TARIETA INFORMATIVA

PARA Dr. Alfonso Padilla Vivanca
Secretario Académico de la UPT

“ Dr. José Humberto Arroyo Nafiez
Director de Investigacion y Posgrado
SIS Conclusion de Proyecto

11 enero 2021

Por medio del presente documento le informo que el proyecto de investigacion que

lleva por titulo:

"In-vivo measurement of the fluorescence spectrum of wild cochineal
(Dactylopius opuntiae) "

El resultado de este trabajo, ha sido publicado en una revista de alto impacto.

Se anexa al presente documento la evidencia de la publicacion.

https://www.nature.com/articles/s41 598-020-80108-4

https://doi.org/10.1038/541598-020-80108-4

Sin mas por el momento quedo a sus ordenes.

| -"'“ L ‘\Tl'-‘!'hf_p

IH

BRECCIGH RS IVESTIGAL ) Y
&Liﬁﬁm.

ATENTAMENT




‘scientific reports

OPEN

In-vivo measurement

of the fluorescence spectrum
of wild cochineal (Dactylopius
opuntiae)

Alejandra Cérdenas Rosales , José Alberto Delgada Atencio, Margarita Cunill Rodriguez &
Enrique Gonzalez Gutiérrez

It is known that the harmful presence of the wild cochineal (Dactylopius opuntiae), uniike the fine
cochineal (Dactylopius coccus), in prickly pear crops of farmers leads to consider it as one of the major
pests for this crop. In this study, we present the implementation of an optical setup that ensures

the measurement of the in-vive fluorescence spectra of wild cochineals ranging in size from 440 to
1190 pm in their natural habitat achieved by developing a reproduction model adopted from
literature. it was observed that in-vivo flucrescence spectra of these insects were compri
the spectral region of 570-760 nm, showing a proportional dependence between the
intensity emitted and the cochineal size. In addition, we have considered other
perform the comparison between fluorescence spectra of the different cochineal siz
provide the basis for the development of novel methadologies and equipment aim
early detection of this pest In prickly pear crops from its early growth stages (nym

tuwmhﬂg..l

The cochineal is an insect that feeds off the prickly pear cactus and from which a red pigment
a5 carmine is extracted whose use dates back 1o prehistoric times', 1t is known that the quali
duced by this insect depends on if 1t is from the fine cochineal o the wild éne. The fine cochi
coceus, Is distinguished by an external white dusty coating called coceerin’ while wild cochineal,
opuntiue, shows an external cottony white cover'”. In contrast with fine cochineal, the wild cochineal does
have & high economic value in food, textile, cosmetics and pharmaceutical industries. On the other hand, its
presence inprickly pear and edible cactus farming leads to negative effects to such an extent that it is considered
as ane of the main insect pests attacking prickly pear crops in several areas of Mexico and other countries™ "'
Specificaily, problematic are the females, who from their first instar, also known s “crawler”, they move on the
surface of the plant lovking for fresh cladodes to feed. Once the crawler introduces its buccal apparatus into the
plant tissue, it will not move again, constantly sucking the sap from the cladode", bringing as a consequende
the premature fall of cladodes and fruits before their maturation und eventnally the death of the plant™ """,

In general, the farmiers notice that their crops are infected by this pest when the cochineal is able to be
abserved with the naked eye, having at that moment a size of 3.4 mm long by 2.1 mm wide approximately, which
according to the study of Rodrigo et al.’ * is when the insect reaches adulthood. The latter means that at this time
the cochineal has already fed, reproduced and deposited egigs on the crop; as 2 feault, it s too late for its conirol,
thus favoring the spread of the pest. Therefore. given the high resolution of optical methods and their intrinsic
diversity, they might be excellent candidates for the early and efficient detection of the wild cochineal in cactus
crops, thus contributing to timely pest monitoring with the consequent reduction of pesticides und other materi-
als that are currently used n the control and treatment of pest and their effects.

Carminic acid", which is the main chemical component of carmine, has been widely studied by means of
optical spectroscopy for chemical applications'™ ™. This component was ured in these nvestigmtions from com-
mteial products avallshle from companies such ss Sigma Aldrich and was always diluted in solvents such as
water, methanol, boron and hvdrochloric acid. In these studies, res¢arch on different issues of the fluorescence

of this compound is reported.
However, carminic achd is found also naturally within the cochineal a3 a part of the hemolymph of this
sect™" " {is cancentration has been studivd depending on different factors. For example, Rodriguez et al™
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Commertication

Monitoring the Growth of a Microbubble Generated
Photothermally onto an Optical Fiber by Means
Fabry-Perot Interferometry
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Abstrack In the present paper, we show the experimental muasurement of the growth of a microbub-
ble created on the tip of a single mode optical fiber, in which zine nanoparticles were phatodeposited
on s core by using a single laser source to carry out both the generation of the microbubble by
photathermal effect and the monitoring of the microbubble diameter. The photodeposition tochnique,
as well as the formation of the microbubble, was carried out by using a single-mode pigtailed laser
diode with emission at a wavelength of 658 nm. The microbubble’s growth was analyzed in the
time domain by the analysis of the Fabry—Perot cavity, whose diameter was calculated with the
number of interference fringes visualized in an oscilloscope. The results obtained with this technique
waere compared with images obtained from a CCD camera, in order to verify the diameter of the
microbubble. Theretore, by counting the Interference fringes, it was possible to quantify the temporal
evolution of the microbubble. As a practical demonstration, we proposed a vibrometer sensor using
microbubbles with sizes of 83 and 175 pm as a Fabry-Perot cavity; through the time period of a
full oscillation cycle of an interferogram observed in the esailloscope, it was possible to know the
Frequency vibration (500 and 1500 Hz) for a cuvette where the microbubble was created.

Keywords: microbuirhie: Fabryv—Perot; optical fiber; cavity; vibrometer

1. Introduction

Fabry—Perot sensing devices have been widely used in several applications, such as
hyperspectral images [1], autocorrelation of ultra-short pulse signals (2], medical applica-
thoms [3], and biosensors [4,5], among others. Fabry—Perot (FP) sensors based on optical
fibers offer advantages over electronic sensors; for example, they are safe, free from elec-
tromagnetic interference, compact [-5], and have a high sensitivity [9-11]. Nowadays,
interferometric optical fiber sensors have attracted broad interest for their applications in
sensing femperature, refractive index, strain measurement, pressure, acoustic waves, vibra-
tion, magnetic field, and voltage. Mest of them are studied by generating a microbubble
on the tip of an optical fiber, which is considered to be a resonant cavity formed by the
vapor-liquid interface and the fiber tip [12-17].

Recently, Chen-Li Zhang et al. [18,19] reported megammmdtwn kinds of optical
fiber Fabry-Perot sensors by using a gas microbubble to measure temperature and sucross
concentration. In the first sensor [ 18], a gold nanofilm was deposited on the tip of the
optical fiber, which was submerged in water (absorption coefficlent of 109 cm ™ ') in order
to generate & microbubble, using a laser source at 1550 nm, However, an optical power
greater than 50 mW was necessary in order to induce the microbubble and implement the

Semwirs 20T1. 71, 628, hitpe: / / dod-ong M1 03390 /<2 1020628
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PLL Wrap Function for Synchronization in Phase Jump
Disturbances

Funcién de ajuste de un PLL para la sincronia ante perturbaciones de
salto de fase

Clementina Rueda-German(®', Ivan de Jesds Rivas-Cambero®®, Hossam A. Gabbar®”, and José
Humberto Arroyo-Nufiez(d*

ABSTRACT

Synchron i role in the interconnection process between local electric power generation systems and the electrical grid,
Wméﬁihmwﬂhwﬁﬂmmm&qmmmﬁnﬂvwﬂﬂeﬁmln!fﬁdmrphualrmmgi
necessary In order 0 detect phase jumps and abrupt changes in amplitude. In this paper, we propose a saftware-designed method 1o
strengihen phase tracking based on the wrap process of a second-level Phase Locked Loop (PLLY, The term ‘wrap’ means establishing
the phase values of the reference signal in intervals of m to match it with the values obtained from the PLL output (sync pulse), To
quantify phase enor, a mathematical transformation af the time domain to the frequency domain is implemented. The validity of the
proposed wrap function bs verified using electrical disturbances,

Keywords: single phase stockticker PLL, SPLL, phase disturbance, wrap, fast Fourier translorm, FFT, phase error

RESUMEN
La sincronia es prmordial para la interconexddn de sistemas locales de generacidn de energia con el sistema eléctrico. Las
perturbaciones en fase evitan que el sistema de generacion mantenga ka sincronia. Por lo tanto, un método eficents de miente
de fase es necesario para detectar saltos en la misma y cambios abruptos en amplitud. En este trabajo se propone un metodo

fortalecer of seguimients de fase basado en el proceso de envoliura de fase de un PLL (Phase Locked Loop) de
disefado por software. El término ‘envoltura’ (wrap) se refiere a establecer los valores de fase de la sefal de refe
de 7 para que coincida con las valores abtenidos de la sefial de salida del PLL (pulso de sincronia). Una téenic
matemdtica del dominio dal tiempo al deminio de la frecuencia s implementada con el fin de cuantificar el
de la funcién de envoltura propuesta es verificada usando perturbaciones eléctricas,

Palabras clave: PLL de fase sencilla, SPLL, disturbio de fase, envoltura, transformada ripida de Fourler (
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Introduction

Many problems and technical challenges still need to be
addressed for the successful interconnection of generation
systems, ‘While using rénewable energy (RES) with the
electrical grid, the biggest challenge s the synchronization of
the power Inverter (DC/AC); the form of the generated voltage
wave generated must be similar to that of the electrical grid, in
order to guarantee continuous and stable operation (Jaatam,
Rahim, Bakar, Tan, and Haidar, 2016). The phase angle of the

utility voltage vector Is basic information that allows increasing

the number of power conditioning equipment connected to
the utility grid, such as AC/DC converters (Arruda, Sitva, and
Fitho, 2001),

The synchrony of the generated electricity s an adaptive
process in which an internal reference signal formed by 2
control algodthm allows the output signal of the power
inverter to operate synchronically with the fundamental
component of the grid voltage, Jain, Jain, 5., and Nema

(2015} suggest that ideal synchrony occurs when the phase |

angle of the electrical grid is precisely followed, efficiently
detecting disturbances and high harmonlc components, and

en intervalos
de fase, La validez

responding quickly to changes, Howeve

may experience smooth or abrupt changes
conditions such as faults (Karimi, Khajehoddin,
Bakhshai, 2012). '
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Resumen

El diagnostico do fallas es importante en los procesos industrinles; yia que permite determinar i es necesario detener el proceso
en operacidn y/o proponer un plan de mantcnimicato, En el presente trubajo se comparan dos estrategias para diagnosticar fallns.
La primem realiza un preprocesamiento de datos usando ¢ andlisis de componentes independientey pary reducir la dimensicn de
los datos, posteriormente, s¢ emples ln tmnsformads wavelet pam resaltar s sefiales de falla, con esta informacidn se alimenta
umi red neuronal artificial, Por si parte, la segunda esirategin, principal contibucion de este trabajo, usa una memaoria de coro y

largo plazo, Eﬂummuiauﬂinmmhpwluwmﬂﬂnsmﬁiﬂudﬁuuﬁmukodﬂwlmmdim:tummdﬂhﬂmm gealll e

la novma Ly como la Ly. Como efemplo de aplicacién se utllizd el proceso quimico Tennessee Eastmun, un procesn g N
usado en el diagnostico de fallos. El nislomienio de faliss mosno mejores resuhados con respecto o los reportados B NTRGIDAD
Palabras clave: Diagnostico de fallas, Transformada Wavelet, Redes nesronales recurrenies, Andlisis de co | pouTERNY

md:pcndlcnl.m. Rﬂi clilstica,

process and/or to propose o maintenance plan. Two strategies for fault dingnosis are compared in this work. On the ag_hand,
the data are preprocessed osing the mdependent components analysis for dimension reduction, then the wavelel translonn is JSed
in order 1o highlight the faulty signals, with this information an srtificial newral network waos fed. On the other hand, the second
strafegy, the main contribution of this work, is the implementation of a long short term memory. This memory is fed with the most
representative variables selected by an elistic net 1o use both, the Ly and Ly norms. These strategies are applicd in the Tennessee
Eastman process, 4 benehmark widely used for faull dingnosis, The fuull isolution had better results than those reported In the
literature,

Kevwords: Foull dimgnosis, Waveler ransform, Recurrent neural networks, Indopendent component analysis, Elastic net.

1. Introduccitn ; -

i ha cewmido (Salahshoor et al, 2001), Por su parte, el aisla-

El diagnostico de {allas, comimmenie conocido como FOU miento de fallas, lambién conocido como clasificacian de fallas

pir sus sighes en inglés (Zhang et al,, 2002), consta de dos par-  (Sobhani-Tehani and Khormsani, 2009) o localizacion de falliss

tex: (1) detecoidn de Tullas v (i) ofslamicnto de fallss. La de- {Barakut ot al., 2014), consiste en reconocer cudl Foe la (alla gue
teccidn de fallas consiste en notar que un mal funcionamien-  ocurrid entre vorias fallas posibles (Jing et al.. 2014),

* At et croesfrondeiies iarges @ st ma
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CHAPTER 3

Computation of 2D and 3D High-order Discrete Orthogonal
Moments

José S. Rivera-Lopez, César Camacho-Bello, and Lucia
Gutiérrez-Lazcano

This chapter is about eliminating numerical instability and the error of high-order |
orthogonal moments by reducing terms in existing recurrence relations and the Gram-
Smith orthonormalization process. Besides, the simplification of the terms of the
recurrence relations with respect to n of the most used kernels is analyzed, such as
Tchebycheff polynomials, Hahn polynomials, Krawtchouk polynomials, Charlier poly-
nomials, and Meixner polynomials. Also, to guarantee the effectiveness of the propesed
method, reconstructions of both 3D cbjects and high-resolution images are presented.
The results presented in this chapter will help you utilize moments for processing,
recognition, and analysis on 8K Full HD images and 3D objects with large dimensions,_—— ..

José 5. Rivera-Lopez, Cécar Camacho-Bells, Lucia GutidrrerLazcano

Universidad Politécnica de Tulancings

Tulancingo, Mexico

e-mail: josesaul@Bhotmail.com. cesar.camacho@upt.edu.mx, lucia gutierrer@upt edu mx

Editor: G.A, Fapakostas, Recent Pragress (n Image Moments and Moment Invariants
DOI: 10.15579/gesr.volT.ch3, GCSR Vol. 7, pp. 53-74, 2021
©The authors; licensee Science Gate Publishing P.C. - (CC BY-NC 4.0 International License
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Trabaps de investigacidn en la Moreliz, Michoacan, México
Educacién Suparior - Morelia 2021 © Academia Journals 2021 12 &l 14 de mayo, 2021

Estrategias Organizacionales para Incrementar la Eficiencia Terminal
en la Universidad Politécnica de Tulancingo

Maria dol Rosario Lopes Tarres', Juan Carlos Lara Arroye?,
César Angel Lopez Torres” y Juliets Ocadiz Garcia®

Rexumen—. La Eficiencia Terminal (ET), s¢ encuentra relacionada con la reprobacion v descroign. Lo gue tene impacto en o
rendimicnto del estudinnte, y aunado  esto, cs importante que para medir la cficiencia terminal s¢ considere la duracidn
promedio de los egresados v desertores con indicadores del gasto educativo, Jo cual repercule ¢n formy significativa en lay
Institueiones Educativas d¢ mivel Superior (1ES). Pues un problema comim en las Uiversidades Piblicas, lo constituye Ia baja
eficiencia terminal (BET), esta situncion compromete 8 las 1ES, a buscar altemativas para poder subsanar ¢l problema. En dste
articulo sc presentan los resultados do una investigacion cuvo objeiivo cs Proponor csirategias orgmnizacionales para identificar,
medir v relacionar los factores sociales, personales ¢ instituciomales, que sirvan como herramicnta para incrementar | eficiencia
terminal de la Division Econdmico Admmistrativas de la Universidad Poliéenica de Tulmncingo Pmnldulrrullﬁ-d:m
trabajo se tomd una muestra de 1173 estudiantes de las cwreras de Adminsitracién y Oestidn Empresan
Intermacionales. Se pudo comprobar que existen diferentes factores que influven co la Eficiencia Ternunal,
encuentran los Fagtores Socinles, Factores Personnles, Factores Institucionales, Eficenci Terminal, estrate

Palatras clave— Factores Sociales. Factores Personales, Factores Institucionales, Eficienc
Organizacionales

Introduccion

Las orgmmizacionss son entidades Wt.-"lll?‘.ﬂ que esian dingidas por

compromiso de las personas y tener una vision compartida (Senge, Ross, Smith, Roberts & Keliner, 2004).

En esie sentido Guijarro y Chavez (2006), sefialan que las instituciones educativas deben modificar sus

esquemas con la finalidad de alcanzar calidad, eficiencia y eficacia Como en la Universidad de Murcia, la
Universidad de Cantabria, el Instituto Tecnologico del Textil de la Comunidad Valenciana, la Umiversidad
Politéenica de Catalufia v la Universidad Politéenica de Valencia donde se encontrd que era necesaria la
implementacion de estrategias organizacionales, debido a que l objetivo ya no es la eficacia social de la educacion
superior, sino la cficencia interna de |a institucion frente a las demandas externas (Chiavenatc,1995), pucs la
educacion de buena calidad engrandece & un pais y o la basc fire deol crecimionto sustentable, cs un derecho
fundamental para la formaciin profesional v personal de un individuo, y forja beneficios para el desarrollo social,
economico v sustentable de los paises. Quien no cuenta con la educacion esta completsmente excluido de todas
les instituciones sociales, culturales, politicas y econdmicas (Espinoza, Castille, Gonzalez & Loyola, 2012).

En la actualidad es dificil acceder a un puesto de trabajo bien remunerado, por lo que cada vez mis personas
aspiran a tener upa formacion profesional adecuada Esto, segun Janosz (2000), es un indicador de calidad que
involucra varios factores, los cudles se von reflejados en la eficiencia terminal (ET), del estudiante, entendicndose
esta por la proporcion de estudiantes que se gradia en el fiempo estipulado en el plan de estudios (UNESCO, 2007),
La ET expresa la efeciividad y calidad educativa del proceso de enseflanza-aprendizaje de una institucion de
educacion
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Por medio del presente documento le informo que el proyecto de investigacion que
lleva por titulo:

“Some aspects of fractional-order circular moments for image analysis "

El resultado de este trabajo, ha sido publicado en una revista de alto impacto.

Se anexa al presente documento la evidencia de la publicacion.
https://www.sciencedirect.com/science/article/abs/pii/S0167865521 0019752vi

a%3Dihub
https://doi.org/10.1016/j.patrec.2021,06.006

Sin mas por el momento quedo a sus ordenes.
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ARTICLE INFO ABRETRACT
Article hisiory: In this paper. we briefly review the fractional-order circular moments, sech 48 fractional-omer Zernike
ma:ﬁr""*m“fm momeits, fractional-onter Pourler-Mellin moments. fractional-order Legendre-Fourier moments, and

Acepaed 5 June JOI) ¢ 4
Availsble onling 13 june 2021

M constriection error and classification, We validate the seanch for the beat notation-iavariant featunes using
A1A04 the MNIST and MNIST-E datasets. Foally, we present the study fesulis and conclugions, =" '~
A1 © 2021 Esevier V. Ml rights rserved. N
B30T e

T
Keywonts: poutecit
Rasbtal Momiests Tmpﬂl{,':“"-’-"
Fractional ey fasmmts HipALGO
fractions]-order Zernike musmeni =
ractional-nrder Fousier-Melfin momen : b
tratctionsl-arder Lependie-Fourer 1,
fractional-ordey Cicbyshey-Foarier m{[ﬂﬁ IRVESTL- f
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Calden-wection search

fractional-order Chebyshev-Fourler moments, which can characterize, analyre, and manipulaie the 1o
farmation contained in an imase with minimal redundancy. Also, they depend on an a parameier for
better feature extraction, Therefore, we gropese 3 procedure to find the optimal o in rms of image re-

L introduction

Orthogonal circular moments defined in a unit radivs m po-
lar coordinates are normally used as image descriptors or features.

" They can concentrate and characterize the information contained

in an Image without redundancy, enabling its analysis and manip-
wation. This feature has been extensively used in different fields,
such as image analysis, pattern recognition, and machine vision
applications [7]. Circular mements are maturally invadant @ rota-
tion and have demonstrated thelr abifity to classify rotated objects.
Currently, there aie different types of circular moments, such as
Legendre—Fourier moments £31), Zemike moments. [37], Pseudo—
Zernike moments [25], Fourier-Mellin moments |26} and Jacobi-
Fourier moments | 19]. All these are obtained by projecting the im-
age on the polynomials of the same name to which an escillatory
angular part his been added. The evaluation of the polynomials
is accurately and efficiently performed through recursive methods.
The classical circular moments are limited to Integer orders. Xiao

* Corresponiing authog
Fomail wtdvess crsar carnactodhipe ediny [T Camacho-Belle)

rotpee fmn. o SO0 ik | prariee 00 LOKLOGE
DET-865500 2021 Ekewier BV, Al righty reserwed

et AL [20| propase a generalization of the radial shifted n-
dre moments by introducing the fractional-order medifying the or-
thogonality condition. From the proposed approach, dilferent fam-
flies of moments can be generalized, such as the fractional-order
Fourier-Mellin Moments | 12], and the fractional-order Zernike ma-
ments |14, The fractional-order circular polynomials have the
characteristic of generating fractional orders with the relationship
i+ 1) =1 where o € B andd # is the order of the set of base
moments. Mareever, the results show that the fractional-order cir-
cular moments perform better than the classical moments, which
are obtained with the particular case of o = 1,

Cn the other hand, there are other generalizations to Frac-
tional order, such as the fractional-order Legendre-—Fourier |%)
the fractional-order polar harmeonic ransforms {11, the factional-
order Jacobi-Fourier Moments |10), and the fractional-onder
Gegenbauer Moments [12). The most relevant aspect of the
fractional-order circular moments Is the cholce of a. Thearetically,
any value of « can form a set of orthogonal polynomials. However,
some ¢ values may limir their descriptive ability. From another
perspective, o value |s related to the 2éro position of the polyno-

* imials, which can contribute to improving the descriptive capability,

-'-'f'.‘.




anlihiiis.

&

TARIETA INFORMATIVA

Dr. Alfonso Padilla Vivanco
Secretario Académico de la UPT

“ Dr. José Humberto Arroyo Niiez
Director de Investigacion y Posgrado

Conclusion de Proyecto

Fe L 24 junio 2021

Por medio del presente documento le informo que el proyecto de investigacion que
lleva por titulo:

“Inverse fuzzy fault model for fault detection and isolation with least angle
regression for variable selection ”

El resultado de este trabajo, ha sido publicado en una revista de alto impacto.

Se anexa al presente documento la evidencia de la publicacion.

s://www.sclencedirect.com/science/article/ ii/503608352210040347vi
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ARTICER INVD ABSTRACT

Wrywords Eaull detection In paramount |n industrisl rocessss hicass expensive repammtions can be avoided, aod the °
Panll vssbation nermal flow of operattons ks no dismupted. However, It b difficuli to 122 4 model-bused method for fill
Py el detection in comples systams. Thue, o data-riven appeasch i implemented in the Tennessee Eastman process for
LS fuull detaction and tsolation (FDT). As & comribution, thiz paper proposss an lverse fuzzy fault model i detect
" and |solste faults, To reduce the pmoumnt of duis 16 peocess, the leasi angle regression is epplied jor varible
selection. To compare the detection s tsoletion mes obtained sing the fuzey fiudt model, a fiocy classifier iz
described whers the signialy are preprocessed wifh the waveles ransian 10 highlight the falty dgnals, The
insaerse funey fault model has only four ey rodes and shows 2 smafier isolation time then the required uskng the
iy chassifior, '
1. Introduoction model, this difference & called the residual signal (Methoan), Lafoni,

Fault detection s the awareness regarding the ocourrents of a
problem in an industrial process, Moreover, to know precisely which
fault has appeared s a pivotal task called faull Bolation. Hence, fault
detection and (solation [FDH) if alse moferred 1o as fauli diagnosis
(Shwrma & Dewan, 2015),

To perform Fiil twa broad approsches are followed: (1) the obtain
menl of an analytical model [Armenl, Casavols, & Moscs, 2016) and (ii)
the use of dats-driven methods (11, Qin, & Yuan, 2016} An snalytical
model is synthesized mainly through differential equations, b for
eomplex systems, it by difficuls to get an analytical model, Fortunately,
on the other hand, data-driven methods use the data history for fanit
diagnosis; they include, but are not limited to, artificial neural networks
(ANN) (Faki, Briava, Savis, & Yildidio, 2011, Lang of al., 2009), feezy
logle (Mendoga, Bousa, & RalsCosls, 2004) or a petmo-furzy dystem
(Calado, Mendes, SalaConia, & Kocbica, 2000; Salahashoor, Kb, &
Kordestamt, 2001; Sobbara) & Kamnapiran, {4},

The main idea of rhe analytical spproach Is to compute the difference
between the real output and ihe signal compuied by the approached

[
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Gautler, Dnmak, & Toum, 201 1), 1 the residual is not zero, the presence
of anomalous behavior ean be inferred (Zhang, Polyrarpou, & Pasising,
2002), Furthes, the presence of nolse in the ourput signals can produce
false alarms: Therefore, an adaptive threshold can be used o manitor
the residuals to avoid falve slarms (Alkayn & Bher, 2011), However, the
approximated model can be difficall 10 propose because of the
complexity of large-scale industrial processes as Yin, Uing, Haghani,
Mz, and Zhang (2012) mentioned in their conclusions,

When an analytical model cannot be obtained, data-driven methods

wre & solld altemative to detect fanlts (e o1 gl 2020), Two main cat-

egories exist: (1) based on statistics and (1) machine learning algorithms.
A comparison of statistival methods for fault detection was presented by
¥ ol ab (21112), where the average fault detection rate was betwern
73.5% and 84,4% in the faults simulated on the Tennossee Basmman (TE)
process. o benchmark widely used to implément algorithms for FDI .
(Kuang, Yang, & Yao, 2015 1L Alcals, Qin, & Shou, 2011; Siuble,
fhng, & Moris, 200 2), And the methods companed were the Prinripal
Component Analysis, Partial Least Squares, Independent Component
Analysiz, Fisher Discriminant Analysis, and the Subspace Aided




