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Abstract

This paper presents a new control scheme for a class of nonlinear systems. In
the proposed method, an adaptive neural network observer<with Rise feedback
controller are applied to realize sensorless control scheme: This ebserver is tuned
online and no exact information of nonlinear term of plant is required. So, this
characteristic can compensate mismodeling phenomena. Also, a new controller
called Robust Integral of the Sgn of the Error (Rise) is consideredto realize control
purpose. This controller isinspired from 2™ order sliding mode while it can control
system with different relative degree. Also, its chattering is acceptable in
comparison with diding mode strategy. This observer based control scheme is
considered for modified Duffing chaotic system. The modified Duffing system is
derived from Metamorphic shape-changing Underwater autonomous vehicle
(MUV). The chactic behavior of modified Duffing system has a negative impact on
MUV performance. Therefore, the controlling of this system can be important. In
order to assess the performance of the proposed method, this strategy is compared
with observer-based diding ‘mode control. The comparison results confirm the
advantages of proposed method.

Keywords: Rise feedback, twisting algorithm, neural network, adaptive observer, nonlinear
system

1. Introduction

Due to the complexity of nonlinear systems, sometimes modeling of these systems
with exact information is not feasible. Therefore; to realize the control purpose the
behavior of states must be identified. In order to solve this problem, an observer must be
added to control strategy to estimate the trgjectory of states.

Observer-based control is one of the famous approaches in control systems. In 1993
Ailon presented observer-based control for robotic manipulator [1]. In [2] this idea was
combined with Fuzzy logic. Then Liao presented new observer-based control for
chaotic system [3]. This scheme has been improved by scientist in different methods in
recent years such as robust or adaptive structure, for instance Tong rendered adaptive
observer-based control with Fuzzy structure [4] .And in 2009; an advanced method of
observer-based control was considered for robotic system [5].

In this paper a new control strategy is used with the mentioned structure for
controlling a class of nonlinear systems. The considered controller within the structure
of this strategy is the new RISE feedback controller. This controller is introduced to the
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control science in 2004 [6]. The strategy of RISE controller is inspired from second-
order diding-mode systems namely super twisting with this difference that this
controller could overcome some problems of second-order siding mode in term of
relative degree and also improve the chattering phenomenon. RISE is applied on
different plants in recent years. For example in [7-8] it is designed as a combination
with a neural network in a feed-forward pathway. This control has been combined with
Fuzzy for MIMO system and endorses the flexibility of this method [9]. Also this
controller was considered for uncertain nonlinear system with delay in [10]. In [11] this
strategy is applied on a UAV Rotor-craft base UAV. In 2013 the new paper about the
capability of this controller in observer is published [12].

According to what explained, an observer must also be added to the control strategy.
In recent years, different observers are introduced to the control science such as
extended Kalman Filter and unscented Kalman filter [13-15]. One class of observers
that has a good ability in control systems is adaptive controller where the first observer
from this category is introduced in [16]. In this study, we use the adaptive neural
network observer in which the neura network weights are tuned online [17]. This
observer has been considered for chaotic systemsin [18].

The novelty of this paper is assigned to improve the performance of new controller
called RISE feedback. This controller gained the derivative of error in its structure. Due
to complexity of systems, if all of the states are not be available, the performance of this
controller will encounter problem. So we added the observer to its structure to unravel
this problem. Also we present an observer-based control method that can control the
states better than some of the previous method. The comparison section in paper
endorses this claim. Another side of view, this controller did not implement on chaotic
system while we do it in this paper.

This paper is organized as follows:

In section 2, basic definition of Rise feedback controller is presented. Section 3 deals
with the description of adaptive neural network observer. In section 4, the proposed
method is rendered and the performance of this control scheme isinvestigated on a class
of chaotic systems. Also, the accuracy of proposed method is evaluated by comparing
with observer-based sliding mode control. Conclusion of paper is given in section 5.

2. Robust Integral of the Sign of the Error (RI SE) feedback

Consider the single input single output nonlinear system [6]:

m(x)x(n)+f (x) =u 1)
y =X
Where x(t) =[x(@t) X(t).............. x(”'l)(t)]TT R" denotes the system state,y ()i R is the

output and u(t)T Ris the control input. To formulate the controller, tracking error is
defined as:

e =xg - X 2
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Where e(t)1 R is reference trajectory such thatx {1 Ly . We need the following
auxiliary error signals to achieve the control low:

ey =é +eg
e3=dy+ep +e

©)
en =én.1+en.1+en.
As aconsequence in [6], the RISE control law isintroduced as follows:
t
u(t) = (ks +en (t) - (ks +Den (0)+ (ks +Daen t ) +b sgn(en (¢ )] dt 4

0

Where a,b,kg are positive control gains and sgn(-) denotes the standard signum function.

As defined in the structure of controller, the definition of error in control effort is
depended on the derivative of tracking error. Therefore sometimes for forming control
effort, the estimation of some sates is needed. More detail will be presented in
simulation section.

3. Adaptive neural network observer

In this section the structure of adaptive neural network will be demonstrated. This
observer has been presented by Young H.kim et. al [17]. Consider single input-single
output nonlinear plants with (A,C) in abserver canonical form:
X =Ax +b[f (x)+g(X)u+d(t)]

y =cTx

(%)

That xT R",yT R,ul R,bT R"and d(t) isthe unknown disturbance with known upper

boundand f,g:R" ® R unknown smooth function.

The linear system is defined as an observer canonical form, if Aand C are given as
follows:

X = Ax

y:CTx
(f,OlO...OL} e}lu

a a

90 01..0} 2oy (6)
é a éu

A=é a C=eéu
: G 8
€ 0..10U €ou
é 1] é
g 0 0 00g &1

The nonlinear observer state space equation is assumed as follows:
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R = AX +b[f (X)+§(X)u-v )] +K[y - CT X] @
y =CT x

Thereis not any limitation for vectorb .

That x denotes the estimates of state x and K =[kiks......... kn1' is the observer gain
chosen where (A- KcT)is strictly Hurwitz. v(t)is robustifying term to control
disturbance.

The neural network equation that used in this observer is as follows:

f(X):WfTSf (x)+e¢ )

g(x):Wa—sg(x)+eg

Where consist of two layers, the weight of the first layer will be v =1 , but the second
layer weight must be tuned.

One of the advantages of neural network that is used in this paper is that there is no
need to data for training. In fact, in [17]; an equation is proposed for training the
network using the equations correspondent to the stability of system and provides the
value of network weight for system at each moment. Training of this neural network for
two nonlinear terms is achieved from the following differential equation:

V\?f =Ft St ¥ - ke Fr |9y
g =FgSgyu- kgFg|¥iWg

Where s denotes the activation function and y =y - y .Activation function is applied in

the neural networks in different ways. In this observer the activation function for first
layer is chosen sigmoid and for second layer is chosen purline.

(9)

The observer used in the proposed method can estimate the trgjectory of the states
with dlightly changes. As mentioned above, to estimate the states, no exact information
of the nonlinear term of the system is needed. So this characteristic can cover a
considerable part of various situation of the plant.

4. Simulation

The proposed method is exhibited as follows:
R(t)

+ /N Y(t)
K/ Rise feedback plant

Ay

Adaptive neura network
observer

Figure 1. Block diagram of proposed control strategy
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As shown above, the neural network observer estimates inaccessible states;, Hence
Rise feedback controller can control plant according to this sensorless scheme. This
method has been implemented on single-link robot by authors [19].

To investigate the accuracy of this control scheme, this method is implemented on
modified duffing chaotic system. Consider the following state space equation of
modified Duffing system considering x (0) =[2 1] asan initia condition [20]:

X =X,

¥y =- pxy- qx° - (a+bcoswt))x, +u(t) +d t) (10)

Yy =X

Where u(t)is the control input andd(t) stands for the disturbance. Similarly the system

will be of chaoticp=-1, q=1,b=-1,w=1,a =-0.001where can be seen is the phase
portraitin Fig. 2.

Figure2.  Chaotic behavior of modified Duffing system in 250 seconds

To control chaos phenomena, the reference input must be defined as x4 =0.Then the
auxiliary error of Rise feedback is achieved as follows:

€1 =Xd - X == X1
. 11

en =€ = +e =-Xp- X1 (1
According to auxiliary error, the second state of plant must be estimated. The
derivative of tracking error needs the derivative of output, so another sate of plant that is

inaccessible is needed. For this reason we employed the observer to solve this problem.
So, the simulation results of this procedure are presented as follows:
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Figure3. State x4 applying Rise feedback controller in comparison with twisting algorithm
As can be seen in Fig. 3, Rise controller could control state*1 in desirable time in

comparison with twisting algorithm. Also the transient response of Rise is more
acceptable.
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Figure4. State X o applying Rise feedback controller and its estimation

Similar to the first state, the second state of system is controlled in desirable time and

this result endorses the capability of proposed strategy. The estimation error of *2is
presented in fig.5:
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Figure5. Estimation error of xp
And in the next figure the performance of this method is-compared with twisting
algorithm for second state:
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Figure6. State x o applying Rise feedback controller in comparison with twisting algorithm
The convergence time of Rise feedback is dightly better than twisting algorithm

while the transient response of Rise is significantly better. The control effort of Rise
feedback and twisting algorithm are shown as follows:
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Figure7. Control effort

As was mentioned, the chattering of Rise feedback is better than dsliding mode
controller. Also better transient response of Rise feedback confirms the advantages of
the proposed method.

5. Conclusion

In this study, a new control strategy has been presented for a class of chaotic system.
This control strategy applies an intelligent-observer with RISE feedback controller to
realize sensorless control scheme. Due to presence of neural network in the structure of
the observer, its flexibility to estimate the unavailable states is desirable. Also, the
controller employed in proposed scheme presents good ability to handle disturbances
and uncertainties. To investigate the capability of this strategy, proposed method has
been implemented on modified duffing chaotic system and the performance of this
scheme has been compared with observer-based sliding mode control. The comparison
results exhibit Better transient response and less chattering for proposed method in
comparison with observer-based sliding mode control.
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