to fuzzy control system design
via  fuzzy  Lyapunov  function”, IEEE
Transactions on Fuzzy systems, Vol.15, no.3, pp.
333-341, 2007.

[4] H. K. Lam, “Stability analysis of TCS fuzzy
control systems using parameter- dependent
Lyapunov function”, IET control theory &
Applications, Vol.3, no.6, pp. 550-762, 2009.

[5] D.H.Lee, J.B.Park and Y.H.Joo, “A New Fuzzy
Lyapunov function for relaxed stability condition
of continuous — time Takagi-Sugeno Fuzzy
Systems”, IEEE Transactions on Fuzzy Systems.
Vol 19. no.4, pp. 785-791, 2011.

[6] L. A. Mozeli, R.M Palhares, F.0.Souza and
E.M.A.M.Mendes, “Reducing conservativeness
in recent stability condition of T-S fuzzy
systems”, Automation, Vol.45, no.6, pp.1580-
1583, 20009.

1500
B Memin & Memin
1000\ (1 M eeeenns

Momar  Memax
e

|

ool
¥
1500

0 05 1 2 25 3

15
time(sec)
Cilites (5l gunsl 5 Cakiee ad gl L5 Cow U(L) a8 IS A S8

N ErSnaesl

M in & Moo

m &M, e

‘pmax = Memax

1 2 25 3

15
time(sec)

o inel 5 Calisen ol Lol b s U(Y) I8 I a8 S

[\']@'fL}'JJQA’.')H{Jh;‘"

Ol o Olaj 35 g0 outaliin bagealy JS& 5 (1) s 4 a5 L
o i ol iy b 28 I Sl o 2y 5 J 287 IS
I s 3 Ol &S b e S V] 5 [A] &l S

il g e ) 4 S LSS

U(L) S8 I sl b oy plo b @olgiig o) gl 3 J o

2 SRS ISyl o
©algaw Sy EEEAMAR
(Al g o 35 MRl
[Vl g i s WP

(S 5 4o -A
Y g5 b ghie s T-5 (56 Jute Sl aslizal b ltsl dlie nl 55
Al s el s e L;Lnr“..*_.w 6k iledas & glalsl
LY G s (ot e TS (556 e bl e
&S s asls oS J S gl LT 5 b a (g5 £33 w3
Al Sl S g0 0 4 4028 & o (ol VT s
5 eslital b la sy ST s i ol Al e (LMI)  Jes
o3kl oS J 28T (b 5 ol T Gl p e ses S SLU
Slapi 25 S Gln e DS @ 035 Iy Sl ol
Sollawsl 511y b Wilg oo T-S Jus 51 eslazal b ods Jo o>
3o (36 DL w5l ealinad oyl by a5l la) 5 s 5 28
Flh s S Je el e DS al 058 Iy
ey PDC sy SN T ol s dase (oYL Oollaxil

Journal of Control, Vol. 9, No. 1, Spring 2015

WFAF Sle o) osled @ o o =S alme




\ng S 58 e 02 ois SOl 5 556 _},gucu ;ﬁ,,pé\wmf@ﬂ-s 5}\5;]»,:@:1.“);56&?:& oMb 5T 5 1 b
o5l omalaly o dames ¢ 03B &l e ¢ Sl Ola )T

[10] H. K. Lam, Hongyi Li; C. Deters, E. L. Secco, H. [7] Tao Zhao, Jian Xiao, ye Li and YiXing Li, “A
A. Wurdemann, K. Althoefer, “Control Design Fuzzy Lyapunov  Function Approach to
for Interval Type-2 Fuzzy Systems Under Stabilization of Interval Type-2 T-S Fuzzy
Imperfect  Premise  Matching”,  Industrial Systems”, IEEE Control and Decision
Electronics, IEEE Transactions on , VVol.61, no.2, Conferences (CCDC)., pp.2234-2238, 2013.
pp.956-968, Feb. 2014.

[8] H. K. Lam and L. D. Seneviratne,” Stability

[11] S. Boyd, L.E. ghaoui, E. feron, and V. analysis of interval type-2 fuzzy-model-based-
Balahrishnan, Linear Matrix Inequalities in control systems,” IEEE Trans. Syst, Man,
System and control Theory. Philadelphia, PA: Cybern. B, Vol.38, no.3, pp. 617-628, Jun.2008.
SLAM, Vol.15, SIAM studies in Applied
Mathematics, 1994. [91 H. K. Lam, M. Narimani, and L.d senevirtane,

“LMI-based stability conditions for interval type-
2 fuzzy logic based control systems, “in proc.
IEEE Int. Conf. Fuzzy Syst., pp. 298-303, 2011.

Journal of Control, Vol. 9, No. 1, Spring 2015

WFAF Sle o) osled @ o o =S alme






ISSN 2008-8345
FO-FF amio MVAF Sle o) oyled & A G

J/y_.lﬁ.fi&:‘.@b

mo-—u-—

S pin 399 (510 D doli (Svol g i o s pd oy J s 24b
5)935.040)0%5‘)4\?%13@ S gag

‘gs’.\"kigs‘t'w%”‘\g;lf""ﬁ°°‘};l‘°w

m.alizadeh.b@ee.kntu.ac.ir ¢ b oyl i 4ol _cmins oKl 0 yut5 038 05 omilign (5555 (S il

bathaee@KNtU.AC.IT ¢ o sb oyl juds 4|5 atos ot ¢ S pdi 03 5 ¢ By owige 54K Ll |

VRN dlin 2y ey OFR/) VY lie 30 55 5 ,b)

05 4 g s S U il e ke 553 lo 3 aali o5 15 0SS (s s b oS EST S s o o

5 50 S oIS S I A5 le S LB o it aw Jold o505 g5 nl 53 ol eSS 58 e 0l (55550 e
b Gl Gas el e ) 53 S 5 )5 ge S GLediS U S ) Sy oS I ST 5 4 e 0SS
s o 15 50 o 1y o 5,5 6K gl I I8 Sl e s ol 0 53 Syds Sy Sl Gladi s Nk e
S o5 b ks S o (Bl Slges by o amio 5lad )8 53 Sy & Sy s @ e ke 593 oy 8 el
G55 2 e e (SaS (5355 SIS &5 el 3 Ll 3y Lo ot J gl )3 408 0 il JLalT b 55 oo g o
) S5l and gl 558 o BLSI ) 5 ga Caa Jokon 1 SIS (6513 0iS U ST 51 S gomn SWy 4 o 3500 (o1l LU
L5 & S oS J 18 w0k Ll s oSG8 IS oS chas o 0L gl Oloj 53 Kl s Lo g5 g (51 0kd

A3 on 35 (63370 B 35 15 5550 150 el S S o b 1) (a8 (Bl S gl 5 550 5L

)jéé\oﬁ:'-swo\fjjé‘ﬁiﬂy}Aﬂ&m‘)};}A‘&ﬁ-ﬁde:SLé)\éﬁdff‘&é-ﬁ‘j):;:b.i‘ IGMQW

A Nonlinear Control Design for Variable Speed Pumped Storage Power
Plants in order to Improve Fault Ride-Through Capability in Motor Mode

Mohsen Alizadeh Bidgoli, Seyed Mohammad Taghi Bathaee

Abstract: In this article, a nonlinear controller is designed for a pumped storage hydropower
(PSH) based on doubly fed induction machine (DFIM) in the motor mode. The main controller of a
variable speed PSH consists of three separate parts: motor side converter, grid side converter and
pump-turbine guide vanes which are designed via stator voltage oriented vector control. Using the
power electronics in DFIM-based application can be made the fault ride through issues. In industrial
applications, the variable speed PSH uses a hardware protection, i.e. crowbar or dc link brake
chopper, in order to maintain the connectivity to the grid during a fault. In this article, however, the
motor side controller is modified by an effective input signal to be added to decoupled d-axis inner
loop. It is shown that the proposed controller not only eliminates the need of conventional
protection, but also improves the transient responses. Furthermore, it is demonstrated using real-
time simulation in Matlab/Simulink that the credibility of the proposed controller.

Keywords: Fault ride through, vector control, nonlinear control, doubly fed induction motor,
Variable speed pumped storage power plant.
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Design of Dynamic Sliding Mode Controller in the Presence of both
Matched and Mismatched Uncertainty without Chattering for
Nonlinear Second Order Systems

Ali Karami-Mollaee

Abstract: The most important property of sliding mode control (SMC) is invariant against
matched uncertainties, which is due to the using of Sign function and this Sign function produces
chattering. Moreover, SMC is not invariant with respect to the mismatched uncertainties, which is
its other problem. In this paper to solve these two problems, using of multiple surface dynamic
sliding mode control (DSMC) is proposed. In DSMC the chattering is removed due to the integrator
where is placed before the input control signal of the plant. However, in DSMC the augmented
system (the system plus the integrator) is one dimension bigger than the actual system and then, the
plant model should be completely known. To solve this problem, an observer is proposed called
integral-chain observer or ICO. To counteract with mismatched uncertainty, any system dynamics
are considered as a distinct nonlinear system and multiple sliding surfaces is defined. One of the
advantages of the proposed approach is the upper bound of the uncertainty not used in DSMC and
ICO, which is important in practical implementation. Then, a design procedure is described and
simulation result is presented to demonstrate the approach.

Keywords: Dynamic sliding mode control, mismatched uncertainty, chattering, nonlinear
observer.
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17. Dynamic SMC or DSMC
18. Integral-Chain Observer or ICO
19. Multi-Surface DSMC or M-DSMC
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Optimal Control Command Generation for Planar Running of
ATRIAS Biped Robot vs. SLIP Based Running

Behnam Dadashzadeh, Heidar Shaban, Mohammad-Reza S. Noorani, Behrooz
Koohestani

Abstract: In this paper we investigate generating an optimal running gait for the planar model
of ATRIAS bipedal robot. ATRIAS is a robotic prototype implemented in Oregon State University
with the aim of high speed running. Gait generation for ATRIAS has been done based on SLIP
model. Although this passive model is a good base for gait generation, it does not necessarily yield
to the best energy efficient solution. So, in this paper via the gradient based method starting from an
initial point given by SLIP based control, we search for an optimal pattern for the running gait that
minimizes cost of transport (COT) during one complete step. Equations of motion for each
continuous time phases, called stance and flight, and models for take-off and touch-down events are
derived. Then by parameterization of motors torque profiles using polynomials and solving the
direct dynamic model, optimization problem is solved to minimize COT. The optimization is
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repeated three times by performing the parameterization in terms of polynomials of degrees 3, 4,
and 5, to obtain the most efficient torque profiles. The results indicate that for all three shapes of
polynomials COT is reduced compared with SLIP based running gait. Moreover, the minimal COT

is achieved by torque profiles of degree 4.

Keywords: ATRIAS Biped Robot, Gait Generation, Parameterization, Gradient based

Optimization.
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