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Abstract;

To avoid the various constraints related to the feedback
lincarisation control (FBLC), in this papers we propose
a new control approach for the induction motor control
based on artificial neural networks (ANN) trained on-
iine. The two ANN are used for the on-line
reconstitution of the stale feedback necessary for the
FBLC. The training rules used result from a
combination between the ANN properties, the adaptive
nonlinear control propriety and the nenlinear adaptation
rules. Via these three techniques a training rules were
extracted, these last transform the tracking errors into a
means to adjust the used ANN behavior so that they
adapt with the various operation modes of induction
motor,

1. Introduction

In reasons of the low cost, masses reduced, robustness
and simple construction, the induction motor
applications are diversified more and more. It proves to
be useful to combine several techniques for, on the one
hand, overcoming the problems arising from iis
dynamics (which is strongly non-linear with variable
parameters) [1]-[2]-[3]. 1In addition, to find new
controls allowing more control of its behavior.

The use of the classical control techniques such as the
ficld oriented control [3]-{4] and the feedback
linearisation control {(FLC) [5}-[6]-[7]-[8]-[9] showed
their insufficiency with the parameters variation and
states uncertainties. In this case, the use of the classical
adaptive rules [10]-[11]-[12]-[13] is limited by the
difficulty of the on-line identification of parameters, the
complexity of the control rules and its implementation.

To overcome this restriciions, the artificial neural
network  (ANN) proprieties  (speed, capacily 1o
approximate the nonlinear dynamiec, the tolerance of
certain uncertainty during operation, etc.) Offer an
adequate solution.

In this paper, we try to develop a new control approach
for the induction motor using the FLC techniques based
on ANN. By principle, obtaining an input control by
the FLC requires the precise and exact reconstitution of
the neeessary non-linear feedback state {15]-[16]. With
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the inaccuracy of the induction motor model, the
uncertainty in  state variables and the parameter
variation, an exact reconstitution becomes difficult. To
solve this problem, we propose an adaptive control
scheme based on ANN trained on-line to reconstitute
these feedback states. Indeed, the use of such ANN to
control some nonlinear systems [171-[18]-[19}-[20}-
[21]-[22]-[23}] permitted to obtain satisfactory
performances. To do, a combination between the FLC
technique, the non-linear adaptive control and the ANN
properties permitted to extract non-linear adaptation
rules allowing the ANN an autonomous training. To
this end, the tracking errors (observed on rotor speed
and rotor flux) are transformed via the proposed
adaptation rules into a means to adjust, on-ling, the
ANN behaviors so that they can adapt with the various
operation modes of the induction motor.

2. FLC of the induction motor.
Based on the results provided in [10], by choosing like
outputs for the induction motor the variables:

{§,<X>=¢?s¢5,+d.>:, . (1)
L(X)=2,

By applying feedback lincarisation principle [15] 1o the
induction motor model following the chosen outputs,
the induction motor dynamics is given by:
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If o and @? are the tracked outputs for speed and

flux respectively. Using a feedback state [15]-{16], the
input contro! ¥, and Vgs are obtained by:
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The choice of the control parameters K7 and Kpy is

carried out by ensuring the asymptotic stability of the
system (2).

3. FLC based on ANN of the induction motor
The evaluation of the previous control Jaws requires the
exact reconstitution of the nonlinear term’s 7 and f2.
To do this, we propose to use two ANN trained on-line.
Indeed, the use of such networks, to control some
nonlinear systems {17]-{18]-[19]-[201-[21]-[22}-[23]
permitted to obtain satisfactory performances. In this
paper, we try to formulate version of this technique for
the control of induction motor.

To this end, to reconstitute the non-linear functions f
and f, we suppose two ANN, Nes! and Net2, of three
layers. if there exist an ideal parameters for these ANN
such that they can exactly approximate the exact values
of f7and /7 these last are expressed by:

Fp gyl pgow g Ty (8
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With I, and W, ; are the ANN ideal weights matrix, £, is
a sigmoid activation function for the hidden layer, X,

(X, = [zl 22]) and (X, = [23 24]) are the input
vectors for Ner! and Net2 respectively. Supposing also
two matrix ©, et @, such that: -
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If 1?1 and jz are the estimates of the function f; and
/£ by the two ANN where:

F1x =Wl fawe T xp)
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Where: ﬁ’., W., W, and w., are the estimated
parameters for the two ANN.

Considering the tracking error victors e,; and ¢,, and

the filtered emor victors ¢, and e,, for the twe
supposed outputs which are given bay:
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With: g, =k, &, }and#, =[K,, K] where X,

and K,; are chose so that the systerm (12)is Hurwitz
[15]-[16]. The filtered errer dynamics are expressed
{using (4)) as:

(14)
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Considering the filtered error dynamics (14), and the

estimate values f, and f,, the contro! laws (5)
become:
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Where g, and g are positive constants represent the

new control parameters which are selected ensuring the
asymptotic stability of the filtcred error dynamics (14)

If we add and subtract v, andv,, in (14), while using

(5) and {15) we obtain:
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The estimation error for the two ANN Nrel and Nrel are
given by:
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Using the Taylor - development of the terms
.f:.l (W el ’ Xl) and .fuz(.wlizTX:) around “x' o Xy and
w..' x,,the filtered error dynamic becomes:
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Where ,; and N, are the numbers of neurons in hidden

layers of Netl and Net2 respectively. The derivative
between brackets are given by:
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With £ ;  represents the i newron input of the hidden

laver for the Neyj network

(17).

According to the filtered error dynamics, the tracking
error became depending of the deviation in the used
ANN parameters. The approximation problem becomes,
therefore, a problem of parameter adjustment to
puarantee the asymptotic stability of the filtered error.
To this end, the application of the " el-modification "
rule developed by K.S Narendra and A.M.Annaswamy
[24] makes it possible to obtain the following adaptation
rules: :
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For NetZ:
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With:

I'; and I'; : Are positive definite symmetrical matrices.
) ; and o , : Are positive comnstants use to improve the

adaptation rules convergence.

Figure (1) shows the proposed control scheme.

Vd.c Xy

Figure 1: the ANN proposed scheme for
the induction motor control.

To check the stability of these rules, the Lyapunov
theories [25]-126] provide a powerful tool. Considering,

therefore, the two Lyapunov functions which
correspond to Net/ and Net? respectively

1 [ ~ -~ ~
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The evaluation of its derivatives makes it possible to
obtain :
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For both ¥, and V2, we deduce, according to the
Krasovskii-L.aSalle theorem that the dynamic (18), (19)
and (20) are uniformly asymptotically stable [25]-[26].

4. Analyze and interpretation of the results ;
The results represented on the figures (2,34,5)
show that the variation of rotor and stator resistances,
with load, causes some reduction in speed and torque.

However, the block control, while acting on input
control, allowed a fast compensation of these reduction.
‘The figures (6,7) show the Netl and Nel2 parameters
evolution. We notes clearly the capacity of the
adaptation rules which zllow the ANNs to adapt
quickly and on-line with the rotor and stator resistance
variations. In addition, the rotor flux dynamic is not
affected by these variations. For the parameters of the
used induction motor, see [10]. ‘

5. Conclusion

The obtained results permitted to conclude that
the use of the proposed ANN for the induction motor
control guarantees an adaptive and robust control. The
adaptation rules offer to the two ANN the capacity of
adapting with the various induction motor operation
modes, In addition, these rules allow a fast
compensation of the rotor and stator resistances without
using any identification. tool
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