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Implementation of reduced induction machine fuzzy logic
control, based on dSPACE-1104 R&D controller board
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In this paper, we present our contribution in Induction Machine control field.
The control we designed is based on fuzzy logic theory, this choice is
motivated by the fact that this technique of control is suitable for the control
of systems characterized by its parameters uncertainties and variations. The
proposed control is optimized by using a genetic algorithm for fuzzy logic
controller (FLC) gains tuning and by a good choice of calculation techniques
used in FLC. Three versions of IM fuzzy logic control were validated by
simulation. After that in order to be able to experimentally implement this
control on dSPACE-1104, we proposed an optimized and reduced structure
of the control. The experimental results proof the effectiveness and the
satisfied performance of the proposed IM fuzzy control.
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NOTATION

Dy, (Prq, Prq) Are respectively rotor flux, and flux components in the coordinate (d, q)
(isa »isq), (vsa,vsq) Ave respectively stator currents and Stator voltages in the coordinate (d, q)
(R, ,Ry), (L, ,Lg) Are respectively rotor and stator resistances and rotor and stator cyclic inductances

L

m Mutual cyclic inductance (H)
Q,P,T, Avre respectively rotor speed (rpm) and number of pole pairs, load torque (Nm)

ILf Rotor inertia moment (kg.m2) and viscous friction coefficient (N.s/rad)

1. INTRODUCTION

When faced with complex control problems, as data uncertainties, unknown perturbations and
parameter variations that may taint controlled system, it becomes difficult to design resolution algorithms
using classical logical reasoning, an alternative and adapted technique ensuring control robusteness, should
be used. Among the techniques advocated in this type of case are techniques based on fuzzy logic, which is
capable of providing an acceptable precision solution in appropriate time with reasonable means. Conversely
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to conventional logic reasoning that requires precise knowledge of the data and provides accurate responses,
fuzzy logic imitates human reasoning, that is usually based on incomplete and imprecise data, to take
approximative decisions.

Fuzzy logic was first proposed by L.A. Zadeh of the University of California, Berkeley, 1965 [1].
Several investigations have been made for the fuzzy logic resolution of various categories of problems
deemed difficult. In 1975 Professor Mamdani designed a fuzzy controller for a steam engine [2]. Since then,
fuzzy logic has applications in various fields, such as [3]-[13], i) in the automobile: automatic transmissions,
injection and antiluetics controls, air conditioning [14], [15], ii) automation of manufacturing processes, iii)
instrumentation, recognition of voices, characters and shapes, iv) judgment and consultation, v) Information
processing (database, search for information, ...), vi) Systems modeling and control [16]-[17], and vii) motors
control [18]-[20].

In this paper we use the advantages of fuzzy logic concept and technique to perform a robust control
of the induction machine. The experimental results of the elaborated reduced structure of IM fuzzy control
will show the effectiveness of this control. The paper is organized as follow: in first, in Section 2, we present
an IM fuzzy-vector control, that need to have a perfect knowledge of the IM in order to be able to perform
the (d, g) axis decoupling. Next, in Section 3, we present the reduced IM fuzzy logic control structure, who’s
improved in term of real time implementation, and finally we give conclusion in Section 4.

2. FUZZY-VECTOR CONTROL OF THE INDUCTION MACHINE
2.1. Induction machine model

The Induction machine model, given in (1), is established under the assumptions of linearity of the
magnetic circuit and neglecting iron losses. This model is expressed in the fixed stator reference frame (d, q),
after a transformation given a direct orientation of the rotor flux, so we get: ®r=drd and ®rq=0, and it can be
described as [21]-[25].
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2.2. Induction machine fuzzy-vector control design

The IM Fuzzy-Vector control is performed by using two loops. The inner one is designed by using a
vector control technic, and the outer loop is made using a fuzzy logic control technic.

The outer loop ensures the rotor flux and speed regulation using two fuzzy logic controllers (FLC).
The Flux-FLC and Speed-FLC provided respectively the direct and quadratic trajectory references. The
regulation and control of the stator currents is ensured by two Pl regulators. Their design is made by using
the transfer functions expressed in (3) and (4), that is obtained after decoupling (d, q) axis variables. The
decoupling allows us to establish the equivalent model (1).
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From these equations we can determine the functions (2), (3).
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In this section we will present and compare three fuzzy controllers, used in the IM control structure
as shown in Figure 1 and whose structure is given in Figure 2. We used triangular-shaped membership
functions, as shown in Sub-section 2.3, because of the simplicity of their processing and implementation. In
this study we used an approximate calculating method named the gravity center (5) ignoring intersections of
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subsets, in order to reduce computational complexity and ease the implementation, which gave satisfactory
and comparable results to those using exact computation gravity center.

_ [xpu(x).dx
9= Tuco.ax 4)

Where: x is a set member, and p(x) its membership function.

We used normalized supports equal to [-1,1] and to scale the inputs and outputs of the fuzzy
regulators we used scaling gains, whose the choice has a great influence on the control dynamics. For this
reason, we have optimized the choice of the six scaling gains (ge, ged, gdu) of flux FLC and those of speed

FLC, by using an optimization method based on genetic algorithm similar, in principle, to that developed and
used in our previous paper [26].
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Figure 2. Structure of the fuzzy controller bloc

2.3. Proposed fuzzy controllers

In this work we propsed and studied three fuzzy controllers. The three FLC are similar in principle
and structure but different in term of linguistic variables numbre. The one uses three linguistic variables, the
second uses fives and the third uses seven. In order to not overload the paper and to be more concise, we will
present in this section, the third one. We present in Figure 3, the membership function of the output variation,
input and input dynamic. In Table 1 we present the linguistic rule basis, and in Figure 4 we present the fuzzy
logic control surface that show another presentation of the linguistic rule basis of the FLC.
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Figure 3. Membership functions of inputs (e, Ae) and output variation (Au)
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Table 1. Fuzzy regulator linguistic rule basis
e Error (e)
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Figure 4. Fuzzy control surface

2.4. Simulation study results

In this study, we are going to compare the three previously proposed fuzzy controllers, by
performing several simulations on Matlab, in order to choose the appropriate fuzzy controller in terms of
control performance and execution speed. The IM parameters used in this paper are given in Table 2.

Table 2. The induction machine parameters

Parameters Values  Units
Rated power P 15 kw
Voltage U 400 \Y
Rated current | 3.4 A
Rated speed n 1423 rpm
Stator Resistance Rs 5.7 Q
Rotor Resistance Rr 3.4 Q
Mutual Inductance Lm 0211 H
Stator Inductance Ls 0.2223 H
Rotor Inductance Lr 0.2223 H
Motor inertia J 0.018  kg.m?
Viscous friction coefficient  f 0.007  N.s/rad
Number of pole pairs p 2

Figure 5 shows the simulation results of the three induction machines fuzzy controls using the same
control structure as in Figure 1 and different fuzzy controllers, the first uses the fuzzy 3-subassembly
controller (Figure 5 (a)), the second one uses the 5 subsets (Figure 5 (b)) and the third uses the 7 subsets
(Figure 5 (c)), we find that their behavior is very close, showing good performance. In fact, we can see, in
case of 7 subsets FLC (Figure 5 (c)), that the speed response is perfect in term of precision and dynamic
tracking, and the 3 subsets FLC (Figure 5 (a)) presents same precision performance and acceptable and very
small overshoots at 0.05s and 1s time. The figure 6, also shows that the three FLC types give the same good
flux response. Also, in case of torque response, we can see that the 3 subsets FLC offers good response,
except short and small oscillations at 1s time, where the load torque changes from 0 to 10Nm (10Nm
represents 100% of rated torque).

Using the same induction machine model for the simulation of the three commands we have noted
the following execution times, a) 7.4s in case of using the FLC with 3 subassemblies, b) 14.56s in case of
using a FLC with 5 subassemblies, and c) 27.7s in case of using a FLC with 7 subassemblies.
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Figure 5. Study of the IM control responses in case of three FLC versions, (a) responses of the IM control in
case of 3 sets FLC, (b) responses of the IM control in case of 5 sets FLC, (c) responses of the IM control in

case of 7 sets FLC

3. INDUCTION MACHINE FUZZY CONTROL WITH REDUCED STRUCTURE

3.1. Structure of the control

The fuzzy control proposed in Figure 1 can be reduced to have the structure of the Figure 6, where it
can be seen that the decoupling block and the current regulators are no longer used. This idea of reduction
has been motivated and induced by our wish to implement the IM control on the dSPACE 1104 board of the
test bench. Which does not allow the IM control execution in real time and without overruns when using the

previous structure of the Figure 1.

In order to facilitate the implementation and make the control algorithm feasible in the case of our
computing unit, we used fuzzy minimal structure regulators, using fuzzy subsets with 3 linguistic variables,
and we used the method of weighted averages for defuzzification, which further reduces computing time. We
find that the first one is 2 times faster than the 2nd one and 4 times faster than the 3rd one.
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Figure 6. Reduced structure of the fuzzy control of the asynchronous machine

3.2. Implementation of the experimental tests of the control

For the experimental validation of this command, we used the structure of Figure 7, that presents the
main elements of our test Bench. The test bench is constituted as shown in the figures Figure 8 and Figure 9,
of an IM of 1.5kW — 230v/400V (Table 2) coupled to a DC Machine of 1,5kW and using encoder of 1000
ppr, a dASPACE DS1104 R&D Controller Board integrated in a computer and accessible via a connection
panel, A SEMIKRON “SKM 50GB 123 D” type three phases inverter, a card for interfacing the MLI
commands that are destinated to the inverter, a card comprising the stator current sensors, and A filters card
for measured currents. The purpose of these tests is to prove, i) the possibility of real-time execution of this
command, ii) the effectiveness of this command which is characterized by its reduced structure, and iii) that
the reduction in the structure of the order does not affect the performance of the fuzzy control of IM.

Incremental
encoder

3 Phase Grid
380v/50Hz

Figure 8. Test bench picture Figure 9. The induction machine and DC Machine
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The implementation of the command in the DS1104 card is made directly from the MATLAB
environment. We chose to use a sampling frequency of 10khz and the odel solver corresponding to the Euler
method of discretization, these choices are appropriate and adapted to the calculation power limit of the
DS1104 card. And to ensure in same time a good PWM control of the inverter and good measurement of the
stator currents, we used a carrier frequency of the PWM, equal to 5khz. To reduce disturbances and the peaks
that affect the measurement of stator currents, we have chosen to synchronize the currents measurement with
the PWM control signals. The execution, shutdown and supervision of the I.M fuzzy control algorithm is
carried out by using the graphical interface realized and executed by using the ControlDesk software, which
allows us to parameterize the tests we want to perform in real time, and also to record the results of these
experimental tests.

3.3. Experimental results

The first test given in Figure 10, shows the behavior of the IM during its excitation, it shows the IM
response in case of a flux reference step with a zero-speed reference and null load torque, where we can see
that the flux correctly and rapidly follows its reference.
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Figure 10. Flux response for Q.o = 0 and Ty g5q = 0

Figure 11 shows the responses of rotor flux, stator currents, speed and torque when applying a speed
step of 1000 rpm under load torque, we can see that this has a small effect on the flux and that the speed
reaches its reference with a response time < 0.2s. We also see that the stator currents and torque remain
below the limits of IM. In Figure 12, we can see that the IM presents a good dynamic behavior when
applying a square-shaped speed reference of +500rpm, and we notice also that the flux is weakly influenced
by the changes of the IM rotation direction.
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Figure 11. Responses for step reference speed (Q..f = 1000 rpm)
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4. CONCLUSION

In this work, we have proposed, in first, a fuzzy-vector control of the induction machine, the
simulation was made in order to evaluate the control performances and to test three degrees (3, 5 and 7) of
fuzzy logic controllers. This control gives acceptable performance for three degree’s FLC, and very good
response in case of FLC of seven degree. The real-time implementation of this control, on dSPACE-1104
board was impossible, due to overrun problems. In order to resolve this problem, we have proposed a reduced
fuzzy control structure based on simplified and optimized fuzzy controllers that give a good control
characteristics and faster calculation, established after a study that showed through simulation that this
structure reduction of FLC does not significantly affect the results obtained. The control structure reduction
and optimization has made the implementation possible on our dSPACE-1104 board and realizable in real
time, whose experimental results of several and various test, have proved its effectiveness in terms of time
response, precision, stability and respect of physical limits of the IM.
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