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ABSTRACT

An accurate stator resistance and inductance are necessary for high-
performance permanent magnet synchronous motor (PMSM) control. The
stator resistance and inductance can be estimated during motor standstill op-
eration. This study proposes a standstill estimation method for the determi-
nation of dq-axis inductances and resistance of a PMSM drive system fed by
a conventional voltage source inverter (VSI). The proposed method estimates
both inductance and the rotor’s position using the same algorithm, and knowl-
edge of its initial position is not required. The d- and q-axis inductances were
estimated by applying three short-time voltage pulses and measuring phase
current peak values. The stator’s resistance is estimated by monitoring the
exponential decay process of the direct axis current. The method was verified
by simulation and experiments conducted on two different PM synchronous
motors. A good agreement of simulation and experimental results was ob-
tained. Moreover, the proposed method is relatively simple and can identify
stator resistance and inductance at any motor load condition. Compared to the
existing parameter estimation strategies, the proposed estimation scheme has
a relatively faster estimation time. Additionally, it is shown that the method
accounts for the dead-time effect as well.

This is an open access article under the CC-BY-SA license.

1. Introduction

The permanent magnet synchronous motor has become extremely popular, and the most obvious
choice in many applications due to its inherent advantages like higher efficiency, higher torque to
weight ratio, smaller size, etc. [1]. Using rare-earth permanent magnets enhances the magnetic flux
density in the air gap and increases the power density and torque density of PMSMs. Therefore, the
majority of automotive manufacturers choose PMSMs as the traction motor in their vehicles [2].

Accurate offline identification of stator resistance and inductance is necessary for proper tuning of
the system controller [4, 5], the position based on electromotive force (EMF) [6] or the based model
[7], the parameters should be obtained before motor startup, otherwise, the performance of driver
will be poor. Moreover, parameter identification at standstill is essential for applications with load
machinery connected, since it is not permissible to make the rotor deviate from the initial position
during estimating parameters [8]. According to the operation status in the voltage source inverter
(VSI) based parameter identification system, the methods can be divided into two classes: the offline
and online identification methods [9]. The online estimation techniques [10, 11] are conducted while
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the PMSM is in operation; this method can estimate the PMSM parameters without disturbing its op-
eration. However, the offline d- and q-axes inductance parameters in the online identification method
are still necessary before the motor startup to guarantee the motor’s regular operation [12].

To experimentally compute machine parameters, the academic literature proposes several meth-
ods for both standstill and rotational tests (offline). Rotational tests, while being popular and accurate,
require a special test rig and an external prime mover for the Motor Under Test (MUT). Standstill tests
can be performed on either a blocked or a free-to-spin rotor [3].

A lot of offline methods have already been proposed to identify the inductance and resistance pa-
rameters [8, 13, 14, 15, 16, 12, 17, 18, 19, 20]. The methods [8, 13] identify d- and q-axis inductances
and stator resistance considering inverter nonlinearities; however, additional initial rotor position es-
timation algorithm is required. Inductance identification methods with sequence pulse injection has
been proposed [12], these techniques require a regression process, based on the fitting method. The
discrete standard orthogonal polynomial with a look-up table is used to reduce computation complex-
ity. A high frequency (HF) signal injection, which is superimposed on the fundamental excitations,
is employed for inductance parameter identification [18, 17]. In [17] the least square identification
method to obtain a linear model, however, lacks experimental validation. In [18], the rotor position
and phase inductances are calculated by line-to-line voltage injection or d- and q-axis voltage injec-
tions. Offline inverter-nonlinearity-immune dq-axis inductance identification method based on the
equivalent inductance model is proposed in [19]. Where [19] the equivalent resistance of the inverter
nonlinearity is not contained in the inductance identification process, which need not be considered
at all in the proposed method and the magnetic saturation and the cross saturation are considered.

In this article, the stator dq-axis inductances and resistance estimation method with only three
short-time duration rectangular voltage pulses is presented. The main innovation of this method is
that initial rotor position and motor parameters at standstill are estimated at same time applying the
minimal voltage pulse count to the motor and making the estimation method very fast. The initial
rotor position and motor parameters at standstill are estimated by measurement of the peak current
values which depend on the rotor position. The proposed method is based on the VSI system; no extra
auxiliary equipment is needed and rotor locking is not required. Because, the proposed method is valid
under small phase currents it did not account magnetic saturation effect. Moreover, the presented
method shows high accuracy, at the same time requiring very little computation power, and can be
implemented in most microcontrollers. In this paper, the presented method is theoretically described
and verified both by simulation and experiments performed on different PM motors.

2. PMSM model

A model of PM motor currents in rotor rotating reference frame is represented as in [9]

did
dt

= −Rs
Ld
id + ωe

Lq
Ld
iq +

vd
Ld

diq
dt

= −Rs
Lq
iq − ωe

Ld
Lq
id − ωe

λpm
Lq

+
vq
Lq

dωe
dt

=
p

2J

(
Te −

2B

p
we − TL

)
dθ
dt

= ωe

(1)

where vd and vq are d- and q-axis stator voltages, respectively; id and iq are d- and q-axis stator
currents, respectively; λpm is the permanent magnet flux; ωe is the electrical rotor speed; J is the
rotor inertia, B is the viscous friction coefficient; Te is the electromagnetic torque, and TL is the
load torque; p is the number of poles; θ electrical rotor position; Ld and Lq are d- and q-axis stator
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inductances, respectively.

During standstill, the PMSM is in static position and ωe = 0. Hence, (1) can be simplified as

did
dt

= −Rs
Ld
id +

vd
Ld

diq
dt

= −Rs
Lq
iq +

vq
Lq
.

(2)

3. Space Vector Pulse Width Modulation

The space vector pulse width modulation (SVPWM) is one main and competent technique to
modulate the voltage references (outputs of the control algorithm) into the switching sequence [21].
SVPWM is a better computational PWM technique for the three-phase VSI as it produces less distor-
tion in output voltage and produces higher AC output voltage [22].

Fig. 1 shows the two-level VSI space vector diagram representing the switching state in the six
sectors. There are 6 active vectors (v1 − v6) when voltage is impressed across the load, and two zero
vectors v0, v7 when the machine terminals are shorted through the lower switches or upper switches,
respectively. Each active vector (v1 − v6) has magnitude 2/3Vdc and is aligned in 1 of 6 possible
positions and are π/3 angle apart each other as shown in Fig. 1. The zero vectors v0, v7 are shown in
center.

Fig. 1. Space vectors in three-phase voltage source inverter.

4. Method

During entire estimation time, only three short-time duration rectangular voltage pulses are ap-
plied to motor windings. Active vectors in time are separated by large inactive time, during inactive
time the phase windings are not energized. During inactive time, the all phase windings could be con-
nected to ground or not connected at all. Three active space vector pulse width modulation vectors
v1(100), v3(010) and v5(001) are used in sequence as shown in Fig. 1.

The phase current distribution profiles diagram is shown in Fig. 2. Three-phase stationary currents
ia, ib and ic are measured with sensors. And two-phase dynamic currents id and iq are calculated from
stationary phase currents after the rotor position is estimated. The rotor position is estimated from
three-phase stationary current’s ia, ib and ic as will be explained below.
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Fig. 2. Current distribution profiles

4.1. Initial Rotor Position Estimation

Because salient-pole PM motor inductance is in the form of L0 + L2 cos(2θ) where θ is rotor
position at electrical angle, inductance L0 is due to space fundamental air-gap flux and inductance
L2 due to rotor position [23], the equivalent admittance is in form Y0 + Y2 cos(2θ). In other word,
the amplitude of the line current of the motor under excitation with a relative short time duration DC
voltage is also a function of the rotor position given as in [23, 24]

∆ia,v1 = i0 + ∆i0 cos(2θ)

∆ib,v3 = i0 + ∆i0 cos

(
2θ +

2π

3

)
∆ic,v5 = i0 + ∆i0 cos

(
2θ − 2π

3

) (3)

where currents are phase peak values, i0 is dc current component and ∆i0 is amplitude of a fluctuated
component, obtained by properly connecting PM motor windings to supply voltages. The measure-
ment of ∆ia,v1 current the inverter a-phase is connected to DC supply and b- and c-phase to zero as
shown in Fig. 3 or in other word, vector v1(100) are used, alternatively for ∆ib,v3 - v3(010) and for
∆ic,v5 - v5(001) as shown in Fig. 3.
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Fig. 3. Connection of PM motor at standstill for ∆ia,∆ib,∆ic determination.

The above relation (3) is valid under the relatively small current, that is, the machine is not mag-
netically saturated [23]. Under the ideal case, where the current amplitude distribution is a sinusoidal
function of the rotor position i0, can be obtained as in [23, 24]

i0 =
1

3
(∆ia,v1 + ∆ib,v3 + ∆ic,v5) (4)

and signs of ∆ĩa,∆ĩb,∆ĩc are obtained by

∆ĩa = ∆ia,v1 − i0 = ∆i0 cos(2θ)

∆ĩb = ∆ib,v3 − i0 = ∆i0 cos

(
2θ +

2π

3

)
∆ĩc = ∆ic,v5 − i0 = ∆i0 cos

(
2θ − 2π

3

)
.

(5)

After signs of ∆ĩa,∆ĩb,∆ĩc are determined the relation between the rotor position and combination
of signs can be summed up in Table 1.

Table 1. Relation between rotor position and signs of currents

θ ∈ sign(∆ĩa) sign(∆ĩb) sign(∆ĩc) θ[
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After the region of rotor position has been determined, more precise rotor position can be deter-
mined. An expression for the rotor position can be generated by using trigonometric identities from
the above expressions (5) and isolating the angle terms for θ and with approximation for small angles
than θ ∈

[
− π

12 ; π
12

)
the initial rotor position at standstill is as in [23, 24]

θ ∼=
1

2
tan(2θ) =

√
3

2

∆ĩc −∆ĩb

2∆ĩa −∆ĩb −∆ĩc
. (6)
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The rotor position for other regions is given in Table 1. The above estimated initial rotor position
is in range

[
− π

12 ; 11π
12

)
or π range. Because PM motor inductance is in the form of L0 + L2 cos(2θ)

the period of inductance is π also, and further determination of polarity is not necessary.

4.2. dq-axis Inductance Estimation

The integral of (2) for id and iq current for a short time duration ∆t is the following

∆id∫
0

id did =

∆t∫
0

(
−Rs
Ld
id +

vd
Ld

)
dt

∆iq∫
0

iq diq =

∆t∫
0

(
−Rs
Lq
iq +

vq
Lq

)
dt.

(7)

where ∆id and ∆iq are produced currents. To integrate (7) we make assumption that current pulses
start at zero, the phase is magnetically independent and linear, and that eddy currents in the motor
laminations are negligible, the voltages vd and vq are constant values.

Applying above assumptions, the integral of id and iq currents in (7) can be approximated as

∆id ∼= −
Rs
Ld

∆id∆t

2
+
vd∆t

Ld

∆iq ∼= −
Rs
Lq

∆iq∆t

2
+
vq∆t

Lq
.

(8)

Then the d- and q-axis inductances expression at standstill follows from (8) and are the following

Ld ∼=
vd∆t

∆id
− Rs∆t

2

Lq ∼=
vq∆t

∆iq
− Rs∆t

2
.

(9)

Moreover, in expression (9) resistance voltage drop per phase can be eliminated. For enough short
time ∆t and from (9) it follows the inductance is in linear region [25]

Ld ∼=
vd∆t

∆id

Lq ∼=
vq∆t

∆iq
.

(10)

At standstill then the motor currents and voltages are zero during a voltage pulse (v1, v3 or v5)
for a period of time ∆t, then the all three-phase currents ∆ia,∆ib,∆ic are measured for each voltage
pulse, and knowing the rotor position θ, the motor currents in rotating reference frame for a vector vi
are [

∆id,vi
∆iq,vi

]
= C×

[
∆ia,vi ∆ib,vi ∆ic,vi

]T (11)

where vi is v1, v3 or v5 and transformation matrix [26]

C =
2

3

[
cos (θ) cos

(
θ − 2π

3

)
cos
(
θ + 2π

3

)
− sin (θ) − sin

(
θ − 2π

3

)
− sin

(
θ + 2π

3

) ] . (12)

The motor voltages vd and vq are similarly calculated but instead of measuring phase voltages
only DC link voltage Vdc are need and they are derived with the help of Fig. 3. Where for example
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of vector v1 phase voltages at stationary reference frame are: va,v1 = 2
3vdc, vb,v1 = vc,v1 = −1

3Vdc.
Knowing the rotor position θ each stationary phase voltages are transformed into rotating reference
frame [

vd,vi
vq,vi

]
= C×

[
va,vi vb,vi vc,vi

]T (13)

for each vector vi: v1, v3 and v5.

Having three sets of voltages vd,vi , vq,vi and currents id,vi , iq,vi the phase inductances Ld,vi , Lq,vi
can be estimated by (10) for each vector v1, v3 and v5. The values vd,vi , vq,vi or id,vi , iq,vi can be close
to zero and division of small values can introduce large estimation errors. To overcome small values
division problem, the assumption that at small-time period ∆t the currents id and iq are linear and
vd, vq, Ld, Lq are constant values, the superposition principle can be used to express d- and q-axis
inductances as

L̂d ∼=
|vd,v1 |+ |vd,v3 |+ |vd,v5 |

|∆id,v1 |+ |∆id,v3 |+ |∆id,v5 |
∆t

L̂q ∼=
|vq,v1 |+ |vq,v3 |+ |vq,v5 |

|∆iq,v1 |+ |∆iq,v3 |+ |∆iq,v5 |
∆t.

(14)

The modules of voltages and currents in (14) are taken because the sum of vq,v1 + vq,v3 + vq,v5 and
iq,v1 + iq,v3 + iq,v5 is close to zero.

4.3. Stator Resistance Estimation

After releasing a supply voltage, the d- and q-axis current start to decay exponentially

id(t) = ∆id,vie
−tRs

Ld = ∆id,vie
− t
τd

iq(t) = ∆iq,vie
−tRs

Lq = ∆iq,vie
− t
τq

(15)

where t is time and τd, τq are time constants for d- and q-axis respectively. The time constant τd can
be estimated by monitoring id current as well as τq by monitoring iq current. It is important to monitor
id, iq phase currents decay because the decay time of stationary reference phase currents ia, ib, ic are
coupled related. The phase resistance R̂s then can be estimated as

R̂s =
L̂d
τd

=
L̂q
τq
. (16)

Having estimated rotor position θ the monitoring currents id and iq can be obtained from measured
stationary phase currents (ia, ib, ic) and then transforming it into rotating reference frame using (13).

Because the rotor position is not know until three voltage pulses are applied, the stationary phase
currents sample values have to be recorded into processor memory for each voltage pulse and then
transformed into a rotating reference frame. However, for time constant τd or τq estimation, only two
id or iq respectively current sample points are needed. Any current id or iq for exponential decay
for any voltage vector pulse can be used, however, we prefer to use a vector which generate smallest
iq current amplitude and monitor id current decay, because of the smallest disturbance effect. The
sample points schematic diagram are shown in Fig. 4.

The time td is delay time due to sample delay, times t1 and t2 are id current sample times after
releasing supply voltage and the time difference of them is t21 = t2 − t1. Knowing two id current
sample values and time difference of them the time constant τ̂d are estimated as

τ̂d =
t2 − t1
ln id(t1)

id(t2)

=
t21

ln id(t1)
id(t2)

(17)

where ln is natural logarithm. From (17) we also see that estimated time constant τ̂d did not depend
on sample delay time td.
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Fig. 4. The schematic diagram for exponential decay of id current.

4.4. Correction Step

The previously estimated inductances L̂d and L̂q using (14) is with the assumption that resistance
voltage drop per phase are negligible due to short ∆t period of time. To make estimation more
accurate, a simple correction step to account resistance voltage drop per phase follows from (9) and
is the following

L̂cd = L̂d −
1

2
R̂s∆t

L̂cq = L̂q −
1

2
R̂s∆t

(18)

where L̂cd and L̂cq are corrected inductances.

Moreover, to account sample delay td, the (18) can be improved as well

L̂cd = L̂d e−
td
τ̂d − 1

2
R̂s∆t

L̂cq = L̂q e−
td
τ̂q − 1

2
R̂s∆t

(19)

where unknown constant τ̂q can be found from (16) and is τ̂q = τ̂dL̂q/L̂q.

After inductances have been corrected using (19) or (18) the estimated stator resistance is cor-
rected as well using (16). There for correction L̂cd inductance is used or briefly R̂cs = L̂cd/τ̂d.

4.5. Schematic Diagram

A graphical representation of the proposed method is shown in Fig. 5, where active vector vi is
v1, v3 or v5, and the sequence is always the same.

5. Experimental and Simulation Results

5.1. Simulation

To verify the presented algorithm mathematical accuracy of presented algorithm, a computer
simulation is performed. Simulation of the PMSM1 given in Table 2 are performed with delay time
td = 0 s. The phase currents waveforms are shown in Fig. 6(a) and Fig. 6(b) for all three voltages
pulses. The PMSM initial position was set to θ = 1.23 rad and estimated position θ̂ = 1.237 rad. The
d- and q-axis inductances estimated without correction step are L̂d = 140.95 µH and L̂q = 211.21 µH
respectively, the resistance without correction step R̂s = 0.0604 Ω. After correction step, the final
estimated inductance values are L̂cd = 140.34 µH, L̂cq = 210.61 µH and R̂cs = 0.0601 Ω. Comparing
estimated inductances (Ld, Lq) and resistance (Rs) of motor PMSM1 given in Table 2 can be seen
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how accurate presented method performs. The simulation shows excellent accuracy of the presented
method.

Fig. 5. Schematic diagram of the proposed method.

Table 2. Rated power and parameters of the two motors used in the tests

PMSM1 PMSM2
Power supply voltage [V] Vdc 24 24
Nominal power [W] Pn 500 78
∗Phase resistance [Ω] Rs 0.06 0.38
∗Inductance d-axis [µH] Ld 140 145
∗Inductance q-axis [µH] Lq 210 180
Pole pair number p 6 4
∗Note. Parameters are measured using LCR meter.

5.2. Hardware Organization

The experimental system configuration is shown in Fig. 7. N channel metal oxide semiconductor
field effect transistors (MOSFET) are used in this inverter for their low voltage drop and high speed.
Microcontroller LPC1549 performs all necessary control processings. For current measurement, the
three shunt current measurement technique is used. Because of current shunt connection type, the
current of motor phase can be measured only then low transistor is on. The phase currents signal are
amplified 10 times and are sampled by analog digital (A/D) converter of microcontroller LPC1549
using 12 bit resolution. The inverter is supplied by 24 V laboratory dc-voltage power source. Two
different permanent magnet type brushless dc motor, whose specifications are given in Table 2, are
used during experimental test.

5.3. Implementation

A specific gate switching modulation is implemented on LPC1549 microcontroller and shown in
Fig. 8. The switching pattern is adopted to hardware, where phase currents can be measured only
then low side transistor are on. The gate switching period Ts is selected large (30 ms) to enable decay
energy after excitation. The voltage pulse time ∆t = 20 µs are selected for all vectors v1, v3 and v5.
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The dead-time Td are 700 ns selected for test inverter. A/D converter sample for peak currents starts
after delay time Tw after all low side switches (Sā, Sb̄, Sc̄) are on. The time delay Tw are added
to bypass switching noises and for test inverter Tw = 4 µs are selected. The sample time delay td
account both dead-time and A/D delay and is td = Td + Tw.
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Fig. 6. Simulated and measured phase currents during estimation for PMSM1 at rotor position θ̂ =
1.23 rad. (a) Simulation in stationary reference frame, (b) Simulation in rotating reference frame. (c)
Measured in stationary reference frame, (d) Measured in rotating reference frame

5.4. Experimental Results

Experiments performed on two different motors with given parameters in Table 2. The currents
build up during supply vector v1 for PMSM1 motor are shown in Fig. 9. For illustrative purpose only,
the rotor position is set to zero and estimated rotor position θ̂ = −0.05 rad.

The transformed phase currents d and q into rotating reference frame are shown in Fig. 9(b), where
iq phase current vanish due to rotor position being at zero position. The phase current id increases
from zero linearly to its peak value as shown in Fig. 9(b). The small current spikes at time 80 and 100
µs are due to switch commutation and took about 3 µs.

The phase currents during the whole estimation period for PMSM1 are shown in Fig. 6(c) and
Fig. 6(d). The rotor position set randomly to any position and estimated θ̂ = 1.23 rad. The d- and
q-axis inductances estimated without correction step are L̂d = 146.04 µH and L̂q = 215.97 µH
respectively, the resistance without correction step R̂s = 0.057 Ω. After correction step, the final
estimated inductance values are L̂cd = 145.20 µH, L̂cq = 214.80 µH and R̂cs = 0.057 Ω.

Fig. 10 illustrates the estimated stator values versus mechanical rotor position for PMSM1. Av-
erage values for d-axis inductance 145.69 µH and for q-axis 212.96 µH, average resistance value is
0.057 Ω for PMSM1. The maximum relative error for d-axis inductance is 3.0%, for q-axis inductance
is 3.7% and for resistance is 5.5%.

The estimation results for PMSM1 with different dead-time delays are shown in Fig. 11. From the
figure, we can see that the presented method accounts dead-time effect very well. The phase currents
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during the whole estimation period for PMSM2 are shown in Fig. 12. The rotor position set randomly
to any position and estimated θ̂ = 2.2 rad. Because of higher stator resistance, the decay of PMSM2
are faster as we can see from Fig. 12 compared to Fig. 6(d). The final estimated inductance values are
L̂cd = 144.72 µH, L̂cq = 174.04 µH and R̂cs = 0.37 Ω.

Fig. 13 illustrates the estimated stator values versus mechanical rotor position for PMSM2. Av-
erage values for d-axis inductance 147.54 µH and for q-axis 178.05 µH, average resistance value is
0.35 Ω for PMSM2. The maximum relative error for d-axis inductance is 1.9%, for q-axis inductance
is 2.1% and for resistance is 5.8% for PMSM2.

The maximum absolute deviation error (compared to nominal values) for d-axis inductance is
7.0%, for q-axis inductance is 4.5% and for resistance is 9.4% for PMSM1. And for PMSM2 d-axis
inductance is 3.7%, for q-axis inductance is 2.8% and for resistance is 13.1%. In order to verify the
effectiveness of the proposed method the results are compared with previous studies and are shown in
Table 3. From the table, we can conclude that proposed method accuracy is very similar to previous
studies.

Fig. 7. Experimental system hardware organization.

Fig. 8. The gate switching sequence.
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Fig. 9. Measured current linear build up during supply vector v1 at estimated rotor position θ̂ = −0.05
rad for PMSM1. (a) Stationary phase currents (b) d-axis and q-axis currents.
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Fig. 10. Estimated stator values at different mechanical rotor positions for PMSM1 motor. (a) d and
q-axis inductances, (b) Resistance.

1 2 3 4 5
0

100

200

(a) Td [µs]

In
du

ct
an

ce
[µ

H
]

L̂cd
L̂cq

1 2 3 4 5
0

20

40

60

(b) Td [µs]

R
es

is
ta

nc
e

[m
Ω

]

R̂cs

Fig. 11. Estimated stator values at different dead-time values for PMSM1 motor. (a) d- and q-axis
inductances, (b) Resistance.
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Fig. 12. Measured phase currents during estimation for PMSM2 at rotor position θ̂ = 2.2 rad in
rotating reference frame.
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Fig. 13. Estimated stator values at different mechanical rotor positions for PMSM2 motor. (a) d- and
q-axis inductances, (b) Resistance.

Table 3. Comparison of maximum identification errors of experimental results

Method Ld Lq Rs Comments
Proposed method 7.0% 4.5% 9.4% PMSM1
Proposed method 3.7% 2.8% 13.1% PMSM2
[19] 6% 6% - the rotor is locked
[14] 14.9% 13.3% 13.3% -
[27] 12.4/3.6/5.7% 12.2/3.1/6.6% - depend on current
[12] 3.43% 2.68% - -
[18] 16% 16% 12/9% depend on motor type
[13] 2.90% 12.77% 3.35% need rotor position estimator

6. Conclusion

In summary, a simple method for identifying the stator’s dq-axis inductance and resistance of PM
synchronous motors at a standstill has been presented. The identification process is very fast and
takes only part of the second. Moreover, the use of additional equipment is not needed. The tests of
the motor can be performed with or without a locked rotor and do not require knowledge of its initial
position. Such an estimation process does not require high computation power; therefore, it can be
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used for low-cost, low-power embedded systems. The initial rotor position, as well as d- and q-axis
inductances are estimated by applying three short-time voltage pulses and measuring phase current
peak values. The stator’s resistance is estimated by monitoring the exponential decay process of the
id current. Finally, the inductances of the d- and q-axis are corrected, taking into account the stator’s
resistance and sampling delay. The method was verified by simulation and experiments conducted on
two different PM synchronous motors. A good agreement with the reference PM models is obtained
in all the cases. It is shown that the method accounts for the dead-time effect as well. Future research
work will concern the extension of the study to the case of system magnetic saturation and cross sat-
uration effect.
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