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ABSTRACT

The utilization of advanced control techniques in agricultural systems has become imperative for enhancing
productivity, sustainability, and resource efficiency. This paper proposes a novel approach employing
antisynchronization in the context of agricultural systems, utilizing fractional order complex systems.
Antisynchronization, a concept derived from chaos theory, involves achieving an anti-phase synchronization between
two or more coupled dynamical systems. By the use of stability theory of fractional system in this paper
antisynchronization between different fractional order complex system is achieved. Feasibility of the study is shown in
the numerical results.
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INTRODUCTION

In recent years, the integration of advanced control methodologies with agricultural systems has gained
significant attention due to the potential enhancement in productivity, resource management, and
sustainability. One such innovative approach is the application of antisynchronization, a concept derived
from chaos theory and nonlinear dynamics, in agricultural systems. Antisynchronization offers a
promising framework for regulating the dynamics of interconnected subsystems within agricultural
environments, facilitating optimal control and management practices. Antisynchronization involves the
suppression of chaotic dynamics between coupled systems, leading to the establishment of desired
patterns or states in one or more subsystems. This concept has been successfully applied in various fields
such as communications, electronics, and physics. In the context of agricultural systems,
antisynchronization presents unique opportunities for improving key aspects such as crop yield
optimization, water resource management, pest control, and environmental sustainability.

Many branches of applied science as physics, fluid geometry and in optical waves this system has a great
advantage. There is worthy study about the chaotic nature and synchronization of the fractional order
complex system. One of the properties of the complex system is that it increases the contents and the
security of the transformation system so it is widely used in the secure communication [1-10]. Recently
more focus of researcher on complex network. As a dynamical system, fractional order system is
described by the derivatives and integrals. Many research have been done in the field of fractional order
system through the OPCL control [11-13].

As in the recent years fractional calculus and its application have attracted much attention [14-17] as it is
verified that to eliminate the chaos behavior fractional controller are stronger than the traditional
controller. This paper aims to explore the application of antisynchronization in agricultural systems from
a fractional order complex system perspective. From these studies this chapter study the
antisynchronization between the different fractional order complex systems. For the achievement of
antisynchronization taking fractional order complex master system and slave system by assuming that
the derivative order (& < 13 in master slave system, the paper is divided into different sections. In the
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first part (1) , gives methodology used, part (2) define the solution of the problem ,simulation part is
shown in the part (3), concluding result is given in the section(4).

METHODOLOGY USED

The master complex system is considered as

DFx=Ax + f(x) (1.1)

Where x = (x,,x5...x,)7 is the complex state vector

x = x" 4 jx', r.i here represents real and imaginary part of the system.
In the equation (1.1) the function f = (f.fz...f;)7 isavector of nonlinear complex function
Define

x, = my + jmy

Xy = mg + jmy

Xp = Mopoy + jmay (1.2)

The system parameter matrixis 4 € B™" corresponding to equation (1.1)
DFy=By+glyl +u (1.3)

Where v = (y.%...¥)" isthe complex state vector

v = v" + jy', .1 here represents real and imaginary part of the system.

Define
Y1 = 5t sz
¥o = 53+ jsy

Yn = Sapoy + jSan (14)

The designed controller is

w=u" + ju’

u” = (Up g gy )

And u' = (us, ity tiag)T

Theorem: Between the master and slave system (1.1) and (1.3) antisynchronization will be achieved if
the controller is desgined as

u=u"+ju'=—flx) —gly) + (B —Alx—Ke (1.5)

The real and imaginary part of the system (1.5) is

u" = —flx) —g" ) + (B —A)x" —Ke"”

w =—fG) — gy + (B A)x'~Ke' (L6)

Here k is control gain matrix which satisfy | arg arg(r;(B — K})| = —

For all the eigen values of & — ¥

Proof: For all the values of the equation (1.1) and (1.3) the error vector is

elt) = ylt) + x(£)(1.7)

The derivative is

DEelt) = DFylt) + DE x(t) =Bly) + gly) + u+ Ax + ()

(1.8)

Put (1.5) into (1.8) then the system is

DEelt) = (B — Kle(t) (1.9)

Since | arg arg(t;(B — K¥)| = — according to the lemma, as ¢ — o the error vector converges, so that
there is antisynchronization between the system (1.1) and (1.3) using equation (1.5)

Lemma: Autonomous linear system of the fractional order 0 = Ax with x(0) = x,is stable iff
| arg arg(r:(B — KN} = = (i = L.2.3...)

In this state components are decay to 0 like =%, also system stability is there iff

| arg arg(t;(B — K))| = E have geometric multiplicity.

1. SOLUTION OF THE PROBLEM
The input system is considered as
= ale;—x)
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=Y —a)x, —xx,+ ¥V,
xy = —Pxg —Ox,4 + x;x,

Xy =—dxy+ frg+xx,
The output system is
iz aly:-y)
Yoo By —eve_wiys
)":1'=.‘J"J.: —dyz

Yi=—Y1¥z =6y, (1.11)

The fractional order derivatives of the systems (1.10 ) and (1.11) are

D.%x, = a(x, - x,)

D x,=(¥ —a)x, — x;x,+ ¥x,

D,"x;= —Bx; —Oxy+ x;x,

D x,= —dx,+ frs+x,x, (1.12)
And

D%y = alyz_y)+u; + jus

D,%y: = by, —cyz_yiys +uzt ju,

D.%ys = » " —dyy +ust jug

D,yy =—yys =8y +uy +jug  (1.13)

The matrix A = (—ccoc 00 ¥ — &y 0000 — & — 500f — d)
And fix)=(0 — x xqx, x.2,00)  (1.14)

For the slave system

B= (—ococ 00b — c0010 —d 0000 — &)

And £(x)= (0 = y,30y, y) (1.15)

Now the controller is

u=

(Ox 2=+ —y+ade, +c— ), — 1800y, + x))—x0+ 3, + (B —d)xs + 6x,— x5, 0+ Vi Ve —

Frg4 (—6 —d)xy)

(1.16)
Now as from the system (1.2)
D, x, = o(x; — x,)
D,x, = ox(x, — x,)
D, = —o)x, — x,x: + ¥y
D, x, =(¥—o)x, — x.x; + ¥,
D" x,= —Bxs—6x,+x,x,
D,"x,= —Pxy —Oxg+ x.x,
D.%x.= —dx;+ fre+ x,0,

D,"x,= —dxg+ fxs+ x.x, (1.17)
And

D%y, = ox(yg_y, ) +uy

D.%yy = ox(yy_yn)+aus

D,"y; = by, —cyzy1¥s +ug

Dtx}h = by, — oV ¥ ¥ F iy

ﬂ.x}'s = _YJ.: —dys +u;

D.I_‘Fs = _‘f:: —dys +ug

D,"y; = —y1¥5 —8y; +us

Dtx.‘l’e =N _5}'9 + g (1.18)

The error dynamical system is
D ey (E)=0c(yy_yy ) Huy+ oc(g — xy)
Dre, (t) = ey _e)+uy

D,% ey = oy, _y,) +usto(r, —x o)
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D, %e-
o, er

- =0<(ey_ez)+uz

= by, —eyayys Fugt(¥—)x; —xyx5 +¥xy

= bey —cey_ey8; + ugt(F —o)xy — x % + VYxg— bxtoxg+ x 8 + &) %5 — x; 2
= be, —cey_ezep +uy (T —0)x, — xox, + Vo, — brotox,+ xo8g + 8a kg — Xax;
=7 —dys + us—Pas —Ox; 4+ xy 7

=e," —deg + us + dxg —Ox, + x,x; —PBx;— 2x et x°

=e," —deg +uy + dxy —Oxg+ x,x, —Pxg— 2x et x,”

;= —yys =8y +u; —dxr+ fxs + 2.3

= —g 5 —O8; + u; —dx;+ frg+ x xte xctx, 8 — x,xc+ Ox
= —g,8; —Ogp + up —dxg+ fxg+ xox te,xptx.8; — x.x+ Oxy

For the antisynchronization, the error system converges to zero asymptotically as shown in figure
NUMERICAL SOLUTION

Related to the master and the slave system the fractional order system is solved by using the software
MATLAB. The parametric values of ( «, 8.y, &, b.¢.d, £}is (1,1,1,1,1,1,1) and order is (0.98,0.98,0.98,0.98) .
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Fig 1 (a).Antisysnchronization of error system with time
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Fig 1 (b).Antisysnchronization of error system with time
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Fig 1 (c).Antisysnchronization of error system with time
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Fig 1 (d).Antisysnchronization of error system with time
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Fig 2 (a).Antisysnchronization of master and slave system with time
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Fig 2 (b).Antisysnchronization of master and slave system with time
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Fig 2 (c).Antisysnchronization of master and slave system with time
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Fig 2 (d).Antisysnchronization of master and slave system with time

CONCLUSION

The proposed study is about antisynchronization of fractional order complex chaotic system, on the basis
of the stability theory of the fractional order system antisynchronization is achieved between two
different chaotic system. Simulation result gives the effectiveness of analytical results.
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