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A Novel Supervised Fuzzy Reinforcement Learning for
Robot Navigation

Fateme Fathinezhad, VVali Derhami

Abstract: Applying supervised learning in robot navigation encounters serious challenges such
as inconsistence and noisy data, difficulty to gathering training data, and high error in training data.
Reinforcement Learning (RL) capabilities such as lack of need to training data, training using only a
scalar evaluation of efficiency and high degree of exploration have encourage researcher to use it in
robot navigation problem. However, RL algorithms are time consuming also have high failure rate
in the training phase. Here, a novel idea for utilizing advantages of both above supervised and
reinforcement learning algorithms is proposed. A zero order Takagi-Sugeno (T-S) fuzzy controller
with some candidate actions for each rule is considered as robot controller. The aim of training is to
find appropriate action for each rule. This structure is compatible with Fuzzy Sarsa Learning (FSL)
which is used as a continuous RL algorithm. In the first step, the robot is moved in the environment
by a supervisor and the training data is gathered. As a hard tuning, the training data is used for
initializing the value of each candidate action in the fuzzy rules. Afterwards, FSL fine-tunes the
parameters of conclusion parts of the fuzzy controller online. The simulation results in KiKS
simulator show that the proposed approach significantly improves the learning time, the number of
failures, and the quality of the robot motion.

Keywords: Robot navigation, Supervised learning, Reinforcement learning, Fuzzy controller.
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Modeling and Analysis of the Hydraulic Antilock Brake
System of Vehicle

Sayad Nasiri, Bijan Moaveni, Golamhassan Payganeh, Mohammad Arefiyan

Abstract: Antilock brake system (ABS) is an active automobile safety system to achieve the
maximum negative acceleration during the braking process. Also, ABS increases the automobile
stability and reduces the stopping distance. Modeling the brake system and particularly ABS are
very important, due to that ABS is the foundation of other advanced automobile control systems
like EBD, ESP and ACC. In this paper, we introduce a detailed model of hydraulic ABS. Also, in
this paper, we evaluate and validate the presented modeling, by comparing the results of simulations
to experimental tests.

Keywords: Automobile Brake System, Antilock Brake System, Modeling, Simulation and Validation.
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A Robust PI Control Design for a Class of Nonlinear Systems with
Uncertainty Using Sum of Squares Decomposition

Hasan Zakeri, Sadjaad Ozgoli

Abstract: This paper presents a new algorithmic method to design PI controller for a class of
nonlinear systems whose state space description is in the form of polynomial functions. Design
procedure is taken place based on certain or uncertain nonlinear model of system and sum of
squares optimization. A so called density function is employed to formulate the design problem into
a convex optimization program of sum of squares optimization form. Robustness of the design is
guaranteed by taking parametric uncertainty into account with an approach similar to that of
generalized S-Procedure. Validity and applicability of the proposed method is certified with
numerical simulation. This paper, besides presenting an innovated Pl control design which is not
based on local linearization and works globally, announces a new approach in formulating
parametric uncertainty in nonlinear systems. Derived stability conditions do not suffer from any
drawbacks seen in previous results, such as depending on a linearized model or a stable model and
it can overcome most control difficulties. Furthermore, employing sum of squares techniques makes
it possible to drive stability conditions with least conservatism and directly derive stability of
nonlinear system.

Keywords: Robust Pl Control, Sum of Squares Decomposition, Density Function, Nonlinear
Control Synthesis, Parametric Uncertainty.
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Solution of Differential-Algebraic Equations in Hessenberg Form
Using Sliding Mode Control

Ali Khaleghi Karsalari, Masoud Shafiee

Abstract: In this paper, a method for numerical solution of differential-algebraic equations
(DAES) in Hessenberg form is presented. In this method, a sliding surface proportional to systems
index is defined that generates a complete equation to calculate algebraic variables. Since the
sliding surface is stable, convergence of the distance from manifold constraint in DAE is satisfied.
Finally, the proposed method is applied for some linear and nonlinear index-3 systems. Numerical
solutions confirm the accuracy of the proposed technique.

Keywords: differential-algebraic equations, Hessenberg form, sliding mode control, constraint
manifold tracking.
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A Novel Method for Optimum Electrical Energy Harvesting from Wind
Turbines: A Space-Time Model for Wind Farm by Neuro-Fuzzy Strategy

Seyed Vahab Shojaedini, Armin Parsian'nejad, Mojtaba Farzaneh

Abstract - In this paper, a novel method is introduced for optimum energy harvest from wind
farms. In the proposed method, wind farm is modeled by fuzzy-logic and the model is updated
using a combination of wind parameters history and wind’s spatial information. Utilizing this
model, the parameters for the wind blowing through each turbine in the wind farm is estimated. To
evaluate the performance of the proposed method two practical wind types are simulated. In the first
scenario, the wind maintains low turbulence and its parameters change slowly while in the second
scenario the wind demonstrates high turbulences and its parameters undergo sudden shifts.
Simulation results for the proposed method are obtained in both scenarios. For the first scenario, the
comparison reveals that the proposed method improves the accuracy of wind speed estimation and
the monotonousness of the obtained electrical voltage by 5.3% and 0.52 volts respectively
compared to existing methods. These improvements reach 17.1% and 12.7 volts in the presence of
high turbulence winds in the second scenario. Based on these corroborating simulations, it is
concluded that the proposed method provides a more accurate estimate of wind parameters for the
wind blowing through the wind farm.

Keywords: Wind Farm, Estimation of Wind Parameters, Optimum Electrical Energy, Fuzzy
Modeling, Entropy.

b i g mins oils — 0y 83 51l 5 J ST Olekige ezl o 1S dloea el gl Clas o iDL s sge ki 5



3635 S F1 il b sl a0 (sl 5K = Slo3 Ja ook o s 5 3l Ay 015 Jlamtl (gl o S35 oY

1350 e 0315 Obeasly T sl gl Clagy e

e skt a4 S 6 als s sy Sl sl s s
b o3 s eolinal s 5 (Bl sl Dy S 5 Lo e
Lo (BL 33k B35 S 5 o s Do O s itz s by
ija&éjjT@?Jl}nijldlﬂwﬁﬁ)}:ﬁ
3 s B b e sl S S OSG (63555 Olse
Sty ST Ol 53l puy g baw s (BLos sl iy S
4 a8 ol 0T LSy 5 aws ol ool Cosgioes V0]l o
A Tae 0l 355 Sk 0 D3y (oS b 5 a2 S
5 S Sl A8 e W5 oed Ol 1 gl 5 ]S
G468 aw Oolal L5 p sdas wl)) s a (B3 b g
Jole olls S bty ol 5 cbad Sy &
DA

LS 5 655 ks Wil pla b, ) Dlidss I & 5o
kb oslinal e gla bl red olite 4 (o gas (ae
(stisal OBl (Vb o Ll plalussdens Lo Sl
@l Sen DA s 5 e 4 L 4 LS ol
Gl a8l jib 4 oS Glacusgdon posde [VV]Wlos s 545,
G5 A g (Blos ol gl bl s gl gy ) wes »
3 a2yl e Lty cpl 5o 45T Sl a5 Ll Oy
S ol Gl aile olul b (my g oSG bawy B
Sl a4 51 i 3,8 e ol OT (555 350 S
JRS Glsgse 5 3o I 3, ol en 4 lags ,So Il
Lshor Lol G Wss laysl 35 la el ob 5o b sl
oty o il 2 3 G e sl 5135 (s el Shae o
st ol i3l g 5 BB sl (51l o) Olan 5l 355 g 5
T 5 & Vo Va8 bl 5y Jals 5o loguas
oy bl e R T (il (i Sk s (sle malyl
osletal 3, g8 5 (6 ks 53 47 Wl els OLES (gadate Silaas S 5
S Nl Sl able e s gls el e gla g S
33l s w1y G Wse oy 155 sl 1) 4t gl el cla
Codgdoes Glyls (s S5 Il 53 ST Sda 4w Jge= o 1A
JVA] en

sl el e skt 4 e By oSS Wi ol o
53 bl ol el s s 8 g B 5 s 5 8 by (23U 50
b sl Shalie iy Gl o5 355 0 Sl 3L G M5 g5
@olgii ia) 3 sl gl 3l g 5 e S8 (o, o 511
03 3 gh gm 03ls S5 (636 Glate (e Je S we 550 S 61
23 Boms bus (BLos ol ey e edle Jbs
2 G K bwg 5L, ok Sy 5 o ¢ e Sllisd
Lilodkd 0305 13 0T jane Sl 3l5m s oy 5 51 b 5 45550 ol b

&:;_)}3C;J.‘g.&led}édmwgglﬁ.xﬁ@nbdb';}:}

Ao —

@3 d8 Jlo w53 g e Sl piS g sl ans g3 s
odi S jete el i 5 Gl 4 Bl are g gleysiS
23 g 5 S Tl b b 55 5 e 51 S [V
o5l LX)l L3 3 55 g0 eud 6550 JST ol V0 T gt 0T
Jols 555 g 3 Bp o OF s 55k 6550 by ¢y
a\wéh;jﬁ}lé.[vh},&@ eslial suaze (30 sla iy 5
sl s S 5 e 4 OT s (Sl G M5 Sl 0ped
[Flasbr 550 s Jule 05

Sy polhe oS Jold) ol Sl 535 bl (6ol slans 5
w5 8 53 Calte (63 byt S sy 53k iy S s
ol s el G 4 355 5 Shes e (b 3 1y b 5 (ol
Lok gy 3l aenpe a0 Bis 2k o s e bt Sl Sk
St kS ok el s 5 3 o 53 AL VL Y5
sladsly gy ot ONSEs 5 035 Skl @5
Lo-5]a T O df.._gw.:.s

Sl b s S 5 S ) ey e K D
S5 sl bl & 35 Lol Vgl ook 40550 s sy
S Ash b ol 5y e s e bl Ol B Ws
el B VIl Gy O e K a1y 5SS G p o)l en
3 [A1558 o odb oy 5L 51 oSan Ol S b Gy Jlamuzad
sloul Eol Jub sasls 5 ey (Soluss ST asly #ool L WE
5okl ey g elisamr (z i Jub G5y SO A5 5S
53 DN S b5 e e GRIBI el S5 ek
3 el ok Dlados plie (il (i (231 gl el DU
Al okl wlyl alsbes gla S

GLeSESS sl S eslial b (355 5 o e sl b,
oo g b sl SKle il ila L3 51 obT el
SYsb Sl slaail 33k b5 S 5 S 4 b OB Sl
ol Ol 5l alamd a (gl 1y W eyl ol 31 geaind B 4SS o 2O
o3k 33 01y oad Vpama 1y 3L sla el )l 457 OT s 4 libio . ias
G5 Jos 53 sy Slahss wsm (2 SIS 85 Sl
8 53 [IY]lesls Ol 3 511y B sla bl 385 o iy
A wile ol gladue S5 S s by S s iy
B3l s g s e OB sls (55 (258 5L 5 S 0l
S pldam s pend oMo [IW]sss eeslital oy s a bug

Coale il badss ol 53 S0 Gl Bl 51 S
b e e ol o Sl 6 K05 ol 5l sla bl Ol 2
A b By ol (s e s Do ildde Gl il

Journal of Control, Vol. 6, No 3, Fall 2012

WA ol oF oylad o dlor oS Ao



oF 5365 5l b gl as e gl S0 — Sl Jute ool gla )5 3l dige Ol 55 Jlasmtol gy Lk by

W33 e 315 Ol ooy T e all gl Sl e

L g odd (6,5 o0l 5b Cgr 5 oy o (t") sbas!

Az 0L 55 | i K
Paity L
it [ : >

Fuzzy |<—>
Controller [ S
<

P
1
Other Wind Tubine
Wind Diection
' Wind Fam Area

Gabassie 5o e K s ls mys pleilr ) IS

—>dR 0D
i/

Ly o 5 S Gl dae 55 & 63k g5 Ol e
bosize gaie 53 o5 OT & ooy 3k S o 5 S Sl (a0
o sl 1 g G O3 Ol 4 A (1) 85 5
5wy S gl Ko K a L L oL s
el B0 sanLotsy deT o Oodest 015 o AV;j ®
Z»}?@q)ﬁ(ﬁa\b{b\b)}.\a@&:{)jwl

f,(0) =[r, Agy (1)...A; (1)..Ad,, (1),

AV}, (). AV (1)... AV, (D)] (9]

i=12,..,N, j=12,..M, 0<t<T,
wF) sotn slas o8 Tl dhie s> 55 ek
K eal g (0) Al 5 50
F(t)=
{f,@0), £,),..., f, (©,..., Ty © ] f, () e R}

®)

caliee Loy ol 53 5k la bl i Ol 4 5 L

o A e s 4l sl ol ol (BF(D) ol sl
o3p b 4t ab st a s s (B sbsle S5y S 50
6 s el ol L SlE e Gyl b b sl b
il 53 s gle (Shy sl b oy lasl Sl ebis
o ok ad g (g5 e b s e IS5 1, F (L) sl 7 16T
AT o K 53 (558 sl ae sama |y s ad it ST 40
G5 () et 03 4 3k w550 JS 51 015 o1y E(U) 50
b oS K s 5 LT o g0 ol 5 ol pte el oS
ot st e e F (1) sl s B (1) 53
bﬁ 5 Ao o Solis 15 5 03,8 Ok 1y i b 2l Gl

[Va]as L

oo o 355 gn aslinal (636 g3 BT Wb 3l eslizal b as 50 sl
5ok bzl Sk b Jlme Slej slaejl o O Gy 4
Pl e ) 6T sl 5 ps L 3l (5t 6 L
Gap omos Olalie Sl able pogdle (s o Cwws 4 oy S
S 3 ey Qg OT 4 (9355 4 S @3k g 5 S
s G -l sl (S 5l 636 Gl e el A3k
Coed 5205 A Sl 67 585 oo Sl bl Olioe okl 05
Yl Y5 b slasly 555 Ll 5 s Lo a5 50 slass 4
I b 28T s 4 (il (6 5 ke Canad g 3 sl el o7
ST (r S & b 5l Sleit Sl eslinul b 5 5 5
G ol s 6 s (6l OT 4 e o35 3k 4 S
S UGy g 03 G i ) e WIS s sl s
AT o s 4 g3bac, 50 5l 6 5

5 by Jpol O w3 Sl 5 Soyge 4 e bl
4 6B Gl p e o3k e G -Gl e S )
D adgnoals i e s g a ek oy S 0l (Sla flyl reie skt
ol Gl s e 035057 i pl (elgidn S5y 3 Shes O 3w )3
3 Shee s 5 o plnil sl A5y Calies Lol 5 55 (g5l 4 IS
ChS 5 o F A w edey 5L gl il et ) (Golgiiy s
oo s 4 b F s 5 AT o s 1 0T 31 ezl G
b ool ooy @S 5 8,5 13 e 2y iS5l s
SRS e amlie Galtee Sl Sl s e sl 2L
Sl polamstl (6,8 w4 5 dlie UL

Sl 095 -T

33 (al ok 0313 Ol (1) S 55 aosT il 8 ST 55
T sl Cand r o8 s Jlab e oa (63L s 5N (3L 4550
338 oo s (V) aaly b s Slaazbes s

X; :[ri,ei]T, i=12..,N ¥

B o T s S s skias DX, G5l 53
aﬁogéu@,,agk;&,i’M shiw IS8 Can ollas
s s (1) dlasl,y b

X\ =[r,0T],i=12,.,M \Y

S LO(1) S S s oS bl a3 b Ko !

s oo Cwd 4 (F) aail ) Oy 50

o) =[v; ).4,@)] -
j=12,...M, o0st<t

Journal of Control, Vol. 6, No 3, Fall 2012

WY 5ol oF osles o Ao o 287 aloms



3635 S F1 il b sl a0 (sl 5K = Slo3 Ja ook o s 5 3l Ay 015 Jlamtl (gl o S35 of

1350 e 0315 Obeasly T sl gl Clagy e

ol O =22 Py (D=4 v

- | -
Gke sy sae ol |1 csle g T 5

sl<l< Lot b e 50 ez

=length(f, (1)) , k=12,...,N ay)

D) uﬁF(t) clad wd'l}_“)}a':(t)};ﬂ‘)\;? eomes

T op s & (V) el & 4 ”0'F (t)”

o ®] = (o] (V.o (1) o)

s abgs @ SF(t)LS)b}! slas gy 0sS|
OF) Sope o 1 dol o wl sid 5130 1<q < Q(1)

Q(t) Qt
DQW) = =1 (03 PRCRPALIS

(OF)
pin(0) 5 Dy (1)
1 () = 42, (D))
D,.;, (1) = min(lusy ()~ ®) 0o

vq’ q'E{1,2’3"""Q(t)}
w0 glej phie 2 5 s sl b e i b S5 Gl

O aie 5 ai et e 5o Sk aty gbls S gl 85

:.\.'J_Tdac,..»:q(\b)lgD

D, (1) = max(|

max

(av) ‘b.\)) BERE™) u}f" )L_.u 93 g,.;j Bl LvL-:‘lJ la g
4 09) daly Glaa A(Q(L)) oo @b 5 ols o3lixal(VF)

-‘J_T"gﬂ Cwd

AQ) = £5(Q(1) + D) (9)

S p 05s Bl o S Sl oss s B3 ) s
ol pattie sl Wb s 1) b 5 (5358 gla b

5 on ainia (1Y) alaf; 3e Q (1) ol

'''' av)

Q) =Q'(M) [ A(Q' (1)) = min(&(t))
t s chie 55 @3k aenin S Gy B Sl Sl
OLE (VA) 45 gemn Doy 4 &5 L5 oo 5130 (556 as 2 Q(E)

Wgh e 03ls

'Compactness
“Separation

Q) N
E(t) = Z qu (t)log qu (t) *)

g=1 k=1
ghie 53 6ok weyie Sl A Sl Q(t) 3 s 1o

4 bang 4 F(U) glas pae o ol 0l 5 ol T e

3 pae (V) daly gl & ks osls 0l Py (1) ©spe

el P(U) gl Jlazt oo il

[Pu®  Pu® o Py @ Py

P P o Py (D). Py (D)

PO=1 0,0 po® .. pu®.. pa® |

_pQ(t)l(t) pQ(t)Z(t) pQ(t)k(t)"' pQ(t)N (t)_
s o 0551 el <K <N 5 1<g<Q(t) &
daly o4 il s 5 b Aol LSS e b
Ié‘,_i -~ %ﬁ(/\)
G(F’(t) u(®),F (1) =
ZZ pac (0] f O 1, O +

g=1 k=1 W)
N
N.Y" D" pac(t).log py (1)

boadg ST Jels sy L) 5 Qs S0 1, (0) &
b Jols oKk B Ay Jol e tzes Tl dlaie )
&)J;.aT CU )‘_N g,.:f.o j_u (s): 41.».,- 9 oSy éJb kS&"b)j

<l E(Y) 56

V.:.al_,i oo ol Gl edd pun Coda GU C)b; (""‘-‘gs"l"

v ]esls

Q) -1
Q)| gl - w0] |
Pgc () = Z ——— @

ol O-s )]

Cpge 4y b oaie Susl, buge Ol o 055)
13 503 Oly (V2 )abasl
Q(t)

2Je.. ]
Qoo o]

G a5 (V1) alasl &uuaﬂq(t) lasl Gl daly 53 oS

S(QW) =

)

Wl e

Journal of Control, Vol. 6, No 3, Fall 2012

WA ol oF oylad o dlor oS Ao



o0 5365 5l b gl as e gl S0 — Sl Jute ool gla )5 3l dige Ol 55 Jlasmtol gy Lk by

W33 e 315 Ol ooy T e all gl Sl e

O, sla sl 5 s Solas o aeS” 55 51 03lized LO) (gl sl

S (5035 (e o 2 S gy e

Gge3l -

6 Gl Sl coolgiin sy 2 05057 Hkte o
o oo hpdy pbal(N D) s e YF Jals ool x5
Ssbes i 5 Jols LD a5 Gl K ploils lloas
3895 LS (Ko o 5 ) (35 J5 551 S
O sds 45 L 034031 aloldll (g sluze Gl st 1 alibes (631
4 sk asze gl o Jlesl 5 fuols 4 sl ol e 4 (M)
o3ls Olas (M USE 55 odkd (giluand Glamys 5 b K ol jas
A3 8 g sl s 5l s gla gyl caslsl 53 Ll add
plo! Wind-Pros st i j3le ESaS 4 b gl pl (gileans
Tl a @b Gl s 4 by e iae Slados I ok 53 S LS
T b basiloacs Gl ) [YFI i o3 S sl S5l (ol
..,U.,\a_.s)f A5 Calides (g g5k 53 ) O sls S Jos 3
Sl Ghls sl S 57 s Gl Ll E 4 ep ke ol
Y5 b 5 2 YO BT o S b i 3l) Sl S
S oS Ly o il 5 4 b0 3 8 s (Y0 Gl
S b hizie L) 550 (or O i G S Dleis gl OT )
Slasin (Mg IV YU ¥ py5 54t 5 2 Fr b o o
Aas o O G ol 0 a3 T AT 3 5o 15 by 5155 5 s s

2027123260
15 05=0,0°

2

Fuzzy
Controller | €
<

O
&

Wind Diecton G
ry.0=118.2,53°
|1 Wind Fam Ara

ué;u@ﬁ@gu)/y@&)u’:urh}ﬁ

©olgiiy o) B sla s ls 53 (9oL as e (gilwand Sl

5 &leesly Matlab2009 o)l 5le 5 e 51 oslizal b dlis (o
IS e ol eolgiiy s e Uil sk 4 b esse5T
A A Sl 6ok G JAS bl o e Gl
A Gl esly 5 A4S e as” (V0] s Al wly (55

*. Maximum Wind Energy Capture

Ct) =1{c,(1),C,(1),-...C; (1), Cor) (D} )

L () sbls s s oo 051 cinle Cg (D)
ol slasl Cwl ol fol> Sl daiﬂ E1BL KdT}& o
L oa eals 0l (V4) daly b F(T) 51503
F () = {f., O Ty (), o (D)
fa)=f®eF@®) ]| ft)ec, )

#8554l Cl) & by 63655 Ja 015 0 0557

(\4)

b 4513 31 et e B 305 S 4 sl 65 4 T oo s
..Lll’;...,e;Ai(:\;.élﬂe&a:ng.@a-ﬁzy)]/q(t)
osls 0L (1) JSKs s & [NV] 68 4o = S6 oo olul

Slebeys ol S 5 S Oldalin why il b (Sl ol
Slaske G okl oS it 3 1 e

Ifv,t")is A andd (") isB =h = Ax+yy+7,

If v,(t")isA andg(t")isB, =h, =Ax+yy+z, )

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5
V(1) ¢, (")

Vo (t") 4, (")

@3basyze jlab s a5y da Y S

Aies G (g5l J.x..ﬁv.fb- sk aelgB, 5B (A A S
S & b Oly o B 63, bl 5 & [YY]sls ol &Kl
Sl el s b a¥ 4 0T wlil s a¥ o g 5 03,57
dafy pp e T e Sl ittt iy 5, 51 T ST s

13 gad Jool (YY)
7y o= WV, A4 +W1¢q "y, +wr, +

W,V (), +Wodh, ("), +Wor,

)

5 PR s 33 4 b sl bl sl Ay o

Jil 4203 &5 Wsd (0 ool (S5 Ly g ol 5 4 Ly o Sla by
5 Wl e Sl 5 050, = (4,4, W,,0,,7,,7,) S
Ghls 5 eog 6 1S sl mbO, = (W, W) e aes
oS Bl bl o) i Sl s o b ol
I LK 5 Ol bwy oas alyl gl S50

Journal of Control, Vol. 6, No 3, Fall 2012

WY 5ol oF osles o W o 2S7 aloms



$3655 S F) 2l b 53b a0 )50 (sl G = Slej e ool sla s 5 51 4 O 55 Jlamial (11 o s o

55 o 315 0l ooy T el gl Dlas A

Channels
= New Alg.

2 5 4 A
= ko oW
I T N N

s 5
il

1.2
-1.6

Estimated Wind Speed Error (M/S)

T T T T T T
] 200 400 600 800 1000

Time (S)
(&)

Channels

164 — MVVEC

1.2
0.5
0.4

0.4
0.8
1.2
1.6

Estimated Wind Speed Error (M/S)
(-]
1

T T T T T
1] 200 400 600 800 1000
Time (S)

@
sl S apatr Slaglaants 5 S b S
Sl — 5 olgiden gy s sl - celd (g luaniol -l
MWEC 25 opeis

5 @olgin iy Jlasl boaT s 4 55 (Cal-0) IS s
S MWEC Jls!l Ll,i 55 s 5 men « (0-0) 53 0T L bl
P 5> Heaminl Gy il J5 ey S 55 gn i Ne Il (5 320
OT 5l ek Wy B 51585 Ol 3l gl wled Olgie a0 1y b,y
@iy sy o Gl bl ol o3 (S s s,
G A Slp s s VP L (Lo JS8)
Sl o8 Wl oaT s 4 SI5 WY Ll (om0 [SMWEC
S gy S eSS Wy lae ) eolgiin sy S sl OT
4 sazme 53 &5 Gl b 25y opl bl o Jlaiad (631 455
Glgtin o by s Gl bl e med Sl (F) b S

AL ey 4 e

Ch 1
= New Alg.

Qutput Voltage V (DC)
g

T T T T T
1] 200 400 600 800 1000
Time (S)
()

ples 5 .ﬁu@MWEC shamstl oty G iy alae opl aslsl s
Sy 2 &gty by Slilge 4 55 Jray i ol sl a1
3033l plowl e Al b7 Wind-Pro g3l o2 =
6 oo Sas gl palh 5 anlie Sileant Jol gl b

.J.;_:Jf S

33b e oy 8 (63l as e Sladin Juld (Giluand Slasin ) Jyua

05155 sl sl

slage & P9 (L)
Yf e $ S \
DFIG B ¥
I R 1) (M/8) 5L Ce ju Sl 1ok v
/0 (Pu), ol o slia A
v (Pou), 55,5 ol J
Y- (4 3) ftfwu,:e;o\}:n 4
A (P.u), st uilsS sl v
/0 (Pu), 55, cwslis A
/A (P.u), 55, iS5l 4
¥ S S bliae S5l Ve
Yo (M), 55, plas N
" (@,;)r\f @5l 03 goes Y

kel Jyl sprobm slailoans 51 S zk ) IS s
IS s edd Gilead sb Sy gmie IS5 opl 3 LSl
MWEC ; eslgis s, b ol er (Cal-F JS8) bzl sT
50 or Do & Ol ilodd 03l OLE (==F 5 - F 5LS2)
4 S MWEC 25, 5 (algiiey 2a) onesv sl Gl 3
W g4t e /A ST b Lol (giluand 53 sl Co et
S el s i Gl Sl (S oS 550 e Jl el e
GO W2 - WS A Py

10 Channels
= Wnd Flow
g4
@
E 2
= Lol T T
H T—W; L‘W' ST W |
w
= 69
=
s .
4
T T T T T T
0 200 400 600 800 1000
Time (S)
()

Journal of Control, Vol. 6, No 3, Fall 2012

AN ol oF osled ol (J 87 aloes



ov S35 G5l b 63k as 550 (61 SIS = Sloj Jobe 163k Sl )y 5 5 e 0158 Jlamezal (61 i B9,

5\5;ﬁ‘>l;gp,gW)T‘@xltlg..:gu,@

Channels
20+ — Wind Flow

Wind Speed (M/S)

T T T T
0 200 400 600 &00 1000

Time (S)
()

10 Channels
= New Alg.

Estimated Wind Speed Error (M/S)

T T T T T
] 200 400 600 00 1000

Time (S)
(&)
& 404 Channels
= - — WWEC
S
= 6
I
T Y
2l A |
: I|.||. I! 0l ||IJ‘||IIJIII
R LT
B 4
E
S
w I T T T T T
0 200 400 600 800 1000
Time (S)

093 Sk Slasiluant 51 (S mls S

Sl —z 5 ol Sy e gl - eld (Sileand oL -l

MWEC 35, cpass
Ch 1
326
— MWEC
o 3211
2 a4 he | L
=
o 3114 H
g
S o !
= 3014 }
3 e R VAN LA
S ¥
< 291 |
286
T T T T T T
0 200 400 600 800 1000
Time (S)
)

Jlsl b o935 sl 55 Jlamzal 515 v S
MWEC 5, -0 5 salgiig s, -l

Ch I
= MWEC

..Jl 1y N |

305+ [ t It - 'IH
304911

Qutput Voltage V (DC)
g

T T T T T T
0 200 400 600 &00 1000

Time (S)
)

Jlast b Jsl 63 sk 53 Jlasal 5, B S
MWEC 5, -0 5 @algig oy -l

Sl 53 mlesT sladpes 5 (K a5 0sn5T s () S
Gilwad s S (9 (JSE (al 53 das e DS 1) ppo
(z9) 5 e ol 02,8 51 Jole s sllas (-9) ok
Ol b S ol dias 0 0L 1, MWEC I ol pases gl
Far s Sty Sy oeeds sl Glhe L8 Sl s
5 F 0 Sl poku ol s Jeol Gleas & oo MWEC
iy (o2 43U e

MWEC 4 Cos @3t 5 552 5 (S OLS 0ke !
(GIRV) S8 5 ron il gn (555 0L S (a2
(V) [ 5 dlie ol @olgiin sy Jlast b oo s @ 5l
O g3 st 53 MWEC Jleel Ll 55 1) (s 5 (rmn
G il ity Slona S oslized U 35 s S ol e ins o
Yoalgi o) Sl B sl 031Ul &S das e 0L ods Jliameiul
odal Cws s ZI5 V870V Hluae MWEC (i) 25 5 ) 5 5 s
Lls S8 (galgiiy rsy g > Shes 148 il

Ch M
= New Alg.

T

Output Voltage V (DC)
g

301 4
296 |
291 4
286
T T T T T T
0 200 400 600 200 1000
Time (S)
()

Journal of Control, Vol. 6, No 3, Fall 2012

WY 5ol oF osles o W o 2S7 aloms



3635 S F1 il b sl a0 (sl 5K = Slo3 Ja ook o s 5 3l Ay 015 Jlamtl (gl o S35 oA

1350 e 0315 Obeasly T sl gl Clagy e

Ol ooy edas s s Sl aS s e 0L slie ol L) oel w3
TR P - X - .. é. -
Sl Sl S 2 s 00 FAAS DIk 5y e 4

Syl SEION s sl oS Sl

S g5 4ox -0

08 N G g dlamzal j5kte 4 p g by, Al ) 5o
Sl s 54 Gl i (SRe 3L G gl 3 @Bl sl
poesdhe G e LS5 (gl s 15 656 (655 3 eslizal b oT
B g ool 55 0T SIS SleMbl il ols uelyly o) disl
s Bl 5l Dol g 5 55 @olgity By 3 Shes ol Gl
o deslie gbile 4 LS ‘_g)'u%.z.\;:},\;folmsp@\f,ug
s Sl oy n e 5SS s i ol sl oS
Lk e:ijﬁ)b):ﬁ):MWEquyf

Sleslil L 5 555 sloa ) 5 o Shas dglin plonil s
plasl Gab a0 50 A5 G SIS 5l i sl el
,;45614;4{4;3}{6;%&:,,6;,{5\;\,@u.aﬁx’
1y 3L ameded (las Cdl s adlan ol (oolgiiy 2,y Jol (555l
A s St OY Aol G 1SS s A3 Y
V5 3L s a3 5 53 e ST disu 35 MWEC i,
4 S S 033k bl eyl e B s or o se 255 YL
3L 355 5155 onl 03 4 s aladle el 0345 plonil S (5 50l
JH6 65 MWEC a4 & il (s3lgiing 25,813 Shas
Sl a8l (g 5 Do

@iy 2,5 5 ol s o ol 61 468 4 3
WIN 5 G5 G (1550 5 3L e sl slme 55 L
aS Cwl sl QLE MWEC b S 1) 5500 SIS VYV 5 do s
BEWY SV W S PWIP E I TS SYRGI PR | VAV SPIRSC-SER T/
Wb s bl (ml s e OLES 1 Ul 6 sl Syl
L;jléu;ju.hﬁ@:?ﬁdu.adlL_;:%JAASMOTJ“éb
i gls el L5 o G = Sle Gl I slisl b (o3 4550
Ll 53 Losast g s (sla sy 4 i b o) 812 557 G
G lyls (65 e 6ol gla eyl STV WY 5 L bl 5

.3);T Cowd

-

3L) AST Dl b b as e 53 oL G5y kil il ) 4;}:
Lds gilwans Salite g5k 93 (b (Gl sb) A5 5 (G
- 5 &
33 2 53 5 MWEC ;5 die ol oolgrin éuﬁ-‘.),}g‘w
Ol oke @:q@b‘ ..U.\;_:Jf awslis 5 ols 035031 (g3luacs
35 > MWECV.:i)}il\ 3 Al ol ealgiy gy S Lol
wuﬁ.uadou;,s;l@,u;fwb’sm;wLg};c,?w:,
s Sd s planl e slme 53 Sl eslinal b By 55 pl s Ses
4 S @2y S by sl Gl bl e sl Gl
@b a5 03 G5 G (IS 55 03 slre 5 ool (Siloand
23 odd 03ls OLES S L La gy Lar.*.:)‘,fll B{RC SR g
Srp S ekl e esls 0L (sl b e Sl ctf LS WSS
3L s kel i s MWEC ) 4 o dllie ol oolgiin 55,
s JS5 55 s oo (G amlin s 33,8 U 5 o
o 0313 0L o 5 5 Ol bl gla Ko Lo 5 30 53 5 Slasede
p 2350 SWems SN Lo sl e e glaS e
35 8lp 35 s A Gp IS Ol ol lodys 5 1)l
Lngaﬁ-‘]a.»}:.ax)t.»dl):..u\eJ.aTcM:gv:{)}ijl
Sl 039 Ao 33 V/0 3L Lo w5 oolgie S
FIN Jslns s ldie 356 MWEC Sy sl bege (S5 s
S ol e ysb 4 B pslas Ll esls Ol Ty A
Flamal B g il L jlne il o dlie opl oy 5 GBS (red
Y0V 56 MWEC s; ol 5 &g VS (oolgii 5oy 650
‘d)édﬁ)b)sfm;dnow}:jﬁ:uﬁJl.uu.b:Tg;M:m.cJ}
el 03g0 3o S w ) 65 SHES G @by s
OT 51 Sl s tas oo O3 3B Y Glo3 o8 L1l 55 (1) JSa
b sleas £3° Sl 53 s ol gslgiiny g,y oS ol
03 s e Ol @Lﬁ ! e:rJJa&MWEC S 5B s
OF 5L s (pmadsi 53 (S3lgdey o) Slas Lo e 55l
A MWEC s, 6l b oo & Jl 55 Sl 03 Ao ys
Sy e M5 G 5K sl sl oo T s 45 Ao p3 YY/F L
PLgH| e-LATC,..w:A{C,J} \ﬁ/'r}d}wr%_}ﬁé}é J})}:
by s cpl Sy 5leslizul b st 585 G Jlamial OSLS
43)?\ S s e Ol LS Jﬁ.z 95 dulle rl:u\jw duled e
3o gl ol s kil g a ps i il eolgie )
}.\mcﬁ.ﬂ;m’MWEC@@l)éﬁ@uwlml}:%u
£33 Gl 53 @3lghn o) by edd bl sy S
4{@;6:%&)1_”‘5;]!Sgld}fg.@le:ﬁjj];&:e
35 Szl G 51555 5oL s sl gla)las LMWEC
S o 55 Sl 6350 /0YVOIES 5 do )3 0/ s 5 4 sl (550w

4 VYVYVolts 5 dw)s WA Csj a £5° Sl 53 pslia ol

Journal of Control, Vol. 6, No 3, Fall 2012

AN 5ol oF ojlad o o oS Ao



o4 3B 5l b ool as 50 sl S8 — Sle ke 160L b s 5 3l dinge 015 Jlammtal (8l il iy,

1358 s 315 Obsly T el pland oy

——— Sronii

———— garoaieR

-~ garesrE

— Svari

— fo fiiepeed

— e £, Extlinarien
WALO Cailmelan

—— el A}

S naEd G VAR

Wiedspeed
- o - -

JJ‘&ﬁJbﬁMWECJ&:%&@));)Q@M4.....:L2.- T\Ji.é

(‘)56}:)\1“)>MWEC}L5>L€4‘:-:£L5L€3}J=JQ~°MM-:u-‘ :ﬂJ{&

Journal of Control, Vol. 6, No 3, Fall 2012 WA 5ol OF o leds o dlor (J 87 dlome



S35 5l b ool as 50 6l S = Sl e 163k Sl s 55 3l 4 Ol 55 Jlamzal 61y i 5, g

655 (gmme 3135 Ol sy o T egu ol gl oy s

[14] L.Soder, “Simulation of wind speed forecast
errors for operation planning of multi-area power
systems,” Proceedings of 8th International
conference on probabilistic methods applied to
power systems, lowa., USA, pp. 723-728, 2004.

[15] P.Louka, G.Galanis, and N.Siebert,
“Improvements in wind speed forecasts for wind
power prediction purposes using kalman
filtering,” Journal of Wind Engineering and
Industrial Aerodynamics, vol. 96, no. 12, pp.
2348-62, 2008.

[16] P.Zhao, J.Wang, J.Xia, Y.Dai, Y.Sheng, and
J.Yue, “Performance evaluation and accuracy
enhancement of a day-ahead wind power
forecasting system in China,” Journal of
Renewable Energy, vol. 43, pp. 234-241, 2012.

[17] J.S.Thongam, P.Bouchard, H.Ezzaidi, and
M.Ouhrouche, “Artificial neural network-based
maximum power point tracking control for
variable speed wind energy conversion systems,”
18th IEEE International Conference on Control
Applications, Saint Petersburg., Russia, pp. 1667-
71,2009.

[18] G.Guangdian, and D.Zhijie, “Wind pattern
recognition in neural fuzzy wind turbine control
system,” The Industrial Fuzzy and Intelligent
Systems Conference and the NASA Joint
Technology, San Antonio., USA, pp. 381-385,
1994.

[19] S.Al-Sharhan, “Fuzzy entropy: a brief survey,”
10th IEEE International Conference on Fuzzy
Systems, Melbourne., Australia, pp. 1135-39,
2001.

[20] S.Xuan, W.Xiaoye, W.Zhou, W., and X.Ying, “A
new fuzzy clustering algorithm based on entropy
weighting,” Journal of Computational Information
Systems, vol. 6, no. 10, pp. 3319-26, 2010.

[21] M.Brown, and C.Harris, Neuro-Fuzzy Adaptive
Modeling and Control, Prentice Hall, New York,
1994.

[22] JJang, “ANFIS: Adaptive-Network-based fuzzy
inference system,” IEEE Transactions on systems,
Manufacturing and Cybernetics, vol. 23, no. 3, pp
665-685, 1993.

[23] C.Sun, and J.Jang, “Neuro-Fuzzy modeling and
control,” Proceedings of IEEE, vol. 83, no. 2,
pp.378-406, 1995.

[24] M.Lackner, and C.Elkinton, “An Analytical
Framework for Offshore Wind Farm Layout
Optimization,” Wind Engineering, vol. 31, no. 1,
pp.17-31, 2007.

[25] Y.Ren, and G.Bao, “Control strategy of maximum
wind energy capture of direct-drive wind turbine
generator based on neural-network,” Proceedings
of Power and Energy Engineering Conference,
Chengdu., China, pp. 28-31, 2010.

&l
[1] R.Everett, R.Boyle, S.Peake, and J.Ramage,
Energy Systems and Sustainability: Power for a
Sustainable Future, Oxford University Press,
2012.

[2] Small Wind World Report, World Wind Energy
Association. Available: http://www.wwindea.org,
March 2012.

[3] G.Slootweg, H.Polinder, and W.Kling, “Dynamic
modeling of a wind turbine with doubly fed
induction generator,” Proceedings IEEE Power
Engineering Society Summer Meeting,
Vancouver., Canada, pp. 1-6, 2001.

[4] G.Wilkins, Technology Transfer for Renewable
Energy, CRC Press, 2012.

[5] E.Muljadi, C.Butterfield, B.Parsons, and A.Ellis,
“Effect of variable speed wind turbine generator
on stability of a weak grid,” IEEE Transactions on
Energy Conversion, vol. 22, no. 1, pp. 29-36, 2007

[6] J.Carrasco, L.Franquelo, J.Bialasiewicz, E.Galvan,
R.Guisado, M.Prats, J.Le6én, and N.Moreno-
Alfonso, “Power-electronic systems for the grid
integration of renewable energy sources: A
survey,” IEEE Transactions on Industrial
Electronics, vol. 53, no. 4, pp. 1002-16.

[7] M.Hand, and J.Balas, “Systematic approach for
PID controller design for pitch-regulated,
variable- speed Wind Turbines,” 17"ASME Wind
Energy Symposium Proceedings, Nevada., USA,
pp- 89-94, 1998.

[8] B.Beltran, T.Ahmed-Ali, and M.Benbouzid,
“Sliding mode power control of variable-speed
wind energy conversion systems,” IEEE
Transaction on Energy Conversion, vol. 23, no. 2,
pp. 551-558, 2008.

[9] G.Tapia, and P.Flores, “Application of a control
algorithm for wind speed prediction and active
power generation,” Renewable Energy, vol. 30,
pp. 523-536, 2005.

[10] M.Hansen, Aerodynamics of Wind Turbines,
Earthscan, 2012.

[11] R.Mayes, D.Rixen, D. Griffith, D.De Klerk,
S.Chauhan, N.Voormeeren, and M.Allen, Topics
in Experimental Dynamics Sub-structuring and
Wind Turbine Dynamics, Springer, 2012.

[12] S.Watson, L.Landberg, and J.Halliday,
“Application of wind speed forecasting to the
integration of wind energy in to a large scale
power system,” IEE Proceedings of Generation,
Transmission and Distribution, vol. 141, no. 4, pp.
357-362, 1994.

[13] J.Torres, A.Garcia, M.Blas, and A.Francisco,
“Forecast of hourly average wind speed with
ARMA models in Navarre,” Solar Energy, vol. 79,
no. 1, pp. 65-77, 2005.

Journal of Control, Vol. 6, No 3, Fall 2012

RN 5ol oF o)l o dlor o 257 Al



J S o
ISSN 2008-8345
FI-Ve dmedo MY Sl o ojled F W FSps

st 5

mo-—wn-—

Olod b giio w>U b of yoit Bo5 slo by (S i (o 38 g0 S yiiS”
P otso dag JUES! Jloio! ¢ 3 o Flo b

e Y . \ . .
pyaredl gl o sl ¢ (200 Lo sz ¢ ol B e

n_zohrabii@yah00.com « e <o 3 oils e 257 03 8 65 1 (gurign L)) gl )87 fonamel 516 '
momeni_h@modares.ac.ir « . ,de <o 5 olKiils ) 55 05 8 ¢ 5 5malS 5 5y ot 510> ¢,Lils "
a_abolmasoumi@araku.ac.ir «es,1 o&ails o3 05 5 ¢ 5 gmalS 5 G ot 84K8015 ,Lils ”

OV lie oy 2 )b OTRVV/Y e dlas b s G ,6)

ozt 555 o Fl b Glas B Lol an OS5l b (sl 1y (53 350 oliS U287 (o1 b dlie al 55 oS

bzl b 355l 5y gt 3 Lol IS ST 0k B1)) i) ol 8.5 g L ) pim 3 g slasters JUiS)
sg0 0SCalys oLt (65l 5 ot A e 3 (sl (ST a5l 53 5,8 a5 1 g sben ST shenl SalS” il
G s & sl 0 b Ol 5330 350 08T 1S S aalsl ys sl 03 S @) ot e Sl Glagsll wl 5 H
Jash b s 53 iiley (L OT 55 utn L0l plas sl 5 s p S5 5550 (G350 pmbans & 5 5umme Ol 3 il (s Il
2ol Sy Tyl 5 pleS s (oo OLL oS IS (ol b 5 s dal g (B3l bl atedil (e o] ey J ST 056
Slp e Jeo &6 5T s s o BB SLT o (s3de gla b 51l 5 oy 4 o8 Bl (oo ot (o 5o Glags oLl

.&;M‘OMB)))TBJ-:’)%J})o}){ﬁm)&‘)gw

tp slanans JUl sladlaz> ¢ Sl b a5 e J S ¢ ol ol to Sl iy sl s ST OOLdS”

o o Sl slagslust

Sliding Mode Control of Time-Delay Markovian Jump Systems
with Partly Known Transition Probabilities

Nasibeh Zohrabi, Hamid Reza Momeni, Amir Hossein Abolmasoumi

Abstract: In this paper, a sliding mode controller for time-delay Markovian jump systems with
partly unknown transition probability matrix in presence of disturbance is designed. The proposed
method is quite general and includes both systems with completely known and completely unknown
transition probability rates. At first, sufficient conditions for existence of linear switching surface
are obtained in terms of linear matrix inequalities (LMIs) that guarantee the stochastic stability of
sliding mode dynamics. Then, a sliding mode controller is designed such that the closed-loop
system’s state trajectories reach the desired sliding surface in a finite time and maintain there for all
subsequent times. As a result, the stochastic stability of closed-loop system is guaranteed by
applying a specifically designed control law. All of the conditions are presented in terms of linear
matrix inequalities and can be simply solved by means of numerical software tools. Finally, a
numerical example is given to demonstrate the validity and effectiveness of the proposed method.

Keywords: Markovian Jump Systems (MJSs); Stochastic Stability; Sliding Mode Control
(SMC); Time-Delay; Partly Unknown Transition Probabilities; Linear Matrix Inequalities (LMIs).
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! Piecewise deterministic systems
2 Markovian jump systems
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! Stochastically stable

2 Regular form

% Nonsingular

* Unitary matrix

® Singular value decomposition
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! Free weighting matrices
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Hybrid Dynamical Modeling and Control of an Under-Actuated
Limit Cycle Walker Subjected to Impulsive External Disturbances

Behnam Miripour Fard, Ahmad Bagheri, Nader Nariman-zadeh

Abstract: The motions which are achievable by Limit Cycle Walkers are energetically efficient
and natural looking. But their capability in external disturbance rejection is still an unexplored field
of study in comparison with ZMP based walkers. In this paper a planar, under-actuated and hybrid
Limit Cycle Walker with seven degrees of freedom (DOF) is considered. During walking, it is
assumed that the robot is subjected to an impulsive external disturbance. First, some maps have
been obtained to relate the states of the system just before and just after the impact events. Then, the
control is done based on the determination of holonomic constraints for the event-based feedback
controller. Several simulations have been done considering disturbances exerted during walking.
The results showed the performance of the method in recovery of disturbances occurring in the
sagittal plane in both anterior and posterior directions. Moreover, the results showed that the
simulated motions can be characterized in terms of strategies observed in human for balance
recovery against perturbations during walking.

Keywords: Limit Cycle Walker, External Disturbance, Hybrid Event Based Model, Feedback
Control.
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