S B i
24 )

WYY o IVAF o oF o Lol oy Jl

(SORS ) g A g Jawd 20 Yo il 39 gl T (6 Jlwyg s
S 305 g ool O e 38 T 8 9,5

Y ol - #\
03l g3ldl B A 5 Gk e deSws

J}ﬁe@.é‘j}cﬁg)éﬁa.k@b UL.{Jl;NJ—YJ\

(872070 15 0y QDN+ /Y 1il )

RN

bosS S 2T s el sad &l e é ]S 5l oolitel b ogdl (sile g Siw jshiteds dax (g, o lie ol 5o
e Ll d 0950lesy 4 axgs b aiies HlaSy SlS 00 pS 5 oainyd osd] sbaailble b, Jue 35 a0 5,8 Se>ge
G855 0 (LeSy izl 5 acaaglie polie LB 5l (ool allels (slayiall  Jolse plo 5 )l az s 13l g iS5 oni 8

L bacgahd pac ol j0 a5 Casloads &3l lacoabad pae uasd (gl (giaz gy lio () ;o . Cand Joine 005,89 oaiin 8 slo Jow
oleo il Gy 55508 ol55ieo |y Ioanl pae %00 5o 4 55 0n (sl ol ool b s omil s olas S,
| bt 58 Ol w33 |y (o308 e 4 Ll (el ped alsleo ) b ol 45l & 4255 L 0I5 sl Jomi oo
o5 b 5 0061 palasli 55 b (l (gl ol )by casiily co polasl Jwsl s alolas ol o aSpl 4y azgi b Lol 0o (presd olgsdos s L
Sl Gilwand @ls 00,5 oo plnil (3lug S lbas (ol Sen Jolow jl oasliwssay Grdas (yalgd 5l oalisal L )5 nl igd 005
ABln e 5ol o35 S Gy Sy o) a8 S S |y duglin 55 5 052 0k A1 5 e e ke

ol 485 18 sy 950 6)K5505 5 el Dl ple 50 T 005 iz

(050 B ddd ¢l s EVolre (5, K j0 eyl Dl plie cogd (55l Sinw 1 gdS” (g0 3lg

L & g Gy 5o [F-0] a5 s oz (5] 28 JUSs L
Lol oSl 355 o0 gozr 290] 25 i b ply YU
R osSas W) S Gk Sl el JiSe bawg (s 5] ailals
Jolss B8 suciiodss asi] JUKim 45 s 970y 13,5 oo algute
95 diejls epgw Lbg, o LFV] el sl JUSs Sledll
IS s S g o slacen W5 (sl (9] Al
S ol elln (298l bl g9 cnl G g by JL)|
LAl og i oo sl 00,8 oo Jiine ply S Su L o
Sl ot o)il a5 58T el Sl pbe slaaiboles ) aon
bwg Lo JiSmw o) 63lmsg S i (55luyg S

LF] 55 oo plonl 00515 53 39250 ' Sg, b oS J 8

slealbils Sk jshaie 4 o5l slaailols 55loyg, S

Core Slisdon slaoje> (n g 5l (S el (Sl
Sy el o ecil oo glacl ol s slads, 5 995 o
sl slaalln giluplejer sl e S5 slogis,
Gl aige J S lop ol a8 pl @ azgi b el oals oolal

1- Observer

doddo —)
2 Jeds e 4 g 00 (gl (ol sloo ) (el Dl plxe
Lol 48,5 g0 ol Gaelym Slgl,8 Dlidss aidS slaass
005 eS's 00ias b e LML ol Ll eyl Sl oo 51 sat
A0Sy SLedlbl T as ol 31 ple 4S5 ek 4wl
aloxjl ogil slaaleln sla Sy 4 4> LIV asl
5 gl bl b a0 Coules (309l JB s (om Solas
Sl 50 (cotee ik Laailolos nl (39 (it JB e
Lol j ooliul oyl VY] 0isS o sl (6,50, g el
Slls 95 45 el & pso ol el Sl pbiee gl 9]
520 JUiSKm S gy (Fwly) 00555 5 (5259) oo 3
OO0y D90 50 4 aload s Sass b S e
@5 S8 bply JiKw 0 S 5 oo b (090 sla JUS
Olisisa ) (98] ool Sl pbe sla i) o walys (g5l IS
Siazmas—s 3 291 OV (o501 (35 lo gyl &
b oo ply JUSew gl by, 50 095 (Gobpands (295

m.majidi@birjand.ac.ir : Jgwe odims g aabll, %



AP by oF o kol iy JLw U’/L«Jm.h T By — ool alxo A
- ']

e 0,Lal aailols 335 2ol o 4 ks pos

35 mas laaSi 5 556 slaalelys cuils 4z Wb Ll
9229, 35 @l L) Sowess (b i) a5 ol LS
Sl oss 3L anS IS S (b il a5 S e
Ols= L5 ail oo 0 s ol 81 uils aiels coduzen sboaiboles
sloailbelw (ol pogdle 0,5 iy a3 ailolu cowlin (53518 (ylgd
Sloess e 5l ool pelas sla el b (orae loaSid 5 556
5 85 omas 4ot sloaY Shast (3laF st £55 o538 sl
&g 5550 Sl slayall o Ke0 &5 sras aSed Lol
4 Loyl ool cowlio Jladie s L¥Y] 0500 1 g 6568 3o
S ;528 Yona oS 358 0o planil U 5 xw g,
5 OB 5 S pisil ale (sjluai slapi sl Sl el
Lol [¥¥] 09— oolictal b el b ol dige e ot (sl 0
polaels O Jlade 45 pis dxlge (21> ALAZEN L (Joe )0
s rasdlog s ad 5 s (giluaigy ;o Wl el 5 Cul
Sl as G ils s 5l ool b olss oo |, b yiel b
ol Lol cogad oelas 095 55 4y s o oty iloles (5100l
Sl il (mlRen oy adozsl (6,500 Gl el il 5 ooy
S e adlal aliee 1, b adsl e uimes g ks

9 5L laailelu 4 dgaza (s pé @l (resS slady,
S 3l 2l )5 Sl slalo )5 s (sras slaaSd
63 sloalabes 3 lr plsiear il lagglalozaiz 5 400
alss ol el oa il oS sloailels o oeas slaaSid
59 e 0,5 1) [VV] gogae 5 4 Lol 5 55
S A S8 slaable jo bacgalabpas (roesd gl wilsi oo
o Syl lagslaberaiz g 558 (S Cuje Ngh i8S
Lo sall o 3g1yaS ¢ orae gloaSd 5 o5l slaailoles
D5l 0,53 5 5y il )98 (50 50 e Loyl ki
Pl slagladeraiz )5 5 035 pelas sla i)l o (ouli
wlie ol o 58 mass 03] slo ol (glalozdiz olyd
&l OlsS o s slaaSd 5 (5506 laailbols la il
Bkl (5lgd 3 bslabazaiz colpo g 498 (6 alyo
IFE-¥Al sges 1)k

e e la S eed 5l (6,508 g5 i al o

b Jeilins dlolae S 0S5 )8 09h (oo Wl 5 ey
odiiw,d slo Jos calad puc a5 0l 0e2g polesl ol o L
aS ol ol lesoe LY sl ply o gl b L5 00105

! Legendre

b s 4 s sballs wilbas @)l s sbaslls
S5 (slooaisS ;S 5l slaiged oylare ds ailoads ools ioled
&l PD oasS S S5 oS ages o)Ll N & )5 oo g
So DY] s icciton S (Shb o) oedl able s5lorys S
35 sl ailels g5 (53l yg Ko (gl Seilatanns g,
sob el oulds slpiny (53 ge 0uiiS S S bl
"3 gl o8 sl 0ge ouriS S S Y] o el
o=l gloailebos Slite @5 dus (o 5ilw 9,5 et
=095 el 00l Slaiin (5,80 —od 3yel - (- 3558)
30 =533 090 J S jleslaiul b oedl slaaslels pylie g3l
Cabad pace U allie slm olabs, ol oo« [V
JrS Sl esliial b pglie (s3lugyg S 53 )3l 5 sl

el ool dlgiioy Vol BRSNS

b ool slaalilon gjluwiyg,Simw 10 K00 3 0l
slacdl L Sy, slacdl> az ol adloe > K,
)‘ oolawl l_i ‘) ﬁL».’ JL».i_w u‘s_v‘_rn sés_w uj)i""’ aMJB
3 oly dn Camd 3 ol pl Co e 10,91 Camsdds 003 15 yo i e,
s b ailels slacdls 5| S dads a5 ol T Jus >k
cdls Sy, wgi 0055 0 Lacdls plo 0gd Jlo)l wlb
oads alllaie cpl 1o (g ks Slo g, igd oo 00 (yredd
ool wl U adai iy 6 [V8] o alam sl [Y2-vY]
Sg—0 OAAMSJ)J-ASESJ Bl Sl 00 L5_>|).|c (smas C’;L&bég.uu
Lol 0an b ogil slaailels (55leiyg o gl S5
99 0055 1S g ot oed] slaailobe ol sa o8 [VAl jo
ookl U Lo, T (55l g S 5 aied calises SLals” ailales
shals b et e S, [NA] s il oas plwil iy, (b
] 00 ‘_,,9";]0 4.,5).0

lapi s plsteds orae laalls 5 556 sladilels |
0o oola il jlws ogb] slaailoles (53lu s, jo dindign
e 45 (636 - rae sboailbols e Sy g0 LYY-YE] ol
(el 00l o0 S S b o LQQT 300 S oolaswl 4
Lo bl dn Cond b 5 (soges o)l (Shg 3l o )le
GlaaS s 5 g oS 3w wlyi b 3l slaaslels LYV
0‘5_9}.10 8 L_u ;L::>J.~c @ly g 6‘)‘.’ "\“”‘5“6“' 9 J».Ssa
Cod Bailolos () (29,5 izmen [YATV] Wigss a3 5 5o,
LSl ol oslw 4 jonie a5 cnl o sl 5l S
5 o—as lodS i Ggd bla S0 5l ogd oo alels g lb
Slae 9310 e 6350l Sl 4 Gl e (55 laailoles



'4 03 50lil 3 dms g (GAuxe Cpdasts f (0GOL YT i g ol pR9 0 Y Olro bl gl (3w yg S

Y = (A+AA)Y + f(Y)+Bu

—(@-a) (p-a) 0
AA=|b,-b-a, by+1 0 ,
0 0 -(c;—-¢) 49
Uy 0
u=u, |, f(Y)=|-yy; [,B=1;,
Us Y1¥o

2 g s BEY =X opso 4 silegs Siw sl
Clld pules (g ol

E = AE +(AA)Y + f(Y)— f(X)+Bu o)

SOFE oy dwdd g Jundl piy 0 OYolao -

Wolas o e ) O(1) polasl @b pudlss oo 0S5 ,3
e s ) ny S el

p .
5P _ijé‘(P—J) -0 )

j=1

) pro a Jomilyays dolie G a5 los,S (58 (o & leay
LO(M) 4ol b oasg bl o by O(1) a5 sjls 3429
el oo it polael 15 By colps mles ST 58 polacls

Wby ) Oyge & Gl e 1) dolas (nl by
D it
S(t) = Zcie‘I Cos(a},t+9i ) )
i=1

5 by polie O 5 0 A G pslasl ulps ol o oS
ol aS ol las lgs se ol Sy dastie dole slaaiy,
Wlgise 9 wiSem 03,510 1, ' ol 25y — gl 4 Ll ely
05 ool ot b @ilgh T heesd plgiea;
[¥R] ol s 215 = gl s
T Came dcgeme (55) dlwgn @y degaze  0S (0)
S sl

8L Ay 08 g gez ISl 5 4 s e gozma - )

e oS e L T Ll O acgame -Y

th, t2 S T, tl *= t2, 35(t)€Q 5(tl) * (3'(t2) n)

S g gome T3l gladais gen j0 (D acgemme o -
vteT ,30(t) € Q: 6(t)=0 )

1- Stone Weierstrass

D) Ty (sogas B 4B8 )0 oddiz jlae sl Shg el o
5 00 (g5lw Jow Jowdl s dlolee gwly b cosladpas opl b
b 09 (sl (a5 (pl 5l 0aisS JJuS 098 (g0 005 (eSS
Sl Gl Gl (e 0 (e alitil (g5l S0
pslie J i slmet o S 51 il s S¥olns (5o Jas

gl oo oolaiul

Lo ¥ s 0 adl o Djge gy Gl dlie LSl

P e 03,5 g0 (yme 05y 5 o 055 (slaailels
P gbiee ALl Y S )3 sages s 4l g (golgiiey
ol of S¥olxe 5 4zl sauiS |, 8 >hb 4y F s
5 S ()l (6595 S 4 (53lug S SLST 050 o0
0ols bgi Sl alolu o sy )0 098 0 pleil B iz
@l ol a (5)LS550, 5 el Sl p3 (0L 5 00
aalss Gl S (SLb A5 50 0ed e Al gjluand

oW yuS g oudciw y8 ‘s’g.wi sable -Y

G U VUK P JEFENNC SN PE RV ey

bl g

% =, (% —X)

Xz :blxi_xlx3_X2 M

Xs =X X; =G X

250l e S w0ai S osdl Wbl asS (508 s

il y oge 4 [F] o2

Vi=a(Y,—Y)+Y

Yo =0 —a) Y1 — V1Ys +0¥, +Up M

Y3 =Y1Y2 —CyY3+Us

i J S Gla JLSe—w Uy 5 Uy Uy ol j0as

€ =8/3 58 =10,b =28 =50 4 5,4 alsles sloyal)ly

C; =358 =35b,=28 =50 4y iz albols gla el

X=[x % %] ot o cdl> sy ailons gulass
el 5 25 Sze 4 () oulnls 09 (oo iy pod

X = AX + f(X)
-y a O 0
e \p)
A=l b -1 0 |, f(X)=]|—-XXs
0 0 —g X Xo

iy Y =[y1 Y, ys]T O ygmodn 0 pS Sl oy

ialise 59 25 Soge 4 (V) nlpl 095



AP by oF o kol iy JLw U’/L«Jm.b T By — ool alxo Y-
- ']

Caabd pae F(t)=f(Y)— F(X)+(AA)Y ] 0 a5
Db 0d) el p ) O jgod

F(t) = oC" + A(t) ()

@ yomie a5 039 C (gl JJop,S aige ke C7 il o a8

&ly 3o 0530 A) (Glodse o) pories oyt gl
Silodoe sla> gilaglrzr @l V) dslee o Up ojle
Sy 45 AM) @YU oS 555 e b el 0 ailil A(t)
a4 arg b ol oo psbe Sl i pooS il AWM <p
Aol A, = A—BK iy a5 3l oolizzal b 5 (10) 5 (VT) ¥slea

D9 (0 w53l ) D3 4 (VF)

E = A.E+B(¢C —u, +A(t)) (%)

A

el CT sl ayamgi Lol s C=C =C ] o o5

C=-C citls pulss e

SOy Sh9y (S 3lw(yg o bl -0

slas ol [olB solprinn jloyg,Sow s lis aSepl ol p
Ay pj Ojget |y Sebld b wilsy jho 4 ) (g3luig S

V:EETPE+iCTé )
2 2y

204 ol olite ere St msle Sy Pl e as
LV ] 08 o oo ) doles

A'P+PA =-Q OA)

a5 sl o] Goa repl jo 0gi e pll A Bas 4y axg

alye G a4 € ulys 5 058 Hho gilugs S sl
b s a5l T Gas S &jle 4 wigd |Ken C il
sl Sl sl 4ad Bl st Ses jiou C 5 E
Vsl peme cote gl SOl (b3 nd sladible
& il e Wb &l cnl e J,s C 5 E slaloy
oo wil yao C g B 51 L s il Sho lows 4o s

&b ol Sloy Gl mapo LS ilyi F1.050 Jho 5 o ]

£>0 5T 9, Ot) wrmgn k> &l o slila ol5)]
@S sysba Qo f asle (ul o)l 345
Sup|f(t)—5(t)|<5 )
teT
&S Conl S>gS olgmds vae S £>0 (g8 (gglasl jo
PR @l ob il cl i lbs Sole
- p t
Ival sss o 03,51 1, 38 bl Y- g Cos (ot +9,)

i=1

Oty ouiis ] yis ¥
g S5 k0 1) 5 J S 098

u=-k"E-F-u, ov

b9y 4 a5 Cawl JpS ey el Kool o a8
A = A-BK slackd a5 g sbas 05d o el b Sl
oy oeess Sibe Foocpizmes w05 138 Gollas sl Joxe jo
S (@) 5 5 F(O) = (MY + (V)= F(X) cunlsd pae
ol 0l
pae silodae slas Gl iy Up g J58 ol 5o
Sole sl sl oals axd F 1as s sl i dolee b Calad
F(t) cuess sl oaiasd 5 Lo sl o dlolee 0S5,

il i e e F b onlil il P=2 45,0

F=¢C an
145 Hsba
¢ 0 O
=0 ¢, O
0 0 o

P = |:e—ﬂﬁt Cos(wt +6,) e *'Cos(wt + Hzi)]T y
QAD!

5 095 polacl € culpo atlige 1=12.3 (355 Lly, o oS
L ogdise 00) (e dm (A )0 &S Gl (gl Ly
) @ dils alle (@) Wolas ;5 (V) U8 0,5 6 iK1

E=AE+B(-kE—-F—u,)+F(t) (%)



Y oaljgolil > durn 5 (G i daze

SO ot T dnidB g il iy s Y 0leo (bl g (g3l gy

2 (V7)) 35 b aiS oo 1) (VO) (s5luel Wilgs g0 &b
el M‘y )

ETPA(t)—E"Ppsign(ETP) <0 V)

w2lys cnlply (ETPpSign(ETP) = p|ETP| sl e

sl

ETPA(t)- p|ETP| <0 (YA)

ST ETPAD < pETP oo plis b %8 Sk«
Utobas o501 [|ETPA®)| < o ETP|| peps olts oty

|| = P||||A(t)|| - p”ET P|| <0 &)

el Ao Wb Ko ©le 4

|ETP|(la®]-p)<0 D)

JA olsen 35 sl A< o 08 & azs L
JsolS € s CLE wamiys s walys ate Vg sg anlss
o9l 5 (18) ;0 E a5 cd 5 am ol oo onl pls 09 aialys

ol 5T S V585 site eipmizman anl s, (1)) J S

as

V(O(1), E(t)) <V (6(0), E(0)) V)
WYLk o Sl lepgSie sl padihe Sl Gl

g o oolawl

5 ol sgame T 0 o F(t) &b o> 51 :lF VL, o
2 olEaT @il Jogl,s F()) asl coleSy awsy (1)

f(t) >0 :cils qualy> t— 0

oS oo x| sl (SYLHL o Sl eslaul (sl

Q(t) =0.5E"QE (¥Y)
a5 el (g
Qt)<-V rY)

SOVATSPUVS ERPUINC AN | K <R DIRNCI Sy
[ 2t <v (€0, EO)-vE0.EV) AR

5 <l ool V(C(0),E(Q) a5 & axy L

Vool gl cadS L céF amas olgs oo alfQT Sl Ao
Dle & ) walsS jho @ Cul St ez 5 Wl SRS
ooy 4 G Bl b e b walys jaw CHE (s

V:%(ETPE+ETPE)—16T6 (1)
4

els metlym (V2) ,0 0F) 51 E g ikl L

Vv :%(ETACT +CTop" —u,” +AT)PE

1 } 1. )
+§ETP(AE +@C—u, +A)-=C'C

/4

e P e sle g i JSU Vg V a4 amgs
(S e oo el

C'¢'PE =E"PoC

(A" —u,")PE=E"P(A-u,)

139 0 00k y33 Do 4 (Vo) ol by

% :%ET (A'P+PA)E+C o' PE
1. v
+E"P(A-u,)-=C'C
4
(s el (VA) 5l ool

v :—%ETQE+CT¢TPE

Lo (")
+E"P(A-u,)-=C'C
%
1S B8
¢ — ' PE ()

D9 o33l 25 D)o 4 Ailg o0 (YY) (ol pli

Y, :—%ETQEJrETP(A—u,) A

& oS Sl 5,9k 1, U, ST

ETP(A(t)-u,) <0 (¥0)
WS o8 b o sl sime V <0 Lo
u, = psign(E" P) (Y$)

o) e o plis ail e cdle 2 sign(l) Ol yo oS



AP by oF o kol iy JLw d/w‘f%}.’,« T By — ool alxo Yy
- ']

Olsl Oogeipleyen 5o (golpidiny g, (§ilwyg S 3 Slas

Jlesl 51 L3 b ol ond ools plis (V) USS o cdls e
Jlee! 5 aw Lol i lejen b JLSew (£ =38 Y ous s
Wgboe plojes e 4 Sl lapite (JpuS JUSw
B 0 Slas diloads puy (V) S0 50 J 38 slo JuSws
oals ool Hlas (V) U8 jo Conhad pae (ess jo (golgiinn

30
x1
---ylf
/AVA
—
>
—
<
2
60 95 [ s | 35
0 2 4 6 8 10
Time (S)

o it elsl 59,5 53 Sk 59 50l g, 8 Slas 1(0) JSCb

400 T

200 ===u2
..... U3 A
0 JNAN YL /L.

c

=y
-

e

r—ad

il
vy

E
-200
S ]
= 1
& 400400
O i
200 LTV !
-600 TV ey )
O ; ! l; LN T
-800 2600 g
I
4995 é | 35 . 4
-1000 =5 L9
0 2 4 6 8 10
Time (S)
JruS la JuSw () i

JKs j0 coslad pae e 0 golpiinn 5 mess o, Sles

aS ol ledlaw o F cgabad sae oy el oad esls oyLas (V)
o ooy () JS& 50 o] pate nags o] (nass g (8ly e
Jlagl 51 e cosige sonlie JS ol 3 a5 jsblan i
< +]Y SEC ladd yiidS 5l e S s ((gOlginiin 0auiiS S

sl o Gy 5 aml ol o) S 5 LialS V(C(t), E(t))

t
lim| Q(z)dr <o (¥'0)
0

t—o0

S Gl sl WIS E &Sl a4 asg L
o o F() &b (oeST cwl JloolS 58 Q) =ETQE
e SR p Dyge al, VL)L
t
f(t) = jo Q(r)dz )

SoolyS Coles o o T(1) o> a8 cowl g, (YO) s azg5 L
ft)=Q@t)=E'QE V)

nlpl 5)laolS E g E msls las 1y ool ails 5
[0 5 sas e plis a5 el S5, aVbL o Ll
2 Q) Gy, wazg b F () =Q) >0 cusls apalss
Sy i sl (yloy cbdS L <d)8 ax lei oo (YY)
B9 0 1,50 a0 4

Silwand mls -#

00iiS JyuS b g o S (il (goleiion g, i (ol )
@Mty Ghsy )5 (eizrer Al Sl anglie LS5 oge
255 50 )18 sy 0550 65K 50; 9 (el Dl plire o
SOl 9y Glwared V-7

A, (V) 5 (V) Gillae 1) 005 5 oo, ool slaasbeles
adgl Lyl asS 5, [FY] cusls wialys 1) Catl Ll 398
wsb Y(0)=[2 2 B 5 X(0)=[10 10 10] < ,pen

os polie K OBl b pudlyde ouS (53 imen. LY
Gl b aers 3 [64 62 —40] o 1, 4wy ail> ailels

9w

k = place(A,B,[-64 —62 —40]) (A)

1ubls puple> Matlab o

54 10 0
k=28 61 0O (*)
0 0 3733

358 mle polie wish S35 lae 4y ofy polie )5
Bed oo ot (il corge &S Wad oo SS2sS



Yy 03 50lil 3 dms g (GAuxe Cpdasts f (0GOL YT i g ol pR9 0 Y Olro bl gl (3w yg S

5 b sloailols sl ol )b ples ouiS o amulia [FY] 518
IS aisb o plp [FY] o oty @il polie b o, adsl Loyl

A oo ol 1y oy ol (6 5leys,Sim sl [FY] 5o (V)

S g o odalive [FY] g e (V) JSo 0 a5 jeboijlen

aalgs Jsb Y SEC Lo,i wed oo Jlesl eoisS JuS aSl )
I 0 a5 ebyles Lol e yao (g3ke iy S sl b aniS
Laas 601.@(......0 o..S...SJ)....S LS‘)-.’ OL"} u.)‘ D¢l oo caalin (O)
00iS J yiuS Fewly Sy (3090 cwwlin [ 5lo a5 cl ¢ /Y SEC
lrouiss JuuS cunls azgd b ool podle .l (ol
3518 55 538 olsB et sl o S8 s Yaano (50
S soleing oS S sla il b edass a5 Js s Y]
olsd 1y Kug, onl wilvand s oF) IS cwl jesle
oy 00 (ilal g Lol el sl JLKws o] j0 a5 aeo

Siloods
—_—FE1
—-==E2
----- E3*
(32}
w
N
w
—
L
- 35
8 10
@l 9y (63l rs S sllas- :(B) S5
6 r r
—recovered message
a— | original message
2
(2]
I
50 AN AWA WA A WA AN NN NN
B ‘UVVVVVVVVUVVVVV\;
2
0 -2
(%]
()
E J
4
-6
-8
0 2 4 6 8 10

Time (S)
oleriag SR, jleslinul b ply JUSew (2L :(F) S5

2000 :
1500 === F2hat}l
1000
500
¥ 0 A\ A.\ A AN
ViV N Wl
-500 |
A
-1000 B n'%\n —
N~
-1500 v |-
098 3 | 32 a4
-2000 : : :
0 2 4 6 8 10
Time (S)

S e s g s 5 ety iy Skt HT) U
ol 00l 53 prizman ool 009y i C lsyy sl uie
b il p=1 caablene gl Joe slhs YL oS
aolee G 5l F oslad pas oy als s uess glpy oS
oads ol b ol )b polie g coliiwl ¥ oad,e Jowsl o
el 25 S)go & 5 e sl

A=[0 -0.001 -0.002 -0.003]
®w=[01 02 03 04] (f)
6=[04 01 02 03]

P S Jlosl Cp slosielly 4 s (g8 &8 i yois
ol 955 se sanlive a5 jsblan el sud ool las (F) S

il e oS b el

500 T T T
N O—MMWWMW—-W
(@]
_500 r r r
0 5 10 15 20
500 T T T
§ oy
O
_500 r r r
0 5 10 15 20
500 T v .
Q O—MMW,J\M-J\VNM
(@]
-500 - - t
0 5 10 15 20
500 T - .
N o—km-ﬁMMWM-VVMM
O
_500 r r r
0 5 10 15 20
Time (S)

Co oy latslys Sl (SisSar 1(F) S

(53 (o33 g0 04 J 55 L i ~Y -5
553 9m 0asiS S Sy L, (gl oS S8 o Shs



AP by oF o kol iy JLw U’/Ld‘fj/'l{,d’.b T By — ool alxo A1
- ']

by Glei oo VY-IY) aline A =A-BK ] sas
f=gp¢
[e—ﬂﬂ Cos(awt +6,) e *2'Cos(at + QZ)J (F0)

4
c=[a &)

d(t) = 6 + A(t) (£9)
12l peals (FF) )5 (FO-F9) 6, lil> L
€=Ae+B(pC+A-u,) (fY)

O sy o 4_?Q'| ale oplply bl e (V) alin oS
IRVIRPAPEICHI (i D IR CHPSRPS RPN COICN PRV
m(t) =0.4siN(10t) oly JuKw peplys o oS 5,8 J>

Sl 0dds (238 gilwand pl o eSS by 5 Jloyl
DS el g Oygo |, Kool d(t) =0.001cos(t)

K =[-616.87 —2237.9 116.1 —10.7] (FA)
LFF] 5 el & jle saisibosh aly JuSw

m(t) = z(t) - 2(t)

2(t) =30(R4 —DH (R4 -1 + y(t) A

G50y 30 olesitony gy Oy -F-F

O ple )5, Glr () A lapite 5 (S Yoo
795 L (EN(D)) oddie) ply G 05 oo )18 oolinul
2 dsdie Jlogl edinS a5 ead ger (Y(1)) sl alals
Gl Sptee b (Speest) Sl Sy, S seniid
slapite plo (Z(1)) ondJlo)) JuSw <8bjyo b S imess
PPl A e g s yd Sl gl e b 1y 093 >
) oo, plo 5l cenlie st S olyioe s o [FO
IS ) 31 o3liial b LS 5a, s 351 et (EN(Y)
oolitul (5,550, slp &S (Gl yorie (gedd UK 5 ( En(t)
ks Sob S oo il 1) ply JESom (%) el 0ud
25 Doz & 2k e el oad sy (V) S8 o aibels ()
L8] el

X = Ax+ B30(x4 —DH (x4 —1) + Bd(t) + B.En(t) )

2l caimocald caiiS e, 5l ply JUKw )50, sl
LEV] ol onss oolil

ENE®) = fy(-.(R(RME,KO).KO) KO) O

oy 5 ypots BN KD) b ol o] 45

Transmitter Receiver

m{
— Encrypter

En(t)

)

Hyper Chaotic | 2(t)

Oscillator

Sre, 5 S, 5l eolinul b Slubee ailals al,SLs Soby :(V) JSb
[¥f]

ool Ol o 55 (goledulny gy oy, - Y7

i)l 990 (el Sl plire 13 358 0aiS J 7S 3 Shos 092 (4951
o sl e dad mains Sl ccyal Slpls ;5 0,15 o )3
Uyl gl wloles 25,5 i Ygons o lome ol &
b (Soeess) > Sy, SO eaiind 0 00,5 o0
2l oad ol JiSew @8y b S cnl 0gdiee
O3S o B - glaprie L) 053 Sl gla e
PPl s iy 1) 5 o9l (398 ailelas S oo

X = Ax+ B30(x4 —)H (x4 —1) + Bd(t) + Bm(t)

07 -1 -1 O 0
1 0 0 O 0
A B= V)
3 0 0 -3 0
0O 0 3 0O -1

Slyss d(t) 3 (HU)=1if (u=0); Hu)=0if (u<0))
O gy B e Gy ol Joe (o aF Cewl laiulesl
W9 0 S 5 D50
y(t) =30(x4 —D)H (x4 —1) + Kx fv)
UA..:):LA 0}19 )JOLM as b}.wu’aa h_)L?LAJ‘ 6)5.19 K L;)Ja...q )L))g
Syl L& 5,5 13 olgmds slacosdse ;o A-BK
0y S 5,8 1) 55 Kig, e aales Z(1) = Y(t) +m(t)
x=AR+B(z-9)+B(f +u,) (FY)
oad 2l Jewilias Yol oolasl b dlae ol jo a5
boosS Gayes 8=X—K Spgo ) K, sl oy ool
bls gl (FA-FY) 5l oolazul

e=Ae+B(d-f-u) (¥F)



Yo 03 50lil 3 dms g (GAuxe Cpdasts f (0GOL YT i g ol pR9 0 Y Olro bl gl (3w yg S

S5 A -V

@] slaable @ 3lugs S waz by, Ko Alie ol 4o
Gl Jomslrins SVsleo Faly 5 (ooges i andd Gl
Sy Sashad pas Cul oad (B8 sle (nl Gln s S
WS oo G polael coll culpe b et Jeilis doles
oges 4nal byl l o doles ol Zeuly a5 0l ools plias ew

29 485 JlSa ualad pae e sl Wlgie 5 005 oo

oS J S 4
)
3
2
% UﬂVﬁVﬁVAVAVAVA UAVnVAVﬁVAVAUﬁM UﬁVBVhVAVAVAVA\
=

10 15 20
Time (S)

a) o loil el JUfm 5 G L) o ply S 1(4) S

(e

s gl el oad Bl 5 g3leJon glas solgiin
Gl apad Gl eslinul b oeolerin Some byl
o 5l esliiul b izmen i35 (b Gl (5B Sell
| Sad jio & (glopg S glbs 45 4 ools olis YL,
WS S o558 (B3 o9 S5 L awolie 0 0gdne
S eSS e 5 LS Gy il a e sl
sogdle ip (e [) Sl pas Wl oo 2934 s3eiin
2 ey JUSew 2Lk o okt gy 9 Sles S ()

35 B oy 0590 650, 9 (ol Dl plre

a‘a)b\gs S‘%“—A

Wl olad 4 dagh b B o i
chlael 5 esliul L o5 VYA/ATY £se VYAB/SNVYES

O PR

m+K+2h -2h<m+K <-h
f,(mK)=9 m+K —-h<m+K<h oY)
m+K —-2h h<m+K <2h
g Sl 0o Ol N=0.4 3 N=30 (gjloas opl 0
oo ogil alels (5,5 wibioe X (1) sled K(t) oS
Ay 1y s Gl JEK el (FY) )0 o0l cyyai (255

z(t) = y(t) + En(t) (oY)

Gl Koy og salgs (FY) dal, olea Koy, aoles

oddiey plo S suesw Jlade K s (FA) ©jse
Ls | ).3‘).3

En(t) = z(t) — 2(t)

(9]
2(t) =30(%4 —DH (%, —1) + y(t)

| plo JuSew 2ol K() = %,(1) 5 En() 5l ooliczal L Jl>

oS 2liS ey p) S0 @

M= f,(..(f(f(En(t),—K (1)), —K (1)),....—K (1)) )

(B JS5 5o o oos; uas e 5 o, plsy JUsm
oty g, wgdoe odwlin a5 sboles it g,
St ke 1) oadie; ply JiSKew 5 Sl (93 0 Sles
el ply JUS i i3y e syt & Wlgise ol
loads pawy (1) S0 50 oaisg bl ply JuSos

En(t)
o N
—

] 5 10 15 20
Time (S)

En(t) ol e e 9 (5 b)) En() oadse; pls (M) S5
(e akai)



AP by oF o kol iy JLw U’/L«Jm.h T By — ool alxo \id
- ']

parameters mismatching.” J. Zheijang Univ.-Sci. A, vol. 6, pp.
571-576, 2005.

[16] W. Jing, T. Zhen-Yu, M. Xi-Kui, and G. Jin-Feng, “A novel
adaptive observer-based control scheme for synchronization
and suppression of a class of uncertain chaotic systems,”
Chinese Physics Letters, vol. 26, no. 5, pp. 050503, 2009.

[17]J. Yang, Y. Chen, and F. Zhu, “Associated observer-based
synchronization for uncertain chaotic systems subject to
channel noise and chaos-based secure communication,”
Neurocomputing, vol. 167, pp. 587-595, 2015.

[18] P. Bagheri, M. Shahrokhi, and H. Salarieh, “Adaptive
observer-based synchronization of two non-identical chaotic
systems with unknown parameters,” J. Vib. Control, vol. 23, pp.
389-399, 2017.

[19] E. Cherrier, M. Boutayeb, and J. Ragot, “Observers-based
synchronization and input recovery for a class of nonlinear
chaotic models”, IEEE Trans. Circ Syst — Part I, vol. 53, pp.
1977-1988, 2006.

[20] M. Feki, “An adaptive chaos synchronization scheme applied to
secure communication,” Chaos, Solitons and Fractals, vol. 18,
pp. 141-148, 2003.

[21]J. Yang, Y. Chen, and F. Zhu, “Singular reduced-order
observer-based synchronization for uncertain chaotic systems
subject to channel disturbance and chaos-based secure
communication,” Appl. Math. Comput., vol. 229, pp. 227-238,
2014.

[22] M. Chen, D. Zhou, and Y. Shang, “A sliding mode observer
based secure communication scheme,” Chaos Soliton Fract.,
vol. 25, pp. 573-578, 2005.

[23] C. F. Hsu, “Adaptive fuzzy wavelet neural controller design for
chaos synchronization,” Exp. Syst. Appl, vol. 38, pp.
10475-10483, 2011.

[24] C. S. Chen, “Quadratic optimal neural fuzzy control for
synchronization of uncertain chaotic systems,” Exp. Syst.
Appl., vol. 36, pp. 11827-11835, 2009.

[25] T. C. Lin, F. Y. Huang, Z. Du, and Y. C. Lin, “Synchronization
of fuzzy modeling chaotic time delay memristor-based Chua’s
circuits with application to secure communication,”
International Journal of Fuzzy Systems, vol. 17, no. 2, pp. 206-
214, 2015.

[26] C. Mou, C. S. Jiang, J. Bin, and Q. X. Wu, “Sliding mode
synchronization controller design with neural network for
uncertain chaotic systems,” Chaos Soliton Fract., vol. 39, pp.
1856-1863, 2009.

[27] S. Khorashadizadeh and M. M. Fateh, “Uncertainty estimation
in robust tracking control of robot manipulators using the
Fourier series expansion,” Robotica, vol. 35, no. 2, pp. 310-336,
2015.

[28] L. X. Wang, “A Course in Fuzzy Systems and Control,”
Prentice-Hall, New York, 1997.

[29] M. Gupta, L. Jin, and N. Homma, “Static and dynamic neural
networks: from fundamentals to advanced theory,” John Wiley
& Sons, 2004.

[30] M. M. Fateh, S. Azargoshash, and S. Khorashadizadeh,
“Model-free discrete control for robot manipulators using a
fuzzy estimator,” COMPEL: The International Journal for
Computation and Mathematics in Electrical and Electronic
Engineering, vol. 33, no. 3, pp. 1051-1067, 2014.

9 ,SM.; 4.1......;90.-‘.\; aS Gl 00l r:l.?r.i‘ ReCgon oKy Sl gs

Dgd oo (0,08

&l -4

[1] L. Kocarev, G. Jakimoski, T. Stojanovski, and U. Parlitz,
“From Chaotic Maps to Encryption Schemes.” In Proceedings
IEEE International Symposium Circuits and Systems, vol. 4,
pp. 514-517, 1998.

[2] B. Fathi Vajargah, R. Asghari, and J. Vahidi, “Design and
Analysis of a Novel Synchronous Stream Cipher Using Secure
Pseudo Random Number Generator.” Journal of Electronical &
Cyber Defence, vol. 4, no. 1, pp. 59-68, 2016 (in Persian).

[3] A. Mirghadri, and A. Jolfaei, “A Novel Image Encryption
Scheme Using Chaotic Maps.” Passive Defence Sci. & Tech.,
vol. 2, no. 2, pp. 111-124, 2011 (in Persian).

[4] L. M. Pecora and T. L. Carroll, “Synchronization in Chaotic
Systems,” Phys. Rev. Lett., vol. 64, pp. 821-824, 1990.

[5] K.Y.Lian, P. Liu, and T.S. Chiang, “Adaptive Synchronization
Design for Chaotic Systems via a Scalar Driving Signal.” IEEE
Trans. Circuits-1, vol .49, pp. 17-27, 2002.

[6] K. S. Halle, C. W. Wu, M. Itoh, and L. O. Chua, “Spread
Spectrum Communication Through Modulation of Chaos”, Int.
J. Bifurcat Chaos, vol .3, pp. 469-477, 1993.

[7] T.L.Liao, and N. S. Huang, “An Observer-Based Approach for
Chaotic ~ Synchronization with  Application to Secure
Communication”, IEEE Trans. Circuits-1, vol .46, pp. 1144-
1150, 1999.

[8] G. Kolumban, M. P. Kennedy, and L. O. Chua, “The Role of
Synchronization in Digital Communication Using Chaos—~Part
I: Fundamentals of Digital Communications.”, IEEE Trans.
Circuits-1, vol .44, pp.927-936, 1997.

[9] K. Murali, H. Yu, V. Varadan, and H. Leung, “Secure
Communication Using a Chaos Based Signal Encryption
Scheme.” IEEE Trans. Consum Electr, vol .47, pp. 709-714,
2001.

[10]J. M. V. Grzybowski, M. Rafikov and J. M. Balthazar,
“Synchronization of the unified chaotic system and application
in secure communication”, Commun. Nonlinear Sci. Numer.
Simul. vol. 14, pp. 2793-2806, 2009.

[11] C. Yin, S. M. Zhong, and W. F. Chen, “Design PD controller
for master—slave synchronization of chaotic Lur’e systems with
sector and slope restricted nonlinearities,” Commun. Nonlinear
Sci. Numer. Simul., vol. 16, pp. 1632-1639, 2011.

[12]J. S. Lin, and J. J. Yan, “Adaptive synchronization for two
identical generalized Lorenz chaotic systems via a single
controller.” Nonlinear Anal. Real World Appl., vol. 10, pp.
1151-1159, 2009.

[13] M. Pourmahmood, S. Khanmohammadi, and G. Alizadeh,
“Synchronization of two different uncertain chaotic systems
with unknown parameters using a robust adaptive sliding mode
controller.” Commun. Nonlinear Sci. Numer. Simul. vol. 16,
pp. 2853-2868, 2011.

[14] L. Li, Y. Liu, and Q. J. Yao, “Robust synchronization of chaotic
systems using sliding mode and feedback control,” Zhejiang
Univ. - Sci. C, vol. 15, pp. 211-222, 2014.

[15] L. Xiao-run, Z. Liao-ying, and Z. Guang-zhou, “Sliding mode
control for synchronization of chaotic systems with structure or


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Wz9hNroAAAAJ&citation_for_view=Wz9hNroAAAAJ:9yKSN-GCB0IC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Wz9hNroAAAAJ&citation_for_view=Wz9hNroAAAAJ:9yKSN-GCB0IC
http://iopscience.iop.org/article/10.1088/0256-307X/26/5/050503/meta
http://iopscience.iop.org/article/10.1088/0256-307X/26/5/050503/meta
http://iopscience.iop.org/article/10.1088/0256-307X/26/5/050503/meta
http://www.sciencedirect.com/science/article/pii/S0925231215004774
http://www.sciencedirect.com/science/article/pii/S0925231215004774
http://www.sciencedirect.com/science/article/pii/S0925231215004774
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1703783
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1703783
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1703783

Yy oaljgolil > durn 5 (G i daze

SO ot T dnidB g il iy s Y 0leo (bl g (g3l gy

[47] T. Yang, C. W. Wu, and O. Chua, “Cryptography based on
chaotic systems,” IEEE Trans. Circuits-l, vol. 44, no. 5, pp.
469-471, 1997.

[31] M. M. Fateh, S. M. Ahmadi, and S. Khorashadizadeh,
“Adaptive RBF network control for robot manipulators.”
Journal of Al and Data Mining, vol. 2, no. 2, pp. 159-166, 2014.

[32] S. Khorashadizadeh and M. M. Fateh, “Robust task-space
control of robot manipulators using Legendre polynomials for
uncertainty estimation,” Nonlinear Dyn., vol. 79, no. 2, pp.
1151-1161, 2015.

[33] M. M. Fateh and S. Khorashadizadeh, “Optimal Robust voltage
control of electrically driven robots,” Nonlinear Dyn., vol. 70,
no. 2, pp. 1445-1458, 2012.

[34] A. C. Huang, S. C. Wu, and W. F. Ting, “A FAT-based
adaptive controller for robot manipulators without regressor
matrix: theory and experiments,” Robotica, vol. 24, no. 2, pp.
205-210, 2006.

[35] K. Chen-Yu and A. C. Huang, “A regressor-free adaptive
controller for robot manipulators without Slotine and Li's
modification,” Robotica, vol. 31, no. 7, pp. 1051-1058, 2013.

[36] C. Ming-Chih and A. C. Huang, “Adaptive impedance
controller design for flexible-joint electrically-driven robots
without computation of the regressor matrix,” Robotica, vol. 30,
no. 1, pp. 133-144, 2012.

[37]M. B. Fard and S. Khorashadizadeh, “Model free robust
impedance control of robot manipulators using fourier series
expansion,” In Al & Robotics (IRANOPEN), IEEE 2015, pp.
1-7, 2015.

[38] S. Khorashadizadeh and M. M. Fateh, “Adaptive Fourier
series-based control of electrically driven robot manipulators,”
The 3rd International Conference on Control, Instrumentation
and Automation (ICCIA), IEEE, pp. 213-218, 2013.

[39] A. Izadbakhsh, and S. Khorashadizadeh, “Robust task-space
control of robot manipulators using differential equations for
uncertainty estimation,” Robotica, vol. 35, no. 9, pp. 1923-
1938, 2017.

[40] J. Effa, B. Essimbi, and J. Ngundam, “Synchronization of
improved chaotic Colpitts oscillators using nonlinear feedback
control,” Nonlinear Dyn., vol. 58, no. 1, pp. 39-47, 20009.

[41] J. J. Slotine and W. Li, “Applied nonlinear control,” Englewood
Cliffs, NJ: prentice-Hall, 1991.

[42] C. L. Kuo, “Design of a fuzzy sliding-mode synchronization
controller for two different chaos systems,” Computers and
Mathematics with Applications, vol. 61, pp. 20902095, 2011.

[43] M. M. Fateh and S. Khorashadizadeh, “Robust control of
electrically driven robots by adaptive fuzzy estimation of
uncertainty,” Nonlinear Dynamics, vol. 69, no. 3, pp. 1465-
1477, 2012.

[44] G. Grassi, and S. Mascolo, “Synchronizing Hyperchaotic
Systems by Observer Design,” IEEE Trans. Circuits-11, vol. 46,
no. 4, pp. 478-483, 1999.

[45] S. Khorashadizadeh and M. H. Majidi, “Chaos synchronization
using the Fourier series expansion with application to secure
communications,” AEU-INT J ELECTRON C, vol. 82, pp.
37-44, 2017.

[46] S. Khorashadizadeh and M. H. Majidi, “Synchronization of two
different chaotic systems using Legendre polynomials with
application to secure communications,” FRONT INFORM
TECHEL, 2018. [doi="10.1631/FITEE.1601814"]


http://link.springer.com/article/10.1007/s11071-012-0362-x
http://link.springer.com/article/10.1007/s11071-012-0362-x
http://link.springer.com/article/10.1007/s11071-012-0362-x

Journal of Electronical & Cyber Defence
2 Vol. 5, No. 4, 2017, Serial No. 20

Chaos Synchronization Using Differential Equations and the
Universal Approximation Theorem with Application
to Secure Communication and Cryptography

M. H. Majidi*, S. Khorashadizadeh
*University of Birjand

(Received: 20/10/2017, Accepted: 23/07/2017)

ABSTRACT

In this paper, a new method has been presented for chaos synchronization using a nonlinear controller.
In most so-far presented approaches, it is assumed that the mathematical models of the transmitter and
reciever are completely the same. Due to the non-identical environmental circumstances in the transmitter
and receiver and the influence of temperature on the chaotic system parameters, this assumption is not true.
In this paper, a novel approach, in which uncertainties are modeled by a linear diffential equation with
unknown constant coefficients, has been presented for estimation of these uncertainties . Since this function
satisfies the conditions of the universal approximation theorem, it can estimate nonlinear functions with
arbitrary small approximation error. However, since the coefficients are unknown, the parameters of these
functions are unknown and should be estimated using the adaptation laws derived from the synchronization
analysis. Simulation results verify the effectiveness of the proposed estimator. In comparison with other
controllers such as fuzzy sliding mode controllers, the proposed controller response is faster. Moreover, its
application in secure communications and cryptography has been studied, as well.

Keywords: Chaos Synchronization, Secure Communication, Cryptography, Differential Equations, The
Universal Approximation Theorem.
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