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Based on projective synchronization and combination synchronization model, a type of combination-combination projective
synchronization is realized via nonsingular sliding mode control technique for multiple different chaotic systems. Concretely, on
the basic of the adaptive laws and stability theory, the corresponding sliding mode control surfaces and controllers are designed to
achieve the combination-combination projective synchronization between the combination of two chaotic systems as drive system
and the combination of multiple chaotic systems as response system with disturbances. Some criteria and corollaries are derived for
combination-combination projective synchronization of the multiple different chaotic systems. Finally, the numerical simulation
results are presented to demonstrate the effectiveness and correctness of the synchronization scheme.

1. Introduction

With the development of the control area, chaotic syn-
chronization has become an important and significance
research direction in nonlinear science due to its potential
practical application in many scientific and engineering
fields such as electronic circuits [1], biological systems [2],
and communication systems [3] during the recent years.
From the viewpoint of control, synchronization of chaotic
systems [4] is a hard task because of their nonlinear behav-
ior and sensitivity to the initial values. It is due to the
fact that for chaotic systems, with complex mathematical
expression, stability analysis methods are difficult to be
implemented. Synchronization of chaotic systems refers to
a process wherein two or many chaotic systems adjust a
given synchronization property of their motion to a common
behavior due to a coupling or to a forcing. The main idea of
chaos synchronization is to make the states of the response
system follow the states of the drive system asymptotically.
Up to now, various kinds of synchronization have been
intensively investigated and a lot of theoretical results have
been obtained; such as complete synchronization [5, 6], anti-
synchronization [7], phase synchronization [8], generalized

synchronization [9-12], antiphase synchronization [13], lag
synchronization [14], partial synchronization [15], projective
synchronization [16-19], time scale synchronization [20],
combination synchronization [21-23], and compound syn-
chronization [24]. Projective synchronization has attracted
more and more attention due to the flexibility and adjustabil-
ity of the proportionality factors, where the complexity of the
system is enhanced and increases the secrecy property of the
system. In this period, some projective synchronization types
have been developed. Modified projective synchronization
has been studied for a class of real nonlinear systems and
a class of complex nonlinear systems [25-27]. On another
research frontier, the combination synchronization has been
investigated for secure communication, which can double
the number of variables of the chaotic systems to strengthen
the contents and security of the transmitted information.
For instance, a method has been designed to realize com-
bination synchronization of three different chaotic complex
systems, where the combination system of two drive systems
can synchronize with one response system [28-30]. And,
a novel kind of compound synchronization among four
chaotic systems is investigated to enhance the security of
communication, where the compound system of three drive
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systems can realize the synchronization with one response
system [31, 32]. Although the combination synchronization of
chaotic systems has more advantages and potential compared
to the synchronization between one drive system and one
response system, the study of combination synchronization
has been mostly concerned with the synchronization of one
response system and does not consider the influences of some
uncertainties parameters for multiple response systems.

On the other hand, several control methods have been
investigated to realize chaos synchronization such as feed-
back control method [33], active control method [34], back
stepping method [35], adaptive control method [36-38],
impulsive control method [39], coupling control method
[40], and sliding mode control method [41]. The concept and
application of sliding mode control have become a popular
research subject among many control theories. The difference
between sliding mode control [42, 43] and conventional
control lies in the discontinuity of control. It is a nonlinear
control, which is realized by switching functions. The struc-
ture of the controller is switched according to the degree
of system state deviating from the sliding mode, so that
the system runs according to the rule of sliding mode. By
designing a switching surface and applying a discontinuous
control law, the trajectories of dynamic systems can be forced
to slide along the desired sliding surface. The advantage
is that the controlled system with sliding mode control
exhibits stability properties with respect to both internal
parameter uncertainties and external disturbances, which has
been applied to cope with the control problem of chaotic
system [44]. To the best of our knowledge, so far, the studies
of chaos synchronization have little involvement with the
synchronization scheme that combines projection synchro-
nization and combination synchronization. The research on
the combination-combination projective synchronization of
multiple drive and multiple response chaotic systems with
unknown disturbances is still an opportunity and challenge
in the field of nonlinear science.

Motivated by the above discussions, a novel kind of
combination-combination projective synchronization among
multiple chaotic systems is investigated via the nonsingu-
lar sliding mode control, where the mixed system of two
drive systems can realize the synchronization with multiple
response systems. Moreover, the adaptive laws are proposed
and sliding mode controllers are designed for the syn-
chronization of uncertain chaotic systems with unknown
parameters and external disturbances. Numerical simulation
results are shown to verify the effectiveness and applicability
of the combination-combination projective synchronization.

Compared with prior works [5, 6, 16], there are two
advantages which make our paper more attractive and mean-
ingful. At firstly, the paper extends projective synchronization
of chaotic systems to combination-combination projective
synchronization of chaotic systems, which make the dynamic
behaviors and variables of the system more abundant and
can greatly improve the security of communication. And
importantly, the synchronization among multiple chaotic
systems with unknown disturbances is discussed and realized
by-designing-correspondingssliding-modessurfaces and con-
trollers, which have a better control performance than some
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existing results [5, 6, 16]. Hence, the results of this paper may
extend and improve existing results in some extent.

The organization of this work is organized as follows. Sec-
tion 2 shows a scheme of modified combination-combination
projective synchronization. In Section 3, sliding mode surface
and controllers are designed and stability is analysed. In
Section 4, the simulation example is realized to validate the
effectiveness and the feasibility of the proposed control strat-
egy. Finally, the concluding remarks are given in Section 5.

2. Combination-Combination Projective
Synchronization of Multiple Chaotic
Systems with Disturbances

2.1. Problem Formulation. In this section, the combination-
combination projective synchronization problem of multiple
chaotic systems is proposed, which has two drive systems
that synchronize multiple response systems. The precise
definitions of combination-combination projective synchro-
nization scheme and some definitions are introduced.

Without loss of generality, consider the following N
chaotic systems with disturbances; the first system is drive
system and is described by

X (1) = Ajx; () + f1(x, () + D, (1), )

where x,(t) = [xll(t),xlz(t),...,xln(t)]T is the state
vector of the first chaotic drive system (1). f;(x,(t)) is
the continuous nonlinear function, f,(x,(¢)) = [f;;(x,(®)),
FroGe )y fin T, A, = [A A ALl  isa
coefficient matrix, and A}, Ay,,..., Ay, are an n x 1 real
vector of system parameters, respectively. The disturbance
of the chaotic system (1) is defined as D,(t) = [d(t),
d(£),---dy, ()], which is an nx1 vector.

The corresponding N — 1 systems for system (1) with
control inputs are response systems and can be written as
follows:

%, (1) = Ayxy () + f5 (x5 (1) + Dy (1) + 1y (1),
(2)

Xy () = Anxy () + fiv (xn @) + Dy (8) + uy_y (£),

where xj(t) = [le ), sz(t), i xjn(t)]T is the state vector of
system (2). £,(x;(6)) = [Fn (60 Fie (O, . Finle, NI,
fjl(xj(t)),fi-z(xj(t)), .. .,fjn(xj(t)) are the continuous non-
linear functions.

A = [ApAgp... ,Ajn]T is a coefficient matrix,
Aj,Aj,..., Aj,areannx1 real vector of system parameters,
respectively. D, () = [djl(t), djz(t), . ,djn(t)]T is the distur-
bance of the system (2), which is an nx1 vector. The control
input is u;_;(t) = [ujy,(8),u; 1 5(0), - ,uj_l)n(t)]T, (G =
2,3,4---,N).

The second drive system is given

71 () =By, (1) +g, (3, (1) + K, (1), (3)
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where y,(t) = [x,,(£), y1,(t)s . . ., y1,,(£)]" is the state vector of
the chaotic drive system (3). g, (y; (¢)) is the continuous non-
linear function, g,(y,(#)) = [91 (1 (®) g2V (). ..,
91T B, = [Byy,Byps-..»By,]" is a coefficient matrix;
B4, By, ..., By, are an nx 1 real vector of system parameters,
respectively. The disturbance of the chaotic system (3) is
defined as K (t) = [k, (t), k1, (1), - - kln(t)]T, whichisannx1
vector.

The corresponding N — 1 response systems with control
inputs can be written as follows:

V2 (6) = Byy, (8) + g, (32 (1) + Ky (8) + wy (1),
(4)

yn (8) = Byyn () + gy (yn () + Ky () + wy, (1),
where y(t) = [yj(®), y,(®),..., ;0] is the state
vector of the system (4). g;(y;(t)) = [y;(y;(®)), g;(y;(1),

e GO, G (), G (3O, G1u(;(8)) are the
continuous nonlinear functions.
B]- = [le,BjZ,...,Bjn]T is a coefficient matrix; le,
Bjj,...,Bj, are an n x 1 real vector of system parameters,
respectively. K;(t) = [kjl(t),ka(t), e kjn(t)]T is the distur-
bance of the system (4), which is an # x 1 vector. The control
input is w;_; () = [w;_y,, (), w1, @), ]-_l,n(t)]T, (j =
2,3,4--- N).

2.2. The Theory of Combination-Combination Projective Syn-
chronization. In the section, we firstly design the scheme
of combination-combination projective synchronization in
our drive-response synchronization scheme with two drive
systems and multiple response system. It is assumed that the
system x, (¢) is the drive system, and the other N — 1 systems
%, (t), ..., x(t) are response systems. The system y, (t) is the
drive system, and the other N — 1 systems y,(¢), ..., yy(t) are
response systems. Therefore, the following definition 1 will be
given.

Definition 1. Consider the combination of systems x,(t)
and y,(t), and the combination of response systems x,(t)
and y,(f), the combination of response systems x;(¢) and
y5(t), - - -, the combination of response systems x j(t) and yj(t)
with unknown disturbances, respectively. If the time ¢ goes to
infinity, such that

tim ;o 0] = e, 9+ 31 0 -1 [x; 0 + 3, )|

t—00

:0’

the synchronization is called combination-combination pro-
jective synchronization, and | - || represents the matrix
vector norm. e;_, (t) is combination-combination projective
synchronization error and ej,l(t) [ej,l’l(t),ej,l,z(t),

s ,e]-_l,n(t)]T, hinmrdiaglSimSiosmmmmbimhisa diagonal matrix
and §;,§5, ..., &, are the scaling factors (j = 2,3,..., N).

The dynamics system errors can be further obtained as
follows:

i (8) = Ay () + fry (%1 () +dyy () + Byyyy ()
+ 90 (0 @) +ky ()& [Ajx; )
+ £ (3 @) +djy (8) +ujy, () + Bjyy; (1)
+9, (5, 0) +ky (O +w; ., 0],
i (1) = Ay () + frp (%, () +dyy () + By, ()
+ g1 (1 ) +kyy (1) = €5y [A px; (©)
+ fin (3 (0) +dj (8) +uj 5 () + By, (1) ©6)

+ 9, (y; () +kp () +w; 5 )],

€j_10 () = Apxy (1) + fin (1 (1) +dy, (8)
+ Blnyl (t) + 91 (yl (t)) + kln (t) - Ejn [Ajnx]' (t)
+ fin (% (®) +djy (8) +ujy, (8) + By y; (B)

+ G (7;(O) + kju () + Wiy, (1)

In order to realize the combination-combination pro-
jective synchronization, it needs to design controllers
ul(t),uz(t),...,uj_l(t) and wl(t),wz(t),...,wj_l(t) make
all the trajectories xl(t),xz(t),...,xj(t) and y, (1), y,(®),
...,yj(t) in any initial conditions xl(O),xz(O),...,xj(O)
and y,(0), ¥,(0),..., y;(0) satisfy the following condition:
tim, eolle I = I, (8 + 3,(8) = T ,8) = ;O = 0, (j =
2,3,4---,N).

Assumption 2. The external disturbances are norm-bounded,
that is, ID,® < ap, 11,001 < B IKOI <y,
IJ;K;Ol < ¢, where ocl,,Bj,yl and ¢; are known positive
constants (j = 2,3,4---,N).

Remark 3. If the scaling matrix J = I, then the combination-
combination projective synchronization problem will be
reduced to combination-combination complete synchroniza-
tion, where I is a n X n identity matrix.

Remark 4. If the scaling matrix ] = —I, then the
combination-combination projective synchronization prob-
lem will be reduced to combination-combination anticom-
plete synchronization.

Remark 5. If the scaling matrix /] = 0, the combination-
combination projective synchronization will be turned into
a chaos control problem.

Remark 6. Definition 1 shows that the combination of drive
systems and the combination of response systems can be
extended to three or more chaotic systems.
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Remark 7. There are many different scaling factors in a scaling
matrix J, so all the dynamical states of the combination-
combination projective synchronization can be adjusted of
the different states independently.

Asweall known, the main idea of synchronization control
is to change the combination synchronization of chaotic
systems problem into the combination synchronization error
stability problem of the chaotic system.

Based on systems (1)-(4), the following conclusion can be
drawn:

€1 (t) =x, () + 3, () - J;x; () = J;9; (1) =

+ f1(x; () + Dy (1) + Byy, (1) + g4 (1 (1))
X+ f;(x; (1) +D; (t)

Aqxy (1)

+K, (t)-J;[A
+u;, (8)+By; () +g;(y;(O) +K; (1)

+wjy ()] 7)
=Aje; () +Bej, () +(AJ; - T,A;) x; ()
+(BuJ; = 1;B;) y; () + fi (%, (0) + g1 (1 ()
~T;£; (x;®) = I,9; (; ®) + Dy (£) + K, (¢)
—J;D;(6) = T;K; () = J; [uj () + 0,y 0],
() is the combination control

where Vi @ = u; 1(t) +w;
controller (j = 2, 3 ., N).

3. The Design of Sliding Mode Controller

In this section, combination-combination projective syn-
chronization will be discussed and implemented for multiple
different complex chaotic systems with unknown distur-
bances via sliding mode controller. Here, we take the fol-
lowing methods to achieve synchronization among multiple
chaos systems. First, we should define a nonsingular terminal
sliding surface sj_l(t) and, second, determine the control
law to guarantee the existence of the sliding motion. The
appropriate sliding mode surface is defined as follows:

5]-71 (t) = Aj—lej—l (t) > (8)
where s;_;(t) = [s;_11(£),8;-1,(F),.
and A, = [A;_1(D),A;,(0),...

vector that need to be given (j = 2,
reaching law is selected as

. ,s] 1n(t)] is a vector
J 1n(t)] is a constant
., N). Also, the

$i21(6) = =qjysgn (sj () = rjasia (O, (9)

where sgn(-) denotes for the signum functlon, sgn(s L) =
: sw1tch1ng gains
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The sliding motion exists with the error system trajecto-
ries moving on sliding surface and staying on it forever, if and
only if

si () = Aj_lej_l (t) =0,
(10)
ri18j1 t)=0

$i (t) = —q;_15gn (sj_l (t)) -

After choosing the corresponding sliding surface, we
design the control law to drive the error system trajectories
to go onto the sliding surface. Therefore, to ensure the exis-
tence of the sliding motion, the corresponding combination
controller Vi () = uj_ 1B+ w;_ 1(#) is designed to ensure the
existence of the shdmg motion. The combination controller
can be proposed as follows:

Vi () = upy () +wy (£)
= I (A - 1,4;) x;0) + (B - 1;B;) v, (8)
+fi (1 (0) + g1 (0 ) = T, (x; 1)
=139 (7; )] = T; P64 )

(1)

where p;_; = [pj_11Pj105- - ,pj_l)n]T is the constant gain
that needs to be given (j = 2,3,...,N).

0., 5,20
0, =1" """ (12)
0,0 (1) sj4 <0,
where 0, (t)" and@,_,(t)” are right-hand limit and left-hand

limit of the 6,_; (), respectively.

Substituting v]-_l( ) = uj NGE: w;_ 1(¢) from (11) into the
above equation (8), the error system (7) can be further given
as

61 (1) = 3, (1) + 91 (0) =~ T3 () = T35 ()

=[Aje; () +Biej () + D, () + K, (1) (13)

13 (D;®) + K; (1) + pii0;s ()]

So according to formulas (8), (9), and (13), we have the
following result:

0, () = —p; [Ae

+K, 1) - J;(D; )+ K; () - ¢, (0)]

1 () +Byejy () + Dy (1)
-p; Y [Avej s () + Biej (1) + Dy () + K, ()

Al @]

= A] 1Pj1 [/\ 1Arejy () + A Brej_ ()

D; () +K; (1)
~J;(D; () + K; (1)) - ”

+ }L]-_ID1 (t) + }tj_lK1 ()
~ X105 (D () + K; (1)) + ;1580 (5,4 (1))

+1i485 (t)] .
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Obviously, the external disturbances are generally uncertain,
so the control law 6;_,(t) can be simply designed in the
following form:

0, (£) = =AL p; Y [AjaAvei L () + A B (1) )
15

+q;_15gn (sj_1 (t)) +7i18j (t)] .

The proposed combination controller in (11) and the control
law in (15) will guarantee the occurrence of the sliding
motion, which is proved in the following Theorem 8.

Theorem 8. Consider the error system (5) is controlled with
the combination controller in (11) and the combination law in
(15). If the following condition (16) is satisfied, then the errors
of the system (5) will go toward the sliding surface and will
reach the sliding surface, which means that the combination-
combination projective synchronization of multiple chaotic
systems is realized.

"’\1—1” a Y+ P te ) gj-1 < 0.
(j=2,3,...,N).

(16)

Proof. Consider a positive definite function as a Lyapunov
function candidate,

Z[(M (7=23...N). 1)

Its derivative with respect to time t along the trajectory is

=Y [s;0 035, 0)]. (18)
j=2

According to formulas (7) and (8), the result can be obtained

=Y [5m OAé )]
j=2

RO ENOESAORYENORY SAG)

= A8 () {Aje, +Biey + (A, - T;A;) x; (1) 19)
+(BiJ; = 1;B;) y; () + fi (x, (0) + g1 (31 (1)
—J;f; (x;®) = T;g; (; ©) + Dy () + K, (2)

Inserting éj_l(t) and Gj_l(t) from (13) and (15) into (19),
one obtains

n

Z ENGPIRT-ANG)

= A5 (0 {Ae;, () + Biej, (t) + D, (1)

+ K, () - J; [D; (1) + K; (1)]

—pia AP (A Are () + A Brej (1) (20)
+ 51580 (51 () +yj08 O]}
= A5, D, O+ K, () - J; [D; (1) + K; (1)]}
=i (O @580 (530 (6) = yj157, (0.

By the fact that sgn(s; () = |s;_, (t)|/s;_, (t), we gain
Vi
= A5 O{D O +K ) -T;[D; )+ K; 0]} 1)

= [si-1 O]djor = ¥j15 @

According to Assumption 2, one obtains

‘7]'—1 = Zsj—l (B A1y (1) = Aj 55 (1) {D1 ()

=2
+K, (0~ 1, [D; 0+ K; 0]} - |5, 0] a4
SO PO TR 11 R

H&aMWINW+MKmM%%mﬂ
i1 =5 O < [A] (e v+ B ey)
= a1 s O -5 ©-

In light of condition (16), we can easily obtain

Vi < [ (o + 0+ B+ &) = g ] 500 0]
(23)
- Yj—15j_1 (t) < 0.

Hence, the proof is achieved completely. O

4. Numerical Simulations

In order to validate the efficiency and effectiveness of the
proposed theory, the complex Lorenz system, the complex
Chen system, the complex Lii system, and Rdssler system with
disturbance are proposed and corresponding controllers are
designed.
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The first drive system is the Lorenz system (24) and
corresponding response system is the Chen system (25).

Xy, = —10xy; + 10x,, + dy;,

Xy = 28Xy — X1y — Xy X3 +dy, (24)
. 8
X13 = X11X12 — §x13 +dys,

and
Xy, = —35xy; + 35xy, +dy; + Uy,
KXoy = =T7Xy + 28Xy, — Xy Xp5 + dyy + Uy, (25)

Xp3 = —3Xp3 + X1 X + doy + U3

The second drive system is the Lii system (26) and
corresponding response system is the Rdssler system (27).

I = —36yy; + 36y, + kyys
Y12 =20y1, = yuyis + ko (26)
Y13 = =3y + Yy + ki
and
Va1 = ~¥nm — Va3 Ty +wyy,
V22 = =¥ + 0.2y + kyy + wyy, (27)
Y23 = =0.2 = 5.7y33 + y31 Y23 + ko3 + w3

According to the given systems (24), (25), (26), and (27),
the following conclusions can be obtained:

[10 10 0
A, = 28 -1 0 )
[-35 35 0
Ay,=1| -7 28 0 |,
L 0O 0 -3
-0
fi () = | —xnxgs |
L X11X12
-0
fo () = | —x21%53 |,
L Xp1X3
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[ 0.1cos (10¢) T
—0.2 cos (15t)
L 0 i

[—0.1 cos (10¢) T
—0.1 cos (15t)
L 0 i

[-36 36 0
B,=| 0 20 0|,
L 0O 0 -3

o -1 -1
B,=|1028 0 |,
L0 0 =57

r 0

Y |

L Yz

[ 0

9, (1) = 0 ,
L=0.2+ y51 23

g ()=

r—0.2 cos (10t) T
0.1 cos (20t)
L 0 i

r—0.2 cos (10t) 7
—0.1 cos (20¢t)
L 0 _

(28)

Assuming J, = diag{l,-1,2}, so the system dynamic
errors can be obtained

éy; = —10x;; + 10x1, + dy; — 36y, + 36y, + kg
+35x5) = 35xp —dy — Uy + Yon + Vi3
—kyy —wyy,

€1y = 28xy) — Xy — X X3 +diy + 20y, — Yudis
+kyy = 7351 + 28Xy, — X1 X5 + dyy + Uy,

+ 151 +0.2y5 +hyy +wyy,
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—-10000
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— €1
3

FIGURE 1: Synchronization errors e, e;,, €;5.

) 8
€13 = X1 X1 — §x13 +dy3=3y13+ ynyn ki
+ 6xy3 — 2X5, X5y — 2d53 — 2uy; — 04

+ 114Y,5 = 295 Y23 — 2kp3 — 2wy,
(29)

Then, it is assumed that A, = [0,1,1] and p, = [0, 1,0]T,
y, =1l,and g, = 2.
Thus, the result can be obtained

14
0, = —28e,, — 20e,, — 3 e~ 2580 (s1)> (30)
that is,

14
28e,; — 20e;, — ?613 -2 520
61 - 14 (31)
28e;; — 20e,;, — ?ew +2 s <0.

In what follows, the numerical experiments are given
to illustrate our results. In the simulation process, we
assume the initial conditions of the drive chaotic sys-
tems and response chaotic systems are chosen as (x;(0),
x12(0)» x13(0)) = (1,0,-1), (x21(0), xzz(o)a x23(0)) =(2,3,1),
(5110), 1(0), »13(0)) = (2,1,3), (¥21(0), y2,(0), ¥,5(0)) =
(0,2, 1). The state trajectories of the errors and corresponding
variables are shown in Figures 1-7, respectively. According
to the simulation parameters, it can be observed that the
synchronization error e; converges to zero in Figure 1, which
means that the combination-combination projective syn-
chronization between two drive systems for Lorenz system
(24) and Lii system (26) and two response systems for Chen
system (25) and Rossler system (27) are realized via the sliding
mode control. The drive state trajectories of systems (24)
and (26) are shown in Figures 2 and 3. The response state
trajectories of systems (25) and (27) are given in Figures 4 and

[ j ies 0 ingFigure 6. The sliding

time (s)
— X1 — Yn
— Xp» — Y12
— X3 Vi3

FIGURE 2: Drive state trajectories x,;, X5, X3, V11> V12> Vi3-

100
80 |+
60 | )
4011
20
(1R4
=20
_40 "
0 1 2 3 4 5 6 7 8
time (s)
*  Xtyn
- Xty
—om Xp3tYs

FIGURE 3: State trajectories x,; + ¥11, X15 + V125 X3 + V13-

Remark 9. In the simulation, we should choose reasonable
value according to the corresponding chaotic complex system
to achieve desired result in the simple way.

Remark 10. The sliding control method is included in the
discontinuous control methods as a special case. Hence, the
sliding control method can be also applied in an array of
coupled neural networks. The design of sliding control law is
also a difficult point for the discontinuous control methods.
The sliding mode control laws sometimes are too complex to
realize in the real control. How to simplify the sliding mode
control laws to reach the better effect is an interesting yet
challenging problem during our future study.

Remark 11. It can be easily obtained that the drive systems
and response systems can be the combination of nonidentical
chaotic systems or identical chaotic systems.
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5. Conclusions

In this study, a novel modified combination-combination
projective synchronization between the combination of two
chaotic systems as the drive system and the combination
of multiple chaotic systems as the response system with
unknown parameters and disturbances are proposed. Fur-
thermore, combined to the adaptive laws, the adaptive com-
bination controllers and sliding mode manifold have been
designed, and its convergence has been gained analytically.
Finally, the simulations analyses have been given and have
shown that the proposed combination controller works well
for synchronizing the combination of drive systems and the

inati ] psed method may
ptential than the
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traditional control method to complete intelligent synchro-
nization. How to realize combination-combination projective
synchronization in actual practice is our next research topic.
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