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Abstract 

Abstract - Induction motors are widely used in power systems, and fully monitoring 

them is essential to improve their efficiency and reliability. As a matter of profitability and 

convenience, the challenge consists in gather as much information as possible and minimizes 

the number of sensors. 

In this report , an analysis of a method that enables to estimate the rotor angular speed 

in a three-phases induction motor by measuring the stator current is presented. This 

technique is based on coupling time-frequency analysis and the study of the Magneto-Motive 

Forces (MMF) space harmonics. Depending on the number of rotor and stator slots in the 

induction motor, the MMF space harmonics may induce Rotor Slot Harmonics (RSHs) in the 

stator current. Knowing that RSH frequency is proportional to the rotor angular speed, it is 

possible to estimate this latter by only measuring the stator current and extract from it the 

RSHs. Time-frequency analysis exactly provides powerful tools such as Time Frequency 

Representation (TFR) to study signals with non-stationary frequency spectrum. This method 

is applied on signals obtained with an highly realistic model of induction motors, and 

accurately succeeds in monitoring the rotor angular speed for a certain kind of induction 

motor. The scope of application of this method to different kinds of induction motors is also 

discussed regarding the existence of the RSHs and the settings of the TFR. 
 

Index terms - Induction motor, rotor angular speed estimation, sensorless estimation, 

rotor slot harmonics, time frequency representation, S-Method. 

2ïÓÕÍï 

R®sum® - Les machines asynchrones sont utilis®es dans de nombreuses applications 

industrielles, et n®cessitent d'°tre monitor®es pour am®liorer leur performance et leur 

fiabilit®. Le but est d'acqu®rir les informations essentielles ¨ l'asservissement de la machine 

tout en minimisant le co¾t total des capteurs employ®s.  

Dans ce rapport est pr®sent®e une m®thode d'estimation de la vitesse du rotor d'une 

machine asynchrone triphas®e, uniquement ¨ partir de la mesure du courant statorique. Cette 

m®thode s'appuie sur une analyse temps-fr®quence du courant statorique, et sur l'®tude des 

harmoniques dues aux forces magn®to-motrices et pr®sentes dans le courant statoriques. Ces 

harmoniques, appel®es RSH, existent uniquement pour certaines g®om®tries de stator et de 

rotor. Leur fr®quence varient proportionnellement ¨ la vitesse du rotor, et leur extraction 

depuis le spectre du courant statorique permet donc d'estimer la vitesse rotorique. L'analyse 

temps-fr®quence fournit justement des outils math®matiques destin®s ¨ calculer le spectre 

d'un signal non-stationnaire compos®s de plusieurs harmoniques. De ce fait, ¨ partir 

uniquement d'un capteur de courant et d'un post-traitement num®rique, on a acc¯s au profil 

de vitesse de la machine si toutefois les dites RSH existent pour ce type de machine.  

L'®tude des RSH et de leur existence, ainsi que les outils d'analyse temps-fr®quence, 

sont pr®sent®s et expliqu®s dans le cadre de cette m®thode. Celle-ci est ensuite appliqu®e ¨ des 

signaux de courant issus d'un mod¯le num®rique r®aliste de machine asynchrone. 
 

Mots-cl®s - Machine asynchrone, estimation de la vitesse rotorique, RSH, 

repr®sentation temps fr®quence, S-Method. 
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Nomenclature 

Ὢ Fundamental frequency (50 Hz). Ὕ Electrical torque (N.m) 
ᾪ  Frequency of the lower RSH (Hz). Ὕ Load torque (N.m) 
Ὢͺ  Frequency of the upper RSH (Hz).   Rotor angular speed (rad/s) 
J -ÏÍÅÎÔ ÏÆ ÉÎÅÒÔÉÁ ÏÆ ÔÈÅ ÒÏÔÏÒ ɉËÇȢÍόɊȢ ὠ Stator voltage (V) 
ge Harmonic order of the RSH ὠ Rotor voltage (V) 
M Magneto-Motive Force (MMF) (A).   Stator magnetic flux (Wb) 
p Pole pairs number.   Rotor magnetic flux (Wb) 
RSH Rotor Slot Harmonic (Hz). Ὅ Stator current (A) 
R Number of rotor slots (bars). Ὅ Rotor current (A) 
s Slip.   
S Number of stator slots.   
Ὺr Phase angle in rotor reference frame   
Ὺs Phase angle in stator reference frame   
TFR Time Frequency Representation.   
ὺ Harmonic order of the MMF   
    

Glossary 

Stator Slot and Rotor Slot : RSH are related to the number of slots in the stator and rotor. 

These slots are empty places where is set the electrical circuit of the rotor and stator. It depends on 

the technology, but for the example of a squirrel cage induction motor, the rotor slots are filled with 

aluminum or copper bars in short circuit, while stator slots are filled with copper windings. 

On the scheme below is presented a simplified cross-sectional view, orthogonal to the axis 

of rotation of an induction motor : 

 

 

Figure 1 Rotor slots and Stator slots1  

                                                 
1
 http://electrical-engineering-portal.com/wp-content/uploads/figure-1-stator-and-rotor-laminations-1.gif 
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I. Introduction  

In this part, we will first present the laboratory and its missions, then we will present the 

context of the subject and the state of art. 

1. The Laboratory of Multimedia in the University of Montenegro2 

The Laboratory for Multimedia Signals and Systems within the 

Faculty of Electrical Engineering, University of Montenegro, is dedicated to 

the high-quality fundamental and applied research and education mostly in 

the field of Multimedia representing the future of modern life. The research 

has been also conducted within several related fields, such as radars, 

communications, biomedical signal analysis and applications, closing a circle 

of state-of-the-art technologies. Our aim to strengthen the research, education, 

innovation and development in Montenegro. The focus is made on 

fostering fruitful collaborations with faculties and universities 

worldwide, through the joint scientific publications and projects, as well 

as the knowledge and researchers exchange. Regarding the educational activities, our scientists and 

professors covers different area of multimedia systems, information systems, web programming and 

applications, Internet technologies and services, etc. 

 

The laboratory publishes in average between 15-20 scientific papers per year (most of them 

in the leading scientific journals in the field of electrical engineering). We are proud to boast the 

"Award for the Best Leader of the National Project in Montenegro", in 2011. 

 

The laboratory's research objectives are to: 

 

¶ Develop innovative techniques for generalized signal processing 

¶ Develop advanced techniques for time-frequency signal analysis, filtering and classification 

¶ Develop the algorithms for multimedia signals processing: audio, image and video 

processing algorithms 

¶ Develop the algorithms for multimedia data protection - Digital Watermarking 

¶ Contribute to the theoretical foundation of modern Compressive Sensing concepts 

¶ Develop the innovative techniques for Compressive Sensing data reconstruction 

 

We worked with Pr. Srdjan Stankoviĺ, who is the head of the laboratory, Dr. Irena Oroviĺ 

and Andjela Draganiĺ during all this internship. This was an opportunity to apply their knowledge 

in signal processing to the field of power systems, as these latter require more and more signal 

processing to run properly. 

2. General Context 

Power system is the integrity of the generation, transmission, distribution and the load. This 

interaction in a same grid is very complex because it results in many kinds of phenomena, which 

have to be detected, monitored and controlled. In case of fault, the most important is time response 

in terms of detection, decision making and resolution. Future Smart Grid applied to power system 

                                                 
2
 This presentation comes from the website of the laboratory : http://www.multimedia.ac.me/about.php 
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must challenge these objectives through connecting a large number of measurement instruments, a 

communication infrastructure and intelligent software for the analysis of gathered signals.[9] 

The software part is at the core of the smart grid. One of its purpose is to extract as much 

information as possible from the collected data from as less as possible sensors on the field by using 

post-processing algorithms. These algorithms may extract valuable data to monitor power quality, 

disturbances, aging in power devices, transients state on the grid, etc only from the current signals 

for example. The idea is to set only basics sensor on the field and to develop algorithms besides to 

get the full set of data, because hardware is usually far more expensive than software. 

3. State of Art, non-exhaustive 

In this part is presented a few examples found in the literacy to illustrate some applications 

of signal processing to power systems, and which are highly related to our subject. The first 

example deals with power quality analysis[1], so it is time-frequency analysis for detection and 

monitoring. The next is about detecting transients in wind energy systems[2], so it is more about 

detection and control. The last one explains another method to estimate the speed of an induction 

machine from the stator current[6], to monitor and control it. 

Detection of harmonics pollution in power grids with time -frequency analysis 

In recent years, the increasing use of power electronic systems and time-variant nonlinear 

loads in industry has also increased the generation of power harmonics, inducing voltage fluctuation 

which have become a problem for utility and customers, called PQ disturbances. These harmonics 

result in power losses, voltage drops, devices damages, vibrations etc. To prevent power systems 

from premature aging and outages, it is necessary to limit these PQ disturbances. The first problem 

is thus to detect and extract harmonics from the power signal to check the health of a power system.  

Time-Frequency analysis is a powerful tool to analyze a signal spectrum over the time. It 

gives the whole spectral content of the signal at each instant. It will therefore give information 

about the kind of disturbances, and when it happened. Time-Frequency algorithm are quite specific 

to the class of signals for which they are designed. In this case, a new algorithm was developed, 

called null space pursuit - Hilbert transform (NSP-HT), to obtain the instantaneous frequency and 

amplitude of each harmonics in the current signal. This NSP-HT algorithm is no more no less a 

decomposition of the original signal in more relevant base than Fourier's, according to the authors. 

Here are the results when detecting harmonics in the signal at υπὌᾀ originally with two 

components at ωπὌᾀ and ρυπὌᾀ such as : 

ίὸ ÃÏÓς“z υπὸ πȢςÃÏÓς“z ωπὸ πȢσÃÏÓ ς“z ρυπὸ 

 

Figure 2 Results with STFT[1]  

 

Figure 3 Results with NSP-HT[1]  
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On the figure 2 is shown the STFT of the signal, which is the basic time-frequency analysis' 

tool using Fourier's domain. No relevant information concerning frequencies - except the main 

frequency at υπὌᾀ - can be extracted from the picture, because it has a very low accuracy. On the 

figure 3, the NSP-HT method manages to isolate the three components, giving their frequency and 

their amplitude over the time - data 1 matches with data 4, data 2 with data 5 and data 3 with data 6. 

Therefore, this time-frequency method enables an accurate detection of harmonics, and monitors 

voltage drop or frequency drop as well. 

Monitoring transients in wind energy systems with time-frequency analysis 

The study of transients in wind energy systems is very relevant to estimate the power quality 

that is produced. Transients in these systems often happen, as the wind is a strongly non-stationary 

resource. This example is very instructive as it mixes one fast algorithm simply to trigger a transient 

incoming and one algorithm of time-frequency to go further in details. The fast algorithm is named 

short-time harmonic distortion of voltage, and the time-frequency algorithm is Smoothed Pseudo 

Wigner Ville. The Wigner Ville distribution is another basic algorithm for time-frequency analysis.  

Here are the results when characterizing the transients :  

Figure 4 Three-phase 
voltages on the first row, 
currents on the second row, and 
their respective Wigner Ville 
algorithm on the two next 
rows.[2]  
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The Wigner Ville algorithm brings on a same picture all the characteristics to define the 

transients : time, frequency, amplitude, and enables power quality analysis. 

Speed estimation of an induction machine with signal processing on stator current 

This example is very close to the topic of this report, as it deals with another method to 

estimate the speed of an induction machine only by analyzing the stator current. The signal 

processing is based on the Chirp-Z Transform in the ᴇomplex domain, such as Fourier's Transform. 

This signal processing is not using time-frequency analysis tools. 

 

 

Figure 5 Speed estimation through harmonics analysis[6] [9]  

The figure on the right is the speed estimation which is obtained by tracking the variation of 

the biggest harmonic at ρπυπȢτφὌᾀ on the figure on the left. The interests of such methods are 

presented in the next part below, as it is the object of my work during the internship. 

II. Presentation of the subject and theory 

1. Context of the subject 

Induction motors are widely used in power systems, and fully monitoring them is essential 

to improve their controllability and reliability. As a matter of profitability and convenience, the 

challenge consists in gathering as much information as possible and optimizing the number of 

sensors. In some circumstances, processing data acquired by one kind of sensor provides 

information that is usually directly given by another kind of sensor. The optimization problem has 

to determine whether executing the process is more profitable than using two different kinds of 

sensors, and often turns out to be true. 

Knowledge of the induction motor operating speed, in some circumstances, is essential. For 

example, if the instantaneous motor speed is known, it is possible to infer the operational speed, at 

any point, on the mechanical pumping units used for any hydraulic grid, or it is also possible to use 

the speed data as an identification tool of pumping unit unbalance. In addition, the slip of an 

induction motor can reveal when it is working as a generator, for production purpose.[6] 

As regards on monitoring induction motors, it has been proved that, under certain 

conditions, the rotor angular speed may be estimated by only measuring and analyzing the stator 
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current and its harmonics. Among them, Rotor Slot Harmonics are current harmonics which are 

induced by the MMF space harmonics, themselves created in the stator when the rotor is rotating. 

For this reason RSH are directly proportional to the rotor speed. In this case, post signal processing 

applied to the stator current thus avoids to implement a speed sensor for the rotor. Lots of methods 

relying on RSH tracking to estimate the speed exist, and they mostly differ on the choice of the 

signal processing algorithms. In this report is presented a new approach of tracking the RSH by 

using TFR and the S-Method algorithm. 

The three following parts aim to bring to the reader the required knowledge to understand 

this report. In the first part is explained the modeling of induction motors, and the theory which is 

behind. The second part deals with the physical existence of such RSH due to MMF space 

harmonics. Then, the third part briefly introduces the purposes of time frequency analysis, and 

explains its principles. The chosen algorithm is called S-Method and is very efficient to study 

highly non-stationary signals. 

2. Presentation of the model 

All signals studied in this paper are exclusively obtained from a realistic model of induction 

motor. This model takes into account the dynamic behavior of the machine by coupling mechanic 

and electromagnetism models. This enables to simulate harmonics and noises in the stator current, 

which features the RSHs. [5] 

The mathematical model of induction machine is a set of differential equations that are 

solved in an iterative numerical procedure. The model is expressed in the natural frame of 

reference, which means there are no variable transformations as it is the case in, for example in the 

"dq" model -or Park's Transform - for the synchronous machine
3
. The main parameters of the model 

are inductances between various machine windings. Some of these inductances are constant values, 

such as leakage inductances. The others are inductances between stator phases and rotor loops - two 

rotor bars with appropriate ring segments - and depend on rotor position, and are so time-varying, 

according to the winding function theory[4]. Before numerical integration of set of differential 

equations, such inductances are pre-calculated and stored in look-up tables.  

Fluxes and currents could be calculated after that, in, once again, an iterative numerical 

integration procedure of set of differential equations whose matrix is as follows[8] : 

 

ὠ ὙὍ
Ὠ 

Ὠὸ
 (1) 

ὠ ὙὍ
Ὠ 

Ὠὸ
 (2) 

  ὒὍ ὒὍ (3) 

  ὒὍ ὒὍ (4) 

where the matrix ,  is the transpose of the matrix ὒ  , and : 

 

Ὅ  Ὥ Ὥȣ Ὥ  (5) 

Ὅ  Ὥ Ὥȣ Ὥ  (6) 

ὠ  ὺ ὺ ȣ ὺ  (7) 

                                                 
3
 Cours sur la mod®lisation des machines synchrones, Vincent Debussch¯re, Ense

3
, 2014 
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In a case of symmetrical squirrel-cage machine, ὠ π and  ὒ  ὒ . With this 

formulation, the currents in the ά stator circuits and ὲ rotor loops are assumed as independent. The 

equations describing the mechanical part of the system are : 

 

Ὕ  Ὅ
ὒ

—
Ὅ  (8) 

Ὠ

Ὠὸ
 
ρ

ὐ
Ὕ Ὕ  (9) 

Ὠ—

Ὠὸ
   (10) 

 

where Ὕ is the electromagnetic torque, Ὕ is the load torque, ὐ is the combined rotor and 

load inertia,  — is the rotor angle, and   is the rotor angular speed.  

Inductances are calculated using winding function between rotor bars and stator circuits, but 

it will not be detailed in this part. Information about it can be found in [4][8]. 

3. MMF Space Harmonics 

Space Harmonics 

Three-phase induction motors generally contains three-phase stator winding in slots, 

supplied by the three-phase stator current at the fundamental frequency. For such configuration, it is 

known that the resultant rotating MMF wave shape is stepwise, and depends on the position 

between the rotor and the stator. As the MMF wave shape is stepwise and not sinusoidal, it so 

contains the fundamental frequency and higher harmonics in the Fourier transform domain. These 

harmonics are called space harmonics since they depend on the geometry of the machine, whose 

parameter is the rotor angle —. Let Ὢ— now be the periodic function representing the MMF. 

Ὢ— can be express as a Fourier series, and for the three phases the following set of equations is 

obtained [3]: 

 
Ὢ — ὃίὭὲ— •   ὃίὭὲσ— • ὃίὭὲυ— • Ễ (11) 

Ὢ — ὃίὭὲ— •
ς“

σ
  ὃίὭὲσ— • ὃίὭὲυ— •

τ“

σ
Ễ (12) 

Ὢ — ὃίὭὲ— •
τ“

σ
  ὃίὭὲσ— • ὃίὭὲυ— •

ς“

σ
Ễ (13) 

As Ὢ— is a odd function, only odd orders are non equal to zero. The third harmonic has lost 

the property of a three-phase system so is ignored when summing the three phases. The result for 

the fifth order is far more interesting. This set of equation is written at a given instant of time when 

unit current flows. Assuming that the current shape is a sinusoidal in time at pulsation the , 

resultant for the fifth harmonic is given by : 

 

Ὢὸȟ— ὃίὭὲ—ὸίὭὲυ •   ὃίὭὲὸ
ς“

σ
ίὭὲυ— •

τ“

σ

ὃίὭὲὸ
τ“

σ
ίὭὲυ— •

ς“

σ
 

(14) 
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Upon simplification, we get : 

 

Ὢὸȟ—
σ

ς
ὃÃÏÓὸ υ— 

(15) 

The fifth opposite therefore rotates opposite to the direction of the fundamental at a speed 

which is one-fifth of the fundamental. The opposite rotation is due to the plus sign in the argument 

of the cosine. 

Similarly, if the seventh harmonic is considered, the resultant is as follows : 

Ὢὸȟ—
σ

ς
ὃÃÏÓὸ χ— 

(16) 

This time, as there is a minus sign in the argument, the seventh harmonic rotates in the same 

direction as the fundamental, at one seventh of the speed. 

This specific example leads to a general conclusion. Effectively, these harmonics are among 

the most prominent harmonics in the MMF space harmonics and their series is defined by the 

following expression[7] : 

 
ὺ φὫ ρȟ Ὣ πȟρȟςȟȣ (17) 

 

where ὺ is the harmonic order of the MMF. 

Rotor slot harmonics 

RSHs result from the rotor cage reaction to these stator slot harmonics contained in the 

MMF of the stator. These are the three series of MMF waves from the rotor side [7]: 

 
ὓ ὓ ÃÏÓίὸ ὺὴ—  (18) 

ὓ ὓ ÃÏÓίὸ
‗Ὑ

ὴ
ὺὴ—  (19) 

ὓ ὓ ÃÏÓί
‗Ὑ

ὴ
ὺὴ—  (20) 

where ‗ ρȟςȣ . RSHs are the most prominent for ‗ ρ and ί is the slip of the MMF 

ὺth-order harmonic : 

 
ί ρ ὺρ ί, (21) 

 

These MMF in the rotor interact with the stator and induce the three following magnetic flux 

density waves in the stator, with the same shape : 

 
ὄ  ὄ ÃÏÓίὸ ὺὴ—  (22) 

ὄ  ὄ ὧέίρ
‗Ὑ

ὴ
ρ ί ὸ

‗Ὑ

ὴ
ὺὴ—  (23) 

ὄ  ὄ ÃÏÓρ
‗Ὑ

ὴ
ρ Ó ὸ

‗Ὑ

ὴ
ὺὴ—  (24) 

 

There are three distinct magnetic flux densities, one at the fundamental frequency and the 

two others depending on the slip, which is proportional to the speed. These two harmonics are 

called RSHs.   
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The frequency of the upper RSH is : 

 

ᾪ ρ ‗ρ ί *f (25) 

 

and the frequency of the lower RSH is : 

Ὢͺ ρ ‗ρ ί *f (26) 

 

These magnetic flux density waves create electromotive forces in the stator windings which 

induce currents at frequencies depending on the speed in the three stator currents. This explains why 

RSHs enable to estimate the speed of the rotor without sensor. 

Existence of the RSH 

The following explanation is done from the rotor's point of view. the RSHs given by (25) 

and (26) may only exist if they check the condition of belonging to the series of the MMF space 

harmonics given by (17) [7]. For the lower RSH, it means that the additional phase term ‗ὙȾὴ ὺ 
in (23) must belong to the group of the space harmonics Ὃ φὯ ρȟὯ πȟρȟςȟȣ . as in 

(17). 

 

Therefore : 
‗Ὑͺ
ὴ

ὺ φὯ ρ ȟ 

 
ᵼ Ὑͺ  φz Ὣ Ὧ ςὴ Ƞ  Ὣ πȟρȟςȟȣȠ Ὧ πȟρȟςȟȣ 

 
ᵼ Ὑͺ φὲ ςὴ Ƞ  ὲ πȟρȟςȟσȣ (27) 

 

(27) gives the condition on the number of rotor slots so that the lower RSH exists. This 

condition is only depending on the pair poles number. By applying the same reasoning with the 

upper RSH, it gives the condition below : 

 
 Ὑͺ φὲ ςὴ Ƞ     ὲ  ρȟςȟσȣ (28) 

 

To have both harmonics : 

Ὑͺ Ὑͺ Ὑ ͺ   

and so, by adding (27) and (28) : 

Ὑ ͺ φὲὴ Ƞ       ὲ  ρȟςȟσȣ (29) 

 

(27), (28), and (29) provide necessary conditions on the number of rotor slots to observe 

RSHs in the stator current spectrum. Now we need to define the conditions on the number of stator 

slots. If the problem is seen from the stator point of view, RSH are of order ‗ὛȾὖ ρ, and by 

following the same path we obtain exactly the same results as (27), (28) and (29) for the number of 
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stator slots[7]. These information are essential to determine whether the method using RSH tracking 

is applicable or not to any induction motor. 

 

After having defined all the theory behind the space harmonics and RSHs, it is now time to 

present the signal processing tools that will be used in the afterwards. 

 

4. Signal processing and S-Method 

Time-Frequency analysis and S-Method 

Fast Fourier Transform (FFT) is the basic algorithm to obtain a representation of a signal 

frequency content, called spectrum. If the signal is stationary, the spectrum remains the same over 

the time. Hence this representation is the best to describe this class of signal. For non-stationary 

signals, the spectrum changes over the time. Therefore the representation provided by FFT is 

actually the superposition of all spectrums at each instant. It is necessary to take into account the 

time dimension in the representation. 

Time-frequency analysis enables to compute the spectrum of a signal at every instant of this 

signal. It gives a Time Frequency Representation (TFR) on which every variation of every 

harmonic can be seen. However, time-frequency analysis accuracy is limited by the Heisenberg 

Gabor principle [9]:  

Ўὸ ЎὪ
ρ

τ“
 (30) 

 

This duality means that a short resolution in time compulsory induces a large resolution in 

frequency, and reciprocally. Time-frequency analysis is always a compromise between having a 

high concentration around a frequency peak and having the exact time location of this peak.  

There are many algorithms to compute a TFR, such as the Short-Time Fourier Transform 

(STFT) and the Wigner Ville Distribution (WVD), as we saw them before. The STFT is really 

simple to compute, but it is limited by the Heisenberg Gabor principle. It computes the FFT of the 

signal through a sliding window. It is not well fitted to highly non-stationary signals, because if a 

very short resolution in time is needed to observe prompt variations, the frequency resolution will 

be poor. 

The WVD overcomes the uncertainty principle and is very fitted to single-component 

signals. For multi-components signals, it brings interferences in the TFR due to cross-terms 

products between the different components of the signal. WVD is also not fitted to the stator current 

signal, because it contains lots of higher frequencies which will interferes and induce artifacts on 

the TFR. 

 

The S-Method is another TFR algorithm which improves the STFT, by adding properties 

from the WVD[5][5]. It was designed in the Multimedia Lab. For an electrical signal at υπὌᾀ, the 

S-Method will give an horizontal line much more concentrated around υπὌᾀ than the STFT. The S-

Method is also highly adapted to non-stationary signals such as the stator current signal. 

Here is the expression of the S-Method in continuous form[5] : 

 

Ὓὓὸȟ  
ρ

ς“
ὖ—Ὂὸȟ

—

ς
Ὂᶻ ὸȟ

—

ς
Ὠ— (31) 
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where Ὂὸȟ  is the STFT of the signal ὼὸ using the sliding window ύὸ of length ὔ : 

 

Ὂὸȟύ†ὼὸ  †Ὡ Ὠ† (32) 

 

and ὖ   is the kernel of the S-Method distribution, and can be arbitrary chosen. 

The benefits of the S-Method are strongly linked with the kernel definition that is chosen. 

For example, if ὖ    , where    a Dirac distribution centered on  , the S-Method is 

equal to the spectrogram ὛὖὉὅὸȟ ȿὊὸȟȿό, so the S-Method will have the same properties 

as the STFT.  

If ὖ  ρ, then Ὓὓὸȟ  is equal to the Wigner Ville Distribution ὡὈὸȟ  as follows : 

 

ὡὈὸȟύ 
†

ς
ύᶻ
†

ς
ὼὸ

†

ς
ὼᶻ ὸ

†

ς
Ὡ Ὠ† (33) 

 

In conclusion, the kernel term enables the S-Method to get the STFT and the WVD 

properties. If a suitable kernel is chosen, the S-Method improves the concentration thanks to the 

WVD properties and removes interferences thanks to the STFT ones.  

Discrete S-Method 

Here is now the discrete form of the S-method that is used in this report [5]: 

 

ὛὓὲȟὯ ὖ ὭὊ ὲȟὯ  ὭὊ ᶻὲȟὯ  Ὥ (34) 

 

where the window ὖὭ is the kernel and has ςὒ+ρ samples, and the STFT ὊὲȟὯ has this 

discrete form : 

Ὂ ὲȟὯ ύάὼὲ  άὩͺ
Ⱦ

Ⱦ

 (35) 

 

If the window ὖὭ is rectangular, then the S-method may be recursively computed as : 

 

ὛὓὲȟὯ  ὛὓȤ ὲȟὯ  ς Ὂ ὲȟὯ ὒὊᶻὲȟὯȤὒ  (36) 

 

for ὒ ρȟςȟȣ where [Ŀ] stands for real part, starting with ὛὓὲȟὯ  ȿὊ ὲȟὯȿȢ  
Consequently, the S-Method is initially equal to the spectrogram, which is computed with 

the sliding window ύ†. Then the S-Method algorithm (36) changes some values of the 

spectrogram values in function of the kernel ὖ  . This later is adjusted by an integer parameter, 

called length ὒ. The lower is ὒ, the more the S-Method looks like STFT, and the higher is L, the 

more the S-Method looks like WVD. In conclusion, only a right setting of the shape and the length 

ὔ of ύ†, and of the length ὒ of ὖ  is required to apply this method. 
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III.  Implementation 

This third part will present the work done during this internship to answer to the 

problematic. First two study cases - the parameters of the induction machine and the scenario of 

use- will be detailed, and then we will explain the practical steps to go from the stator current to the 

rotor speed. 

1. Study cases 

Concerning the parameters, the induction motor is supplied by a three-phased current whose 

fundamental frequency is υπὌᾀ, as in common distribution networks. Only the phase A is 

represented, as the three phases are supposed to be balanced.  

First case : induction motor with one single RSH 

In this case, there are two distinct motors with different inertias, one with ὐ πȢρ ὯὫȢάό 
and the other with ὐ πȢσ ὯὫȢάόȢ They both have ὴ ς pole pairs, and Ὑ ςψ rotor slots. 

For these settings, as regards on (27), (28), and (29), feasible combinations to obtain RSHs 

are :  
Ὑͺ τȟρφȟςψȟτπȣȠ   
Ὑͺ ψȟςπȟσς ȣ Ƞ   
Ὑ ͺ ρςȟςτȟσφȣȠ  

 

Ὓͺ τȟρφȟςψȟτπȣȠ   
Ὓͺ ψȟςπȟσς ȣ Ƞ   
Ὓ ͺ ρςȟςτȟσφȣȠ  

 
so in this study only the lower RSH will be observed as the number of rotor slots matches. 

The simulated scenario consists in starting the induction motor without load first, and then a 

load is plugged at πȢφί. There are consequently two transient states, the first one when the motor is 

starting and the second one when a load is plugged. 

The pictures below show the speed profile for both inertias : 

 

Figure 6 3ÐÅÅÄ ÐÒÏÆÉÌÅ ÆÏÒ *ЀπȢρ ËÇȢÍό 

 

 

Figure 7 3ÐÅÅÄ ÐÒÏÆÉÌÅ ÆÏÒ *ЀπȢσ ËÇȢÍό 
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Then the following pictures represent the stator current signal for both inertias :  

 

Figure 8 3ÔÁÔÏÒ ÃÕÒÒÅÎÔ ÐÒÏÆÉÌÅ ÆÏÒ *ЀπȢρ ËÇȢÍό 

 

 

Figure 9 3ÔÁÔÏÒ ÃÕÒÒÅÎÔ ÐÒÏÆÉÌÅ ÆÏÒ *ЀπȢσ ËÇȢÍό 

 
 

The two last pictures below show the stator current spectrum computed with Fast Fourier 

Transform (FFT) for both inertias : 

 

Figure 10 Stator current  spectrum ÆÏÒ *ЀπȢρ ËÇȢÍό 

 

 

Figure 11 Stator current spectrum for J=0.3 ËÇȢÍό 

 
 

The fundamental at υπὌᾀ is clearly the prominent peak on the spectrum. On both spectrums 

are observed lower RSHs of rank ‗ ρ and ς. The ratio between the fundamental amplitude and 

the first RSH is around υππ, meaning that the TFR algorithm must be accurate enough to represent 

this scope. 

Concerning the frequency value of the upper RSH in each case, it evolves from υπὌᾀ to 

φσςὌᾀ for the 1
st
 rank, and from υπὌᾀ to ρτρυὌᾀ for the 2

nd
 rank, as it is given by (25) for the 

extreme values of the slip s from ρ to πȢπςυυ.  

  

Fundamental  

1st RSH  

2nd RSH 

Fundamental  

1st RSH  

2nd RSH 
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Second case : Induction machine functioning as a generator with both RSH 

In this case, the induction machine is successively functioning as a motor, then as a 

generator. The machine has Ὑ υπ rotors slots, Ὓ χς stator slots and ὴ τ pole pairs.  

For these settings, as regards on (27), (28), and (29), feasible combinations to obtain RSHs 

are :  
Ὑͺ ρφȟτπȟφτȣȠ   
Ὑͺ σςȟυφȟψπ ȣ Ƞ   
Ὑ ͺ ςτȟτψȟχςȣȠ  

 

Ὓͺ ρφȟτπȟφτȣȠ   
Ὓͺ σςȟυφȟψπ ȣ Ƞ   
Ὓ ͺ ςτȟτψȟχςȣȠ  

 
so in this case both RSHs will be observed as the number of stator slots matches. 

The simulated scenario consists in starting the induction motor with full load, and then 

switching it to generator at ρȢςί. There are consequently two transients state, the first one when the 

motor is starting and the second one when a load is plugged. 

 

The pictures below shows the speed profile for and the stator current for this case : 

 

Figure 12 Speed profile 

 

 

Figure 13 Stator current signal  

Here is now the spectrum of the stator current signal : 

 

  
Fundamental  

Lower RSH of rank 1 

Upper RSH of rank 1 

Figure 14 Spectrum of the stator current 
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On this spectrum can be observed both lower and upper RSHs of rank ‗ ρ and ς. 
Concerning the frequency value of the RSHs, it evolves from υπὌᾀ to υφπὌᾀ for the upper RSH, 

and from υπὌᾀ to φφπὌᾀ for the lower RSH, as it is given by (25) and (26) for the extreme values 

of the slip s from ρ to πȢπςσφ.  

 

2. Stages of the implementation 

Pre processing the signal 

The signals are originally sampled at 8ȢτὯὌᾀ, which is a lot. To decrease the number of 

samples, signals are under sampled τȢςὯὌᾀ. The sampling theorem affirms that the maximum 

frequency of the stator current's spectrum must be under ςȢρὯὌᾀ. This range is far enough for the 

study, because the main frequency content of the stator current is under ρȢυὯὌᾀ if harmonics of 

rank 2 must be seen. 

Settings of the STFT and S-Method 

The choice of ύ†ȟὔ and ὒ is not absolute, which means several configurations may lead 

to the same quality of result, depending on the priority made for time or frequency. In this part we 

detail the effects on the TFR when varying consecutively ύ†ȟὔ and ὒ. 
 

i. Choice of the shape of the sliding window ύ† for the STFT : 

There exists many sliding windows, whose simplest one is the rectangular window. The 

problem of this windows is that it creates lots of noise in the STFT and so the S-Method. Here are 

some of the most common sliding windows in signal processing : 

 

Figure 15 Sliding windows in time domain 

 

 

Figure 16 Sliding windows in frequency domain 
 

The rectangular window in blue has the sharpest first peak, but then lots of smaller peaks 

which will interfere with other frequencies in the signal. 
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Here are two TFR of the same signal with ὔ υρς and ὒ υ, but a different window : 

 

Figure 17 TFR with Blackman window 

 

 

Figure 18 TFR with Hanning window 
 

The Blackman window - close to the Hamming window - brings more accuracy in the 

dynamic part than the Hanning window - close to the Gaussian window, and on the contrary is more 

noisy when it comes to the stationary part.  
For every study case, the Blackman window was chosen. 

 
ii. Choice of the length of the window N for the STFT : 

Here are two TFR of the same signal with a Gaussian window and ὒ υ, but a different N : 

 

Figure 19 TFR with N=256 

 

 

Figure 20 TFR with N=1024 
 

The lengthier is the window, the more accurate is the frequency resolution. For ὔ ςυφȟ 
pixels are so visible that the picture is impractical. But if ὔ ρπςτȟ then the time resolution is 

degraded and the dynamics parts are blurrier.  

For the first study case, a window of length ὔ ρπςτ is chosen for ὐ πȢσ ὯὫȢάό- 
respectively ὔ υρς for ὐ πȢρ ὯὫȢάό.  

For the second study case, ὔ ρπςτ too. 

  


















