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Abstract: In this paper, based on the mathematical model of a nonlinear ecological model, complicated dynamical 
behavior of multi-trophic ecological system model is investigated. Also, this paper discusses chaos control of the 
three dimensional multi-trophic ecological systems based on linear feedback control technique. Using linear 
feedback control theory, chaos control of three dimensional chaotic multi-trophic ecological system is realized with 
linear controllers. Designed controllers are applied to the chaotic multi-trophic ecological model for stabilization of 
system. After controller is added to the system, the change in behavior of multi-trophic ecological model from 
chaotic behavior to stable behavior is shown with feedback control. The linear controllers provide that the multi-
trophic ecological system converges to zero equilibrium. Numerical simulations show that the proposed method is 
effective for chaotic multi-trophic ecological system. 
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1. INTRODUCTION 
Many scientists has extensively studied the chaos, after the first attractor is found by Lorenz in 1963 [1]. Many 
chaotic systems were introduced such as Liu system [2], Chen system [3], Chua system [4], Rössler system [5] 
etc. after Lorenz found the first chaotic system. However, the chaotic behavior of system should be controlled 
when chaotic behavior is sometimes undesirable. So, chaos control has received increasingly attentions from 
researchers, since OGY [6] method has been proposed. Many control methods have been proposed for the 
control of chaotic systems such as adaptive control [7], sliding mode control [8], linear feedback control [9], etc. 
In this paper, the control of the chaotic multi-trophic ecological model is investigated based on feedback 
control. Feedback controller is designed to control chaotic system.  
Simulation results show that the controller designed based on feedback control can regulate the chaotic system 
effectively. The rest section of this paper is organized as follows. In section 2, the chaotic multi-trophic ecological 
model is described. In section 3, based on feedback control, the controller is designed and feedback control of 
chaotic multi-trophic ecological model is achieved. Also, numerical results are given and discussed graphically. 
Finally, conclusions are given in section 4. 
2. CHAOTIC MULTI-TROPHIC ECOLOGICAL SYSTEM 
The chaotic Multi-Trophic Ecological system model which shows the chaotic behaviour is studied and analysed 
by Hastings a Powell [10]. We study the complicated dynamic behaviour and control of chaos in a nonlinear 
ecological system model whose 
chaotic behaviour of it was shown by 
reference [10].  
The state equations of chaotic Multi-
Trophic Ecological system model are 
written below in Eq. (1) [10, 11]. 

1(1 ) ( )x rx Kx f x y= − −  

1 1 2( ) ( )y d y f x y f y z= − + −  

2 2 ( )z d z f y z= − +  
(1) 

where ( ) / (1 )i i if u a u b u= + . 
The Matlab Simulink model of the 
multi ecological system is given in 
Figure 1. Also, chaotic phase portraits 
and 3d graph of the Multi-Trophic 
Ecological system model system 
obtained by ode solver in Matlab are 
shown in Figure 2. 

 
 

 
Figure 1. The Matlab-Simulink model of multi-ecological system 
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a) b) 

c)  d) 
Figure 2. (a) Projection of attractor into the (x,y) (b) (y,z), (c) (x,z)  and plane (c) the attractor of system with 

parameters: K =r =1; a1=5; a2 =0.1; b1 =3; b2 =2; d1=0:4; d2 =0.01 [2]. 
Using model of system in Matlab, when parameters and initial conditions are given in table 1 and 2 respectively 
[2]. Chaotic phase portraits and time series of system are obtained as shown in Figure 2 and Figure 3(a) 

respectively. 
3. FEEDBACK CONTROL OF CHAOTIC MULTI-TROPHIC ECOLOGICAL MODEL 
The control of chaotic system (2) is achieved using feedback control theory. The 
controlled model given by: 
 
 
 
 

where ( ) / (1 )i i if u a u b u= + . 
where u1, u2 and u3 are external control inputs and are proposed as follows  

111 xku = , 222 xku = ,  and 333 xku =  where 1k , 2k  and 3k are all positive feedback 
gains [12, 13, 14, 15]. 
The designed control signal based on feedback control technique is added to 
the Multi-Trophic Ecological system at t=700s. Figure 3(b) shows the time history 
of the controlled system with feedback controller activated at t=700s. 
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1 1(1 ) ( )x rx Kx f x y u= − − −  

1 1 2 2( ) ( )y d y f x y f y z u= − + − −  

2 2 3( )z d z f y z u= − + −  
(2) 

Table 1. The parameters of the 
chaotic system 

Parameter Values 
K 1 
r 1 
a1 5 
a2 0.1 
b1 3 
b2 2 
d1 0.4 
d2 0.01 

Table 2. The initial conditions 
of the chaotic system 

State variable Value 
x(0) 0.7 
y(0) 0.2 
z(0) 10 
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a) b) 
Figure 3. (a) Time series of Multi-Trophic Ecological system model  

and (b) controlled Multi-Trophic Ecological system model after the controller is activated at t=700s 
 As shown in Figure 3, the controlled 
system (Figure 4) converges to zero 
equilibrium point. In Figure 4, the clock is 
used to activate the controller at a 
specific time. The switch block in 
Simulink provides zero output before 
controller activation and also provides 
controller output when time arrives the 
activation or set time.  
So, in our simulations, when time arrives 
to 700 s which is set before for controller 
activation, then controller is activated. 
After controller is activated at time 
t=700s, it can be seen from Figure 5 that 
system states converge to zero 
equilibrium point. In Figure 5, red line 
shows the phase space of the controlled 
system. After controller is activated, system 
behaviour is shown as a red line. Black line 
shows the chaotic behaviour before the 
controller is activated. As can be seen the 
Figure 5, after controller is activated, x and z 
states converges to zero.  
4. CONCLUSION 
In conclusion, by using feedback control, 
control of chaos in Multi-Trophic Ecological 
system model is studied. Based on the feedback 
theory, feedback controllers are designed and 
applied to the system to realize the control of 
chaos in Multi-Trophic Ecological system 
model. Numerical simulations show the 
effectiveness of the proposed control method. 
Note: This paper is based on the paper presented at INTERNATIONAL CONFERENCE ON APPLIED SCIENCES – ICAS 
2018, organized by UNIVERSITY POLITEHNICA TIMISOARA, Faculty of Engineering Hunedoara (ROMANIA) and 
UNIVERSITY OF BANJA LUKA, Faculty of Mechanical Engineering (BOSNIA & HERZEGOVINA), in cooperation with the 
Academy of Romanian Scientists, Academy of Sciences Republic of Srpska, Academy of Technical Sciences of 
Romania – Timisoara Branch and General Association of Romanian Engineers – Hunedoara Branch, in Banja Luka, 
BOSNIA & HERZEGOVINA, 9 – 11 May 2018. 
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Figure 5. The phase portrait of the system when controller 

is activated at t=700s 
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Figure 4. The controlled multi-ecological system model 
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