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Induction motors are among the most widely used electric motors worldwide, valued for
their efficiency, robustness, and low maintenance. However, optimizing their performance
requires accurate knowledge of electrical and mechanical parameters, which are nonlinear
and subject to variation due to aging and operational wear. This study presents a parameter
estimation technique using MATLAB’s Parameter Estimator app to determine key
parameters, including stator and rotor resistances, leakage and magnetizing inductances,
moment of inertia, and friction coefficient. The approach relies on experimentally measured
inputs such as stator voltage, current, and motor speed, which are applied to a state-space
induction motor model in MATLAB. The simulation results are compared with
experimental data, specifically motor speed, d-axis current (ids) and g-axis current (igs).
The app iteratively refines the estimated parameters by minimizing the error between
simulated and experimental responses. Validation using experimental data from a Siemens
induction motor confirms the method’s accuracy and reliability, providing a robust
framework for precise parameter estimation and enhanced motor control.

Copyright ©2025 by authors and Galileo Institute of Technology and Education of the Amazon (ITEGAM). This work is licensed
BY under the Creative Commons Attribution International License (CC BY 4.0).

I. INTRODUCTION

Nikola Tesla designed the induction motor in 1892, leveraging the advantages of the alternating current (AC) supply system as

an alternative to direct current (DC) motors [1]. Since then, induction motors (IMs) have become one of the most widely used electric
machines in industrial applications due to their simple structure, ease of operation, low maintenance requirements, and cost-
effectiveness [2]. Their robust construction and minimal upkeep make them a preferred choice for various applications, ranging from
household appliances to heavy industrial machinery. Given their widespread use, understanding their performance characteristics
is crucial for optimizing their operation and ensuring energy efficiency [3].

Induction motors rely on advanced control techniques such as field-oriented control (FOC) [4], direct torque control (DTC) [5],
and model predictive control (MPC) [6] to achieve high dynamic performance. However, the effectiveness of these control methods is
highly dependent on accurate motor parameter estimation. In FOC, rotor flux orientation is determined by the slip frequency, which is
directly influenced by rotor resistance and inductance. Parameter mismatches can lead to poor decoupling of torque and flux, degrading
control performance [7]. Similarly, DTC, which directly regulates torque and flux without a modulator, is highly sensitive to variations
in stator resistance and inductance. Any inaccuracies can cause flux estimation errors, excessive torque ripple, and degraded steady-state
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performance. Likewise, MPC, an optimization-based control strategy, relies on a predictive model to determine the optimal switching
states. Parameter uncertainties in resistances, inductances, and mechanical properties can result in inaccurate state predictions, leading to
reduced efficiency and compromised transient response [8]. Consequently, precise parameter estimation is essential for ensuring accurate
control, minimizing losses, and enhancing the overall reliability of induction motor drives.

The impact of parameter mismatches on control performance has been widely studied in the literature [9,10], as variations in
rotor resistance (Rr), stator resistance (Rs), rotor inductance (Lr), and stator inductance (Ls) can reach up to 100% of their nominal values
due to temperature fluctuations, aging, and operational wear [11]. These uncertainties are particularly critical in control schemes, where
inaccurate motor parameters amplify estimation errors, leading to degraded speed, torque, and flux regulation [12]. Such discrepancies
not only reduce control accuracy but also impair overall system efficiency.

The adverse effects of parameter uncertainty are even more pronounced in sensor less control schemes, where the absence of
direct mechanical sensors necessitates reliance on parameter-dependent estimation techniques [13]. Precise estimation of rotor position,
speed, and flux hinges on accurate knowledge of motor parameters. For instance, errors in Rr or Lr directly affect back-EMF calculations
in model-based observers (e.g., sliding-mode observers), leading to biased speed estimates, oscillatory torque responses, and instability
[14]. Similarly, mismatches in Ls or Rs distort flux-linkage and torque-current mappings, undermining FOC decoupling and triggering
cross-talk between torque and flux [15], [16].

Traditionally, motor nameplates do not provide essential parameters such as stator resistance or leakage inductance, necessitating
direct measurement [17]. Common methods for parameter identification include short-circuit and no-load tests [18]. However, these
approaches are often impractical due to operational constraints or the unavailability of specialized equipment [19]. Consequently,
alternative parameter identification methods have been developed, including offline and online estimation techniques, adaptive
algorithms, and observer-based approaches, which allow for more accurate and real-time estimation without requiring additional
hardware.

The complexity of induction motors arises from their nonlinear characteristics, which, combined with uncertainties in rotor
variables, often make it difficult to identify many motor parameters [20]. To address this, indirect estimation methods are employed,
leveraging measurable quantities such as stator voltage, current, and rotor speed to infer these unknown parameters. By integrating these
known values into a structured estimation framework, it becomes possible to iteratively refine and control additional motor parameters
with greater accuracy.

In this study, a three-phase induction motor was tested using real-time data acquisition via the dSPACE DS1104 platform.
Measured signals, including stator currents, rotor speed, and voltage, were utilized in a mathematical model in MATLAB/Simulink for
parameter estimation. The identified parameters included stator resistance (Rj), rotor resistance (R,.), magnetizing inductance (L,,),
stator leakage inductance (L), rotor leakage inductance (L,), moment of inertia (J,,,), friction coefficient (f), and the number of pole
pairs (p). The Parameter Estimator App iteratively refined these parameters by minimizing discrepancies between simulated and
experimental results. This methodology ensures precise parameter identification, which is crucial for enhancing motor performance,
optimizing energy efficiency, and improving operational reliability in industrial applications.

II. THREE-PHASE INDUCTION MACHINE MODEL

Modeling an asynchronous machine relies on mathematical equations derived from its physical principles. However, as the model
becomes more accurate, its complexity increases, demanding significant computational power [21]. To create a realistic and manageable
model, simplifying assumptions are applied. These assumptions filter out less significant effects while preserving key dynamic and static
behaviors, ensuring the model is practical and efficient for analysis and control.

To develop an effective mathematical model of the asynchronous machine, the following simplifying assumptions are made:

® The machine is symmetrical, and the air gap remains constant current density is uniformly distributed across conductor sections.
o The magnetic circuit is considered unsaturated and perfectly laminated in both the stator and rotor.

¢ Winding resistances are assumed to be temperature-independent, with skin and notch effects neglected.

o The magneto motive force (MMF) distribution is sinusoidal along the air gap.

o The cage rotor is modeled as an equivalent balanced three-phase winding.

Under the simplifying assumptions and for a balanced machine, the equations of the machine are written as follows:
A. Electrical Equations
The voltage equations for the three stator phases and the three rotor phases in matrix form are given by:

Usa R, 0 0 0 0 07ris bsa
Usb 0 Rs 0 0 0 0 isb (psb
Use | _ 0 0 R, 0 0 0]f]is L e bsc 1
Ura 0 0 0 R, 0 Oflirg] at|dyq
Urp 0 0 0 O R, Oflim brp
Ure 0o 0 O 0 0 R, 1Liy bre

The voltage equation of a three-phase induction machine describes the relationship between the stator and rotor voltages,
currents, resistances, and flux linkages. The stator phase voltages, denoted as vy, Vg, Vg, represent the electrical potential applied to the
stator windings, while the rotor phase voltages, v,q, V5, V. correspond to the voltages induced in the rotor windings. These voltages
are influenced by the stator and rotor resistances, represented by R and R,., respectively.
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The stator currents, igq, isp, isc flow through the stator windings and interact with the magnetic field to generate torque. Similarly,
the rotor currents, i,.4, I,p, ¢ circulate in the rotor windings and contribute to the electromechanical energy conversion process. These
currents influence the stator and rotor flux linkages, which are represented by ¢g,, dsp, g for the stator and ¢4, Prp, Py for the rotor.
The flux linkages play a crucial role in determining the machine’s dynamic response and its ability to develop torque [22].

B. Magnetic equation

The magnetic equations describe the relationship between the stator and rotor flux linkages and the corresponding phase currents.
Under the assumption of linear magnetic behavior, the flux linkages can be expressed as a function of self and mutual inductances.
The stator flux linkages ¢, Pps, Pcs are related to the stator currents (iyg, ips, ics) and rotor currents (g, ipy, icr) through the stator
selfinductance matrix [Lgs] and the mutual inductance matrix [Lg,]. Similarly, the rotor flux linkages ¢, ¢pr, Per depend on the rotor
self-inductance matrix [L,, ] and the mutual inductance matrix [Lg, ], which represents the coupling between the stator and rotor windings.

Pas ius iar
(pbs] = [Lss] [ibs + [Lsr] [ibr] )
Pes ics icr
Par lar lgs
Por| = [er] [ibr + [Lsr] [ibs] (3)
(pCT i(;-r iCS

The self-inductance matrices for the stator and rotor are defined as:
LG.S MllS MG.S LllT’ Mll?” Mll?”
s L] =

[Lss]z[Mas Las  Mgs =My Lo Mg
Mas Mas Las Ma‘r Ma‘r La‘r

4)

where L, and L, are the stator and rotor self-inductances, while M, and M, are the mutual inductances between the stator
and rotor windings, respectively The stator-rotor mutual inductance matrix [Ls,] is given by:

cos (0) cos (9 - 2?”) cos (9 + 2?”)
[L] =]|cos (9 + Z?n') cos (0) cos (9 - 2?”) %)
Los (9 - Z?n') cos (9 + 2?”) cos (0) |

Finally, the three-phase asynchronous machine model is expressed as:

[vsabc] = [Rs] ' [isabc] + %([Ls] ! [isabc] + [Lsr] ! [irabc])

; d , , (6)
[Urabc] = [Rr] : [lrabc] + E([Lr] ) [lrabc] + [Lrs] ) [lsabc])

where [Vggpc] and [v,qpc] represent the stator and rotor voltage vectors, [R,] and [R,] are the stator and rotor resistance matrices, and
lisapc] and [i,qpc] are the current vectors.

C. Mechanical equation
The electromagnetic torque equation for a three-phase induction machine in the d, q rotating reference frame is given by:

3
C. = Eme(IqsIdr - Idslqr (7

where: C, is Electromagnetic torque (Nm),p is Number of pole pairs,L,, is mutual inductance between stator and rotor (H),l,;s and I is
stator g-axis and d-axis currents (A),I4, and I, is Rotor d-axis and g-axis currents (A).

II1. SIMULATION OF INDUCTION MACHINE DYNAMICS

The simulation of an induction machine begins with transforming the three-phase electrical system into a decoupled two-phase
(d-q) reference frame using Park’s transformation [23]. This simplifies the complex three-phase differential equations into a set of
equations that separate the direct-axis (d) and quadrature-axis (q) components decoupling flux and torque dynamics. The transformation
enables the use of state-space representation, which is essential for efficient numerical computation and real-time  simulation of both
electrical and mechanical behavior [24].
The state-space form represents a dynamic system using a set of first-order differential equations:

% = Ax + BU + EC,

y =Cx ®)

e  State Vector (x)
The system states are typically chosen as:
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x = |lgr ©)

Where: w is rotor angular speed.
The control inputs applied to the system are the stator voltages:

o[

Where Vg, Vg, are the d — g components of stator voltage.
e Output Equation (y = Cx)
The measured system outputs are typically the stator currents:

I
v=[“] (an
qs
Where C is the output matrix:
1100 0 0
C_[O 10 00 (12)

. Rotor Speed Dynamics

The rotor dynamics are governed by:
do _ CP _GP _f

ax= 7 13)

Where C, is Load torque,P is number of pole pairs,f is friction coefficient and ] is rotor inertia. Substituting Eq. (7) into Eq. (13), the
speed equation becomes:
‘:—‘: = 0P]lgslgy — 0P]lyslyr — Cr§ba) (14)
Where o gaveas o = %PLm
e System Matrices

The state matrix A describes how the system states evolve:

1 M M
- , 1/0 - 1NDw - -——w 0
[ Tso s+ (1/ ) LsTra Lso |
1- 1 M
— (ay +8222) _x M M 0
I Tso Lso LsTra
M M 1 M2
A= — —-——w - w)—(l— )w 0 (15)
LyTso Lro Tro LsLyo.
M M M2 1
—w —ws + (1 - )w - 0
Lra LeTso s LsLyo Tro

ap ap f
7 lar 0 =7 las -7

The input matrix B defines how the control inputs, specifically the stator voltages Vs and V,;, influence the state variables, particularly
the stator currents I5 and I, while the rotor flux components and rotor speed remain indirectly affected through system dynamics. It
is given by:

o

(16)

coo o IR
cocof|r

Similarly, the disturbance matrix E accounts for external disturbances such as the load torque C,., primarily affecting the rotor speed

0
0
10
E= 17
lo] (17)
g
J
The block diagram in Figure 1 illustrates the comprehensive simulation framework for an induction machine, highlighting the
integration of various components. The simulation begins with time-based inputs for stator voltages Vds and Vgs, which are fed into the
system as experimental data. Additionally, the synchronous speed (ws) is calculated using 2xpxn/50, where p is the number of pole pairs.

The load torque (Cr) is initially set to zero but can be adjusted to simulate different loading conditions. These inputs are processed through
the induction motor model, which calculates the corresponding currents Ids and Igs, as well as the rotor speed w.

dynamics, and is expressed as:
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The middle section of the block diagram focuses on the state-spac representation of the induction machine dynamics. The state-
space matrices A(x), B, and E describe the evolution of the system states over time. The state vector x includes variables such as stator
currents, rotor fluxes, and rotor speed, which are updated at each time step based on the input voltages and load torque. The derivative of
the state vector (dx/dt) is calculated  using the state matrix A(x) and the input matrix B. This derivative is then integrated to update the
state vector for the next time step. The calculated stator currents (Ids, Igs), rotor fluxes (yrd, yrq), and rotor speed (w) are outputted from
this section.

In the bottom section, the state matrix A(x) is decomposed into five sub-matrices (Al, A2, A3, A4, A5) to account for
dependencies on angular speeds (s, ®), rotor flux (¢rd), and stator current (Ids). Each sub-matrix captures specific aspects of the
induction machine dynamics. For example, A1 captures basic resistive and inductive effects, A2 accounts for the influence of synchronous
speed (ws), A3 considers the impact of rotor speed (), and A4 and A5 incorporate the effects of rotor flux (¢rd) and stator current (Ids),
respectively. contributions from all sub-matrices are combined to form the complete state matrix A(x), which is used to update the state
vector. The matrix A defined as follows:

A= Al + Azws + A3w + A4Idr + ASIds (18)
Matrix Aq:
L o X 0 0 0]
Tso LgTs
0o = M 0 o0
Tgo LTy
1 M
a,=|% % g nre © (19)
o o o -~ o X
T,o L,Tyo
0 0 o 0 0 1
0 0 o0 o -2 I
] J A
Matrix A,:
0 -1 0 0 0 O
[1 0 0 0 O 0]
0 0 0 -1 0 0|
A2_|0 0 1. 0 0 O (20)
|l0 0 0 0 O 1JI
0 0 0 0 -1 0
Matrix Az:
0 1 0 M 0 o0
LSH
-1 0 - 0 0 o
LSH
2
4;=| 0 LM,, 0 _(Llwau 1) o0 @b
- 0o M 11 0 0 0
L LsL,it
0 o0 0 0 0 1
Lo o 0 0 -1 0
Matrix Ay:
0 00 0O0O
0 00 0O0O
0 00 0O0O
As=10 0 0 0 0 O (22)
0 00 0O0 O
£ 00000
8
Matrix Ag:
[0 0 0 0 0 0
[0 0 0 0 0 o
lo o o o o o
A5=|o 0 00 0 o| (23)
0 0 0000
lo -% 900 0 OJ
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Figure 1: Overall block diagram of the induction machine simulation.

Source: Authors, (2025).
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IV. METHODOLOGY FOR EXPERIMENTAL TESTS
IV. 1. IMPORTING EXPERIMENTAL DATA

The first step in identifying the parameters of the induction motor is to collect experimental data by measuring the stator currents
(145 145 ) and rotor speed (w), which serve as key signals for modeling the system's dynamics. The block diagram in Figure 2 illustrates

the hardware setup for the induction motor, which utilizes a dSPACE DS1104 interface board. The setup consists of the following key
components:

e Three-Phase Network (50 Hz): Provides the AC power supply to the system.

e Auto Transformer: Regulates the voltage supplied to the induction motor, ensuring controlled variations in input voltage for
identification purposes.

e Three-Phase Switch: Enables controlled connection and disconnection of the motor, allowing transient excitation to capture dynamic
response data.

e Voltage and Current Sensors (abc): Measure the three-phase stator voltages (Va,Vb,Vc) and currents (Ia,Ib,Ic) for conversion into the
dg-axis reference frame.

¢ Induction Motor: The system under test, whose electrical and mechanical characteristics are identified through measured responses.

e Incremental Encoder: Measures the rotor speed (w) by providing real-time position feedback, which is converted into speed signals.

e Control Desk with dSPACE DS1104: Processes and records real-time data, saving results as .m files for further analysis in
MATLAB.

Incremental

Encoder
2
Three-Phase ‘5’9 ‘76
Network 50Hz > %%
-
(N

induction
Three-phase

switch
Control Desk
n"' _ o
Sompmmee N0 )
Measuring
Devices

Interface Board DSpace 1104

Figure 2: Overall block diagram of the experimental setup.
Source: Authors, (2025).

The Siemens induction motor, whose nameplate details are provided in Appendix 4, is powered by a three-phase 50 Hz network
with an auto-transformer to regulate the supply voltage. A three-phase switch is introduced to create controlled transient conditions,
enabling the measurement of system responses under both steady-state and dynamic conditions. The stator currents (I, I, I.) and voltages
(V,, V3, V) are measured using sensors and then transformed into dq-axis components via an abc/dq transformation, allowing analysis in
a synchronous reference frame. The rotor speed (w) is recorded using an incremental encoder, providing real-time speed signals for
accurate evaluation.These signals are processed by the dSPACE DS1104 interface board, which digitizes and transmits the data to
MATLAB/Simulink ControlDesk for real-time monitoring and logging, as illustrated in Figure 3. This collected data is crucial for
identifying motor parameters and characterizing its behavior under various operating conditions.

After importing the experimental data, open the simulation model, which includes the induction motor, as shown in Figure 1. To ensure
accurate analysis, the experimental data, including rotor speed (w), stator currents ( Iy, Igs ), and voltages ( Vgs, Vs ), as presented in
Figure 4, must be entered into the simulation. Before execution, the .m file available in Appendix B, which contains the motor's installed
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parameters, must be loaded to initialize the system correctly. This step ensures precise parameter identification and validation by
comparing the dynamic responses of simulated and experimental results, as illustrated in Figures 5,6 and 7 for Iy, I, and w, respectively.
=7 . -

dSPACE ds1104 Controller Box > N = 4 "

1 A ControlDesk | %5

e N -2 il LS = U

= Digital Multimeter
- 3& -

‘t_ \ N P SV |
K N .
Incremental Encoder

N

S three-phase switch d

A . B -
- s > 3 % - = urrent Sensors
. The Siemens induction motor . 2744 " - b

. b e

Figure 3: Overall block diagram of the experimental setup.
Source: Authors, (2025).

Vdé Experimental |+
Vqs Experimental

50 | o

=50 .l

Voltage [V]

L L L L L L L L L
1] 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time[s]

Figure 4: Experimental Responses of Vds and Vgs Voltage.
Source: Authors, (2025).

T T T T T
ids Simulation
= jds Experimental| _|

Current [A]

I I 1 I L
0 0.5 1 1.5 2 2.5 3 35 4 4.5 5
Time[s]

Figure 5: Dynamic Responses of Simulated and Experimental ids.
Source: Authors, (2025).
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8
8
T
I

150 q

100 - f 1

50 - 1

0

o 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time[s]

Figure 6: Dynamic Responses of Simulated and Experimental igs.
Source: Authors, (2025).

iqs Simulation
igs Experimental

Current [A]

a4 4

I I L L I I I I
o 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time[s]

Figure 7: Dynamic Responses of Simulated and Experimental W.
Source: Authors, (2025).

IV.2 PARAMETER ESTIMATION PROCESS
To estimate the parameters of the induction motor using MATLAB’s Parameter Estimator app, follow these steps:

The first step is to launch the Parameter Estimator. This can be done from the Simulink induction motor model by navigating to
the Apps tab. Under Control Systems, click Parameter Estimator. Doing so will open the Parameter Estimation tool, which provides a
user-friendly interface for configuring and executing the parameter estimation process. Alternatively, the tool can also be launched directly
from the MATLAB command prompt by entering the command spetool('modelname'), where the model name is the name of the Simulink
model. This command will open the Parameter Estimation tool for the specified model, allowing users to configure and run the estimation
process efficiently.

Next, the measured experimental data must be imported for estimation. The required data consists of vds, vgs, ids, iqs, W, and
Time, as shown in Figure 8. These values should be obtained from real-time measurements and saved in MAT files using ControlDesk.
The Parameter Estimator also allows users to import data from other sources, such as MATLAB variables, Excel files, or comma-
separated value (CSV) files, making it flexible for different applications.

<\ Parameter Estimator* - Simulation - (] =
PARAMETER ESTIMATION a4 B ESes ® !
Open Save New Select Select  Sensitivity PLOTS OPTIONS  ESTIMATE
Session~ | Session . Analysis~
FiLE [Edit Experiment Exp X =
Data Browser Outputs
~ Parameters Specify measured output signals for this experiment.
= ) .
[<1x1 Signal. 50001 points> > B & %
Simulation/MAS:2 (isq)
<1x1 Signal, 50001 pointss= - 4, x
~ Experiments ‘ - B |8 &
Simulation/MAS:3 (w)
Exp
[Timew] ] B & X%

[& select Measured Output Signals

T :mgal States

define initial states for this experiment

There are currently no initial states defined for this expenment.
B setect Initial States

Parameters.
¢ define parameters for this experiment.

~ Preview

There are currently no parameters defined for this experiment
B3 select Parameters

£l plot & simulate Plot <7 OK () Help

Figure 8: Selecting measured output signals in Parameter Estimator.
Source: Authors, (2025).
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After importing the experimental data, the user must select the relevant experiment for inclusion in the estimation or validation
process. The Parameter Estimator provides a dedicated interface for this selection, as shown in Figure 9. Choosing the appropriate
experiments ensures that the estimation algorithm processes the correct dataset. Once the selection is finalized, clicking "OK" confirms
the dataset for estimation, allowing the process to proceed efficiently.

Once the data has been successfully imported, the next step is to configure the induction motor parameters for estimation. The
Parameter Estimator comes pre-loaded with key parameters relevant to the induction motor subsystem, including stator resistance (Rs),
rotor resistance (Rr), magnetizing inductance (Lm), stator leakage inductance (Ls), rotor leakage inductance (Lr), moment of inertia (Jm),
friction coefficient (f), and number of pole pairs (p). These parameters define the motor’s electrical and mechanical behavior and are
essential for accurate estimation.

<\ Parameter Estimator* - Simulation m} >
e e R R S NS

— =

O 8 &= | H =

Open Save New Select Select  Sensitivity PLOTS  OPTIONS = ESTIMATE
Session> Session™ | Experiment Experiments Parameters Analysis ¥

FiLE Ean select B x| ~

Data Browser @ Select experiments to include for estimation or validation

~ Parameters

Estimati.. Validati.. Experiment

~ Experiments
Exp <7 OK () Help

~ Results

 Preview

8]

Figure 9: Selecting experiments for estimation and validation.
Source: Authors, (2025).

<\ Parameter Estimator* - Simulation
PARAMETER ESTIMATION
= = —
O B B | @ H e e
Open Save New Select Select  Sensi nmam:l0________ ] =
Session¥ Session~ | Experiment | Experiments | Parameters Analy Maximum: [Inf v B
FLE EXPERIMENTS PARAMETERS Scale: [1.525878%0625¢-05 v | B
Data Browser ® 4
[ Parartess w2 ~| B X Gesimate
s - Minimum: [0 ~| B
Lm
Rr Maximum: |Inf - B
I = Scale:[2 v B
~ Experiments seolt
Exp w (0061 ~| B X Gesumate
Minimum: [0 ~ B
Mavimum B
v Results Scale: [0.0625 - B
segls
woer ~|H X Gestmate
~ Preview Meximum: [Inf ~| D
o Scale:[0.0625 ~| B
BB setect parameters
Parameters and Initial States Tuned per Experiment
Dperiment [Exp ¥
Select experiment initial states for estimation
There are no initial states defined for this experiment
Select experiment parameters for estimation
There are no parameters defined for this experiment.
[ Edie S

Figure 10: Parameter Selection and Constraint Configuration.
Source: Authors, (2025).

After defining the parameters, it is necessary to set appropriate constraints to ensure physically meaningful results. Each
parameter should be confined within a realistic range, typically from 0 to a positive upper bound, preventing the estimation of non-
physical negative values. This step is crucial for achieving reliable and valid results, as shown in Figure 10.

With all configurations set, the next step is to initiate the parameter estimation process. Clicking the "Run" button starts the
optimization, where the Parameter Estimator iteratively adjusts the parameter values to minimize the error between simulated and
measured responses, as shown in Figure 11. The estimation app continuously refines the parameters to achieve the best possible match
with the experimental data, ensuring accuracy and reliability in the model.

Finally, once the estimation is complete, the estimated parameters must be validated. The user should compare the simulated
motor response with the measured data to ensure a close fit. If discrepancies arise, adjustments to the parameter constraints or dataset
may be necessary, followed by rerunning the estimation process. Through iterative refinement, the accuracy of the identified parameters
can be significantly enhanced, leading to a more reliable and precise model.



ITEGAM-JETIA,Manaus, v.11n.55, p.73-85,September/October, 2025.

4\ Parameter Estimator* - Simulation - Experiment plot: Exp - o X
PARAMETER ESTIMATION VALIDATION EXPERIMENT PLOT 1EW b4 BL9eBPDe
a [ eria 3 Remove Ofset [ Low-Pass Filter Resample Data
& ::;ew [£] Legend Qe . HHsaebta ] High-Pass itter [] Replace Data "
@ Properties [d extract Data ] Band-Pass Filter Respanse
PRINT VIEW ZOOM & PAN EDIT DATA PROCESSING PLOT Y
Data Browser @ [ [ Estimatecparams | | expcost x| i [ Expenimentplotbp % |
~ Parameters
m i EstimatedParams %104 ExpCost Exp
o B i a5r 05 ol os S e0 -
v asurad
e Simulated
¥ Experiments ol |
Bp 30 o | ‘
) 120 4
- Results 25 05 05 1
imated 100 ]
20 all P |
¥ Preview @ £ 80 F 4
2 2
Estimation a =
reult(s): > E‘
= 0.0007816 L J
- Lo 15 “asp 15| 2| <
Rr = 18.146
Ra - 27025
£ = 0.00073777 40 4
P = 1.9554
seqle = 0055939 105 2+ 2
segla = 0067555
20 4
5 25 4 -25f 1
0 =" u|
e e 3 L : 3 - — 20 ! ;
Q 2 4 6 8 10 0 2 4 0 2 4 0 2 4
Iteration Time (seconds)
Figure 11: Convergence of Estimated Parameters and Error Minimization in MATLAB Parameter Estimator.
Source: Authors, (2025).
Appendix A

Siemens Induction Motor Nameplate. The corresponding nameplate is shown in Figure Al. This information is essential for identifying
the motor’s operating parameters and ensuring proper integration into the system.

EA7073-4AB10
2ot Repe ot /72335534 197
P55 ™ EC/EN 80034 ThC! B5F)
S50Hz 230/400V AN |60Hz 460VY

037 kW 182710544 | 043 kW 102 A
B70/min | cos@0.76 1670/mi
440-480 VY S

Figure 1: Siemens induction motor nameplate.
Source: Authors, (2025).

Appendix B

Motor Parameter Initialization File
The following MATLAB script initializes the parameters of the three-phase induction motor. It defines the motor's electrical and
mechanical parameters, ensuring accurate simulation and analysis. The script also loads experimental data from mesures.mat, which
includes time, rotor speed ( W ), stator currents ( isg, isq), and voltages (vsd, vsq).
clear;
clc;

Rs =10.2; % Stator resistance (measured directly using an ohmmeter)
Rr = 5.45; % Rotor resistance

Lm = 0.921; % Mutual inductance

% Ensure Ls and Lr > Lm using: Ls = seglLs + Lm, Lr = segLr + Lm
segls = 0.061; % Stator leakage inductance
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segLr =0.061; % Rotor leakage inductance
Jm = 0.00095; % Moment of inertia
f=10.00001; % Friction coefficient
p=1; % Number of pole pairs

% Load experimental data
load('mesures.mat');

Time = mesures.X.Data';

w = mesures.Y(1).Data';

isd = mesures.Y(2).Data’;

isq = mesures.Y(3).Data’;

vsd = mesures.Y(4).Data';

vsq = mesures.Y(5).Data';
VI. CONCLUSIONS

In This study presents a methodology for estimating the parameters of a three-phase induction motor by integrating
experi-mental data with simulation. Real-time data, including stator currents, rotor speed, and voltage signals, were collected through an
experimental setup utilizing the dSPACE DS1104 platform. This dataset was then applied to a mathematical model of the motor in
MATLAB/Simulink, representing its dynamic behavior with approximate initial pa-rameters. The Parameter Estimator App was then
used to refine these parameters by iteratively adjusting their values to minimize the error between the simulated and measured responses.
By initiating the estimation process, the app continu-ously optimized the parameters to achieve the best possible match with the
experimental data, ensuring accuracy and relia-bility. The validation was performed using a Siemens 0.37 kW, 50 Hz, 380 V three-phase
induction motor operating under zero-load conditions, where the cost function reached near zero, indicating a strong agreement between
the simulated and experimental results. This approach ensures precise parameter identification, which is essential for control and
diagnostic applications, with potential future extensions to other motor types for broader industrial applications.
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