
Parameter identification of induction motor model by 
means of State Space-Vector Model Output Error 

Minimization 

A. Accetta 
ISSIA-CNR. 
Via Dante 12, 

90121 Palermo, 
Italy.e-mail: 

accetta@pa.issia.cn
r.it   

F. Alonge 
DEIM 

University of 
Palermo  

Viale delle Scienze, 
Ed. 10, 90128 
Palermo, Italy. 

e-mail: 
francesco.alonge@

unipa.it 

 
 

M. Cirrincione 
SEP-USP 

University of the 
South Pacific. 

Laucala Campus 
Suva, Fiji. 

e-mail: 
maurizio.cirrincion

e@usp.ac.fj 

M. Pucci 
ISSIA-CNR. 

Via Dante 12, 90121 
Palermo, Italy. 

e-mail: 
pucci@pa.issia.cnr.it 

A. Sferlazza 
DEIM 

University of 
Palermo  

Viale delle Scienze, 
Ed. 10, 90128 
Palermo, Italy. 

e-mail: 
antonino.sferlazza

@unipa.it 
 

Abstract—This paper proposes a technique for the off-line 
estimation of the electrical parameters of the equivalent circuit 
of an Induction Machines (IM), and focuses on the application 
of an algorithm based on the minimization of a suitable cost 
function involving the differences between the measured stator 
current direct (sD) and quadrature (sQ) components and the 
corresponding estimated by the IM state model. This method 
exploits an entire start-up transient of the IM to estimate all of 
the 4 electrical parameters of the machine (Rs, Ls, σLs, Tr). It 
proposes also a set of tests to be made in order to estimate the 
variation of the magnetic parameters of the IM versus the 
rotor magnetizing current as well as the magnetizing curve of 
the machine. The proposed methodology has been verified 
experimentally on a suitably developed test set-up. 

 

NOMENCLATURE 
usxy= usx +j usy :space vector of the machine side inverter 

voltages in the rotor flux reference frame; 
us= usD +j usQ :space vector of the motor side inverter 

voltages in the stator reference frame; 
isxy= isx +j isy :space vector of the motor side inverter 

currents in the rotor flux reference frame; 
is= isD +j isQ :space vector of the motor side inverter 

currents in the stator reference frame; 
usA  ,usB ,usC : motor side inverter phase voltages; 
isA  ,isB ,isC : machine side inverter phase currents; 
te= electromagnetic torque; 
ψ r = rotor flux linkage space vector; 
ρr = angle of the rotor flux linkage space vector; 
p = number of pole pairs; 
ωm = machine speed (in mechanical angles); 

ωrm = electric speed of the rotor flux linkage; 
All variables with ref subscript are reference quantities. 

 

I. INTRODUCTION 
Scientific literature about either on-line or off-line 

estimation of Induction Machine (IM) electrical parameters 
is huge [1]-[29]. A correct knowledge of the electrical 
parameters of the IM is particular important when high 
performance control, nonlinear control or sensorless control 
of Induction Machines (IM) should be performed, since its 
performance is highly dependent on the accurate knowledge 
of the parameters [30]-[35]. The adopted methodologies 
range from traditional no-load and locked rotor tests to more 
sophisticated dynamical tests. In general, the problem has 
been faced up with two approaches. The first is based on the 
direct computation of some electrical parameters with the 
help of input voltage and current measurements (signal 
injection, spectral analysis, linear or non-linear regression). 
The second is based on the construction of suitable 
observers (full-order or reduced-order observers, extended 
Kalman filter, model reference adaptive systems) of the 
state-variables of the machine (stator currents, flux linkages 
and, possibly, also the speed) where the accuracy of the 
state reconstruction depends on an adaptive estimation of 
some electrical parameters. 

Both approaches can be followed for either on-line or 
off-line parameter estimation. The second category is almost 
always used for on-line parameter estimation for high 
performance electrical drives and does not usually separate 
the estimation of the parameters from that of the state 
variables. Fig. 1 shows a schematic of the main on-line 
parameter estimation methodologies. 
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Figure 1.  Schematic of the main on-line parameter estimation techniques. 

 

Another approach is to retrieve the electrical parameters 
of the machine from its finite element analysis (FEA). This 
approach is obviously adopted only for off-line parameter 
estimation and aims to retrieve the non-linear relationships 
between the magnetizing current and the machine 
inductances, as well as their dependence on the load [19]. 
The main drawback of such methodologies is that the final 
user does not generally possess a FEA software, nor does he 
know the machine design data. Another off-line 
methodology for the retrieval of the electrical machine 
equivalent circuit model parameters is based on the 
geometrical and electrical data, generally available after an 
electromagnetic design [23][24]. Also this approach suffers 
from the same limitation of the one above. An extensive 
survey of off-line and on-line parameter estimation 
techniques for field-oriented control in induction machine 
drives is [1][2]: techniques ranging from spectral analysis, 
observers and model reference adaptive systems (MRAS) 
are described; on-line compensation methods for saturation 
and iron losses are also included.  

With regard to the first approach, the following papers 
should be recalled. An on-line approach based on the use of 
least-squares techniques for the on-line estimation of the 
electrical parameters in an induction motor has been 
presented both in a linear in [4]-[5] and nonlinear version 
[10]. This topic has been also widely addressed in the 
framework of linear neural networks in [29] where the 
nature of parameter estimation as a problem of constrained 
minimization is stressed. On top of that, [13] deals with test 
procedures of IEEE Standard 112 for polyphase induction 
motors and generators and discusses some errors and 
ambiguities that may occur in parameter calculation for the 
single cage model. 

As for the second approach, the following papers should 
be recalled. In [30] the parameter estimation is addressed in 
the framework of full-order speed observers and focuses on 
the on-line stator and rotor resistance estimations: for stator 
resistance the estimation law is based on the cross product 
between the error vector computed with the help of 
measured and estimated current minus a space vector linked 

to the magnetizing current. However the rotor resistance 
estimation law needs an injected signal into the magnetizing 
current. In [7] the on-line estimation of the magnetizing 
inductance is addressed for field-weakening operation in 
field oriented control, where the reference rotor flux is 
modified. A look-up table of the rotor-flux vs magnetizing 
current is built with the aid of input stator currents and 
voltages. In [21] a simplified adaptive variable structure 
identifier is proposed for on-line rotor resistance estimation. 
This method is robust to the variation of the stator 
resistance, measurement noise, modeling errors and 
parameter uncertainty.  

This paper proposes a technique for the estimation of 
electrical and mechanical parameters of the equivalent 
circuit of IMs. It belongs to the category of off-line methods 
based on input-output measurements and needs neither the 
machine design geometrical data nor a FEA of the machine, 
The proposed method can be used as a first step of a IM 
drive self-commissioning phase. It focuses on the 
application of an algorithm based on the minimization of a 
suitable cost function depending on the stator current error. 
It proposes also a set of tests to be made to estimate the 
variation of the magnetic parameters of the LIM versus the 
magnetizing current as well as the magnetizing curve of the 
machine. The proposed electrical parameters estimation 
method has been initially tested in numerical simulation and 
further verified experimentally on a suitably developed test 
set-up.  
 

II. THE ELECTRICAL PARAMETERS ESTIMATION 
ALGORITHM 

Since the direct and quadrature components of the rotor 
flux cannot be measured, not all parameters appearing in the 
space-vector state model of induction motor can be directly 
obtained. Instead, they can be identified by means of a 
convenient identification techniques. 

In order to avoid the identification of parameters in 
presence of some constrains between them, the first step is 
reformulating the IM dynamical model in such a way that 
only the identifiable parameters appear. To this aim, the 
expression of the scaled rotor flux 

r
r

m
r L
L
ψψ =~  has been 

adopted in place of that of the standard rotor flux linkage. 
The following mathematical dynamical model, composed of 
the so-called voltage and current models, contains therefore 
only identifiable parameters and completely describes the 
input-output behavior of the motor for an assigned stator 
voltage (input of the system): 
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where all the adopted symbols are defined in the 
nomenclature, the total (or global) leakage factor  is defined 

as 
rs

m

LL
L 2

1−=σ .  

As for the identifiability issue, in [3]-[5] it is shown that 
all 4 electrical parameters can be identified if a speed 
transient is exploited. In sinusoidal steady-state condition, 
however, only 1 electrical parameter can be retrieved. This 
issue, known as the rank deficient problem, can be 
explained from several points of view. Firstly, if machine 
dynamic equations are written in terms of only stator current 
and voltage space vectors, then the parameter estimation 
problem can be formalized as a linear regression one [3]-[4]. 
From (5) in [4] it is clear that, to compute all the parameters 
ki, from which the electrical ones are retrieved, at least 2 
measurements of speed are needed; otherwise, at any 
constant speed, the rows of the data matrix are linearly 
dependent. This is consistent with the fact that just two tests 
can be classically exploited, the no-load and the locked rotor 
tests, to retrieve the same parameters at sinusoidal steady-
state. These tests should be made at two separate speeds, 
respectively no load speed (synchronous) and zero speed. 
Secondly, it is possible to observe that the state matrix in 
(1)(2) has rank 4 during speed transients, and rank 2 in 
sinusoidal steady-state, since its elements are constant and 
not variable with speed. Also this is consistent with with the 
above considerations.  

From a theoretical point of view, very few sets of 
measurements points would be needed for estimating the 
entire set of 4 electrical parameters. As a matter of fact, a 
bigger set of data, processed in a recursive form, is to be 
recommended because redundancy permits the data to be 
properly filtered and consequently the best solution to be 
found. An entire speed transient from zero speed to the 
steady-state speed should be used, since it permits retrieving 
the values of the electric parameters corresponding to the 
steady-state magnetization of the machine, particularly the 
one corresponding to the speed steady-state. In this way, 
with few tests it is possible to estimate the variations of the 
electric parameters of the machine with the magnetizing 
current, as shown in the following. The validity of the 
employment of an entire speed transient to estimate the 
parameters of the machine corresponding to the steady-state 
magnetization condition has already been proved in [10], 
where the model of the induction machine taking into 
consideration the magnetic saturation has been adopted.  

In order to identify the parameters of the model (1) and 
(2), the least squares curve fitting problem is used, which 
can be formulated as follows.  

Given a set of N data pairs of independent and 
dependent vectorial variables, {(xi, yi), i=1,...,N}, find the 
parameter vector β of the model curve g(x,β) so that the root 
square of the sum of the squares of the deviations, given by: 

S β( ) = yi − g xi,β( )"# $%
2

i=1

N

∑           (3)  

is minimized. 

In the case of the IM parameter estimation, the 
Levenberg–Marquardt algorithm (LMA) can be used [36]-
[38], which provides a numerical solution to the problem of 
minimizing a nonlinear function over a space of parameters 
of the function itself. In particular, the parameter vector β is 
the set of the electrical parameters to be estimated: 

[ ]Trsss TLLR σ=β                       (4) 

whereas the function to be minimized is: 

S β( ) = 1
N

isD − îsD( )
2"
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∑ +
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N

∑
   

(5) 

where N is the total number of samples taken into 
consideration by the algorithm, sDi  and sQi  are the vectors 
of the measured direct and quadrature stator currents, and 

sDî  and sQî  are the corresponding quantities computed by 
means of the mathematical model (1)-(2) using the actual 
values of the parameters (1), in correspondence to the same 
values of supply voltage used to obtain sDi  and sQi . 

The algorithm is stopped when:  

ε
β
ββ

<
−

−

−

)1(

)1()(

i

ii
 

where ε  is the error stop criterion and β(i) and β(i-1) are the 
values of β computed at the iterations i and i-1 respectively. 
For more details on the algorithm see [36]-[38]. Like most 
algorithms, the LMA searches only for local minima. 
Actually, in case of multiple minima, the algorithm 
generally converges only if the initial guess is already 
somewhat close to the final solution. For this reason, the 
choice of the initial condition is crucial. 

The methodology has been tested starting from a set of 
electrical parameters which can be considered an initial 
good guess and are computed directly from the name-plate 
data of the machine. For the case under study, some typical 
rated data valid for IM of the same size have been employed 
to compute the initial set of parameters (rated efficiency 
70%, rated slip 20%). The initial parameters have been then 
computed adopting the equation in page n. 1000 of [15].  
 

A. Estimation of the magnetization curve 
A direct consequence of the retrieval of the four 

electrical parameters is the possibility to estimate the IM 
magnetizing curve. For this purpose some tests should be 
made at different values of the ratios between the supply 
voltage and the frequency to make the machine work under 
different magnetizing excitations. At the end of each test the 
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whole set of electrical parameters can be estimated. At the 
same time the rotor magnetizing current imr is computed by 
means of the well known flux model based on the rotor 
equations of the induction motor in the rotor flux reference 
frame (called above simply “current model”). It should be 
remarked that, because the start-up tests are made in a 
condition in which the only load is the friction, the steady-
state value of the estimated imr can suffer very marginally 
from an inaccurate guess in the Tr parameter needed by the 
flux estimator. Indeed, the ratio between the true and the 
estimated rotor-flux linkage is given by the following 
expression [32]: 

imr
îmr

=
1+ ωslT̂r( )

2

1+ ωslTr( )2
                                                    (6) 

where the “∧” stands for estimated variables and ωsl is 
the slip frequency, depending on the load force. From (6) it 
is apparent that the magnetizing current estimation is 
dependent from the parameter rT̂  used in the flux model at 
load, as in the case under test.  

Afterwards, from the estimated values of Ls and σ,, Lm is 
computed for each operating point as explained below. 
Finally, at the end of the tests at different voltage levels, the 
magnetization curve is estimated. 

However it should be noticed that only the global 
leakage factor can be estimated and not the stator or rotor 
leakage factors individually. Consequently the estimation of 
the static magnetizing inductance has been made under the 
assumption that the induced part leakage factor σr is twice 
as much as that of the inductor σs: σr=2σs. Under this 
assumption, σr and σs are computed from σ by the following 
formulas: 

4
3

16
1

)1(2
1

−+
−

=
σ

σ s
                                                    (7) 

2
3

4
1

1
2

−+
−

=
σ

σ r
                                                       (8) 

Thus, under each magnetic excitation, the total 
magnetizing inductance Lm and Lr are computed as: 

Lm = Ls
1+σ s

                                                                          (9) 

Lr = Lm 1+σ r( )                                                                     (10) 

The value of the magnetic excitation is computed as: 

r
m

r
r L

L
ψψ ~=

                                                                  (11) 

where 22 ~~~
rQrDr ψψψ += , rDψ~  and rQψ~  are the direct and 

quadrature rotor flux components, numerical solutions of the 
ordinary differential equations of model (1)-(2). 

Finally, the magnetization curve of the motor, which give 
the relationship between the induced magnetizing current imr 
and the induced magnetic flux, is computed as: 

( ) mrmrmr iiL=ψ                                                          (12) 

 

III. EXPERIMENTAL SET-UP 
The proposed method for the estimation of the electrical 
parameters of an IM has been tested in simulation and 
experimentally. A test bench has been built for this purpose, 
which consists of: 

• One three-phase induction motor with rated values 
shown in Table I; 

• One electronic power converter (three-phase diode 
rectifier and VSI composed of 3 IGBT modules 
without any control system) of rated power 7.5 
kVA. 

• One electronic card with voltage sensors (model 
LEM LV 25-P) and current sensors (model LEM 
LA 55-P) for monitoring the instantaneous values 
of the stator phase voltages and currents; 

• One voltage sensor (Model LEM CV3-1000) for 
monitoring the instantaneous value of the DC link 
voltage; 

• One dSPACE card (model DS1103) with a 
floating-point DSP; 

All the tests have been performed controlling the IM drive 
with a classic open-loop scalar V/f technique. The VSI is 
driven by an asynchronous space-vector pulsewidth 
modulation technique (switching frequency = 5kHz) Fig 1 
shows the photograph of the test-bench. 

 
TABLE I.  RATED DATA OF THE LIM 

Rated power Prated [kW] 2.2 
Rated voltage Urated [V] 220 
Rated frequency frated [Hz] 50 
Pole-pairs 2 
Stator resistance Rs [Ω] 2.9 
Stator inductance Ls [mH] 223 
Rotor resistance Rr [Ω] 1.52 
Rotor inductance Lr [mH] 229 
3-phase magnetizing inductance Lm [mH] 217 
Moment of inertia J [kg⋅m2] 0.0048 
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Figure 2.  Photograph of the experimental test set-up. 

 

IV. EXPERIMENTAL RESULTS 
The parameter estimation algorithm has been verified 

experimentally on the above described set-up.  

The dynamical tests have been made under the same 
speed reference, equal to 50 rad/s in the case under study, 
while varying at each test the ratio V/f so as to modify the 
amplitude of the steady-state value of the rotor flux, and 
thus the magnetization level of the IM. A speed transient 
from zero to speed steady-state has been acquired and then 
algorithm has been run.   

The variation of the rotor flux linkage amplitude has 
been exploited to compute the steady-state variation of the 
different magnetic parameters of the IM according to the 
magnetic level (the rotor magnetizing current). As a final 
result the IM magnetic curve is retrieved. Tab. II shows the 
steady-state values of the estimated electrical parameters of 
the IM under test, according to the different values of the 
rotor magnetizing current and rotor flux and Tab. III shows 
the steady-state value of the error function after 
minimization. 

 The set of initial values has been chosen as explained in § 
II. The algorithm is neither long nor particularly demanding 
from the computational point of view. The execution time 
requires about 30 s for processing 50000 samples (each 
sample corresponds to an iteration) on an Intel core 2 duo 
2.66 GHz processor.  

Fig.s 3 and 4 show the steady-state curves of the stator 
and magnetizing inductances as well as global leakage 
factors vs the rotor magnetizing current. Fig. 5 shows the 
corresponding values of the rotor time constant vs. the rotor 
magnetizing current. In the end, Fig. 6 shows the 
magnetizing curve of the IM vs the magnetizing current. 

 

 
Figure 3.  Steady state curves of stator inductances (experiment)   

 
Figure 4.  Steady state curves of the total leakage factor. (experiment) 

 
Figure 5.  Steady state curves of the rotor time constant.. (experiment) 
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Figure 6.  Magnetizing curve of the IM (experiment) 

 

TABLE II.  STEADY-STATE VALUS OF THE ESTIMATED PARAMETERS 
FOR DIFFERENT VALUES OF THE ROTOR FLUX AMPLITUDE 

|Us|/ω1  
 

|Imr| 
[A] 

|Ψr| 
[Wb] 

Ls 
[mH] 

Lm 
[mH] 

σ Tr 
[s] 

 
0.4 0.65 0.3 0.35 0.34 0.11 0.212 
0.5 1.1 0.44 0.334 0.325 0.097 0.205 
0.6 1.5 0.48 0.328 0.318 0.085 0.190 
0.7 2.0 0.58 0.294 0.288 0.058 0.186 
0.8 2.5 0.71 0.288 0.276 0.049 0.178 
0.9 3.0 0.80 0.262 0.250 0.061 0.143 
1 3.7 0.88 0.248 0.240 0.089 0.128 

1.1 4.6 0.95 0.215 0.207 0.102 0.102 
1.2 6.1 1.00 0.171 0.163 0.129 0.078 
1.3 8.0 1.03 0.135 0.127 0.163 0.057 
1.4 10.3 1.07 0.110 0.103 0.182 0.035 
1.5 13.3 1.10 0.091 0.086 0.190 0.019 

 

TABLE III.  STEADY-STATE VALUE OF THE ERROR FUNCTION FOR 
DIFFERENT VALUES OF THE ROTOR FLUX AMPLITUDE 

|Us|/ω1 Error Function value 

S β( ) = 1
N

isD − îsD( )
2"

#$
%
&'

i=1

N

∑ +
1
N

isQ − îsQ( )
2"

#$
%
&'

i=1

N

∑  

0.4 0.24 
0.5 0.15 
0.6 0.098 
0.7 0.11 
0.8 0.12 
0.9 0.095 
1 0.08 

1.1 0.085 
1.2 0.115 
1.3 0.135 
1.4 0.21 
1.5 0.35 

 

V. CONCLUSION 
This paper proposes a technique for the off-line 

estimation of the electrical parameters of the equivalent 
circuit of IM, and focuses on the application of an algorithm 
based on the minimization of a suitable cost function based 
on the error between the measured and estimated stator 
current components. This method exploits an entire start-up 
transient of the IM to estimate all of the 4 electrical 
parameters of the machine (Rs, Ls, σLs, Tr). It proposes also a 
set of tests to be made in order to estimate the variation of 
the magnetic parameters of the LIM versus the magnetizing 
current as well as the magnetizing curve of the machine. 
The proposed methodology has been verified 
experimentally on a suitably developed test set-up. Results 
show the goodness of the proposed approach, permitting the 
electrical parameters of the machine to be properly 
estimated under different magnetic working conditions, 
simply on the basis of simple dynamic tests.  
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