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Abstract:

Chaotic systems possess unique and complex characteristics, with one of their most notable features
being extreme sensitivity to initial conditions. Even negligible differences in initial conditions can lead
to vastly divergent trajectories over time, making the study of their stability and performance a critical
research area. In this paper, a novel hyperchaotic system, derived from the extended hyperchaotic
Chen system, is proposed and comprehensively analyzed. The hyperchaotic behavior of this system is
verified by calculating Lyapunov exponents and investigating its open-loop dynamics. The increased
complexity of this system, compared to conventional nonlinear systems, makes it highly suitable for
secure communication applications by significantly enhancing network security and data protection.
Moreover, its inherent properties enable its use as a robust and reliable carrier system in
telecommunication networks. The dynamic behavior of the proposed system is thoroughly simulated
using MATLAB, and the results demonstrate the effectiveness and potential of the introduced method
in practical applications.

Keywords: Chaos, Stability, Extended Chen System, Hyperchaotic System.

Received: 27 Dec. 2024
Revised: 24 Mar. 2025
Accepted: 8 Apr. 2025

* Corresponding Author: Dr. Elahe Moradi

Citation: H. Soheili Rad, E. Moradi “Investigation of Stability and Performance of the Extended
Hyperchaotic Chen System”, Journal of Novel Researches on Smart Power Systems, vol. 14, no.
1, pp. 1-8, June 2025 (in Persian).



http://jipet.iaun.ac.ir/
http://dx.doi.org/10.83078/jeps.2025.article-1-526-fa
https://jeps.dezful.iau.ir/article-1-526-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-23 ]

[ DOI: 10.83078/jeps.2025.article-1-526-fa]

Journal of Novel Researches on Smart Power Systems - Vol. 14- No. 1 - Spring 2025

VEF Sl - sl o)leds —p0,lezr Jlo —aialion ©508 slapis ;o (ngh Oliudsd 4,0

b, Alio

HLoLew!l *Y 680 po agdl ol )l ol s 5 O oy g gl

h.soheili97@gmail.com .l 1«15«55 (o)) (gimos plol HE0L oy oMol ol5T olKiils (§ p  cmwikigee 09,5 =)
Elahe.Moradi@iau.ac.ir .l ! <y, «s, 5 (o) (smos plol JE0b oy oMol ol5T olKiils ¢ § p  owikige 09,5 =¥

4 0k Sl T Gla Shy et 5l (o 45w (608 4 paxis sla iy Gl wsdl slaptars oaS
Sl 5 o Candg 5 jhan Sglis el cadgl Lol )0 SrsS o ol Slisgd] (glopiamas y ansl adl Lyl
W ;_i) s u.)‘ 3o ! )|..))9.>).) 6‘0;:5 Mﬁ‘ )‘ uy..j GLEW O)SJ.A.C 9 6)‘mb oy 13 o M‘j} S
il by s ) Sliptl 358 58, Sl 85,5 on om0 Slagl] (i35 i 4l 5 i Sl 33
51 a4 o s ol i Sy sl 45,5 ol s b 4l 25, b5 5 Gl slabes 4l

20,5 o0 a5 Skl Gall crge 5 0 o0 SV el Dlple ae; 50 1) baptas ol )5 o 08 (Slapins

o ol SB35 (gilhanl oged solawl Sl pbre slaasil o ol piis Gl 4 Gl so a5l cpl plo
Wi oo (LS 293 ) ead Il gy oL 5 gleand bl g Cal oals plaeil Clie l38le 5 aore Jangs

Slosdl 599 i o'y Al puasd gl ¢8I0k gl guudS Glods

VEYIN /Y redl s g b

VEEN 0 16y 5L Gyl
VECFINIY e iy f,b

Lgo‘).a agll S Jg.fuw.o O ¢ FU %
T°L°‘ )lfél.l .\}‘5 (_,,.A)Lv‘ élj oRKislos ‘(°))t5:“~f‘°5 ‘nLo‘ £y S99 ‘u,.a)lé C“b o‘ﬁ))’g ‘u‘féﬁ J}i.wuo o.\wy tS’l‘“"
B 095 «FoalS 9 B (skige 0aSS (55,48 (o)) se>


http://dx.doi.org/10.83078/jeps.2025.article-1-526-fa
https://jeps.dezful.iau.ir/article-1-526-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-23 ]

[ DOI: 10.83078/jeps.2025.article-1-526-fa]

Journal of Novel Researches on Smart Power Systems - VVol. 12 - No. 2- Summer 2024

OF A8l anwgs Slugdl 398 piupw 8,Skos 5 5k (o)

doddo —)
(Sl S Lot aloz 5l lapius 5l glod s ciels ;0 a5 Col (a3 8 5 oz alio | (o opdl oy
JBrs 5 Bolai olai o adsl oS )0 a5l atws bl oo j50ls (6 oS a0 St 5 (Seig SU ((gi
ade I 0,8 plalid log)T 18, o plite (55501 o5 olgiise Doaeail sloalons b Lol s o i & (i iy
Ble 390 Dlegoga Sl o)lgan apiums ol S oy, 5 )Ml s (93] Glapiases gy oo n)S 5 g5
aslllan 3 )90 (wige Dbl )l 5 LSl pgle )3 03,23 Hob 4y 3l Glaans 0 adl sl odg pliie o35 4z 55
atile ST lapimms 1Y F] cul canl 5l 0,135 50, 10 5T 9,05 5 sl il3dl b sl Cosl 423,513
5 oty rne 3| 6 S Slugdl (sloptacms 5 5:d Slogsl whaems 0 F] 550 Slogal gt (o2 Slogdl g
IV ] siss 0ol slagtas cp 500,55
Solml (S ol il ol plonil Slugdl slaptus J5S 5 )lnb 059> 55 ol Slisdow 13 slaJle o
Sgd S5 2900 oy (65l 5 [A] (ilome (6,lnl 855 55 4 Gl oo 1y 0T 00) bl 2 (o285 (slopiias

JUSms 45 iS5 ol @ 4255 L g oolital pliy (slaJliSm Jol> olsie 4 Glsios Slogadl slauSws 511V
ez 053l il lajen S (e 4y 0503 S8l ,0 (o | pliny Ol B 0gs ansle 00 o Lie il Jul>
UL ela iy, 1] ssi o )il Uy s 155 s )5 ol as alaz o)1 51 48 cansl 00,5 il 955 43 1y (o ylonns
Sy9m0 o] (§5ke Hlayen sl a5 wien v by, dlex 5l g o é o VF] das Sous DY O Y] Gl s
A AYZAYA REFCEK SR PINFESW

19 L )95 3e a3 Sl 00 aSLI PMSM 3 G5l 7S (6l o as 1 (39, So W] e e 3o
OIS oS Gl 053 de g polite (el Sl (slas Sog) bl oz (IS STl el slacabipae
=iy ae J S SO DA g e Banin gl o ool as & slap 5 g olalaci] el slap 5 oYL
o9l cllie Cyl o ez S 0 gy ) SLELEzE] g b imel Cod gl ad b S 90 o 5loplEan ol o3
Ghie (piled sl slacgomme Ja gy b33 pdaw 4y master-slave i sl Clo s Colon sly 5Lio a0 e,
250 gl (L5580 Ll oS S5 S (25 elel 2 s
50 (S gl i 93 G (S5loplilen JUS (Sl Jhe 3 Bree (s 5350k Uiy, o 51 114 a2 s
s olslazel Jlael gl 1y 053 o552l glin job 4 Lol cazpo 5 B b obes b el 03,5 solicias] p yo (6,550
Sl Sanlen sl g 5 Col Dgliite (LB (b9, b by, nl S (o0 At @20 b B8 s (55l oo (610 Saa
sz @l |y Bree Cusil 6ol by, llie (al 5o 0l ladT (gle s 1 (L8 il @ 5Lo bgy ol o sl
5 50 ol @S 5 sl ooty Jlael (St 4 5 gz 5l vy s <35 )5) piamns) (Jsome 03] pnnens
L pls sloyial (5,8 550 o sl S8 p [Ve ] e po el o ools lis e o 5 Bao (o sjloplKan
i 8330 el S 5] solitl b e i 35 pee jaite o) pui b g aislisl Sealtys il Sblugs
Ol )3 el 8513 ) 2 990 00iiS ST (b St Sl e (Soelias JB8) al gy whaw ]S sl
Sebus b ablie sl p aload 485 Jlas o axslisl o litine 5 Gloj 36 oYL 6l e 5 (s e sl (Joe
Gio 1y Lol )y 5 Jome 3mads (yimndls dy Lo a5 Consl 00l 438,500 sfiorkss 938 § RBF e 4S5l canslisl
S ) el S8 s anslesl b 5 Gleslre (S @adl cllog ol gla tlle o8, jslaie 4 S oo
sl 0t b RBF e a0 3 ke (0518 s 5 b il 515 oS’ J 8
it ol 510055 o (B yme 7 Sug Sl (398 s et bl paz SLugdl 568 s S alie 5
Sl o omnd Sl 01 598 s (0 0gei ooliitul 5 ]3035 Jae e 9 (el Sl )3 (g o0
a2 Gl | el Wlgi o Slalre sl )5 50 bl (rem 41 ablige VL (Saezm o Jyene Slugdl


http://dx.doi.org/10.83078/jeps.2025.article-1-526-fa
https://jeps.dezful.iau.ir/article-1-526-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-23 ]

[ DOI: 10.83078/jeps.2025.article-1-526-fa]

Journal of Novel Researches on Smart Power Systems - Vol. 14- No. 1 - Spring 2025

VEF Sl - sl o)leds —p0,lezr Jlo —aialion ©508 slapis ;o (ngh Oliudsd 4,0

)l oz 4l dnegi Slogadl 598 prams (S5 LSLo pg0 (i3 50 el 0nd oelis (b3 255 & Allis ol (I 5Ly
(g Gt )3 Lol 00 () S0z i (09 Sliag Sl 358 (Pl glad 5l 0ol b e 5 Cunsl 0
ol A 5 bl Canl oud plonl s 133l 5 5l eoliial b wyoe s 0 Shos (o) 0 sl 0¥ lajluand

sl oads ol ST Sl gl Slpidiy 5 (6 S e

03,5 ol 043 an 1) Liime a5 oouzmn L8, Lo 4 oS sl ot e Seolind sl SO o Slogdl piacw

gl Ol 2 DHge & (T e LS L o]

x=aly—x) (V)
yv=(c—a)x —xz+cy

z=xy—bz

Lf] axsl oo pimsm slo el 3,D,CER § cll> slopiia X,Y,ZER (] j3 a5 ) o a8

)L‘;é) (e Lnggf)L?- S99 ‘d...,Js| .Lu\).,..; EVRRVRW ML.».} 9 c_s‘i."‘“‘?lﬁ asle Lgd.:.lf Lgl.:bu;}” LS‘)b pSOWeW Qi‘

pole o wiige pole (sl W Sopd i ilihe glaojsx 40 oz Slusd] lopiames Cusl Sdhime 5 dad i

5,5 0l 3 8,lge 41 Olce o] 500 )5 alaz I oyl 45,5 1,5 anlllan o 50 Slatdl 5 jgerals

wasl glaph > @iledae « Sl Glopiumms wile sz Glapiues J5S 5 (>hb el L 3, g5lo s

Ml sl § (5,50 50, 5 Slugdl (Sig xS Oyl g5lwesly g >y«

s ] 3100, 5 (oo (Byre o7 SLugdl 598w mrond oll p dpazr Sl 358 e Ko i3 ol 5o

Sl ay S Slogd] 58w (il 0503 ooliiul 523 a3 9,8 Joe e 9 (ol Slples ) Jlsi o0

S il dl 1) ol asilgh e (Sl pbe slod )5 1o bl pes 4 aib o 6 YL (S sl Jgere Slugi]

il g 00 (g 5ludd it dolol 10 g 00l dwlee piasw Beibl) slales (i L3, og Slogal Sl3l sl p

208,50 ol g ey Oigo s o Sloghl 598 piaw HLSle ol sal o0l
X=aly—x)+w p)
y=dx+ cy —xz
z=Xxy—bz
W=yZ+1W
4 4Bl oS s Bl oo wiw slo el b @, b, T, d R, C€ER > glayiie X,Y,Z,WER (] 5 a8
29,5 50 Ok ) aal) O 50
X=aly—-x)+w \p)
y = dx + cy — kxz?
z=xy—bz
W=yz+1w

DSl oo pimw slo el @, by 6, d, T KER 5 > slo,xie X, Y, Z, WE R (] 0 a8
Sl gloi —-V-Y
Glp o ol @ az g b ojlooe pdplSel lagl o g0 1) demdlyas S¥olas (55lasly dalllae (Sl BgibLI (slos

S5 o & ol 5 anllas 5,50 il Lags |y 1 85l (5,550 ol (Sl e S el


http://dx.doi.org/10.83078/jeps.2025.article-1-526-fa
https://jeps.dezful.iau.ir/article-1-526-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-23 ]

[ DOI: 10.83078/jeps.2025.article-1-526-fa]

Journal of Novel Researches on Smart Power Systems - VVol. 12 - No. 2- Summer 2024

OF A8l anwgs Slugdl 398 piupw 8,Skos 5 5k (o)

ol adgl byl 4y gl Sisly e a5 090 oold las wub ol oawmel pdii o |y et G a5 cpl (6l
Iy (Folite ool 5 0 1515 o0 5l e jobo & g (L5 Wigdh g0 £9,0 o0 4 So035 (S 45 s 50 &5 ol (m
g on 031 lauy (g S S (gl jeTde y ya dwlol o aS e

50 s 595 50 ol 4 Seo3 (glabais Xg + dp g e S 59y 50 Ealid o (labai X iS00 23
sl alai 55 ol oz sl liee Byme g 009 Sz Culein Ao o5 wSloe

Sygo 4 slabal, g ogh ools Limled dy Lawy (teration) |15 nojl sw bl g0 ol ol Gl S5
25 e Sl sled e 4 1) A plicee S50 al 50 eS8 4kl 90 cnl e Lo [dy| = [dg e’
s (S b o Ll oles Ojgo 4 )8 sloc bl b 5l clas o akis g0 alolb A ke ol cute b - I
Sl G @ g S wrs o lid 0g5 Sl 6l L) (ol alats 45T 8L o Glgwljlm O e b- o
)50
ol glail> CIl> Gae 5 A = 0bys- 2

2 Ay S50 ol 5 Syl (slad o3l Jlael (s S ol 5 5585 1 ST L 5 5 WL el 4 ol
I'= (1/n) S Ln [f'(x)| )

Sebl) sle 1) o] a5 cal as Gl S e yho G @ S zi5w a5 Sy sdel Cews 4 Ojle
IRV RCAER

S ilwdand s -Y

1205 (o0 iy ) Djgo 4 AL e penens sl 2l
a=35 b=3 c=12
d=7 r=03 k =0.01
Sl o be Bl slabes .l ol a5l)| 358 (5,555 bl 52 Bl sles avules cgz s, o [YY] o
A =136 Ay = 0.0045 Ay = —0.37 A, =—26.5
B oas olis cdte Belld sl 90l S92y bl oo cudte Bl slad 90 o a5l eslaiul b
Db oo s (g8 Slugl
gl bl L ooz s b (07 48l oot s J18) i (L 5 50 0ads (s sl el )y 51 eolil L
Al OB O) slodss o500 4GSt
X = —0.1 Yo =02 7o = —0.6 w, = 0.4

L Ss cnl ool ssalie BB zog 4 7 aBliprasd s 5o SlugSl JLd, 0925 () b (1) slaJSs & azgi L
S99 b (> i o s 1) o2 o labiad Slugdl pies 5 7 aBbpeet s H13; Gl (aidne laglis
99 2 Seslios glacdle (1) S5 ailad 5513 (w0590 OlaSs slayial)ly g adgl Ll pd Cod piacs 93 p0 4S5
dulie ol (V) JSi 0l oo 41,1 gamgo slad jo lag)] s, 5l slavolie (V) JSi a5 I 50 wads oo lis | piace
ol yo a8 oo )Lixﬂ Iy oz a8l ppord oo L3, Joauzy Codle g Sausmy g ools (50l gomdn glad )
a1y o] Slogs] sl jne 10 Sglss zgdg 0 a5 add o ioled |y piwas 39 opl Glacdl> o slas (F) JSi
S bl s b dslie 50 2 ABlipees s Sl (S 9 0 P4 pamie la Sy Sl @l )l WS (o


http://dx.doi.org/10.83078/jeps.2025.article-1-526-fa
https://jeps.dezful.iau.ir/article-1-526-en.html

[ Downloaded from jeps.dezful .iau.ir on 2025-12-23 ]

[ DOI: 10.83078/jeps.2025.article-1-526-fa]

Journal of Novel Researches on Smart Power Systems - VVol. 14- No. 1 - Spring 2025

VP ke —Jslo)led oo oz Jlo —aiedipn ©)08 laptuns ;0 (ng Sliiod 4 705

40 chen 50
| — — — Extended chen

40 -50
0 10 20 30 0 10 20 30
Time [sec] Time [sec]
100
50
0
-50
0 10 20 30 0 10 20 30
Time [sec] Time [sec]
0% AL o i 9 (92 s AL (5 it 1 (1) S
Figure (1): States of the Chen system and the extended Chen system
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Figure (2): States of the Chen system and the extended Chen system in 2D space
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