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12.1178 0 92.1964 1
21.3783 0 158.9639 2
55.9777 1 82.391 3
16.2336 1 64.562 4
99.3246 0 88.3934 5
18.7388 1 89.129 6
16.5634 0 155.5815 7
12.602 0 89.7016 8
4.6276 1 83.4911 9
0.7142 0 105.5065 10
10.5051 0 111.119 11
21.6895 1 62.7624 12
2.9755 0 75.407 13
21.7829 1 87.0382 14
163.0218 1 29.761 15
84.525 1 140.67 16
5.907 0 128.7006 17
29.0023 1 95.7676 18
6.7436 0 55.7151 19
62.5394 1 155.6024 | 20
23.7472 1 97.9587 21
18.4888 0 95.7118 22
137.692 1 110.5389 | 23
19.464 0 89.4998 24
40.599 0 107.5464 | 25
120.205 0 53.6082 26
28.5691 0 88.2765 27
65.9042 0 53.4816 28
83.7956 0 63.6485 29
63.2935 0 96.5308 30
76.8251 1 107.1961 | 31
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26.6698 1 88.4234 68
69.1283 0 82.4715 69
36.7929 0 118.842 70
80.4171 0 126.725 71
139.0935 1 74.2788 72
2.5116 1 166.732 73
47.9851 1 99.916 74
48.7589 0 100.2417 | 75
43.9922 0 82.8418 76
30.4512 0 150.3258 | 77
17.3423 0 123.1729 | 78
147.1917 1 89.5764 79
6.8692 0 88.0988 80
23.2619 0 57.8005 81
6.3083 1 73.2882 82
42.236 1 107.5013 | 83
32.2951 0 87.9785 84
116.5738 1 50.085 85
69.2399 0 193.3372 | 86
16.4508 0 87.1775 87
44.2461 0 67.9017 88
4.2818 0 128.9633 | 89
85.4303 0 71.9118 90
0.466 1 80.3268 91
24.6488 0 80.0053 92
13.8737 1 71.0759 93
0.0203 0 52.8832 94
49.8127 0 93.0502 95
35.2251 0 105.2951 | 96
30.6425 0 57.4981 97
10.7697 1 83.4244 98
8.0257 0 136.1786 | 99
92.0149 0 141.4341 | 100
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66.6251 0 131.4422 | 32
126.1869 1 104.8812 | 33
18.1527 1 61.1192 34
50.6528 0 96.6682 35
24.7515 0 127.852 36
14.5444 0 107.9688 | 37
27.7967 0 128.5524 | 38
24.9597 1 76.7519 39
32.3708 1 138.6695 | 40
83.5208 0 95.9081 41
28.5048 0 131.9932 | 42
6.3599 0 96.7028 43
5.3903 0 38.1395 44
52.3298 1 43.2683 45
62.7201 0 99.1733 46
22.8386 0 110.0331 | 47
17.832 0 125.8622 | 48
34.984 1 111.3223 | 49
63.1999 1 124.692 50
2.1389 1 127.3567 | 51
100.0067 1 92.1618 52
89.8824 0 44,5317 53
78.0655 0 62.2993 54
71.7199 0 118.2701 | 55
19.0596 0 68.4199 56
22.2253 1 100.9898 | 57
118.2006 0 106.3575 | 58
2.8512 1 70.5399 59
12.6618 1 44.3753 60
12.161 1 78.397 61
110.3288 1 88.9842 62
6.0124 1 96.0196 63
2.7138 1 181.416 64
0.629 0 37.9624 65
6.0823 0 59.3872 66
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Replication: 1 Time Units: hours
Key performance Indicators
System Average
Number out 299
Replication: 1 Time Units: hours
Activity Area (Level 000)
Accumulated Time
Accum VA Time value
Cars Enter 7.6600
Accum NVA Time value
Cars Enter 0.00
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Accum Transfer Time value
Cars Enter 0.00
Accum Walt Time value
Cars Enter 504.86
Accum Other Time value
Cars Enter 0.00
Total Accum Time value
Cars Enter 512.52
Replication: 1 Time Units: hours
Entity

Time
VA time Average Half Width Minimum value maximum value
Car 0.02561866 (Insufficient) 0.00 0.05335214
NVA time Average Half Width Minimum value maximum value
Car 0.00 (Insufficient) 0.00 0.00
Walt time Average Half Width Minimum value maximum value
Car 1.6885 (Insufficient) 0.00 3.4747
Transfer time Average Half Width Minimum value maximum value
Car 0.00 (Insufficient) 0.00 0.00
Other time Average Half Width Minimum value maximum value
Car 0.00 (Insufficient) 0.00 0.00
Total time Average Half Width Minimum value maximum value
Car 1.7141 (Insufficient) 0.2019336 3.5047
Other
Number in Value
Car 329.00
Number out Value
Car 329.00
WIP Average Half Width Minimum value maximum value
Car 32.0388 (correlated) 0.00 134.00
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Replication: 1 Time Units: hours

Process
Time per Entity
VA Time per Entity Average Half Width Minimum value maximum value
Pomp1l 0.02565523 (Insufficient) 0.00 0.05335214
Pomp2 0.02508142 (Insufficient) 0.00659873 0.04349171
Pomp3 0.02699173 (Insufficient) 0.00703818 0.04757213
Pomp4 0.02473449 (Insufficient) 0.00539847 0.04456329
VA Time per Entity Average Half Width Minimum value maximum value
Pomp1l 0.07540177 (Insufficient) 0.00 0.1165
Pomp2 0.07659800 (Insufficient) 0.01617416 0.1086
Pomp3 0.07507844 (Insufficient) 0.03336154 0.1106
Pomp4 0.07790193 (Insufficient) 0.03889945 0.1134
VA Time per Entity Average Half Width Minimum value maximum value
Pomp1l 0.1011 (Insufficient) 0.02019338 0.1427
Pomp2 0.1017 (Insufficient) 0.05093137 0.1340
Pomp3 0.1021 (Insufficient) 0.06880472 0.1524
Pomp4 0.1026 (Insufficient) 0.05404506 0.1374
Replication: 1 Time Units: hours

Process
Accumulated Time
Accum Walt Time value
Pompl 5.6551
Pomp?2 5.7448
Pomp3 5.6309
Pomp4 5.7647
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£740
S.720
£.700
£.52C
£.550
£.540

b ooy 51 S5 e bl ey oliee ¥ S
Other

Number in Value

it

.-

Pomp1l 75.0000
Pomp2 75.0000
Pomp3 75.0000

Pomp4 74.0000

75.000
74800
74500
7440

74200

7400

i

5 U
Process

Replication: 1 Time Units: hours

Other

Number out Value

Pomp1 75.0000

Pomp2 75.0000

Pomp3 75.0000

Pomp4 74.0000
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74.500

— e

7440 O Pomn 4

7420

7400

P s
Queue
Time
Waiting time Average Half Width Minimum value maximum value
Hold in queue. 1.6123 (Insufficient) 0.00 3.4057
Pomp1l.Queue 0.07540177 (Insufficient) 0.00 0.1165
Pomp2.Queue 0.07659800 (Insufficient) 0.01617416 0.1085
Pomp3.Queue 0.07507844 (Insufficient) 0.03336154 0.1106
Pomp4.Queue 0.07790193 (Insufficient) 0.03889945 0.1134
Other
Waiting time Average Half Width Minimum value maximum value
Hold in queue. 30.1291 (correlated) 0.00 3.4057
Pomp1.Queue 0.3534 (Insufficient) 0.00 0.1165
Pomp2.Queue 0.3591 (Insufficient) 0.01617416 0.1085
Pomp3.Queue 0.3519 (Insufficient) 0.03336154 0.1106
Pomp4.Queue 0.3603 (Insufficient) 0.03889945 0.1134
Replication: 1 Time Units: hours
Resource
Usage
Instantaneous Utilization Average Half Width Minimum value maximum value
Resource 1 0.4787 (Insufficient) 0.00 1.0000
Resource 2 0.1176 (Insufficient) 0.00 1.0000
Number Busy Average Half Width Minimum value maximum value
Resource 1 0.4787 (Insufficient) 0.00 1.0000
& x
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Resource 2 0.1176 (Insufficient) 0.00 1.0000
Number Scheduled Average Half Width Minimum value maximum value
Resource 1 1.0000 (Insufficient) 0.00 1.0000
Resource 2 1.0000 (Insufficient) 0.00 1.0000
Scheduled Utilization Value
Resource 1 0.4787
Resource 2 0.1176
0.500
0.450
0.400
0.330
030 B P 2
0.250
0.200
£.150
0.100
ol VS
Replication: 1 Time Units: hours
Resource
Usage
Total Number Seized Value
Resource 1 299.00
Resource 2 75.0000
230000 |
240.000 |
200.00 I [ Rascura 4
150.000 | 0 Rescuma I
120.000 |
20,000
40.00
Station
Other
Number Entities Transferring Average Half Width Minimum value maximum value
Cars Enter 0.00 (Insufficient) 0.00 0.00
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User Specified

Counter
Count Value
Balked cars 30.0000
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1-Moradi Y, Nazari N, beshagh M, Rahimi H. Spatial-location Analysis of petrol stations and determining the
optimal location of new stations using GIS and MCDM. Journal of Geography and Urban Space Development,

Third Year, Spring and Summer 1395, number 4. [Persian]

2-Kelton, W.D., Sadowski, R.P., Sturrock, D.T.,Simulation With Arena, Third Edition, 2004.

3-Zare Mehrjerdi Y, Hoboobati M, Safaie Nik F. Improving Waiting Time for Patients Referred to
Emergency Using Discrete Simulation Consequence. Journal of Shahid Sadoughi University of Medical
Sciences.1389; 302-312 . [Persian]

4-Banks J, Carson J, Nelson BL, Nicol D. Discrete-event system simulation. New Jersey: Prentice-Hall
1996.

5- Jun JB, Jacobson SH, Swisher JR. Application of discrete-event simulation in health care and clinics: a
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Subject: Design and control of a fractional-order Newton-Leipnik system using sliding mode controller

Javad Mostafaee

javadmostafaeel1982 @yahoo.com

ABSTRACT: This paper defines Several sliding surfaces to control and synchronize a fractional-
order Newton—Leipnik system. the main objective is to investigate Single- surface and Three-
surface sliding mode to control of a fractional-order Newton—Leipnik. It has been shown that this
problem could lead to control of system with Minimum Control Parameters as overshoot and rise
time. Simulations results are presented to illustrate the proposed controllers; they indicate that
the designed controllers are able to control the chaotic systems. Also, simulation results show
that the proposed control schemes are robust to step disturbances and Uncertainty.

Keywords: Fractional-order Newton—Leipnik system-Chaos-Sliding mode control

1-7- Introduction

Fractional Calculus is a rich and old mathematical topic.
Although it has a long history, for many years it was not
used in engineering. However, during the last decades,
fractional calculus has found many applications.

fractional calculus has been attractive for physicists
and engineers from an application point of view [1-3].
Many systems are known to display fractional

order dynamics, such as viscoelastic systems [4-6],
dielectric  polarization [7], electrode—electrolyte
polarization [8] and electromagnetic waves [9]. More
recently, many authors begin to investigate the chaotic
dynamics of fractional order dynamical systems [10-
18]. In 1981, Newton and Leipnik constructed a set of
differentials

equations from Euler’s rigid body equations which were
modified with a linear feedback controller [19]. In 2002,
Chen et al. studied chaos control of Newton—Leipnik
systems for the first time by using a stable-manifold-
based method [20]. Afterwards, Richter investigated the
stability and chaos control of Newton—Leipnik systems
with a static nonlinear feedback law based on the
Lyapunov function [21]. In 2005, Wang and Tian also
studied bifurcation of the Newton—Leipnik system and

controlled this system by using a simple linear controller
[22]. And Sheu et al. studied the dynamics of the
Newton—Leipnik system with a fractional order.

The lowest order for this system to yield chaos was 2.43.
The system displays rich dynamic behaviors, including
fixed points,

periodic motions, chaotic motions, and transient chaos.
Moreover, it would be interesting to determine whether
the system

can generate a four-scroll chaotic attractor [23]. In 2008,
Sheu and Chen et al. studied the dynamics of the
Newton—Leipnik system with a fractional order
numerically [24]. And Jia stabilized chaos to unstable
equilibria of the Newton—Leipnik system by using a
linear feedback controller and achieved chaos
synchronization of this system by employing the active
control scheme [25]. In this paper, the dynamical sliding
mode control of the fractional-order Newton—Leipnik
system are further studied. Also, simulation results show
that the proposed control schemes are robust to step
disturbances and Uncertainty.

2-7- Basic definition and preliminaries

There are several definitions of fractional derivatives

! Presented in 4" National Conference on Technology in Electrical and Computer Engineering, 2018
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[26].

The differ integral operator, represented by is a
Combined differentiation-integration operator
commonly used in fractional calculus and general
calculus operator, including fractional-order and integer
is defined as:

d— a>0
dt
D =<1 a=0

I;(dr)_a a<0

@.1)

Although there are several definitions for the fractional
differential operator, the following definition is often
used:

Day(x)z ‘Jmiay(m)(x) (2.2)

m=[e] . L
where , mis the first integer which is not less

(m) s
than & | y is the general m-order derivative, J

is the B -order Riemann-Liouville integral operator

which is expressed as follows:
x p1

*”zx:i x-t) z >
)=l e po

The operator D* is generally called “‘a -order Caputo
differential operator”’.

7-2-1- description of fractional-order Newton—
Leipnik system

The fractional-order Newton—Leipnik system is
described by the following nonlinear differential
equations:

-

d%x
=—ax+Yy+10yz

ate y y
q

X d y=—x—0.4y+5xz
dt®

diz

—— =bz-5x

at Y

@1

where X, y, and z are the state variables, and a and b are
positive parameters. It is very interesting that the
Newton-Leipnik system is a chaotic system with two
strange attractors [27]. When (a,b) = (0.4,0.175), with

7Y

initial states(0.349, 0, -0.16) and (0.349, 0, -1) system
displays two strange attractors. where q>0, the order is
denoted by q = 0.94 here.

Fig. 1. Phase diagrams for system with fractional orders
at

g = 0.94. Here the time step-length is 0.01 and Initial
conditions are

(%1 Ys,2,) =(0.349,0,-0.160), (X, Vi Zy, ) = (0.349,0, -1)

3-7- Sliding mode control of the

In our first attempt we try with only single-surface
sliding mode control to control a fractional-order
Newton—Leipnik system. In the beginning we Design
single-surface sliding mode control at the third surface.
The design procedure of sliding mode control has two
steps: first, constructing a sliding surface that represents
a desired

system dynamics. Second, developing a switching
control law to make the sliding mode possible on every
point in the sliding surface [28]. Any states outside the
surface are driven to reach the surface in a finite time.

d?x
——=-0.4x+y+10yz
at y+1Uy
q
d’y =—-X-0.4y+5xz
dt*
q
92 1757 -5xy +1,
dt*

(4.1)
To propose a sliding mode control scheme, we define
the sliding surface as:

S=D"'Z+Z+2[ 7,

The sliding mode control will be designed in two phase:
the reaching phase and the sliding phase. When the
fractional order system (3.1) operates in sliding mode,
the sliding surface and its derivative must satisfy:

=«
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S=D%"7+7 +2IZdt—>S:DqZ+Z+AZ:O

bz —5Xy+Z +AZ + Uy =0

—>U,, =—(bz-5xy+Z +1Z)

(4.3)

To design the reaching mode control scheme, which
drives states onto the sliding surface, a reaching law can
be chosen as:

U, = U, —ksgn(s)

(4.4) aal ..... -

Sgn (S) = 0 S:O 'D'AD 1iD ZID E‘D Ab SiD BiD 7:] BiD QID 100
t
-1 s<0 . .
Where and the k Fig. 3. The time response of the controller u(b).
is the gain of the controller.
v 1SZ It can be seen that Assumed controller is proper to

control the fractional-order Newton—Leipnik system.

. R smc
Selecting a Lyapunov Candidate 2 Then, In the second Step we Consider S = D1y +y +

reaching condition can be guaranteed for K > 0. Hence,

the time derivative of the Lyapunov function is given A [ ydt and We design Us .
by: dx
zﬁgc:—OAx+-y+10yz
1 . .
V=285V =8S=-K|S|<0>K>0 diy
2 —1—:—x—04y+5ﬁ+u2 (4.6)
4.5) dt
The simulation results are shown In the following: diz
—=0.1752 —5xy
04 ; 03 dtq
= 0
m.wm@mmm_ -X-=0.4y+5xz+y+Ay+u, =0
Wy 5 mw o 50 100 Uy = x+0.4y-5xz—-y—-Ay
t t
% : 02 —U, =u,, —ksign(s) (4.7)
02 R The simulation results are shown In the Fig4.
w01 ' % 01
0 L
i 5b 100 % 50 100 % 5

t t

Fig. 2. State trajectories of stabilized fractional-order
Newton—Leipnik system without uncertainty and
external disturbance and K=2.7and q=0.94, A=2.

Fig. 4. State trajectories of stabilized fractional-order
Newton—Leipnik system without uncertainty and
external disturbance and K=2.7and q=0.94, 2=2.
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It can be seen that assumed controller is not proper to
control the all State variables of fractional-order
Newton—Leipnik system. X and y state are controlled

but z state and U, are Unstable.

In the second Step we Consider S = D9 1x + x + A [ x
and We design u;.

dx

proy =-0.4x+y+10yz+u,
'y

—=-Xx-0.4y+5xz

dt*
q

92 1757 -5xy

dt*

(4.8)
The simulation results are shown In the following:

04 : . 03

02

02

0.4
0

600

Fig5. State trajectories of stabilized fractional-order
Newton—Leipnik system without uncertainty and
external disturbance and K=2.7 and q=0.94, 2=2.

The simulation results show that Assumed controller
can stable just x State variable. Result that can be
obtained from above Simulations is that we can use from
three designed controllers simultaneously Since the per
controller can stable your state variable the best form.

dx

W:_OA)H y+10yz +u,
'y

F:—x—0.4y+5xz+u2

diz

T 0.175z -5xy +u,

(4.9)

The simulation results are shown In the Fig6:

0T

05 AR S S S SN S S
0

005 T SR S S SR S— —

I S NS T B N |
0 10 20 30 40 50 60 70 80 90 100

02 — ——

bt & 8 & 1 & § 0 &
a 10 20 30 40 50 60 70 80 90 100

Fig6. State trajectories of stabilized fractional-order
Newton—Leipnik system without uncertainty and
external disturbance and K=2.7 and q=0.94, A=2.

Comparison Between simulations of single-surface
sliding mode control and three- surface sliding mode
control shows the control Parameters as overshoot and
rise time at three-surface sliding mode control are better
than single-surface sliding mode control response. they
are shown in the following:

¥ with ul
0.1 T T T T T T T T

005r

(1] R

005H

02p

025

035

38 & § & & @ 4 &
1) 10 20 30 40 50 60 70 80 90 100

Fig7. State x with just U, controller without uncertainty
and external disturbance and K=2.7 and q=0.94,A=2.

% with ul,u2,u3
0.05 T T T T T

05 [

02f

025}

: : : : . T
DIt L [ X02733
: : : o | v-000552
04 ; | i i i
0 0 20 30 40 58 60 70 80 90 100
t

7Y



Subject: Design and control of a fractional-order Newton-Leipnik system using sliding mode controller

Fig8. State x with U;,U,,U; controllers without

uncertainty and external disturbance and K=2.7 and
q=0.94, A=2.

012

01

0.08

0.06
S

0.04

0.02F

-0.02
0

70 80 90 100

Fig10. State y with U, controllers without uncertainty
and external disturbance and K=2.7 and q=0.94, A=2.

y with u1,u2,u3
1 T T T T T

08k

06

1) 1

et

Fig9. State y with U;,U,,U; controllers without
uncertainty and external disturbance and K=2.7 and
q=0.94, A=2.

z with u1
0.16 T T T T

014 F-
e TR
01
T S B T

002

0F

-0.02

i ! I i ! i !
0 2000 4000 6OO0  BO00 10000 12000 14000 16000

Figll. State z with U, controllers without uncertainty
and external disturbance and K=2.7 and q=0.94, A=2.

2z with u1,u2,u3
0.16 T T T T

om i i i i i i |
0 2000 4000 6000 8000 10000 12000 14000 16000

Figl2. State z with U;,U,,U; controllers without

uncertainty and external disturbance and K=2.7 and
q=0.94, A=2.

For better display of Chaos control we Apply Force
Control 40 Second after of Start of the simulation. The
simulation results are shown In the Fig13:

L L i L L
50 B0 70 80 90 100

L I i i
80 B0 70 80 90 100

05 i ; ; ; ; ; ; ; ;
0 W 20 30 40 s 60 70 80 90 100

Figl3. State trajectories of stabilized fractional-order
Newton-Leipnik  system whit U, U,, U, with 40

second Delay at control without uncertainty and external
disturbance and K=2.7 and q=0.94, A=2.

Next, we assume that the fractional-order chaotic
system (3.1) is perturbed by an uncertainty term that is
Changes at a and b Parameters (Fig1l4) and an external
step disturbance. The time response of the states of the
system (3.1) in the presence of the control law (4.9) is
illustrated in Figl5 and the time response of the states
of the system (3.1) in the presence of the control law
(4.6) is illustrated in Fig16.

From the simulation results, it shows that the obtained
theoretic results are feasible and efficient for controlling
the fractional-order Newton-Leipnik system. For better
display of chaos control. we Apply Force Control 40
Second and uncertainty and external step disturbance50

7¥
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second latter of Start the simulation. The simulation
results are shown In the Fig15:

Figl4. uncertainty term that is Changes at a and b
Parameters

Fig 15. The time responses of states of the controlled
fractional-order system in the presence of uncertainty
and disturbance that it After 50 seconds has been
applied.

i i i L
i E] 3 [ ] E] £l £] £l m

Fig 16. The time responses of states of the controlled
fractional-order system in the presence of uncertainty
and disturbance that it After 50 seconds has been
applied.

From figl5 and figlé we see uncertainty and
disturbance are controlled by the designed controller.

4-7- Conclusion

In this paper, fractional-order Newton—Leipnik system
has been introduced and two sliding mode control law
has been designed to control chaos in the system. In our

first attempt we try with only single-surface sliding
mode control to control system then We designed three-
surface sliding mode control and we showed Both
controllers are suitable for control. we showed Both
controllers Are robust Against uncertainty and
disturbance. Comparison Between Both controllers
shows that the control parameters as overshoot and rise
time at three- surface sliding mode control are better
than single-surface sliding mode control response.
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