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Abstract 

This document reflects the memory of the Master's Final Project of the master's studies: 

Master's degree in Automatic Systems and Industrial Electronics Engineering (MUESAEI), 

from the Polytechnic University of Catalonia (UPC), completed at The School of Industrial, 

Aerospace and Audiovisual Engineering of Terrassa (ETSEIAAT). 

This project presents the design and experimental test of a cloud monitoring system for 

an industrial induction motor. Firstly, a chip microcontroller will acquire vibration and 

current signals and with FFT (Fast Fourier Transform) will send processed data trough 

wireless communications to a MQTT server working as data collector. A Virtual Machine 

running on the cloud will store processed data on an open source time series database 

and run a predictive maintenance algorithm for model-based and trending fault 

detection. Finally, all the results will be monitored in dashboards. 

  

https://eseiaat.upc.edu/en
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Resumen 

El presente documento refleja la memoria del Trabajo de Final de Máster de los estudios 

de máster: Máster Universitario en Ingeniería de Sistemas Automáticos y Electrónica 

Industrial (MUESAEI), de la Universidad Politécnica de Catalunya (UPC), cursado en la 

Escuela Superior de Ingenierías Industrial, Aeroespacial i Audiovisual de Terrassa 

(ETSEIAAT). 

El contenido del presente proyecto consiste en el diseño y test experimental de un 

sistema de supervisión en nube de motores industriales. En primer lugar, un 

microcontrolador adquirirá vibraciones y corrientes del motor y a través de la FFT 

(Transformada Rápida de Fourier) enviará las señales procesadas a través de 

comunicaciones inalámbricas a un servidor MQTT trabajando como colector de datos. 

Una máquina virtual ejecutándose en la nube almacenará los datos procesados en una 

base de datos cronológica y ejecutará un algoritmo de mantenimiento predictivo para 

detectar averías mediante tendencias y modelos. Finalmente, todos los datos serán 

visualizados en paneles. 
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Resum 

El present document reflecteix la memòria del Treball de Fi de Màster dels estudis de 

màster: Màster Universitari en Enginyeria de Sistemes Automàtics i Electrònica 

Industrial (MUESAEI), de la Universitat Politècnica de Catalunya (UPC), cursada a l'Escola 

Superior d'Enginyeries Industrial, Aeroespacial i Audiovisual de Terrassa (ETSEIAAT). 

El contingut d'aquest projecte consisteix en el disseny i test experimental d'un sistema 

de supervisió en núvol de motors industrials. En primer lloc, un microcontrolador 

adquirirà vibracions i corrents del motor i a través de la FFT (Transformada Ràpida de 

Fourier enviarà senyals processades a través de comunicacions sense fils a un servidor 

MQTT treballant com a col·lector de dades. Una màquina virtual executant-se en el 

núvol emmagatzemarà les dades processades en una base de dades cronològica i 

executarà un algoritme de manteniment predictiu per detectar avaries mitjançant 

tendències i models. Finalment, totes les dades seran visualitzats en panells. 
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1.Introduction 

1.1Project Scope 
This project consists in the design and implementation of a cloud monitoring system for 

industrial engines maintenance. The system will be implemented on a Linux Virtual 

Machine running on Microsoft Azure Cloud. to perform the fault detection, vibration 

analysis and current signature analysis will be used. 

The data acquisition and process data system will be developed with an accelerometer, 

three clamps ammeters for each phase and an ESP32-DevKitC that is a compact 

development board that contains the microcontroller and a Wi-Fi and Bluetooth module. 

For the cloud system an Ubuntu Linux Virtual Machine will be implemented on Microsoft 

Azure. On this virtual machine will be also running an MQTT server to receive the data 

and through node-red the data will be stored in time series database Influx DB. The fault 

diagnosis will be performed with MATLAB algorithm based on motor’s predictive 

maintenance literature review. Finally, raw data and fault analysis will be visualized on 

Grafana dashboards. 

 

1.2Objectives 
The aim of this research project is to provide a whole system for industrial engines 

maintenance, covering from data acquisition to visualization tool. 

The main objectives of this research project are: 

1. Design and implement the data acquisition and data process system. 

2. Understand induction’s motors maintenance and fault analysis techniques. 

3. Implement vibration analysis and current analysis for fault detection. 

4. Implement a Virtual Machine with all necessary software on Windows Azure. 

5. Design and configure visualization panels for induction’s motor monitoring. 

 

1.3Justification 
Induction motors in industrialized nations are “workhorses” of production process 

consume between 40% to 50% of all the generated capacity of that country (Thomson 

& Fenger, 2003). As induction motors are essential on industrial processes there is an 

increasing demand to improve their reliability and availability to ensure continuous 

production quality and workers’ safety. The third industrial revolution and the 

introduction of computers and electronics on automated industrial processes allowed 

the processor-based signal acquisition and analysis. Nowadays, with the dawn of fourth 

industrial revolution the development of smart sensors and cloud computing are 

expected to become a need for industries on this new era. 
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For this reason, the integration of third industrial revolution knowledge and 

developments with 4.0 new capabilities has become a popular research field, a source 

of innovation for universities and enterprises and a distinctive feature on this new era. 

1.4 Project requirements 
To achieve project’s objectives the following elements will be necessary: 

➢ Induction motor for testing the system 

➢ Non-invasive current sensor. 

➢ Vibration sensor or accelerometer. 

➢ Development board for data acquisition and upload data to cloud system. 

➢ Computer with internet connection for programming development board and 

connect to cloud system. 

➢ Tools and electronic components for building functional prototype 

 

1.5 Content of the Project 
On this first chapter a brief introduction of the project is given developing the project 

scope, objectives, and the reason to be of this project. 

On the second chapter gives a briefing of electrical rotative machines, specifically of this 

project subject of study (induction motor) and its working principle and construction 

characteristics. 

On the third chapter, an overview of induction motor’s maintenance state of art will be 

introduced considering of the description of several diagnosis techniques and tools to 

detect different faults. 

Fourth chapter consists on data acquisition system specifying design specifications, 

sensors, communications with cloud and prototype building. 

Fifth chapter focus on cloud system showing the data flow and treatment from MQTT 

data concentrator to visualization panel and software used. 

On the last one it will make a conclusion of the project budget and the future work; 

besides, it will mention the references, the annexes with all the code that has been used, 

the schematics, the datasheets and all the electronic parts specifications. 
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2. Induction Motor 

2.1 Introduction 
An electric machine is the physical application of electromagnetism principles 

specifically Faraday’s law of induction an consists of electrical and magnetic circuits 

intertwined. Faraday’s law describes how a magnetic field interacts with an electric 

circuit to produce an electromotive force as “The electromotive force around a closed 

path is equal to the negative of the time rate of change of the magnetic flux enclosed by 

the path”. 

 Ɛ = −
𝑑ɸ

𝑑𝑡
 (2.1) 

According to energetic point of view we can classify the machines in the are three major 
types (Mora, 1992): 

➢ Generator: converts mechanical energy to electric energy. A solenoid moves in a 

magnetic field generating an induction electromotive force that applied to an 

external circuit produces current which interacts with the magnetic field and 

creates a mechanical force that opposes the movement. 

➢ Motor: converts electrical energy to mechanical energy. An external source 

injects current that interacts with the magnetic field producing mechanical 

movement. 

➢ Transformer: converts electric energy (alternate) to electric energy (alternate) 

modifying current and voltage. 

Electric motors can be classified by power source, physical construction, application, and 

motion output. Power source can be direct current or alternating current. An electric 

rotative machine is mainly composed by two parts: the stator and the rotor; the stator 

is the stationary part and inside it there is the rotor that is the rotary part. 

 

2.2 Working Principle of Induction Motor 
 

Many ac machines are designed based on the concept of a distributed winding. In these 

machines, the goal is to establish a continuously rotating set of north and south poles 

on the stator (the stationary part of the machine), which interact with an equal number 

of north and south poles on the rotor (the rotating part of the machine), to produce 

uniform torque. Due to electromagnetism, this magnetic field induces current in rotor 

windings, i.e., the electrons in the rotor windings start moving in a direction. 

 

2.3 Asynchronous Motor 
The relevance of asynchronous motor it is due to its simple physical construction and 

toughness. As other types of motors it is mainly composed by the stator and rotor. The 

inductor it is placed on the stator which can be single-phase, or three-phase voltage 

https://en.wikipedia.org/wiki/Magnetic_flux
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power supplied. Rotor is the excited element and appears current because of stator’s 

magnetic field. Induction motors can be classified by rotor type in wound type or 

squirrel-cage type. On a squirrel-cage induction motor the rotor comprises a set of bars 

made of copper as rotor conductors which are enclosed in rotor slots and connected to 

exterior rings creating a close path. In contrast, a wound rotor induction motor 

conductor are insulated windings connected to three insulated slip rings on the shaft; 

external supply it is provided to rotor through brushes connecting conductors with rings. 

 

Figure 1. Motor's parts 

The stator of a three-phase induction motor consists on the following parts: 

➢ Outer cylindrical frame: it is made of cast iron or cast aluminium alloy and 

includes a bracket for mounting the motor. 

➢ Magnetic path: a set of slotted alloy steel laminations sustained by the outer 

cylindrical frame. 

➢ Electrical windings: it has a three set of coils, one per phase, separated 120º that 

are excited by the three-phase supply. The coils are placed inside the slots of the 

laminated magnetic path. 

Furthermore, of the two main parts of an electrical motors, induction motors have other 

parts are listed as follows: 

➢ End flanges: support the two bearings placed on both ends of the motor. 

➢ Bearings: support the rotating shaft, there are two sets on both ends. 

➢ Shaft: transmits the torque generated to the load, usually it is made of steel. 

➢ Terminal Box. 

➢ Cooling Fan.  

https://en.wikipedia.org/wiki/Wound_rotor_motor
https://en.wikipedia.org/wiki/Squirrel-cage_rotor
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3. State of the Art for Motors Maintenance 

3.1 Introduction 
Although induction motors are tough, cheap and require low maintenance they can fail 

and stop production processes supposing bigger costs than investing on maintenance. 

The most common breakdowns on induction motors ordered by descending occurrence 

are related to bearing, winding, shaft, external device, and rotor. 

Studied by Bearing Fault (%) Stator Fault (%) Rotor Fault (%) Others(%) 

IEEE 42 28 8 22 

EPRI 41 36 9 14 
Table 1. Fault possibility on induction motor(Singh & Al Kazzaz, 2003). 

Maintenance strategies that can be applied to induction motors can be categorized as 

follows: 

➢ Corrective maintenance: the motor is repaired after an unexpected breakdown. 

On average it is the most expensive due to the non-availability of your equipment 

for production. In addition, other parts of the motor not involved with the failure 

or machines parts coupled with the motor can be damaged. 

➢ Preventive maintenance: consists on periodically inspect or replace parts that 

are susceptible of failure. The preventive maintenance plan it is designed 

according to statistical criteria, manufacturer maintenance indications 

regulations. Includes adjustments, cleaning, lubrication, repairs, and parts 

replacements. 

➢ Predictive maintenance: key parameters of the motor are continuously 

monitored and comparing with historical trends and patterns breakdowns can 

be predicted allowing replace parts before lifecycle ends or substituting the 

motor for a new one. 

This project focus on predictive maintenance considering the advantages against 

preventive or corrective maintenance. In this case the key parameters chosen are supply 

currents and mechanical vibrations. The main advantage versus preventive maintenance 

is that in preventive maintenance motor is checked and parts replaced even parts still in 

good conditions it wastes maintenance technics hours and economical resources on 

new parts but predictive maintenance saves money on only substituting parts when 

there is an upcoming failure. 

 

3.2 Fault Analysis Techniques 
In the last years a lot of research is going on being able to predict breakdowns on 

induction motors developing a few reliable methods and tools capable of early detecting 

fault on different running conditions such as starting, steady state, no-load or under load. 

The techniques used on this project are current analysis and vibration analysis due to 

the ease of installing non-invasive sensors, low cost, and a solid previous research on 

the field. 
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3.2.1 Current Analysis 
In this technique rotor currents are the object of analysis. The main advantages of this 

technique are non-invasive technique, easy to implement, affordable and reliable. 

Stator currents can be obtained with plant existing sensors or with a current sensor 

clamp avoiding the disadvantage of other techniques of to fit in the motor sensors and 

interrupting its operation. 

 

Figure 2. Non-invasive current transducer. 

One of disadvantages of this technique is that data collected on steady state is not valid 

for being processed with FFT tool by cause of variation of motor speed and current. This 

disadvantage overcame with the research of other valid for steady estate with WT signal 

processing tool. 

 

3.2.2 Vibration Analysis 
In this technique vibration forces are analysed due to the radial forces generated 

because the air gap flux in the induction motor. With this technique several mechanical 

faults can be identified or predicted such as bearing fault, gear fault and unbalanced 

rotor. These vibrations occur because mmf variation due to rotor asymmetries and 

permeance variation as consequence of the air gap non-uniformity. The vibration can 

be measured with a piezoelectric transducer that converts mechanical force to electric 

signal being an expensive solution. Nevertheless, accelerometers with a damped mass 

are cheaper providing a cheap solution such as current analysis; its working principle it 

is a damped mass that depending on acceleration will compress or extend spring being 

able to capture three axis acceleration. 

 

3.2.3 Other Techniques 
For motor fault diagnosis there are other useful techniques that are not object of this 

project pointwise as below: 

➢ Thermal analysis: consists on measuring the variation of temperature. Bearing 

and turn-to-turn stator winding faults can be detected. 

➢ Chemical analysis: consists on chemical analysis of lubricants and bearing fault 

can be detected. Due to the cost it is used for big motors. 



CLOUD MONITORING SYSTEM FOR 
INDUSTRIAL ENGINES MAINTENANCE 

Electronic Engineering Department 

7 
Cristian García Rodríguez 

➢ Acoustic Analysis: consists on analysing the acoustic noise spectrum. 

➢ Torque analysis. 

➢ Induced voltage analysis. 

➢ Partial discharge analysis. 

 

3.3 Signal Processing Tools 

3.3.1 Fast Fourier Transform 
Fourier transform is a mathematical that converts a signal from time domain to 

frequency domain and inverse Fourier Transform converts from frequency domain to 

time domain. Fast Fourier transform is an algorithm to compute Fourier transform that 

significantly reduces the number of computations needed on a discrete Fourier 

transformation, FFT needs 2N2 computation against 2Nlong2N FT needs where N is the 

number of discrete data. The Fourier transform is mathematically defined by: 

 𝐹(𝑗𝑤) = ∫ 𝑓(𝑡)𝑒−𝑗𝑤𝑡
∞

−∞

𝑑𝑡 (3.1) 

The discrete Fourier transform is mathematically defined by: 

 𝐹(𝑗𝑤) = ∑ 𝑓[𝑘]𝑒−𝑗𝑤𝑡𝑇
𝑁−1

𝑘=0

 (3.2) 

Where N is the number of data points and T sampling frequency. 

One of the limitations of the FFT is the sampling frequency, according to Nyquist-

Shannon theorem the sample rate minimum for converting a continuous signal to 

discrete without losing information should be at least double of continuous signal 

frequency. 

Over the last years, many researches published many papers proving the efficiency of 

this tool for motor fault diagnosis using vibration analysis and current analysis 

techniques. 

 

3.3.2 Wavelet Transform 
The DWT replaces the infinitely oscillating sinusoidal basis functions of the Fourier 

transform with a set of locally oscillating basis functions called wavelets. Wavelet 

transform converts a signal from time domain to time and frequency domain thus 

overcomes limitations of FT being capable of analysing transient signals. 

 

3.3.3 Other Tools 
There exist other tools not used on this project listed as follows: 

➢ Hilbert Transform. 

➢ CMS rule set. 
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➢ Stator current radar analysis. 

➢ Short-time Fourier transform. 

 

3.4 Motor Faults 
Faults in induction motors can be categorized by the cause of fault as: 

➢ Electrical-related faults: unbalance supply voltage or current, single phasing, 

over or under voltage, reverse phase current, earth fault, overload, intern-turn 

short-circuit fault and crawling. 

➢ Mechanical-related faults: broken rotor bar, mass unbalance, air gap eccentricity, 

bearing damage, rotor winding and stator winding. 

➢ Environmental related faults: environment temperature, humidity, and 

vibrations where the motor is mounted affects to the performance. 

 

3.4.1 Broken Rotor Bar 
On a squirrel cage induction motor bars can partially crack or completely brake occurring 

broken rotor bar fault. The main causes of rotor broken bar are manufacturing defects, 

thermal stress, mechanical stress caused by bearing faults, mechanical fatigue, and 

frequent and numerous starts. Cracked or broken rotor bars produce sideband 

frequencies around supply frequency given by: 

 𝑓𝑏𝑟𝑏 = 𝑓𝑠(1 ± 2𝑘𝑠) (3.3) 
Where k is an integer. 

Even the motor is brand-new these sideband frequencies will always be present because 

of inaccuracy of manufacturing intrinsic to metallurgical processes. Instead of measuring 

the magnitude of these frequencies the fault can be detected monitoring the historical 

trend and the difference threshold with supple frequency being smaller than 40dB (Piñol 

et al, 2015). 

 

Figure 3. Frequency spectrum of a broken rotor bar motor. 
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Cracked or broken rotor bars can also be detected with vibration analysis technique. If 

there is a broken bar no current will flow through it and field will not exist around the 

bar. Consequently, the force applied to this part of the rotor will be different creating 

an unbalanced magnetic force described by (Kanovic et al., 2013): 

 𝑓𝑏𝑟𝑏2 = 𝑓𝑟 ± 𝑓𝑝 (3.4) 
where pole pass frequency (fp) is: 

 𝑓𝑝 = (𝑓𝑠𝑦𝑛𝑐 − 𝑓𝑟) · 𝑝 (3.5) 

 

Figure 4. Vibration spectrum of faulty and healthy motor with 0.16% slip. 

Pole pass frequency is highly dependent with slip due to low slip difference with fsync and 

fr will be near zero making more difficult to distinguish from central frequency. For low 

load operating motors another equation can be used: 

 𝑓𝑏𝑟𝑏3 = 𝑅𝐵𝑃𝐹 ± 2𝑓𝑠 (3.6) 
 

where RBPF is the rotor bar frequency defined as: 

 𝑅𝐵𝑃𝐹 = 𝑓𝑟 · 𝑁𝑟 (3.7) 
 

The main disadvantage of equation (xxx) is the limitation on hardware to acquire high 

frequency vibrations making it more expensive to implement. 
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Figure 5. Vibration spectrum of faulty and healthy motor. 

 

3.4.2 Rotor Mass Unbalance 
In a healthy motor rotor is centrally aligned with stator axis. In a faulty motor the air gap 

will not be uniform and electromagnetic pull will not be balanced. The causes for an 

unbalanced mass in the rotor are: 

➢ Manufacturing process inherit defect. 

➢ Shaft bending or misalignment. 

➢ Addition or subtraction of mass after many working hours. 

When static and dynamic eccentricities are present, low-frequency components also 

appear in the current spectrum, which can be given by (Drif & Cardoso, 2008): 

 𝑓𝑢𝑏𝑚 = 𝑓𝑠 [1 ±𝑚
(1 − 𝑠)

𝑝
] (3.8) 

Where m is an integer. 

Also sidebands frequencies can be identified around supply frequency(Thomson et al., 

1999): 

 
𝑓𝑒𝑐𝑐 = 𝑓𝑠 ± 𝑓𝑟  

 
(3.9) 

 

Figure 6. Frequency spectrum of a motor with high air gap eccentricity. 
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An alternative equation to detect air gap eccentricity is: 

 𝑓𝑒𝑐𝑐2 = 𝑓 [(𝑁𝑟 ± 𝑛𝑑) · (
1 − 𝑠

𝑝
) · 𝑛𝑤] (3.10) 

 

Where nd=1 is dynamic eccentricity index and nw=0,2,4 the harmonic order of mmf. 

 

Figure 7. Frequency spectrum of a motor with high air gap eccentricity (40 Hz span). 

Vibration analysis technique can also diagnose rotor mass unbalance or misalignment 

between rotor and stator axis.  

 

Figure 8. Qualitative vibration spectrum in healthy, unbalanced rotor mass and misalignment rotation axis. 

An unbalanced shaft will cause a high increase of magnitude on rotating frequency 
depending on the stiffness in the direction of analysis. Misalignment will cause as 
unbalanced mass a high increase of magnitude on rotating frequency and a bigger 
magnitude increase on twice rotating frequency (Betta et al., 2002). 

 
Figure 9. Vibration spectrum with rotor mass unbalance fault(Rahman & Uddin, 2017). 
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As happens in cracked rotor bar manufacturing process of rotor is not perfect, so instead 

of looking the magnitude of the frequencies given by equation 3.9, historical trends and 

statistical methods should be applied. 

 

3.4.3 Bearing Fault 
Two sets of bearings placed at both ends support the rotating shaft reducing the friction. 

Each bearing has an inner ring, an outer ring and between the races balls that lubricated 

reduce even more the friction. As mentioned in table 1., bearing fault is the most 

occurrent on induction motors due its weakness and large number of mobile parts. 

 

Figure 10. Typical induction motor ball bearing. 

Bearing fault may be caused by the following reasons: 

➢ Fatigue 

➢ Excessive loads 

➢ Corrosion 

➢ Contamination 

➢ Lubricant 

➢ Bearings misalignment 

Stator frequencies that characterize bearing faults can be calculated by (Zarei & Poshtan, 

2007): 

 𝑓𝑏𝑛𝑔 = 𝑓𝑠 ±𝑚𝑓𝑣  (3.11 
 

For inner race is given by: 

 𝑓𝑣𝑖 =
𝑛𝑓𝑠
2
(1 +

𝑑

𝐷
cos(𝛼)) (3.12) 

And for outer race is given by: 

 𝑓𝑣𝑜 =
𝑛𝑓𝑠
2
(1 −

𝑑

𝐷
cos(𝛼)) (3.13) 
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The complication of this set of equations is the difficulty of obtaining the construction 

parameters that are not always available, though can be approximated for bearings 

between 6 to 20 balls as (Rosero et al., 2011): 

 𝑓𝑣0 = 0.4𝑛𝑓𝑟  
 

(3.14) 
 𝑓𝑣𝑖 = 0.6𝑛𝑓𝑟  (3.15) 

For vibration analysis technique vibrations spectrum will appear on previous vibration 

characteristic frequencies and by fundamental cage vibration frequency: 

 𝑓𝑐 =
𝑓

2
(1 −

𝑑

𝐷
cos(𝛼)) (3.16) 

 

Also, ball defect frequency is given by: 

 𝑓𝑏𝑑 =
𝐷

𝑑
𝑓 (1 −

𝑑2

𝐷2
𝑐𝑜𝑠2(𝛼)) (3.17) 

 

Figure 11. Amplitude spectrum of the signal for six different faults; abr: abrasive in cage, bld:balls, ird: inner race, 
ord: outer race and prl: poor lubrication (Seryasat et al., 2010). 
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 3.4.4 Stator Fault 
Stator fault is induced by mechanical, electrical, thermal, or environmental stresses 

producing defects on laminations and frame or on stator windings. Among the cited 

causes thermal stress is the main one producing deterioration of stator winding 

insulation. The following table shows insulation life-cycle against environment 

temperature (Bonnett & Soukup, 1992): 

Ambient °C Insulation Life-hours 

30 250000 

40 125000 

50 60000 

60 30000 
Table 2. Effect of temperature rise. 

The most common fault is winding fault (Singh & Al Kazzaz, 2003) generating different 

types of winding faults such as short circuit between two coils on the same phase, coil 

to coil short circuit, short circuit between turns of two phases or between three phases, 

short circuit between winding conductors and stator core or open -circuit fault 

(Karmakar et al., 2016). For detecting inter-turn short circuit of the stator winding 

through current signature analysis, the waveform of air-gap flux, which is changed by 

the distortion of the net MMF, induces harmonic frequencies in a stator-winding current 

as (Mehala & Dahiya, 2008): 

 𝑓𝑠ℎ = 𝑓𝑠 [(
𝑛

𝑝
(1 − 𝑠) ± 𝑘)] (3.18) 

where n=1, 2, 3, … and k=1,3,4. 

 

Figure 12. Current spectrum stator winding short circuit fault. 
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3.4.5 Single Phasing Fault 
Even single-phasing fault is a supply electrical fault it can produce faults mentioned 

above. This fault may happen as a result of a downed line, blown of a fuse, supple system 

failure or short-circuit in one phase. Effects of single phasing fault are listed below: 

➢ Stator windings overheat due flow of negative sequence current. 

➢ Healthy phase overload, 

➢ Motor cannot start again until the three-phase supply until single phasing fault 

is solved. 

The easiest way of detecting this fault is with current analysis, comparing phases current 

and activating the alarm fault when two phases are consuming current and the other 

one not. 

 

3.4.6 Other faults 
Following other faults not included in the project are listed: 

➢ Crawling: electrical fault produced by full-load supply not accelerating and 

running at one-seventh of synchronous speed. 

➢ Over voltage. 

➢ Under voltage. 

➢ Overload. 

➢ Blocked rotor. 
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4. Acquisition and Data Process System 

The next chapter seeks to make a description of the designed acquisition and data 

process system. It has the objective of designing and implement a low-cost and non-

invasive electronic system able to acquire data, process it and send it to the cloud system. 

 

4.1 Design specifications 
The main design specifications of the data acquisition and data process system are as 

follows: 

➢ Low cost and easy to implement on a working motor. 

➢ Non- invasive sensor. 

➢ Capable of sending data to the cloud wireless. 

➢ Acquire three-phase current. 

➢ Acquire three axis accelerations. 

➢ Capture of current and acceleration signal at least at 1KHz sample time. 

➢ High energy efficiency. 

➢ Reliable components. 

 

4.2 Solution Adopted 
The most important component of the system is the microcontroller being the core of 

it. One of the most common solutions for research projects and fast prototyping is 

Arduino due its open-source hardware software, big number of projects realized and 

huge community. Arduino’s development boards include multiple analogic and digital 

inputs and outputs, standardized communication ports and sometimes sensor such as 

accelerometer, gyroscope, or temperature.  

In later years other electronic firms have enter this market and compete with Arduino 

providing to the final many options and fitting better their needs. For this project the 

best solution on Arduino catalogue was Arduino 33 IoT due it has Wi-Fi and Bluetooth 

modules, 3-axis accelerometer, 3-axis gyroscope, tiny size, SPI communication port for 

an external analogic to digital converter, and enough processing power to acquire and 

process data. Nevertheless, after a conversation with Motion Control and Industrial 

Applications researcher ESP32 manufactured by Espressif Systems has been chosen 

because communications toughness, better features, and similar cost. ESP32 boards are 

produced in prototype designs that can be used in smart home applications, automation, 

wearables, audio applications, cloud-based IoT applications, and more (Babiuch et al., 

2019) perfectly fitting with design specifications and spirit of this project. 
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Figure 13. ESP32 development kit. 

Another great feature of ESP32 development kit con program it with Arduino IDE open-

source platform installing Arduino core for the ESP32. This characteristic allows the 

programmer allows to use Arduino libraries and code of other projects developed by 

Arduino community. 

 

Figure 14. ESP32 development kit specifications. 

 

Figure 15. ESP32 development kit pinout. 
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Figure 16. ESP32 function block diagram. 

 

4.2.1 Sensors 
In order to acquire data for current signature analysis and vibrations three current 

transducers and accelerometer is required. 

 

4.2.1.1 Current Transducer 
According to design specifications SCT-013-000 split core current transformer has been 

implemented. It is a non-invasive current transformer that does not need to cut or 

modify wires and has a working frequency of 1KHz (YHDC, 2010). 

 

Figure 17. SCT-013-000 split current transformer. 
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Figure 18. SCT-013-000 technical data. 

The working principle of the SCT-013-000 is that transformer will generate an intensity 

on the secondary proportional to intensity on primary according to the number of turns. 

SCT-013-000 does not include resistor, although other models include burden resistor 

SCT-000-013 was chosen due market availability (COVID-19 pandemic) and possibly to 

choose or adapt burden resistor. The burden resistor chosen has a value of 200 Ω giving 

the sensor an output range given by: 

 
𝑂𝑢𝑡𝑝𝑢𝑡𝑟𝑎𝑛𝑔𝑒 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚𝑟𝑎𝑡𝑒𝑑𝑜𝑢𝑡𝑝𝑢𝑡 · 𝐵𝑢𝑟𝑑𝑒𝑛𝑟𝑒𝑠𝑖𝑠𝑡𝑜𝑟

= 0,05𝐴 · 200Ω = 10𝑉 
(4.1) 

 

This output range value is for maximum rated input of 100A which is not the case of this 

project’s motors testing. The maximum value that the analogic to digital converter can 

read is 3.3V due its voltage reference connected to ESP32 development kit regulated 

voltage output. An offset of half of the reference voltage is added to SCT-013-000 

voltage signal in order to capture alternate current positive and negative values. With 

the burden resistor the maximum current that can be acquired is conditioned by burden 

resistor and added offset: 

 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚𝑖𝑛𝑝𝑢𝑡 =
𝑉𝑜𝑙𝑡𝑎𝑔𝑒𝑅𝑎𝑛𝑔𝑒

𝐵𝑢𝑟𝑑𝑒𝑛𝑅𝑒𝑠𝑖𝑠𝑡𝑜𝑟
𝑁𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑡𝑢𝑟𝑛𝑠

=

3.3
2
200

· 1800 = 10,35𝐴 

(4.2) 
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Figure 19. SCT-013 operating principle. 

The analogic to digital converters is a Microchip 3204 with SPI serial interface that is 
capable of conversion rates of up to 100 kilo samples per second and it has four analogic 
inputs single-ended or pseudo-differential pairs (Microchip, 2008). SPI is a synchronous, 
full duplex master-slave-based interface developed by Motorola in the mid-1980s 
(Dhaker & Devices, 2018). 

 

Figure 20. MCP320X functional block diagram. 

 

4.2.1.2 Accelerometer 
The accelerometer chosen for this project is the MPU6050 a microelectromechanical 

system with 3-axis accelerometer and 3-axis gyroscope with 16-bit precision ADC 

integrated. 
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Figure 21. MPU6050. 

The good features of this accelerometer are that it has a flat surface making it easy to 

stick to the motor, small size, 1KHz sample rate, it is economical and has an in-built 

temperature sensor. The main advantage is that it can communicate directly with ESP32 

microcontroller directly with I2C protocol. Inter Integrated Circuit protocol [2] helps to 

establish communication between several devices with only two wires in common i.e. 

Serial Data Line and Serial Clock Line. The I2C protocol should be multi slave with single 

master or multi master multi slave or multi master single slave (Megalingam et al., 2016). 

 

Figure 22. MPU6050 pinout. 

 

4.2.2 Communications 
ESP32 developer kit is provided of a Wi-Fi and Bluetooth modules. The Wi-Fi modules 

supports 802.11 b/g/n and 802.11 n (2.4 GHz) up to 150 Mbps standards. Bluetooth 

module has Bluetooth 4.2 BR/EDR and Bluetooth low energy (BLE). For this project, Wi-

Fi communication has been selected due its higher security and bandwidth. Nonetheless, 

Bluetooth low energy it’s very interesting for batteries supplied or low consumption 

prototypes. 

 

4.2.3 Software 
ESP32 development kit can be programmed with Arduino IDE interface or with 

MycroPython. For the execution of this project Arduino IDE has been selected because 

the big number of libraries developed, and code posted by Arduino’s community. 
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Specifically, libraries for Wi-Fi modules, accelerometer, MQTT, SPI communications and 

FFT computing have been used. A problem during implementation was that existing 

libraries for MCP3204 were not working for ESP32, the solution was to write the full 

code for communication according to MCP3204 datasheet. 

 

Figure 23. Arduino IDE interface. 

Firstly, parameters such as Wi-Fi connection, MQTT server configuration, pinout, 

variables, and objects declaration are configured. After setting a vector of a current 

sensor or accelerometer is fill for later compute the fast Fourier transformation. Later, 

ESP32 will connect trough Wi-Fi to the MQTT server hosted on the cloud system and 

send the whole vector and computed FFT. This loop will execute changing between each 

phase current sensor and accelerometer. 
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Figure 24. Main routine block diagram. 

 

4.3 Prototype 
Finally, a functional prototype has been constructed in through hole board after testing 

separately each component in a breadboard. The schematic of the prototype is 

presented in Annex D. Because of COVID-19 this protype has been done at student’s 

home and with home materials available, it is fully functional. The next figure shows the 

prototype before being installed on the induction motor. 
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Figure 25. Prototype with three-phase current sensors and accelerometer. 

 

Figure 26. Backside prototype welds and wiring. 
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5. Cloud System 

5.1 Introduction 
The cloud system for motor fault monitoring and diagnosis is hosted on Windows Azure. 

The main reasons for deploying the Ubuntu virtual machine on Windows Azure is that is 

one of the dominant companies between cloud services providers and support students 

with free credit on their platform for developing projects. Other advantages of Azure 

cloud are customizing computing power and cost, easy scalable system, and enhanced 

security. All used software is open-source or Polytechnic university of Catalonia provides 

a license such as MATLAB. The following figure shows data flow and processing from 

acquiring the physical data to the dashboards: 

 

Figure 27. System architecture. 

The next sections deep into each element of system’s architecture and how data flows 

and it is processed. 

 

5.2 Windows Azure Virtual Machine 
The first step for the cloud system was to create a virtual machine in Windows Azure. 

The operating system chosen has been Ubuntu 18.04 due it is open source; it is more 

efficient than window and is based on Linux. Initially, machine was accessed, and 

software installed with SSH line commands but for installing MATLAB a Xrdp Server has 

been installed allowing accessing Ubuntu Desktop through Microsoft remote desktop. 

Virtual machine templates implemented on this project are provided at annexes 

chapters. 

 

5.3 MQTT Server 
ESP32 send data through Wi-Fi to a MQTT server running on the virtual machines. For 

convenience has been installed on the same virtual machines, but for a bigger system 

should be running on a dedicated virtual machine or as a service provided by a 

specialized company. MQTT (Message Queuing Telemetry Transport) is a network 

protocol running over TCP/IP protocol to send messages between devices. In a MQTT 
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network there are devices and brokers. Broker’s function is to receive and manage which 

devices data must be sent. The action to send a message is known as publish and needs 

to specify a topic, if a device wants to receive messages from the broker needs to 

subscribe to the applicable topic. Over the last years it has gained popularity on IoT 

projects fitting perfectly with project’s objectives. 

 

Figure 28. MQTT network architecture and operating scheme. 

The MQTT broker used in this project is Eclipse Mosquito because it is open source and 

lightweight. Furthermore, messages are secured with user, password and can use TLS 

security. 

 

5.4 Node-RED 
Node-RED is a programming tool for wiring together hardware devices, APIs and online 

services (OpenJS Foundation ,2020). Node-RED implements a browser-based editor 

allowing to program it with web browser entering with the virtual machine IP followed 

by the port to access it. On this project node-red is the link between the data received 

from the MQTT Server and MATLAB for data processing or Influx DB for data storage. 

For being able to connect to MQTT an specific library should be installed. 

 

Figure 29. Node-RED flow for current frequency spectrum. 
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5.5 MATLAB 
MATLAB is a numerical computing environment for data analysis, develop algorithms or 

create models among other functions. It will process the current and vibrations 

frequency spectrum to find faults or save relevant frequencies in database for historic 

evolution diagnosis. MATLAB gill get data from local text files created by Node-RED and 

will generate new txt files with processed data and back later with Node-RED introduce 

it to the database.  

 

5.6 Influx DB 
Influx DB is a time series data base developed for fast, high-availability storage and 

retrieval of time series data being optimized for Internet of things projects as this project 

is (Turnbull, 2014). For a system running for a long period data size might be a problem, 

so a data retention and downsampling policy should be stablished. For current and 

vibration frequency spectrum raw data has been created a daily retention data policy 

substituting a whole day data for only a sample making the space needed for storage all 

data smaller. 

 

5.7 Grafana 
Finally, for data visualization Grafana has been used, as Node-RED it is open-source and 

a web application visualization tool that can query Influx DB and other time series 

databases. It allows to build charts, graphs, and alerts in multiple creating a dashboard 

hierarchy. The following picture shows a dashboard with the spectrum frequency of and 

induction motor tested: 

 

 

  

https://en.wikipedia.org/wiki/Time_series
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6 Results 

6.1 Equipment 
Due to COVID-19 global pandemic university’s research laboratories were closed 

restricting access to equipment. For testing the prototype and the cloud system in real 

environment student’s family provided access to two old induction motors installed on 

textile cutting machines, a belt is connected to the motor and turns a vertical blade. All 

the specifications provided on the following table were found on the nameplate and no 

documentation was found online because the age of the motors or the nameplate was 

illegible. 

Operating information Motor 1 Motor 2 

Manufacturer ABB  Unknown 

Model MU80B19-4 MK 129020-S Unknown 

Speed at rated load 1400 rpm 1410 

Power output 0,75 kW 1,1 kW 

Rated load current 2,20/3,80 A 4,6/2,650,77 

Service factor 0,68 0,77 
Table 3. Operating information in motors' nameplates. 

 

Figure 30. Motor 1 mounted on bracket. 
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Figure 31. Motor 2 mounted on bracket. 

6.2 Implementation 
For placing the current sensors supply connection box shared by the two motors has 

been opened during the test allowing placing the three Split core current transformer. 

 

Figure 32. Current sensors placed in three-phase supply. 

To connect the ESP32 development kit with the cloud a Wi-Fi network has been created 

with a mobile phone connection point. 

 

6.3 Broken Rotor Bar Fault Detect 
Finally, with Grafana results can be visualized. The current spectrum is visualized in 3-

dimensions: frequency, magnitude, and time. The magnitude it’s visualized with the 
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following spectrum automatically escalating the red for the highest magnitude on each 

panel. 

 

Figure 33. Grafana spectrum magnitude range. 

The first intention was to induce a failure, a misalignment of the shaft or a resistive load 

in series with a phase to force a current unbalance. After watching the frequency 

spectrum sidebands appear in thespectrum dashboard indicating a failure. 

 

Figure 34. Fundamental upper frequencies. 

 

Figure 35. Fundamental lower frequencies 

These frequencies according to equation 3.4 correspond to cracked or broken rotor bars 

according to MATLAB calculated frequencies of 44Hz and 56Hz. A threshold of 1.5 Hz 

has been used because the exact rotation frequency it is not exactly known. This allows 

to MATLAB to capture the highest magnitude defined by the equation and the threshold 

for representing the evolution of these frequencies in another dashboard. 
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Figure 36. Broken rotor bar fault frequencies. 

This dashboard time range can be customized and access historical data or visualize real-

time data. As is seen on figure 36, on broken rotor bar key frequencies appear harmonics 

around fundamental frequency defined by equation 3.4. 
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7 Budget 

This chapter is about the cost estimation to execute this project, which takes in 

consideration the money spent on devices and electronic components, licenses and 

software, hours of works used on designing, executing, and testing the prototype. 

Firstly, the electronic components used are ESP32 development board, Bakelite PCB, 

SCT-013-000 split core current transformer, a MCP3204 analogic to digital converter, 

screw machined I.C. sockets, MPU6050 gyroscope and accelerometer, PCB audio jack 

connectors, multiple resistors, and wires. 

Concept Units Price per units (€ ) Cost (€ ) 

ESP32 1 8 8 

SCT-013-000 3 12,92 38,76 

MCP3204 1 2,84 2,84 

I.C. sockets 1 0,50 0,50 

MPU6050 1 2 2 

Jack connectors 3 0,40 1,20 

Resistors 1 1 1 

Capacitor 1 0,30 0,30 

Wiring 1 1 1 

Total   55,60 
Table 4. Equivalent price of electronic components. 

The equipment s for the successful realization are laptop, welder and multimeter: 

Concept Total price (€ ) Useful life (yr.) Time used (yr.) Cost (€ ) 

Laptop 800 4 0,5 100 

Welder 30 6 0,5 2.5 

Multimeter 20 6 0,5 1,66 

Total    104.16 
Table 5. Equivalent price of equipment. 

Secondly, the cost of software licenses used for the project development are Microsoft 

Azure UBUNTU virtual machine B2s, MATLAB, Windows 10 for the computer and 

Microsoft Office package.  

Concept Price per year (€/yr.) Time used (yr.) Cost (€) 

Microsoft Azure 348,72 0,1 34,87 

MATLAB 250 0,5 125 

Windows 10 44 0,5 22 

Microsoft Office 29,89 0,5 14,95 

Total   196.82 
Table 6. Equivalent price of software licenses. 

Furthermore, the working hours to develop the project must be considered. As a student, 

the price recommend for an engineering student by The School of Industrial, Aerospace 

and Audiovisual Engineering of Terrassa is·8€ per hour. On Master's degree in Automatic 

https://eseiaat.upc.edu/en
https://eseiaat.upc.edu/en
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Systems and Industrial Electronics Engineering study plan final thesis has a workload of 

15 ECTS credits which means 375 study hours. 

Concept Hours Price per hour (€ ) Total cost (€ ) 

Engineering 
student 

375 8 3000 

Table 7. Total price of the engineering student. 

Finally, the total cost of the project is the sum of all prices calculated above going from 

electronic components, equipment, software licenses to working hours. 

Concept Cost (€ ) 

Electronic components 55,60 

Equipment 104,16 

Software licenses 196,82 

Working hours 3000 

Total 3356,58 
Table 8.  Total price of the project. 
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8 Conclusions 

The objectives fixed on the early beginning of the project have been achieved, the whole 

system has been implemented and carries out its functions. Also, now for understanding 

induction’s motors maintenance and fault analysis techniques a lot of information from 

different researches has been collected and this project provides an environment to 

integrate their results. 

Firstly, after analysing information collected and other researchers’ advices came out to 

the surface that the best key parameters to measure for inductions motors fault 

assessment were phase currents and vibrations. 

The next step was to decide which hardware solution fits better for the project. ESP32 

development kit has been the core of the data acquisition system, which was specially 

developed for IoT projects. 

Once data was acquired with non-invasive current sensors and an accelerometer data 

need to be processed and send through Wi-Fi to the MQTT server. With the data in the 

cloud Node-RED subscribes to the corresponding topics and gets data to store it in the 

time series database. 

One difficulty that appeared on the project has been how to visualize data on Grafana 

and needed to install external plugins because with default ones was not possible to 

visualize current spectrum. 

Finally, MATLAB algorithm has been developed and analyse phase one current spectrum 

for detecting the faults. Although, no disposing of university research laboratories 

facilities the project could be carried out with some limitations. 

Even the projects objectives have been achieved this project does not use all knowledge 

about motors maintenance. This project allows to imagine that it can be improved, and 

sophisticate adding other type of communications with the cloud, adding other sensors, 

use other analysis techniques or develop a wireless supply for the data acquisition 

system. 
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ANNEX A: Arduino IDE code 

#include <WiFi.h> 

#include <PubSubClient.h> 

#include <SPI.h> 

#include "arduinoFFT.h" 

#include "I2Cdev.h" 

#include "MPU6050.h" 

 

#define SPI1_CLK  18 

#define SPI1_MISO 19 

#define SPI1_MOSI 23 

#define SPI1_SS   5 

#define SCL_INDEX 0x00 

#define SCL_TIME 0x01 

#define SCL_FREQUENCY 0x02 

#define SCL_PLOT 0x03 

 

// set SPI freqency 1MHz 

#define SPI_CLK 1000000 

 

 

// Update these with values suitable for your network. 

//const char* ssid = "MOVISTAR_DE10"; 

//const char* password = "B2CCE44FF6BA47FF3698"; 

const char* ssid = "AndroidAP09BF"; 

const char* password = "caxu4437"; 

const char* mqtt_server = "40.89.176.201"; 

#define mqtt_port 1883 

#define MQTT_USER "admin" 
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#define MQTT_PASSWORD "123456789Upc" 

#define M0001FFTIA "M0001FFTIA" 

#define MQTT_SERIAL_RECEIVER_CH "/icircuit/ESP32/serialdata/rx" 

 

const uint16_t samples = 4096; //This value MUST ALWAYS be a power of 2 

const double samplingFrequency = 409.6; //Hz, must be less than 10000 due to ADC 

String message, adder="",topic; 

char* payload; 

unsigned int sampling_period_us,j=0; 

unsigned long microseconds; 

int16_t ax, ay, az; 

int16_t gx, gy, gz; 

 

double vReal[samples]; 

double vImag[samples]; 

 

//uninitalised pointers to SPI objects 

SPIClass SPI1(HSPI); 

SPISettings spiSettings = SPISettings(SPI_CLK, SPI_MSBFIRST, SPI_MODE1); 

 

//Create FFT object 

arduinoFFT FFT = arduinoFFT(); 

MPU6050 accelgyro; 

WiFiClient wifiClient; 

 

PubSubClient client(wifiClient); 

 

void setup() { 

  Serial.begin(500000); 
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  #if I2CDEV_IMPLEMENTATION == I2CDEV_ARDUINO_WIRE 

        Wire.begin(); 

  #elif I2CDEV_IMPLEMENTATION == I2CDEV_BUILTIN_FASTWIRE 

       Fastwire::setup(400, true); 

  #endif 

  accelgyro.initialize(); 

  Serial.println("Testing device connections..."); 

  Serial.println(accelgyro.testConnection() ? "MPU6050 connection successful" : 

"MPU6050 connection failed"); 

  Serial.setTimeout(500);// Set time out for  

  setup_wifi(); 

  client.setServer(mqtt_server, mqtt_port); 

  client.setCallback(callback); 

  sampling_period_us = round(1000000*(1.0/samplingFrequency)); 

  Serial.begin(500000); 

  SPI1.begin(SPI1_CLK, SPI1_MISO, SPI1_MOSI, SPI1_SS); 

  pinMode(SPI1_SS, OUTPUT); 

  pinMode(SPI1_CLK, OUTPUT); 

  pinMode(SPI1_MISO, INPUT); 

  pinMode(SPI1_MOSI, OUTPUT); 

  digitalWrite(SPI1_SS, HIGH) ; 

} 

 

void loop() { 

   client.loop(); 

   reconnect(); 

  byte channel = 0; 

  while(1){ 

  microseconds = micros(); 

  for(int i=0; i<samples; i++) 
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  { 

      if(j<3){ 

      vReal[i] = adc_current(adc_read(j));} 

      else{ 

        accelgyro.getMotion6(&ax, &ay, &az, &gx, &gy, &gz); 

        vReal[i] = ax; 

      } 

      vImag[i] = 0; 

      while(micros() - microseconds < sampling_period_us){ 

        //empty loop 

      } 

      microseconds += sampling_period_us; 

  } 

 

  //Serial.println("Data:"); 

  PrintVector(vReal, samples, SCL_TIME); 

  FFT.Windowing(vReal, samples, FFT_WIN_TYP_HAMMING, FFT_FORWARD); 

  //FFTIB.Windowing(vRealIB, samples, FFT_WIN_TYP_HAMMING, FFT_FORWARD); 

  //FFTIC.Windowing(vRealIC, samples, FFT_WIN_TYP_HAMMING, FFT_FORWARD);/* 

Weigh data */ 

  //Serial.println("Weighed data:"); 

  //PrintVector(vReal, samples, SCL_TIME); 

  FFT.Compute(vReal, vImag, samples, FFT_FORWARD); /* Compute FFT */ 

  //FFTIB.Compute(vRealIB, vImag, samples, FFT_FORWARD); 

  //FFTIC.Compute(vRealIC, vImag, samples, FFT_FORWARD); 

  //Serial.println("Computed Real values:"); 

  //PrintVector(vReal, samples, SCL_INDEX); 

  //Serial.println("Computed Imaginary values:"); 

  //PrintVector(vImag, samples, SCL_INDEX); 

  FFT.ComplexToMagnitude(vReal, vImag, samples); /* Compute magnitudes */ 
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  //FFTIB.ComplexToMagnitude(vRealIB, vImag, samples); 

  //FFTIC.ComplexToMagnitude(vRealIC, vImag, samples); 

  Serial.println("Computed magnitudes:"); 

  PrintVector(vReal, (samples >> 1), SCL_FREQUENCY); 

  double x = FFT.MajorPeak(vReal, samples, samplingFrequency); 

  Serial.println(x, 6); //Print out what frequency is the most dominant. 

  Serial.println(j); 

  j=j+1; 

  if (j==4){j=0;} 

 

} 

  //while(1); /* Run Once */ 

  delay(2000); /* Repeat after delay */ 

    

  

    

    

 } 

 

 

 

void setup_wifi() { 

    delay(10); 

    // We start by connecting to a WiFi network 

    Serial.println(); 

    Serial.print("Connecting to "); 

    Serial.println(ssid); 

    WiFi.begin(ssid, password); 

    while (WiFi.status() != WL_CONNECTED) { 
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      delay(500); 

      Serial.print("."); 

    } 

    randomSeed(micros()); 

    Serial.println(""); 

    Serial.println("WiFi connected"); 

    Serial.println("IP address: "); 

    Serial.println(WiFi.localIP()); 

} 

 

void reconnect() { 

  // Loop until we're reconnected 

  while (!client.connected()) { 

    Serial.print("Attempting MQTT connection..."); 

    // Create a random client ID 

    String clientId = "ESP32Client-"; 

    clientId += String(random(0xffff), HEX); 

    // Attempt to connect 

    if (client.connect(clientId.c_str(),MQTT_USER,MQTT_PASSWORD)) { 

      Serial.println("connected"); 

      //Once connected, publish an announcement... 

      client.publish("/icircuit/presence/ESP32/", "hello world"); 

      // ... and resubscribe 

      client.subscribe(MQTT_SERIAL_RECEIVER_CH); 

    } else { 

      Serial.print("failed, rc="); 

      Serial.print(client.state()); 

      Serial.println(" try again in 5 seconds"); 

      // Wait 5 seconds before retrying 
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      delay(5000); 

    } 

  } 

} 

 

void callback(char* topic, byte *payload, unsigned int length) { 

    Serial.println("-------new message from broker-----"); 

    Serial.print("channel:"); 

    Serial.println(topic); 

    Serial.print("data:");   

    Serial.write(payload, length); 

    Serial.println(); 

} 

 

 

 

void publishSerialData(char *serialData){ 

  if (!client.connected()) { 

    reconnect(); 

  } 

  client.publish("test", "hola mundo"); 

} 

 

int adc_read(uint8_t channel) { 

 

  SPI1.beginTransaction(spiSettings); 

  digitalWrite(SPI1_SS, LOW); 

  SPI1.transfer(0x06 | (channel >> 2)); 

  int d1 = SPI1.transfer(channel << 6) ; 
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//  Serial.print("d1print:");Serial.println(channel << 6); 

  int d2 = SPI1.transfer(0x00) ; 

//  Serial.print("d1:");Serial.println(d1); 

//  Serial.print("d2:");Serial.println(d2); 

  digitalWrite(SPI1_SS, HIGH); 

  SPI1.endTransaction(); 

 

  return (((d1 & 0x1F) * 256 + d2)/2); 

} 

 

float adc_current(int adc_value) { 

  int offset = 2021;  // Value when not connected 

  int burden = 200; // Value burden resistance SCT-000-013 

  float vref = 3.3; 

  return ((((adc_value-offset)*vref)/4096)/burden)*2000; 

} 

 

void PrintVector(double *vData, uint16_t bufferSize, uint8_t scaleType) 

{ 

  reconnect(); 

  for (uint16_t i = 0; i < bufferSize; i++) 

  { 

    double abscissa; 

    /* Print abscissa value */ 

    switch (scaleType) 

    { 

      case SCL_INDEX: 

        abscissa = (i * 1.0); 

  break; 
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      case SCL_TIME: 

        abscissa = ((i * 1.0) / samplingFrequency); 

        message = adder + abscissa + "," + String(vData[i],4) + ";" ; 

        payload=(char*) message.c_str(); 

        Serial.print(payload); 

        if (j==0){client.publish("M0001IA" , payload);} 

        else if(j==1){client.publish("M0001IB" , payload);} 

        else if(j==2){client.publish("M0001IC" , payload);} 

  break; 

      case SCL_FREQUENCY: 

        abscissa = ((i * 1.0 * samplingFrequency) / samples); 

        message = adder + abscissa + "," + vData[i] + ";" ; 

        payload=(char*) message.c_str(); 

        Serial.print(payload); 

        if (j==0){client.publish("M0001FFTIA" , payload);} 

        else if(j==1){client.publish("M0001FFTIB" , payload);} 

        else if(j==2){client.publish("M0001FFTIC" , payload);} 

        else if(j==3){client.publish("M0001FFTAX" , payload);} 

  break; 

    } 

  }   

} 
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ANNEX B: Node-red program 

In this annex a caption of the Node-RED is shown, the code inside the functions is not 

provided in this project memory because it will need about 500 pages of text. 
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ANNEX C: Matlab code 

fileID=fopen('M0001FFTIA.txt','r'); 

formatSpec = '%f'; 

FFTIA = fscanf(fileID,'%f'); 

fclose(fileID); 

plot(FFTIA); 

FFTIA=20*log10(FFTIA); 

%plot(FFTIA); 

 

fs=50; 

n=1410; 

fr=1410/60; 

P=2; 

p=4; 

s=n/((60*fs)/P); 

fsync=fs/P; 

treshold=15; 

 

%broken bar frequency 

f_brb=[fs+2*s,fs-2*s]; 

f_brb2=[fs-(fsync-fr)*p,fs+(fsync-fr)*p]; 

 

a=round(f_brb(1)*10-treshold); 

b=round(f_brb(1)*10+treshold); 

F_brb11=max(FFTIA(a:b)); 

a=round(f_brb(2)*10-treshold); 

b=round(f_brb(2)*10+treshold); 

F_brb12=max(FFTIA(a:b)); 
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a=round(f_brb2(1)*10-treshold); 

b=round(f_brb2(1)*10+treshold); 

F_brb21=max(FFTIA(a:b)); 

a=round(f_brb2(2)*10-treshold); 

b=round(f_brb2(2)*10+treshold); 

F_brb22=max(FFTIA(a:b)); 

 

F_brb=[F_brb11 F_brb12 F_brb21 F_brb22]; 

fid = fopen('f_brb.txt','w'); 

fprintf(fid,'%f %f %f %f',F_brb); 

fclose(fid); 

%rotor mass unbalance frequency 

f_ubm= fs*(1+(1-s)/p); 

 

f_ecc=[fs-fr,fs+fr]; 

F_ecc=[A(f_ecc(1)*10),A(f_ecc(2)*10)]; 

 

fid = fopen('f_ecc.txt','w'); 

fprintf(fid,'%f %f',F_ecc); 

fclose(fid); 
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ANNEX D: Azure Template 

{ 

    "$schema": "https://schema.management.azure.com/schemas/2015-01-

01/deploymentTemplate.json#", 

    "contentVersion": "1.0.0.0", 

    "parameters": { 

        "virtualMachines_TFM_name": { 

            "defaultValue": "TFM", 

            "type": "String" 

        }, 

        "images_GarciaRodriguezCristian_image_20200519173029_externalid": { 

            "defaultValue": "/subscriptions/e406b07d-668c-4629-838c-

11435b1fda9e/resourceGroups/EntregaAI/providers/Microsoft.Compute/images/Garc

iaRodriguezCristian-image-20200519173029", 

            "type": "String" 

        }, 

        "disks_TFM_disk1_1dd05db0f6b7435c9aac1df9f63ecf5f_externalid": { 

            "defaultValue": "/subscriptions/e406b07d-668c-4629-838c-

11435b1fda9e/resourceGroups/ENTREGAAI/providers/Microsoft.Compute/disks/TFM

_disk1_1dd05db0f6b7435c9aac1df9f63ecf5f", 

            "type": "String" 

        }, 

        "networkInterfaces_tfm408_externalid": { 

            "defaultValue": "/subscriptions/e406b07d-668c-4629-838c-

11435b1fda9e/resourceGroups/EntregaAI/providers/Microsoft.Network/networkInter

faces/tfm408", 

            "type": "String" 

        } 

    }, 

    "variables": {}, 

    "resources": [ 
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        { 

            "type": "Microsoft.Compute/virtualMachines", 

            "apiVersion": "2019-07-01", 

            "name": "[parameters('virtualMachines_TFM_name')]", 

            "location": "francecentral", 

            "properties": { 

                "hardwareProfile": { 

                    "vmSize": "Standard_D2_v3" 

                }, 

                "storageProfile": { 

                    "imageReference": { 

                        "id": 

"[parameters('images_GarciaRodriguezCristian_image_20200519173029_externalid')]" 

                    }, 

                    "osDisk": { 

                        "osType": "Linux", 

                        "name": "[concat(parameters('virtualMachines_TFM_name'), 

'_disk1_1dd05db0f6b7435c9aac1df9f63ecf5f')]", 

                        "createOption": "FromImage", 

                        "caching": "ReadWrite", 

                        "managedDisk": { 

                            "storageAccountType": "StandardSSD_LRS", 

                            "id": 

"[parameters('disks_TFM_disk1_1dd05db0f6b7435c9aac1df9f63ecf5f_externalid')]" 

                        }, 

                        "diskSizeGB": 50 

                    }, 

                    "dataDisks": [] 

                }, 

                "osProfile": { 
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                    "computerName": "[parameters('virtualMachines_TFM_name')]", 

                    "adminUsername": "GarciaCristian", 

                    "linuxConfiguration": { 

                        "disablePasswordAuthentication": false, 

                        "provisionVMAgent": true 

                    }, 

                    "secrets": [], 

                    "allowExtensionOperations": true, 

                    "requireGuestProvisionSignal": true 

                }, 

                "networkProfile": { 

                    "networkInterfaces": [ 

                        { 

                            "id": "[parameters('networkInterfaces_tfm408_externalid')]" 

                        } 

                    ] 

                }, 

                "diagnosticsProfile": { 

                    "bootDiagnostics": { 

                        "enabled": true, 

                        "storageUri": "https://entregaaidiag.blob.core.windows.net/" 

                    } 

                } 

            } 

        }, 

        { 

            "type": "Microsoft.Compute/virtualMachines/extensions", 

            "apiVersion": "2019-07-01", 

            "name": "[concat(parameters('virtualMachines_TFM_name'), 

'/AzureNetworkWatcherExtension')]", 
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            "location": "francecentral", 

            "dependsOn": [ 

                "[resourceId('Microsoft.Compute/virtualMachines', 

parameters('virtualMachines_TFM_name'))]" 

            ], 

            "properties": { 

                "autoUpgradeMinorVersion": true, 

                "publisher": "Microsoft.Azure.NetworkWatcher", 

                "type": "NetworkWatcherAgentLinux", 

                "typeHandlerVersion": "1.4" 

            } 

        } 

    ] 

} 
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ANNEX E: Data Acquisition System Schematic 
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ANNEX F: QUALITY SELF-ASSESSMENT (TFM) 

 


