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Adaptive Indirect Field Oriented Linear Control of
an Induction Motor

Eduardo Giraldo

Abstract—In this work, an Adaptive Indirect Field Oriented
Linear Control is presented based on a linear approximation of
a nonlinear system. The proposed approach is evaluated over
an induction motor, by considering that a linear approximation
achieves a decoupling of the nonlinear model in two subsystems:
mechanical and electrical subsystem. The aforementioned
subsystems are identified by using a least squares technique
and therefore controlled by a pole placement approach.
The performance of the proposed approach is evaluated
under simulation and by using a Hardware-In-the-Loop
by using a Texas Instrument F28379D LaunchPad with a
BOOSTXL-DRV8305 booster pack connected to an Induction
Motor. The results of the adaptive strategy are compared with
fixed indirect field oriented control strategy where a detailed
knowledge of the system is required. Performance evaluation is
analyzed in terms of the tracking performance: settling-time
and steady-state error. As a result, the proposed adaptive
strategy allows similar results that the fixed strategy without the
requirement of a priori knowledge of the mathematical model.

Index Terms—Adaptive, IFOC, Linear, Control.

I. INTRODUCTION

HE control of multivariable systems can be designed

based on identification [1]. In [2], a coupled
multivariable approach is proposed. In [3], a indirect field
oriented control of linear induction motors is presented.
In [4], an indirect field oriented control of linear induction
motor based on an optimization approach is presented. In [5],
an indirect field oriented linear control of the induction motor
is presented based in a linearized approach.

In [6], a real-time implementation of a PID is presented
in comparison with a fractional order PID controller. In [7],
a tracking control in state-space is proposed. In [8], a
comparative analysis of direct field oriented and indirect
field oriented control is presented. However, these structures
require a detailed knowledge of the systems to be controlled,
in this case, the induction motor.

In [9], a Fuzzy-PID controller is proposed based in a
IFOC, where the conventional PID controller is combined
with a self-tuning fuzzy based intelligent controller. In [10],
an adaptive self-tuning controller is proposed, where
the fuzzy structure is adjusted according to the design
requirements. However, these fuzzy-based structures require
a detailed human-knowledge of the system behavior in
order to design adequately the controller, and the resulting
closed-loop performance.
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In addition, the validation of controllers in real-time
structures by using Hardware-In-the-Loop configurations
allows the adequate design of controllers in real-time
conditions. In [11] and [12], two structures of validation
for real-time embedded controllers are proposed, based
in a Texas Instruments C2000 microprocessor, where
the real-time controllers performance can be effectively
evaluated.

In this work, an adaptive indirect field oriented control
strategy is proposed over an induction motor, where the
system is decoupled by using a linear approximation and
then controlled by using a pole placement technique.
The proposed adaptive indirect field oriented control is
evaluated in simulation and in a real environment under a
Hardware-In-the-Loop structure, in terms of settling-time and
tracking performance by using a Texas Instruments C2000
based configuration. The main contribution of this work
is a linear adaptive controller that allows the application
of an indirect field oriented control strategy based on a
linear identification of the nonlinear model for decoupled
input-output pairs without the need of a priori detailed
knowledge of the system to be controlled. This paper is
organized as follows: in section II, the indirect field oriented
control in fixed and adaptive frameworks, is presented.
In section III, the results and discussion of the proposed
approach tracking performance are described, and finally in
section V, the conclusions and future works are presented.

II. THEORETICAL FRAMEWORK
A. Indirect Field Oriented Control

The d-q axis model of an induction motor can be defined
in state-space by the following set of equations.
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being ugq and u, the stator voltages in direct and quadrature
axis, respectively. And being ¢4 and 7, the stator currents,
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pq the rotor flux magnitude, p the rotor flux angle, w the
motor speed, 2, and R, the resistors of rotor and stator,
respectively. And also L, L, and L,, the inductances of the
stator, rotor and coupling, J the damping coefficient, f the
viscosity coefficient, n,, the number of poles and 77, the load
torque [5]. In addition, the following constants are defined:
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The system can be simplified by using an inner-loop PI
controller for current reference tracking, where the control
signals are defined as

¢
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being i4, and i, the references for the direct and quadrature
axis currents. By considering that the controller for the inner
loop holds a faster dynamics than the outer loop, the system

can be reduced as follows
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being iq, and iq, the inputs.

In the Indirect Field Oriented Control (IFOC) strategy, the
flux in the quadrature axis must be zero, and therefore the
flux is aligned with the direct axis. As a result, the stator
current in the direct axis i4 is directly related to the flux
control. For the system described in (13), (14) and (15), by
including an integrator in the direct axis, the following state
space equations can be obtained
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being the control signals defined as
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and being the state-space variables defined as
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The state space equation can be rewritten as
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The nonlinear state space equation of (26) can be
approximated by using a linear Taylor series method as
follows:
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and, by considering that usy = 0, the state-space equation
described in (29) can be decoupled into two independent
subsystems: mechanical and electrical subsystem. The
mechanical subsystem is described as:
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and the electrical subsystem is described as
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B. Adaptive IFOC

In this work, an adaptive IFOC approach is proposed by
considering the property of decoupling that appears when
the system is linearized around an operational point. To
this end, the system is identified as linear model and then,
two independent adaptive linear controllers are designed by
considering a pole placement approach [13]. Fig. 1
presents the adaptive IFOC strategy.
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Fig. 1. Adaptive IFOC strategy in discrete time

III. RESULTS

In order to evaluate the performance of the proposed
approach, the proposed adaptive IFOC controller is
implemented over an induction motor of (1) to (6). The
parameters of the simulated model are R, = 1.7Q), R, =
3.9Q, L, = Ly = 0.014H, n, = 2, J = 0.00011K g — m?,
f = 0.00014Nm/rad/s. Fig. 2 presents the
regulation of the mechanical subsystem variables.
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Fig. 2. Regulation of the mechanical subsystem

It is worth noting that the variables p and w are effectively
regulated in a settling time of 0.08 seconds.

Fig. 3  presents the regulation of the electrical
subsystem variables. From Fig. 3, it can be seen that
the electrical system is regulated in a settling-time of 0.2
seconds.
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Fig. 3. Regulation of the electrical subsystem

Fig.4 presents the control signals for the regulation
of the electrical and mechanical subsystem.
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Fig. 4. Control signals for the regulation of the electrical and mechanical
subsystems

Fig. 5 presents the tracking performance of the
mechanical subsystem variables.
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Fig. 5. Tracking performance of the mechanical subsystem

Fig. 6 presents the tracking performance of the
electrical subsystem variables. Two variables are considered,
Fd and id.
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Fig. 6. Tracking performance of the electrical subsystem

Fig. 7 presents the control signals for the tracking
performance of the electrical and mechanical subsystem.
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Fig. 7. Control signals for the tracking performance of the electrical and

mechanical subsystems

Fig. 8 presents the error of the tracking
performance for each of the mechanical subsystem variables.
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Fig. 8. Tracking performance error for each the mechanical subsystem

Fig. 9 presents the error of the tracking performance
for the flux in the electrical subsystem.
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Fig. 9. Tracking performance error for the flux in the electrical subsystem

It is worth noting from Fig. 4 that the addition of an
integrator in the direct axis allows a decoupling of the electric
and mechanical subsystems with a constant flux. It is worth
noting from Fig. 5 that w is effectively regulated around the
operational point, and p is increasing with constant slope.
From Fig. 6 it can be seen that the system is effectively
regulated around the operational point. In addition, it is worth
mentioning that the tracking performance for the electrical
and mechanical subsystems achieves a steady-state behavior
with zero tracking error at a settling-time of 0.1 seconds, as
presented in Fig. 8 and Fig.9.

IV. HARDWARE-IN-THE-LOOP EVALUATION

The proposed adaptive IFOC control system is also
evaluated in a HIL structure by using a Texas Instrument
F28379D LaunchPad with a BOOSTXL-DRV8305 booster
pack connected to an Induction Motor with Quadrature
Position Sensor (QEP). The obtained results for real-time
evaluation are presented for speed tracking in Fig. 10.
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Fig. 10. Tracking performance for speed in the HIL structure evaluation

A detailed speed tracking performance over a disturbance
is presented in Fig. 11, where the steady-state error is held
to zero even after the disturbance is applied. In this case, the

robustness of the controller to disturbances applied at the
output is verified.
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Fig. 11. Tracking performance for speed in the HIL structure evaluation

under a speed disturbance

The resulting direct and quadrature currents are presented
in Fig. 12 and Fig. 13. In Fig. 12 it is shown that the direct
current reference is adequately tracked when the reference
speed changes at times ¢ = 6 seconds and ¢ = 9 seconds.
It is clearly validated that even when a small variation is
presented at the aforementioned time instants, the I is held
at the reference.
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Fig. 12. Tracking performance for I in the HIL structure evaluation

In Fig. 13 it is also shown that the quadrature current
reference is also tracked adequately for slight variations
under the disturbance applied at time instant ¢ = 2.5 seconds,
and for speed reference changes at times ¢t = 6 seconds, and
t =9 seconds.
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Fig. 13. Tracking performance for I, in the HIL structure evaluation

In addition, the three-phase currents for the induction
motor are presented in Fig. 14.
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Fig. 14. Tracking performance for I,, I and I. in the HIL structure
evaluation

The electric torque performance is presented in Fig. 15.
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Fig. 15. Tracking performance for T, in the HIL structure evaluation

V. CONCLUSIONS

In this work an adaptive IFOC approach is proposed by
considering the property of decoupling that appears when the
system is linearized around an operational point by using a
linear system for identification and control. The mechanical
and electrical subsystems are successfully identified by using
a least squares technique and effectively regulated by a
pole placement approach. It is worth noting that by using
the identification technique a detailed knowledge of the
induction motor system is not required. In addition, it
can be seen that a minimum control effort is required to
regulate the system, since an integrator is included in the
control signal for the direct axis. This feature also reduces
the coupling effect when the linear approximation version
is analyzed. In addition, it can be seen that when the
proposed adaptive IFOC control system is evaluated in a HIL
structure by using a Texas Instrument F28379D LaunchPad
with a BOOSTXL-DRV8305 booster pack connected to an
Induction Motor with QEP Sensor, the performance of the
proposed approach can be validated adequately.
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