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Observability-index based control strategy for
Induction machine sensorless drive at low speed

Gaétan Lefebvre, Student Member, IEEE, Jean-Yves Gauthier, Alaa Hijazi, Xuefang Lin-Shi,
and Vincent Le Digarcher

Abstract—This paper focuses on the observer-based
methods for induction machine sensorless drive. It is well
known that the use of speed observer is limited at very low
stator frequency due to speed unobservability. Some exis-
ting methods propose to avoid the zero-stator-frequency
working points. These methods are nonetheless limited to
high-torque operations. The first contribution of this paper
is to analyse finely the speed observability, which leads
to the definition of an observability index. The correlation
between this index and the observer performance is analy-
sed and illustrated. The second contribution is to propose a
control strategy that maximises the observability index and
improves the observer performance. The proposed strategy
is tested first in open-loop to evaluate the speed observer
performance and then in closed-loop to illustrate its per-
tinence for induction machine sensorless drive. All these
results are validated by an experiment. The performed ex-
perimentation shows that the proposed control strategy
gives better results than the existing method that avoid
the zero-frequency working points. It offers a new path for
induction machine sensorless drives.

Index Terms—Induction motor drives, Observability, Ob-
servation, Sensorless drives

I. INTRODUCTION

OR more than 30 years, speed-sensorless control of

induction machines has taken an important part of the
research since it comes at the junction point of industrials
expectations and researchers interests. After various speed-
observer implementation in the 1990’s, for example, adaptive
observers [1], extended Kalman filter [2], or extended Luen-
berger observer [3], the difficulty to use a speed observer for an
induction machine near zero-stator-frequency operating condi-
tions has been pointed out in experiments at the beginning of
the 2000’s [4]. The theoretical study of speed observability
of the induction machine has been performed quite simulta-
neously [5]. It proved that the speed of the induction machine
is not observable for zero-stator-frequency operating points.
This theoretical limit means that the difficulties to drive the
machine will remain whatever the type of observer, the tuning
quality and the parameter accuracy. Without fully overcoming
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this limit, the observer performance can be improved near
this limit. For instance, a lot of research has been done
on this direction to improve the adaptive full-order observer
stability [6] or robustness [7]. It allows to use observer closer
to zero-stator frequency operation, but it cannot be a solution
for long time operation at very low stator frequency.

In order to overcome this observability theoretical limit,
most of the solutions presented in the literature suggest to
inject an additional high-frequency (HF) signal to get ad-
ditional speed information [8], [9]. Such methods generate
additional current harmonics and torque oscillation. They are
furthermore highly dependant on the machine geometry [10].
So, to reach a good precision on the speed, many injection
methods need a finer modelling of the machine [11], [12].
It makes these HF-injection methods uneasy to adapt to
any kind of induction machine, and limits their industrial
application [13]. Consequently, only few injection methods
are used industrially, and a real interest is given to keeping the
fundamental model of the induction machine to adapt easily
from one machine to another.

Low-frequency signal injection methods [14] are part of
these induction machine sensorless drive solutions that keep
the fundamental modelling and does not necessitate HF signal
injection. This solution, effective for very slowly varying
speed, suffers from two drawbacks. The speed observation
bandwidth is reported to be around 1Hz, which makes it
difficult to use in closed-loop, and the inertia has to be
small since the method relies on the flux position detection
through speed oscillation in response to a low torque error
[15]. In [16] and [17] is proposed a solution which consists
in Avoiding Zero-Frequency (AZF) operating points. This
solution improves the performance of the induction machine
sensorless drives based on observers. The improvement is
nonetheless limited to high-torque operations.

The limitation of these observer-based methods require a
deeper study of theirs performance in the neighbourhood of
unobservable conditions. Classical observability analysis, as in
[5], which gives a binary indicator remains not enough. It is
the purpose of this paper in which a continuous measurement
of observability is defined to evaluate precisely the observer
performance in this neighbourhood. The speed for which the
speed becomes unobservable depends on the electrical torque.
It always corresponds to regenerative braking conditions. For
practical consideration, a delicate area for speed observation
is delimited, where speed unobservability can occur. This
new way to evaluate the observer performance makes it also
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possible to avoid the unobservable points to maximise the
value of the observability index. Doing so, the performance
of observer-based methods are increased. It is the purpose of
the Observability-Index Based (OIB) strategy presented in this
paper.

The paper is organised as follows. After a call-back of the
usual observability study, the AZF method resulting from this
study is presented in Section II. In Section III, the observability
index is defined. This observability index is used in Section IV
to analyse the observer performance. The new control for
induction machine sensorless drive is proposed in Section V.
Section VI shows the experimental results in order to evaluate
the observability index definition relevance and the precision
of an observability-index based drive.

Il. INDUCTION MACHINE OBSERVABILITY STUDY AND
AZF METHOD

A. Induction machine model

The electrical part of the induction machine is frequently
modelled using the stator currents and rotor flux. The usual
reference frame is on one hand the rotating reference frame
(d, q) for control purpose and, on the other hand, the stationary
reference frame (a, 3) for observation purpose, since it does
not necessitate the preliminary knowledge of the flux position
to place the (d) axis. The aim of the present paper being to
act on the control references, the (d,q) reference frame will be
used. This model is presented in (1), where (isq,%sq) are the
stator currents in the (d,q) reference frame, (¢4, ¢rq) the rotor
flux, and w the electrical speed assumed nearly constant with
respect to the currents and flux dynamics. The two controls are
the stator voltages (usq, Usq). [ and Ry are respectively the
rotor and stator resistances, L,, L,, and L, are respectively
the rotor, magnetizing and leakage inductances, and wjy is the
frequency of the stator currents. In a sensorless application, the
only measured state are the two currents (isq,%sq), indirectly
measured from the phase current measurements.

: R, Lo R\ :
lsd = — <HL" + ToL2 lsd + Wslsgt
Ly R, mw Usd
T rd T T Pra T T
= (R, IAR
lsg = —Wslsd — (Lg + T.I2 ) Gsqg—
Lpw L, Ry U,
Y L:ILT Prd + LT:Lé Prq + LS:
P _ LR, R,
Prd = L. lsd — Tr@rd + (ws - w)‘prq
5 —  LmRy; R,
Prq = L, ‘Usq (ws — w)pra — T, ¥Prq
w= 0
Yy = [isda isq]

(1)

In the (d,q) reference frame, the (d) axis is oriented with the

flux. All the flux is given by ¢,.q and ¢, = 0. So, it becomes

possible to express the slip frequency w, (2). The electrical

torque T is given in (3), where N, represents the number of
pole pairs.

R, Ly, is
Wy = Wy — w = —om lse ()
Lr Prd
N,L., .
Te =2 Prdlsq (3)

B. Nonlinear observability definition

The observability of nonlinear systems is deduced by the
analysis of the rank condition of the observability matrix using
Lie derivatives [18]. Considering the nonlinear system X (4),
the observability matrix of the system, Oy, is given in (5),
where L is the observation space of the system (6).

&= f(z,u)
> 4
{ y = h(x) @
OL
Os = B %)
£9h
Lhh Lh = h(wo)
L=|" and Lsh = 9 f(x0) (6)
: Vk e N*, Lk = L(L}"h)
Lhh :

If Oy is a full rank matrix at xo then X is said locally weakly
observable at xg.

C. Induction machine observability study

The study of the state vector observability was already
presented in diverse ways, with continuous model [5], [19],
[20] and discrete-time model [21], for the induction machine in
the stationary reference frame («,). The observability matrix
Os,,, using the rotating reference frame (d,q) is presented in
(7). This observability matrix is obtained by the measurements
and theirs two first derivatives. Higher derivation terms would
involve flux derivations of second order and more that would
not modify the observability analysis [22]. A base change has
been done to allow a simpler representation.

10 0 0 0
01 0 0 0
L3 00 £ w o0

OEIM = LgL% 0 0 —(:J % 0 (7)
00 0 0 wpra
00 0 0 —¢u

In constant flux operations, the state vector is observable
while the stator frequency ws remains non-zero. This is in
concordance with the observability conditions presented in the
literature [5] even if the reference frame changed.
From (2) and (3), the stator frequency variation with the
electrical torque is expressed in (8).
Rr Te
Ws :w—i—w,,:w—i—ﬁ 3
p Prd
Therefore, the unobservable points can be expressed in
the (T., w) plane as a line named unobservability line [19],
described by (9) and shown in Fig. 1. A delicate area for speed
observation is defined as the speed range where the stator
frequency can take zero value depending on the electrical
torque. It is a simple way to know whether unobservable
conditions can occur in a given application.

®)

N, 2
T, = -2, ©)
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Fig. 1. Unobservability line in the (w, T¢) plane with a constant flux.

D. Method to avoid zero-frequency operation

The unobservable points have been pointed out. In [16], [17]
and more recently in [23], it has been proposed to define a
zone to avoid, between two stator-frequency values, 4 w!i™.
This control modification is the purpose of the AZF method.
The modification of the stator frequency is performed through
a modification of the flux amplitude. The torque and the speed
stay unchanged while the stator-frequency is controlled.

From this principle, our paper will explain how the AZF
method improves the observability. The minimum stator fre-
quency defined by the user is w ™. T# and gaﬁzl& are the torque
and flux references. Using (8), the flux modification is done as
reported in (10). It occurs only when |w,| < wh™.

TR, if T#
# N (whim —w) itT7 >0 (10)
Prd = Te# R, i T#
Ny wlmgy i TE <0

With the diagram of a classical field-oriented control imple-
mentation (Fig.2.a), this flux modification is performed here
as described in Fig. 2.b. A flux regulator is introduced in order
to have a quick flux variation. Since the flux is varying, the
torque is no longer regulated through the I, regulation. So,
the I, reference is adapted depending on the flux estimation.

Thanks to the results from the observability study, the AZF
method can be interpreted as an avoidance of the points where
the observability is zero. This analysis is yet limited to a
binary knowledge: whether the system is observable or not.
Thereafter, an observability index that evaluates continuously
the observability will be introduced.

[1l. OBSERVABILITY INDEX: DEFINITION
A. Observability continuous evaluation

The problem of a continuous evaluation of the observability
was first tackled for linear systems [24] using the obser-
vability matrix [25]. In the paper [26] was proposed three
observability indexes from the observability matrix, and three
others from the observability gramian. Among the six indexes
proposed for a linear system, each one can give a different part
of the information. The observability of the least observable
state is given by the minimum eigenvalue of the observability
matrix or gramian. A mean observability of the system is
given by the determinant and trace of the observability matrix
or gramian. It appears that none can be seen as the best
observability index.

For nonlinear systems, a similar definition is more com-
plicated to find and to prove. The definitions found in the
literature mainly use the observability matrix [22], [27] or
the empirical observability gramian [28], [29]. The empirical
observability gramian, defined in [30], provides a numeric
value of the observability and is only relevant for a given point
or trajectory. For its part, the observability matrix provides
an analytic value that remains relevant for all points or
trajectories. So, the observability matrix is chosen to define
the observability index in this paper.

As for linear systems, once the observability matrix is
chosen to define the observability index, three criteria can be
used: the minimum eigenvalue, the trace and the determinant
of the product of the observability matrix with its transpose.
The similar need to reduce the information contained in a
matrix to a scalar number exists for identification problems
using the sensibility matrix [31]. In [32], the use of the
determinant of the matrix is presented as the most significant
since it considers the confidence in the observation of the
global system, considering the errors committed on each
state weighted by the sensitivity of the observation to this
given state. This criterion is also invariant with rescaling
transformation and it is the most commonly used.

Consequently, the continuous observability index of the
system 3, noted 7y, is defined by (11). The larger this value
is, the better the observability will be.

Ny, = det(OLOy) (11)

B. Observability index application to induction machine

Using definition of (11) and the observability matrix from
(7), the observability index of a sensorless induction machine,
N, 1S presented in (12).

2
L3, 2 R\? N2
N = (I/SL2> ((L) + W2> ((wsﬁprd)Z + Sozd)

(12)

The flux ¢4 is generally a constant value, and the speed is

set by the use conditions. So, the observability index can be

reduced to a value 7); defined in (13) that represents the same

observability information as(12), but is easier to calculate.
This value will be used for the rest of the paper.

m = (Wspra)’ (13)

V. OBSERVABILITY INDEX: ANALYSIS
A. Observability index analysis for a classical control

The observability index can be expressed, using (8), as
a function varying with the flux ¢,4, the torque, and the
speed, as expressed in (14). It gives the possibility to analyse
the induction machine observability index depending on these
values. The machine used for this study is a 1.5kW induction
machine whose parameters are presented in Table .

= | WPrd v
" 4 Ny Ord

The definition of the observability index enables the analysis
of the observability of an induction machine in a sensorless

(14)
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Fig. 2. Adaptation of a field-oriented control to be used with an AZF or OIB control strategy.

TABLE |

INDUCTION MACHINE PARAMETERS.

Electrical parameters

20 and more

Ny number of poles pair 2

R, rotor resistance 1.89 Q

Rs stator resistance 4.61 Q

Lm magnetizing inductance 602 mH

Lo leakage inductance 75 mH N

Nominal values %

Prom nominal power 1.5 kW °
Lnom nominal current 3.1 A §'
Vnom nominal voltage 400 V 2
Pnom nominal flux 0.81 Wb
Qrom nominal speed 1455 rpm
Te nom nominal torque 9.4 Nm

application. To start with, the case of a classical field-oriented
control is considered. The flux remains constant at its nominal
value. The observability index 7, is presented in Fig. 3. Only
the low-speed operating points are studied, since they are the
most challenging. The electrical speed range considered is thus
between -100 and 100 rpm, while the whole torque range
is considered. The observability index variations higher than
20 Wb2-rad?-s~2 have not been represented. The unobservabi-
lity line can be seen considering the zero-observability-index
points. The observability index map also provides information
on the behaviour around this unobservability line.

B. Observability index analysis for the AZF method

The same analysis can be done in the case of a control using
the AZF method. The flux is modified depending on the torque
and speed, using the flux reference modification reported
in (10). The flux amplitude is however limited, between a
maximum value due to the machine design and a minimum
value in order not to demagnetize the machine. The maximum
value is usually the nominal flux, ¢, 0y,. The minimum value,
©mins 18 set here to a quarter of the nominal flux. Using these

0 50
electrical speed (rpm)

Fig. 3. Observability index n; using a classical control.

flux values, the observability index is plotted with respect to
the speed and the torque in Fig.4. The stator-frequency limit
value, w'™, has been set to 1 Hz.

The observability index is globally increased using the AZF
method but this increase is not uniform. The observability
index is highly increased for high-torque operation, while the
impact for low-torque operation is less important. It is even
reduced around zero-torque.

Actually, the criteria on which the control is defined, the sta-
tor frequency ws, only describes one part of the observability
index 7n; defined in (13). By maximizing the stator frequency,
the flux can be reduced so that the observability index is finally
decreased. This analysis shows that the observability index is
a tool to analyse the observability that explains clearly the
limitation of the AZF method. A new control strategy, based



IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS

20 and more

torque (Nm)

-10
-100 -50 0 50 100
electrical speed (rpm)

Fig. 4. Observability index n; witn a control using an AZF method.

on the observability index, is thus proposed.

V. OBSERVABILITY-INDEX BASED CONTROL STRATEGY
A. Control strategy presentation

The observability index has been presented in (14) as a
function varying with the flux ¢,4. By modifying this flux,
the observability index can be modified while the speed and
the torque stay unchanged. The purpose of the observability-
index based (OIB) strategy is to get an observability index
higher than a given value a by modifying the flux reference
without modifying the electrical torque 7, the most important
value to control. Doing so, the control is not modified while
the speed observability is increased. It corresponds to solving
an inequality under flux constraints (15).

m(pra) > a
Pmin Z @rd 2 Prnom

Fig. 5 presents the observability index variation with respect
to the flux. Three cases can be considered, whether the
machine is used in motor or in generator condition, and a
third case for zero speed operation (dashed line). These are
the three typical curves that can be encountered. When the
machine is used as a motor, the minimum observability index
is always a positive value. When the machine is used as a
generator, the minimum observability index is always zero.

In the operating conditions presented as an example on
Fig.5, in the generator case, the flux will be modified to reach
point A in order to ensure the observability of the speed. In
motor case, the observability index for nominal flux, point B,
is higher than the limit value «, the flux reference is not
modified. In zero speed case, the flux will be modified to
reach pointC where the observability index is equal to a. If
the whole flux range leads to an observability index lower than
«, the flux providing the maximum observability index is used
as the reference.

The resolution of the equation 71(¢,q) = « leads to
two solutions, @1 and 9, given in(16). The flux reference
selection is done according to the algorithm presented in Fig. 6.

5)

m

motor case

generator case

___zero speed case
——— Prd

Pmin

Fig. 5. Unobservability index variations with respect to the flux.
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Fig. 6. Algorithm of the observability-based control strategy.

The implementation of the observability-index based control
strategy is done in the same way as presented on Fig. 2.

B. Observability analysis using the OIB strategy

To show the effectiveness of the proposed control, the OIB
strategy is analysed in the same way as that described in
SectionIV. Fig.7 presents the observability index variations
in the (w,T,) plane with the observability index limit, «, set
to 16 Wb2.rad?-s~2. It appears that for most of the low-
observability-index working points, the observability index
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value has been increased to reach the limit value «. For low-
torque and low-speed operating points, the flux variation is
limited by the flux minimum value, and the observability index
gets values lower than «. It can be foreseen that in such
conditions, the observation performance will remain poor.

20 and more

torque (Nm)

-1
—?OO 0 50
electrical speed (rpm)

Fig. 7. Observability index n; using an OIB control strategy.

C. Comparison of AZF and OIB control strategies

The comparison between the observability index using the
AZF (Fig.4) and the OIB (Fig.7) control strategy shows that
they both globally increase the observability index. Thus, they
are both suitable to improve the speed observation perfor-
mance. Meanwhile, the OIB strategy increases this index on
a wider range. For low-torque operation, it even provides a
largely better observability index. This point is independent
of both control strategies tunings since the AZF method leads
to a continuous variation of the index, while the OIB strategy
generates a constant observability index, except for the low-
speed and low-torque operating points. An other positive point
of the OIB strategy is that it provides a uniform observability
index, which makes the tuning of this strategy easier.

VI. EXPERIMENTAL RESULTS
A. Experiment environment

To demonstrate the pertinence of the observability index
analysis and of the OIB strategy, an experimental motor test-
bench has been used. The test-bench is shown in Fig.8. It is
composed of one 1.5kW induction machine whose parame-
ters are presented in TableI coupled to a 1.7kW permanent
magnet synchronous machine (PMSM) whose parameters are
presented in TableII.

The PMSM is driven by an industrial inverter. The induction
machine is driven by an inverter composed of IGBT and the
control is implemented on a dSPACE prototyping system. The
three currents are measured using fluxgate sensors. The DC
voltage of the inverter is measured and used for the pulse width
modulation. The speed observer is an extended Kalman filter
augmented to the load torque, similar to the one presented in
[33] except that the equations are here normalised. It works in

TABLE Il
PERMANENT MAGNET SYNCHRONOUS MACHINE PARAMETERS.

Electrical parameters

Np number of poles pair 3

R stator resistance 23 Q

L magnetizing inductance 8,9 mH

Nominal values

Prom nominal power 1.7 kW
Tnom nominal current 3.81 A
Vinom nominal voltage 750 V
Qrnom nominal speed 3000 rpm
Te nom nominal torque 5.4 Nm

the (a,) reference frame. The observer is not modified from
an experiment to the other and its tunings stay unchanged. The
call frequency of both the control and the observer is set to
1kHz. The PWM switching frequency is set to 10kHz.

Current sensors

7ELn s o SEAE

Induction
machine

Fig. 8. Motor test-bench used for the experiment.

B. Test profile definition

The test profile of this experiment is defined for two
purposes: evaluating the pertinence of the observability index
m1 and evaluating the improvements of the speed observer
performance given by the use of the OIB control strategy com-
pared with the AZF method. The test profile is presented in
the (w, T¢) plane in Fig. 9 over the observability index when an
AZF method is used. It crosses twice the unobservability line,
once with a high torque reference (from point A to point B),
and the second time with a low torque reference (from point
C to point D). The whole profile follows regenerative braking
conditions. Since the purpose of this paper is to evaluate
the speed observer performance for long time operation close
to unobservable conditions, the time operation between each
point is chosen at 30s. Especially, the operation from point
D to point A corresponds to a long in load speed evolution
from 20 electrical rpm (0.33 Hz or 2.1 rad-s~!) to zero speed.
The PMSM maximum torque being lower than the induction
machine maximum torque, the high torque reference is set to
5.4 Nm. The low torque reference is set to 1 Nm.
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-50 0 50
electrical speed (rpm)

100

Fig. 9. Test profile used for the experiments.

C. Classical control vs. AZF method

First, the observed speed is not used for the control in order
to evaluate the speed observation error. The profile defined is
used with a classical field-oriented control and then with an
AZF method with a stator frequency limit set to w’™ = 1 Hz.
The results are presented for the classical vector control in
Fig. 10 and for the AZF method in Fig. 11.

—— measured speed
observed speed
—— stator frequency

electrical rpm
o

I
0 20 40 60 80 100 120

1 4
el
= —— flux reference
0.51 — estimated flux
observed flux
0 I . L | \
0 20 40 60 80 100 120

— IMtorque reference
—— PMSM torque reference
—— observed load torque

I
0 20 40 60 80 100 120
B C D A

Fig. 10. Experimental result with a classical field-oriented control.

When a classical field-oriented control is used, the speed
observer diverges twice, each time the low-observability area
is crossed. Because of this divergence, the speed observer has
been re-initialized at ¢ = 60s so that the speed observation
could be studied in the remaining part of the experiment. On
the first crossing of the low-observability area, at high-torque,
the AZF method ensures a sufficient observability so that the
speed observer remains precise. It shows the interest of the
AZF method that enables to make the speed observer work on
a wider range of the (w,T.) plane. On the second crossing,
at low torque, the same method leads to a divergence of the

T T T p—
100 Py measured speed
e i e, observed speed
g 50 —— stator frequency
3 o T ‘
.E
o _50f
© o
-100 - . . .
0 20 40 60
‘ —— flux reference
15 —— estimated flux a
N o observed flux
: | E—
05- i ol
~ W"’"/
4
0 Il Il Il Il
0 20 40 60 80 100 120
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5 M i '(
o — speed obsen/atlon error
© -100; 20
2
e 1r
z
0 [ — torque observation error | observauon error

40 80 1 00 0
t\m‘? ﬁ

Fig. 11. Experimental result with an AZF method.

speed observation. The observability index on this point is
actually low, even if the stator frequency remains at its limit
value w!™. The speed observation converges once again as
soon as the observability index gets back to a sufficient value.

This experiment shows that, despite its characteristics for
high torque operation, the AZF method is not adapted for low
torque operation. But the most important point to notice is that
this low-performance was foreseen by the observability index
analysis. The observability index is a reliable tool to forecast
the performance of the observer.

D. AZF vs. OIB control strategy

The effectiveness of the observability index analysis has
been proved with the experiment, and the poor results of the
AZF method for low-torque operation has been shown. Here,
the OIB strategy with o = 16 Wb?-.rad?>-s~2 is implemented
on the same profile, using the same observer with the same
tunings. Fig. 12 presents the results of this experiment.

The speed observation is now converging in every condition.
It underlines once more the correlation between the observa-
bility index value and the observer precision.

Table III compares the RMS speed observation error and
current consumption between various tunings of the AZF
method and the proposed OIB control strategy. It points out
that, for a similar current consumption, the speed observer
error with the OIB strategy is always lower than the one
using an AZF method. This improvement is independent
of the control parameter tunings, w!™ or a. The observer
performance depend on the value « chosen in the OIB strategy.
The value « can thus be tuned according to the speed observer
performance expectation and the flux deviation achievable.

E. Closed-loop experiment

The observed speed is now used in the control. The control
and the observer work in closed loop. The OIB control strategy
is used. This is an effective induction machine sensorless
drive performed on the same test profile whose results are
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Fig. 12. Experimental result with an OIB control strategy. Explanation of
curves are as in Fig. 11.

TABLE Il
RESULTS WITH VARIOUS TUNINGS OF THE AZF AND OIB STRATEGIES.
wljm (Hz) 173 12 1 1.5 2
RMS speed observation error (rpm) 4364 178 116 73 69
RMS current consumption (A) 3.8 3.85 4.2 4.7 5.0
o (Wb?.rad?-s~2) 4 9 16 25 | 36
RMS speed observation error (rpm) 5525 6159 25 33 43

RMS current consumption (A) 3.8 4.0 4.2 4.5 5.0

presented in Fig. 13. Because of the instabilities generated by
the loop closure, the minimum observability index is increased
from 16 to 20 Wb?.rad?-s~2. The experiment results on this
challenging test profile proves that the OIB strategy is an
adequate solution for induction machine sensorless drive.
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Fig. 13. Sensorless drive using the OIB control strategy. Explanation of
curves are as in Fig. 11.

VII. CONCLUSION

In this paper, the observability study of the induction ma-
chine sensorless drive has been performed with a continuous

evaluation of the observability. To do so, an observability index
has been defined. The pertinence of this observability index
was shown by linking the observability index with the speed
observation performance. To start with, an existing method has
been studied and its limits have been pointed out using the ob-
servability index analysis. Then, the observability-index based
control strategy has been proposed. It improves induction
machine sensorless drive solutions that do not necessitate any
signal injection. The experimentations both in open loop and
closed loop showed the improvements. It also demonstrates
that the observability-index based control strategy offers a
new path for induction machine sensorless drives without
signal injection. Using a Kalman filter, the observability-index
based control strategy notably improved the speed sensorless
operation in the neighbourhood of unobservable conditions.
The use of any more efficient observer, the consideration of
the inverter non linearities or the joint observation of electrical
parameters would even more improve the induction machine
speed sensorless drive. It is a perspective for this work.
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