Identical and Nonidentical Synchronization of Hyperchaotic
Systems by Active Backstepping Method

A. Abooee* and M. R. Jahed-Motlagh*

Abstract: This paper deals with the tracking and synchronization problems of hyperchaotic
systems based on active backstepping method. The mentioned method consists of a
recursive approach that interlaces the choice of a Lyapunov function with the design of
feedback control. At first, a nonlinear recursive active backstepping control vector is
designed such that state variables of the hyperchaotic Wang system track desired
trajectories. Furthermore, this method is applied to synchronize two identical hyperchaotic
Wang systems. Eventually, it is used to implement synchronization between hyperchaotic
Wang system and hyperchaotic Rossler system. Numerical simulations are performed to
demonstrate the effectiveness and efficiency of the three designed active backstepping

control vectors.
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1 Introduction

In general, a hyperchaotic system is defined as a chaotic
system with at least two positive exponents, implying
that its dynamics are extended in several different
directions simultaneously [1]. The first hyperchaotic
system was introduced by Rdéssler [2] which represents
dynamical equations of a particular chemical reaction.
Recently, many new hyperchaotic systems were
introduced by scientists of various fields [3-7] and
synchronization problem of the hyperchaotic systems
has become a hot topic among researchers [8-14] due to
wide applications of synchronization of hyperchaotic
systems in many engineering field such as secure
communications [15-17], image encryption [18, 19],
lasers [20, 21].

In recent decades, different methods have been
proposed to synchronize hyperchaotic systems including
adaptive control [22], fuzzy control [23], active control
[14] sliding mode control [24], impulsive control [8],
backstepping method [25-30] and so on.

In particular, backstepping recursive nonlinear
control scheme has been widely employed to
synchronize and control of hyperchaotic systems which
can be continuous-time [25, 26] or discrete-time [27]. It
is well known that backstepping method represents a
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powerful and systematic technique that recursively
interlaces the choice of a Lyapunov function with the
design of feedback control. The mentioned method can
guarantee global stability, tracking and transient
performance for a broad class of strict-feedback
nonlinear systems and control goal can be achieved with
reduced control effort. Motivated above discussion, in
this paper three novel active control vectors based on
the backstepping method are proposed to control and
synchronize the Wang and Rdssler hyperchaotic
systems. The advantages of proposed method can be
summarized as follows: (a) it is a systematic procedure
for hyperchaos control and synchronization of
hyperchaotic systems and guarantees the stability of the
closed-loop system; (b) The proposed method can
overcome the controller singularity problem resulting
from the nonlinear term of quadratic type; (c) it can be
applied to a variety of hyperchaotic systems no matter
whether it contains external excitation or not; (d) there
is no derivatives in controllers, so it is easy to be
implemented.

The rest of this paper is organized as follows.
Section 2 presents two dynamic models of the
hyperchaotic Wang and Rdssler systems. In Section 3,
the tracking problem for hyperchaotic Wang system is
investigated by using backstepping method. In Section
4, an active backstepping control vector is designed to
synchronize two identical hyperchaotic Wang systems.
In Section 5, the generalized synchronization between
the hyperchaotic Rdssler system and the hyperchaotic
Wang system is achieved by using the backstepping
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controllers. Numerical simulation results which that
confirm the validity and feasibility of the designed
controllers are shown in Section 6. Finally, conclusions
are given in Section 7.

2 Descriptions of Wang and Réssler Systems

In order to synchronize hyperchaotic Wang and
Rossler systems, a brief review of their models is
expressed in this section. In 1979, Rdssler [2]
introduced a four-dimensional hyperchaotic system
containing only one nonlinear quadratic term. Due to its
simplicity, the Rossler system has become a standard
benchmark hyperchaotic system to verify different
control methods of hyperchaos phenomenon. Numerical
calculations show that the mentioned system has two
positive Lyapunov exponents, namely, L, =0.11 and

L, =0.02. In fact, the Rossler system describes a

chemical reaction scheme [2]. The differential equations
of Rdssler system are given by

Yi=BY>+rv
¥2i3+ Yo Y3 1)
Ya=—Y2— VY4

Ya=Yi+Yst+ay,

where vy;,i=1...,4 are the state variables of Rossler
system, and «, S,y are constant parameters. When
parameters are considered as « =0.25, #=-0.5 and
y=0.05, system (1) shows hyperchaotic behaviors.
Figs. 1(a), (b), (c) depict the projections of hyperchaotic
attractor of the system (1) onto X, — X3, Xy — X4, X3 —X4
planes, respectively. Fig. 1(d) displays the trajectory of
the system (1) plotted in x, — X3 — X, Space.

Xy(1)

-50
-100 -50
x5(t) x,(1)

Fig. 1 Projections of hyperchaotic attractor of the Rdssler
system: (a) Projection onto x, — X3 plane, (b) Projection onto

Xo — X4 plane, (c) Projection of onto x3 — X, plane, (d) Three-
dimensional view in X, — X3 — X, Space.

Wang [31] proposed a new hyperchaotic system by
introducing an additional state into the third-order Liu
chaotic system [32]. The four-dimensional autonomous
hyperchaotic system is described by

¥, = —Cx +hxZ
Xo = a(X3 —Xz) @

X3 =Xy — KX Xy + X4

where x;,i=1,...,4 are the state variables of Rossler
system, and a,b,c,d,h,k are positive constant
parameters. When parameters are a=10, b=40,
c=25, d=106, k=1 and h=4, system (2) is
hyperchaotic with two positive Lyapunov exponent
L, =115, L, =0.13. The system (2) has only one
equilibrium point at the origin, and the equilibrium
point is an unstable saddle node considering mentioned
parameters [33]. Figs. 2(a), (b), (c) show the projections
of hyperchaotic attractor of Wang system onto x; — X,

X, —X3 and X;—X, planes respectively. Fig. 2(d)
depicts the trajectory of Wang system plotted in
Xy — X5 — X, Space.

3 Tracking Problem for Wang System

In this section, backstepping method is used to
design active controllers to suppress hyperchaos in the
hyperchaotic Wang system. The controlled hyperchaotic
Wang system [31] is given by

0 X, (1)

Fig. 2 Projections of hyperchaotic attractor of the system (2):
(a) Projection onto x — X, plane, (b) Projection onto X, — X3
plane, (c) Projection onto x3—x, plane, (d) Three-
dimensional view of hyperchaotic attractor.
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X =—cx +hx? +u,

X, =a(X; —X,)+U,

. @)
X; = bx, —kx X, + X, + U,

X, =—dx, +Uu,

Our main goal is to design an appropriate active
backstepping control vector u = [ul,uz,ug,ull]T such
that the controlled system (3) can track desired
trajectory X, (t) with a scalar output x,(t) in the sense
that

Iim|x1—xd|:0 4)

t—oo

The backstepping design procedure is recursive. At
the i™ step, the i™ -order subsystem is stabilized with
respect to a Lyapunov function by the design of a virtual
control ¢ and a control input u, .Now, we begin to

design the active controllers based on the backstepping
design method as follows.
Step 1. Assume that 7, = X, — X, , then its derivative

is derived as
ﬁlle_).(d:_C(n1+xd)+hxg_xd+ul %)

where X, =¢,(7,) is considered as a virtual controller.

To design ¢, (r,) such that stabilizes 7, -subsystem (5),

the following Lyapunov function V, is selected.

V, =0.57 (6)
Then, the derivative of V, is concluded as

\]1:771771:771(_C771+h¢ﬁ2(771)_cxd —Xy +ul) )

Here, we choose ¢,(7,) =0 and u, = cx, + X, such
that V, = —cn? is negative definite. This implies that the
n, -subsystem (5) is stable. Since the virtual control

function ¢, (7,) is estimative, an error variable is
defined as follows

17, =% — o, () (8)

The following (7, —7,) -subsystem can be obtained as

. 2
m =—Cny, +hn,
. (9)
n, =aX;—amn, +u,
where x, = ¢,(7,,77,) is regarded as a virtual controller.
Step 2. In order to stabilize the (7, —7,) -subsystem

(9), the Lyapunov function V, is defined as follows.
V, =V, +0.57; (10)

The derivative of V, is yielded as

V, =—cif +hmn; +an,p, (n,m,)—an; +,u,  (11)

It 9,(m.m,)=0 and u, =-hmmn,, then
V, =—cnp? —an? <0 concludes that the (1, —7,)-

subsystem (9) is stable. Since the virtual control
function ¢, (7,,7,) is estimative, an error variable is

defined as follows.
75 =% = @,(17,,7,) (12)

Then the following (7, —n, —7,) -subsystem is
obtained as
771 =—Cn+ h 7722
1, =a(n, —m,)—hnn, (13)
1y =01, —Kn, (7, + %) + X, + U,
where X, =¢,(7,,7,,7,) is regarded as a virtual

controllers.
Step 3. In order to stabilize the (1, -7, —7,)-

subsystem (13), the Lyapunov function V, is selected as

follows.

V, =V, +V, +0.57? (14)
The derivative of V, is given by

Vv, = _07712 - a7722 +(a+b)n,n, —kmn,n,

(15)
- k772773Xd + 17,05 (7711772 ' 773) +17,U,

Then, we choose @, (1,,1,.775) and
Uy =—(a+b)m, + kg, +kn,x, -1, such that
V, =—c1f —arf -1 <0 is negative definite. This implies
that the (7, —7, —7,) -subsystem (13) is stable.
Similarly, assume that 7, =X, — ¢, (1,,7,,77;) then the

following subsystem is concluded.

'71 =-Cn + h7722
772 = a(773 _772) - h771772

Ny =—an, +n, —1;,
n, =-dn, +u,

(16)

Step 4. In order to stabilize the (r, -7, —17,—1,) -
system (16), a Lyapunov function V, is considered as
follows.

V, =V, +V, +V, +0.5 ] 17

The derivative of V, is given by

Vy=—crf —an; —n; +nyn,~dn,n,+n,u,  (18)

If we choose u,=-7,-n,+dn,, then

V, =—cnpl —an? —nl —nZ <0, therefore
(m.—n, —n,—n,) -system (16) is stable. Since V, is

negative  definite, it follows that in the
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(77, — 17, — 1, —n,) coordinates the equilibrium (0,0,0,0)
is stable. By considering 7, =X —X,(t), 7, =X,,
7, =%, and 7, =Xx,, one can clearly conclude that the
state variable x (t) of controlled Wang system (3),
tracks the desired trajectory x, (t) .

4 Synchronization of Two Identical Wang Systems

In this section, two identical hyperchaotic Wang
systems are considered as master and slave systems
respectively. The master system is described as Eq. (2),
and the slave system is given by

Y, =-Cy, + hYZ2 +U,

yz :a(y3_yz)+u2

Y3 =by, —ky;Y, + Y, +U,
y, =—dy, +u,

(19)

where x =[x, X,,%,X,]" stands for the state variables

vector of the master system, y =[y,,y,, Vs, y,]" denotes
the state variables vector of the slave system and
u=[u,,u,,us,u,]" is the control inputs vector.

Our goal is to design an appropriate active
backstepping control inputs vector u(t) e * such that

the state variables of the slave system track the ones of
the master system in the sense that

lim|y - x| =0 (20)
where |.| is the Euclidean norm. By defining the
synchronization errors vector as
e=[e,e, 6,6l ,e=y-x, i =1 2 3, 4, we can

subtract Eq. (19) from Eq. (2), which vyields the
following synchronization error system.

2
€ =—ce +he; +2hxe, +u,

§2 =a(e; —e,)+u, 1)
é, =be, +e, —k(ee, + X, + X, ) +U,

é,=-de,+u,

Therefore, the identical synchronization problem is
reduced to the stabilization problem of the
synchronization error system (21). Consequently, the
control inputs vector u(t) should be designed to

stabilize the system (21). Finally, the stabilization of the
system (21) implies that the master and slave Wang
systems are synchronized properly. Now, the active
controllers will be designed based on the backstepping
method as follows.

Stepl. Let p, =e, then its derivative can be

obtained a

[y =—Cu, +hes +2hx,e, +u, (22)

where e, =¢, () can be regarded as a virtual
controller. To design of ¢ (W) and u, such that
stabilize p,-subsystem (22), the following Lyapunov
function V, is considered as follows.

V, =054 (23)

Then, the derivative of V, is obtained as

vl :Iul[h¢12 (1) +2h X, @, (1) —Cpy + 4, ] (24)

If we choose ¢, (1) =u, =0, then V, = -z’ <0 is
negative definite. This implies that the , -subsystem
(22) is stable. Since the virtual control function ¢, ()
is estimative, the error between e,and ¢, (1) is defined
as

My =€ — ¢ (1) (25)
Then, the (4 — u,) -subsystem can be derived as

fo=—Cu + hluz2 + 2hX, ,

(26)
H, =a& —au, +U,

where e, =@, (1, H,) can be considered as a virtual

controller.
Step 2. In order to stabilize the (z — u,) -subsystem

(26), the Lyapunov function V, is defined as
V, =V, +0.5. (27

The derivative of V, is given by

V, = hpa il + 20 i pt, — il —as; +

(28)
+awe, (14, 1,) + 1\,

If ¢,(,1,)=0 and u, =-hpp, —2hx,p,, then
V, =—cu’ —au? <0, which implies the (1 —u,)-
subsystem (26) is stable. Similarly, assume that

H; =€ —¢,(Hy, 1,) , then the following (14 — 4, — 145) -
system can be derived.

i =—Cpt +hyi +2hx,

iy =8 gy —ap, =N, — 20, 1 (29)
Ly =bp, +e, —K(gp, + X1, + X, 08) + Uy

where e, =@, (1, H,, ;) can be regarded as a virtual

controller.
Step 3. The Lyapunov function V, is defined by

V, =V, +V, +0.5.2 (30)
In order to make (Y, —H, —H,) subsystem (29)
stable, the derivative of V, is given by

220 Iranian Journal of Electrical & Electronic Engineering, Vol. 8, No. 3, Sep. 2012



Vi =~ —aus; +(@+b) p —kx s
=KX 14 1ty + 115005 (111, 1y, 115) + 13U
We can choose ¢, (M, M, M) =—H, and
U, =—(a+b)p, +kpyp, +kxp, + K 1y o) that

(31)

V, =—cul —agul —ul <0, which  verifies  the
(K, — M, — Ky) -Subsystem (29) is stable.
Let p,=e,— @(K, K1), then the following

(W — M, — My — H,) -System is concluded.

fo = —Cay + i +2hx,
fp =8 g —aut, —hpy g, =20, 11

My =—al, + [y —
Ay =—(d+a)p, + py — s+,

(32)

Step 4. In order to stabilize the (W, — [, — s —Hy) -
system (32), the Lyapunov function V, defined by Eq.
(33).

V, =V, +V, +V, +0.5 4] (33)

The derivative of V, is expressed as

V, = —Cp —aps — 45 + pi

(34)
—(d+a)u,uy +p4,

If u, =(d+a)y, —2u,, then
V,=—cul —aul—ul—ul<0 proves that the
(K, — 1, — Ky — 1, ) -system (32) is stable. Finally, the
(K, — 1, — 5 — H,) -System is described by

f = =Cpy + g +2h %, g1,

iy =8y —au, —hp, —2h X, 1 (35)
My = =8y + 1, = iy
My ==y —

Since V, is negative definite, it follows that in the
(K, — 1, — Ky — 1, ) coordinates the equilibrium
(0,0,0,0) is stable. Consequently, by considering the
h=e, =6, (=& @(k )= and
M, =e,— @ (K, 1, 1) = €+ &, one can obtain that
synchronization errors e, e,,e,,e, converge to zero. In

other words, the state variables of the slave system (19)
track the ones of the master system (2).

5 Synchronization of Two Wang and R&ssler
Systems

In this section, the backstepping method is employed
to synchronize the hyperchaotic Réssler system with the
hyperchaotic Wang system by designing an active
control inputs vector . The Wang system is regarded as

the master system which expressed as Eq. (2), and the
hyperchaotic Rdssler system is considered as the slave
system which is given by

Y1:ﬂy2+7Y1+u1
Y, =3+Y,Y, +U,

ya ==Y, — Y, +U;

Yo=Y+ Y, +ay,+U,

(36)

where vy, (i=12,3,4) are the state variables of the

Rossler system and u=[u,,u,,u,,u,]" is the control
inputs vector. Similarly, by defining the synchronization
errors vector as e=[e,e,,e,,e,],6 =Yy, —%, we can

subtract Eqg. (36) from Eq. (2), which vyields the
synchronization error system.

€ =pe,+ye+f+u
€, =3+6,6, +X,6, + X8, + f, +U,

37
€, =-e,—¢,+ f,+u, 37)
e, =e+e+ae, +1,+u,
where f = BX%, +(y +Cc)x —hx,?,

f,=a(X, = X)+ X%, fy=—(b+1)x,-2x, +kxx, and
f,=dx,+X +X+ax,. The active backstepping

control inputs vector will be designed as follows.
Step 1. Assume that o, =¢,, then its derivative can

be obtained as
o, = pe, +yo, + f +u, (38)

where e, = ¢,(o,) is regarded as a virtual controller. To
design of ¢,(o,) and u, such that stabilize the o, -
subsystem (38), the Lyapunov function V, is defined as

V, =0.50; (39)
The derivative of V, is obtained as

vl =oy[B e (o) +yo, + f+u] (40)

By considering ¢,(c,)=0 and u, =—f, —(y+1)o,,
the V, = —o} <0 is negative definite. This implies that
the o -subsystem (38) is stable. Since the virtual
control function ¢,(o;) is estimative, the error between
e, and ¢, (oy) is defined as follows.

o, =¢,—¢ (o) (41)

Thus, the o, -subsystem can be obtained as
6, = fo, -0, (42)
G, =3+0,8;, + X,8, + X,0, + f, + U,
where e, = ¢,(0,,0,) isregarded as a virtual controller.
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Step 2. In order to stabilize the (o, —o,) -subsystem
(42), the Lyapunov function V, is defined by

V, =V, +0.50? (43)
The derivative of V, is given by
vz =0} +0,(0, +%,)9,(0,,0,) + fo,0, (44)
+30, + X,0; +0,f, +o, U,
If @,(0,,0,)=0 and

u,=-f,-3-0,% - po,—oc,, then V,=—"—0?<0,
which implies that (o, —o,) -subsystem (42) is stable.
Similarly, assume that o, =e,-¢,(0;,0,), then the
(o, — 0, —0;) -subsystem is concluded as
o, = fo, -0,

6, =(0, +X%,)o; —0, — fo, (49)

6,=—0,—-¢,+f,+u,

where e, =¢,(0,,0,,0,) is regarded as a virtual
controller.
Step 3. In order to stabilize the (o,-o0,-03)-

subsystem (45), the Lyapunov function V, is selected as

V, =V, +V, + 0552 (46)
The derivative of V, is obtained as
V3 =-0} -0} —0,0,(0,,0,,03) (47)
+0,(0 +o,X, —0,)+ 0, f, + o,U,
By selecting 0,(0,,0,,0,)=0 and
u,=-f,—o,”~0o,x,+0, -0, then the

\,=—of —-c# <0 is negative definite. This implies that
the (o, — o, —0o,) -subsystem (45) is stable. Similarly,
assume  that
(0, -0, — 0, —0,) -system is concluded as

o, =¢,—¢,(0,,0,,0,), then the

6, =po, -0
G, =(0, +%,)0, — 0, - Bo, (48)
O3 =—03 =0, ~0,X%, _O-zZ
6,=0,+0,+ac,+ f,+u,

Step 4. In order to stabilize the (¢, -0, -0, -0,) -
system (48), the Lyapunov function V, is selected as

V, =V, +V, +V, + 0507 (49)

The derivative of V, is given by

7 2 2 2 2
V, =-0 —0, —0; +ao, (50)

+ o,0,+0,f,+0o,U,

If u, =—f,—o,-1+a)o,, then
V, =-0? -0} -0c. -0l <0, which implies that the
(0,—0,—0,—0,)-system (48) is stable. Finally, the
(0, -0, — 0, —0,) -System is obtained as

0, =po, -0,

o, =(o,+X,)0, -0, — o, (51)
Gy =—0,— 0, —0,%, — 0}

G,=0,—-0,

Since V, is negative definite, it follows that in the
(0,-0,-0,—0,) coordinates the equilibrium
(0,0,0,0) is stable. Consequently, by considering the
o,=€, 0,=6,-¢(0,)=86,, 03=6,-9,(0,,0,) =8
and o, =¢,-¢,(0,,0,,0,)=¢€,, one can obtain that
synchronization errors e, e,,e;,e, converge to zero. In

other words, the state variables of the slave system (36)
track the ones of the master system (2).

6 Numerical Simulation Results

This section performs three numerical simulations to
demonstrate the feasibility and effectiveness of the three
designed backstepping control vectors to control and
synchronize the hyperchaotic systems. The forth-order
Runge-Kutta algorithm is applied to solve the
differential equations with step size 0.0001 in all
numerical simulations.

6.1 Numerical Simulation for Tracking Problem

The parameters of Wang system are considered as
a=10, b=40, c=25, d=10.6, k=1 and h=4, to
the Wang system exhibits hyperchaotic behaviors. The
initial conditions of the controlled system (3) are
defined as x(0) =[1,-1,-3, —4]T . Fig. 3 depicts that the
output x (t) can track the desired x4 (t) =5sin2t in the
presence of control inputs vector u=[u,,u,,u,,u,] .
Notice that the controllers activated at t = 5(sec) .

6.2 Synchronization Results of Two Identical Wang
Systems

We have selected the parameters of the master and

slave systems as a=10, b=40, c=25, d=106,

k=1 and h=4. The initial conditions of the master

and slave systems are assumed to be x, =[-2,11, =l

and vy, =[7,-4,8,—4]" respectively. Simulation results
are shown in Figs. 4-6. The control inputs are activated
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at t=5(sec). Fig. 4 depicts the state trajectories of

master and slave systems. Figs. 5 and 6 show the time
responses of synchronization errors and the Euclidean
norm of errors vector respectively. It can be seen that
the synchronization errors converge to zero after the
controllers are activated at t =5(sec) .

6.3 Synchronization Results of Two Réssler and
Wang Systems
In this subsection, the parameters of Rdssler system
are selected as =025, g=-05 and y=0.05.

More, the parameters of Wang system are considered as

x,(t) and x(t)

Time (sec)
Fig. 3 Time response of x(t) of Wang system which tracks
the desired x4 (t) =5sin2t .

x(1), (1)

X(1) 4 ¥,(1)

X5(1) . y5(1)

x,(1), y,(1)

Time (sec)
Fig. 4 Time responses of the state variables of master and
slave Wang systems: (a) Time responses of xq(t),y;(t), (b)

Time responses of x,(t),y,(t), (c) Time responses of
X3(t), y3(t) , (d) Time responses of x4(t),y4(t) .

e (t)

e, ()

e (t)

e, (t)

Time (sec)
Fig. 5 Synchronization errors between the master and slave
Wang systems: (a) Waveform of e =y, -x , (b) Waveform

of e,=y,-X,, (c) Waveform of e;3=y;-xX3, (d) Waveform
of e4=y4-X4.

70

T T
Euclidean norm of e(t)

60

50

40

30

Euclidean norm of e (t)

20

10

0

Time (sec)
Fig. 6 Waveform of the Euclidean norm of synchronization
errors vector.

a=10, b=40, c=25, d=106, k=1 and h=4
respectively. The initial conditions of master and slave
systems are assumed to be x, =[12,5,-15,-1.2]" and

yo =[4,8,-13,-2]" , respectively. Simulation results
are illustrated in Figs. 7-9. The control inputs are
activated at t=5(sec). Fig. 7 shows the state

trajectories of master and slave systems. Figs. 8 and 9
show the waveforms of synchronization errors and the
Euclidean norm of errors vector. From the Fig. 8, it can
be seen that the synchronization errors will converge to
zero.
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X, (1), y,(t)

X(1) 4 ¥ ()

X5(1), y4(t)

X, (1), y,(t)

Time (sec)
Fig. 7 Time responses of the state variables of Wang and
Rossler systems: (a) Time responses of X (t),y;(t), (b) Time

responses of X, (t),y»(t), (c) Time responses of xs(t),ys(t),
(d) Time responses of X4 (t),ya(t) .

i
&, (1=, (1) %, (1)

e, (1)=Y, (t)-%, (t)
1

e, (1)

-50

-100

100

e, (1)

e (1)

e, (t)

Time (sec)
Fig. 8 Synchronization errors between the Wang and Rossler
systems: (a) Waveform of e =y;-% , (b) Waveform of

€ =Yy -Xp, (C) Waveform of e;=yz-xX3, (d) Waveform of

€4=Y4-X4-

7 Conclusion

An approach for tracking and synchronization
problems of hyperchaotic systems using active
backstepping method has been proposed in this paper.
The mentioned method has been applied to the
hyperchaotic Rdssler and Wang systems successfully.
Three numerical simulations are used to demonstrate the
effectiveness of the designed active backstepping
controllers.
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