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Ideas para un logo de
GSDPI
Volver a la página de inicio 

Historial
Fecha
(creación/revisión)

Autor descripción

2016-10-12 Ignacio
Díaz

creación

2016-10-13 Ignacio
Díaz

modificación

Elementos del logo

Estructura
Se propone un logo en
el que aparece el
acrónimo del grupo
GSDPI, con la
tipografía "Yanone
Kaffeesatz", que es la
empleada en la página
web oficial. El
acrónimo aparece
rodeado de puntos con
tamaños variables,
mayores en el centro, y
con una variación de
tono (hue) que
produce una escala
perceptualmente
homogénea (Niccoli’s
perceptual rainbow)
que proporciona la
función
d3.interpolateCool(t).
La escala va desde el
amarillo verdoso en el
centro hasta violeta en
la periferia.
Finalmente, el logo

GSDPI Grupo de Supervisión y Diagnóstico  
de Procesos Industriales

h.p://isa.uniovi.es/GSDPI

Introducción	al	Machine	Learning	
Ignacio	Díaz	Blanco
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GSDPI Grupo de Supervisión, Diagnóstico y Descubrimiento de 
Conocimiento en Procesos de Ingeniería

h.p://isa.uniovi.es/GSDPI

Análisis	de	datos	en	procesos	industriales	

¡un	problema	Big	Data!
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• CanJdades	ingentes	de	datos	
• Infinidad	de	sensores	
• Ubicuidad	de	la	información	
• Heterogeneidad	de	la	información

• Sistemas	complejos	
• Procesos	dinámicos	
• Conexión,	interacción	y	acoplamiento	
• Muchas	variables,	problemas	mulJvía	
• Interacción	humana	
• Interacción	con	el	tejido	producJvo

Problema:	
Aprendizaje	de	modelos	

a	par3r	de	datos	

Buscar	estructuras  
en	los	datos	
y	modelarlas

Referencias:	
Big	data:	The	next	fron2er	for	innova2on,	compe22on,	and	produc2vity.		
h.p://www.mckinsey.com/insights/business_technology/big_data_the_next_fronJer_for_innovaJon.

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
http://www.mckinsey.com/insights/business_technology/big_data_the_next_frontier_for_innovation
http://www.mckinsey.com/insights/business_technology/big_data_the_next_frontier_for_innovation
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h.p://isa.uniovi.es/GSDPI

¿qué	es	el	Aprendizaje	AutomáJco?	
“Machine	Learning”

3

Aprendizaje	(definición	formal)	
Un	programa	de	computador	se	dice	que	“aprende”	de	la	
experiencia	 	con	respecto	a	una	serie	de	tareas	 	y	un	índice	de	
rendimiento	 ,	si	dicho	rendimiento	 	para	las	tareas	 	mejora	con	
la	experiencia	 .

E T
P P T

E
Tom	Mitchell

ej	diagnósJco	fallos	(clasificación),	  
esJmación	de	variables	como	la	temperatura	en	un	motor	
(regresión),	  
detección	de	anomalías,	predicción	de	posición	de	objetos	móviles	
en	robóJca	etc.

T →

función	de	coste,	ej.	suma	de	errores	cuadráJcos	 P →

∑
i

(yi − f(xi, W)

̂yi

)2

datos	de	entrenamiento	E → {⋯, (xi, yi), ⋯}
ML

xi ̂yi

entradas predicciones

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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Paradigmas	de	aprendizaje
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Aprendizaje	Supervisado	
uJliza	datos	eJquetados		
con	entradas	 	y	sus	correspondientes	respuestas	o	e2quetas	 	xi yi

{⋯, (xi, yi), ⋯}

Aprendizaje	No	Supervisado	
uJliza	datos	sin	eJquetar,	solo	las	entradas:	

	
debe	ser	capaz	de	detectar	patrones	“interesantes”	
sin	darle	guías…	solo	con	a	parJr	de	los	datos

{⋯, xi, ⋯}

Aprendizaje	por	Refuerzo	
Un	sistema	de	aprendizaje	(agente)	interactúa	con	el	mundo	
y	aprende	a	maximizar	una	señal	de	“recompensa”

c1

c2
c4

c3

xi

yi

xi
xi

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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Tipos	de	datos	de	entrada

5

Escalares imágenes vídeosvectores

series	temporales

(n, i, j)

series	temporales	(mulJcanal)
(n, k) (n, k, c)

(n, c)(n) (n, i, j, k)
vídeos	mulJcanal

(n, i, j, k, c)
imágenes	mulJcanal

(n, i, j, c)

(⋯, xc, ⋯)x

	=	muestra,	 	=	Jmestep,	descriptor,	 	=	coordenadas	en	imagen,	 	=	canaln k i, j c

c

k
k

c
k

k

http://isa.uniovi.es/GSDPI
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Flujo	de	trabajo	en	ML
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1. Planteamiento	
• ¿qué	tareas	 	debo	resolver?	
• ¿qué	datos	 	uso?	
• adquirir	conocimiento	del	problema	
• visualización	de	datos,	análisis	exploratorio	

2. Organizar	los	datos	
• gesJón	de	datos	faltantes	(eliminación,	imputación)	
• reducción	de	muestras:		

• filtrado	
• agregación	

• reducción	de	atributos:		
• reducción	de	la	dimensionalidad	
• selección	de	caracterísJcas	relevantes	
• extracción	de	caracterísJcas	(descriptores)	

3. Elegir	modelo,	función	de	coste,	regularización	
4. OpJmización	
5. Búsqueda	de	hiperparámetros

T
E

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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Machine	learning	
detectar	estructura	en	los	datos	

desenredo	de	información	(“disentangling”)
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tareas	de	ML

8

Regresión

Clasificación

Reducción	de	la	dimensionalidad

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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Regresión
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Regresión	
Modelo	y	entrenamiento

10

y = F(x, W)

{(x1, y1), …, (xn, yn)} W t.q. ∑
i

∥yi − F(xi, W)∥2 sea	mínimo

Conjunto	de	datos	de	entrenamiento objeJvo	del	entrenamiento

clasificación:	yi = {(0.3,1),0.5,1), (−0.2,0), …, (−0.3,0)}

regresión:	yi = {(0.2,1.1),1.5, − 1.2), (−0.23,0.12), …, (−0.12,0.43)}

E(W )

{
Ŵ = arg min

W
E(W)

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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Regresión	
Descenso	del	gradiente

11

Si	definimos	el	error	de	un	modelo	como

dado	que	 	son	conocidos	y	fijos	
(son	los	ejemplos)	tenemos	que	

xi, yi

E = E(W)
<latexit sha1_base64="fxvwK+LAqaG7l/0P/GhClojySZM=">AAAB8nicbVDLSgNBEOyNrxhfqx69DAYhXsJuENSDEJCAxwiuCSRLmJ30JkNmH8zMBkLIl+hFRE9+ij/g3ziJe9DEOlV3VUN1BangSjvOl1VYW9/Y3Cpul3Z29/YP7MOjR5VkkqHHEpHIdkAVCh6jp7kW2E4l0igQ2ApGt3O9NUapeBI/6EmKfkQHMQ85o9qserbdIDekUelGVA+DkLTOe3bZqToLkFXi5qQMOZo9+7PbT1gWYayZoEp1XCfV/pRKzZnAWambKUwpG9EBdgyNaYTKny6Sz8hZmEiih0gW82/vlEZKTaLAeObZ1LI2X/6ndTIdXvlTHqeZxpgZi9HCTBCdkHkBpM8lMi0mhlAmuUlJ2JBKyrSpqWTed5efXSVerXpdde8vyvVa3kMRTuAUKuDCJdThDprgAYMxPMMbvFuZ9WS9WK8/1oKV3xzDH1gf3zO7j0E=</latexit><latexit sha1_base64="fxvwK+LAqaG7l/0P/GhClojySZM=">AAAB8nicbVDLSgNBEOyNrxhfqx69DAYhXsJuENSDEJCAxwiuCSRLmJ30JkNmH8zMBkLIl+hFRE9+ij/g3ziJe9DEOlV3VUN1BangSjvOl1VYW9/Y3Cpul3Z29/YP7MOjR5VkkqHHEpHIdkAVCh6jp7kW2E4l0igQ2ApGt3O9NUapeBI/6EmKfkQHMQ85o9qserbdIDekUelGVA+DkLTOe3bZqToLkFXi5qQMOZo9+7PbT1gWYayZoEp1XCfV/pRKzZnAWambKUwpG9EBdgyNaYTKny6Sz8hZmEiih0gW82/vlEZKTaLAeObZ1LI2X/6ndTIdXvlTHqeZxpgZi9HCTBCdkHkBpM8lMi0mhlAmuUlJ2JBKyrSpqWTed5efXSVerXpdde8vyvVa3kMRTuAUKuDCJdThDprgAYMxPMMbvFuZ9WS9WK8/1oKV3xzDH1gf3zO7j0E=</latexit><latexit sha1_base64="fxvwK+LAqaG7l/0P/GhClojySZM=">AAAB8nicbVDLSgNBEOyNrxhfqx69DAYhXsJuENSDEJCAxwiuCSRLmJ30JkNmH8zMBkLIl+hFRE9+ij/g3ziJe9DEOlV3VUN1BangSjvOl1VYW9/Y3Cpul3Z29/YP7MOjR5VkkqHHEpHIdkAVCh6jp7kW2E4l0igQ2ApGt3O9NUapeBI/6EmKfkQHMQ85o9qserbdIDekUelGVA+DkLTOe3bZqToLkFXi5qQMOZo9+7PbT1gWYayZoEp1XCfV/pRKzZnAWambKUwpG9EBdgyNaYTKny6Sz8hZmEiih0gW82/vlEZKTaLAeObZ1LI2X/6ndTIdXvlTHqeZxpgZi9HCTBCdkHkBpM8lMi0mhlAmuUlJ2JBKyrSpqWTed5efXSVerXpdde8vyvVa3kMRTuAUKuDCJdThDprgAYMxPMMbvFuZ9WS9WK8/1oKV3xzDH1gf3zO7j0E=</latexit><latexit sha1_base64="fxvwK+LAqaG7l/0P/GhClojySZM=">AAAB8nicbVDLSgNBEOyNrxhfqx69DAYhXsJuENSDEJCAxwiuCSRLmJ30JkNmH8zMBkLIl+hFRE9+ij/g3ziJe9DEOlV3VUN1BangSjvOl1VYW9/Y3Cpul3Z29/YP7MOjR5VkkqHHEpHIdkAVCh6jp7kW2E4l0igQ2ApGt3O9NUapeBI/6EmKfkQHMQ85o9qserbdIDekUelGVA+DkLTOe3bZqToLkFXi5qQMOZo9+7PbT1gWYayZoEp1XCfV/pRKzZnAWambKUwpG9EBdgyNaYTKny6Sz8hZmEiih0gW82/vlEZKTaLAeObZ1LI2X/6ndTIdXvlTHqeZxpgZi9HCTBCdkHkBpM8lMi0mhlAmuUlJ2JBKyrSpqWTed5efXSVerXpdde8vyvVa3kMRTuAUKuDCJdThDprgAYMxPMMbvFuZ9WS9WK8/1oKV3xzDH1gf3zO7j0E=</latexit>

¡El	gradiente	del	error

rE =
@E

@W
<latexit sha1_base64="qqoT2QfBRGoCKontHsONJiQndhE=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VwVZIiqAuhIAWXFYwtNKHcTCft0MmDmYlQQj5Df0Y3IrrqD/g3TmpAbT2rM/ecudxz/IQzqSzr06isrK6tb1Q3a1vbO7t75v7BvYxTQahDYh6Lng+SchZRRzHFaS8RFEKf064/uS707gMVksXRnZom1AthFLGAEVB6NDAtNwKfA27jK+wGAkjmJiAUA47b+Q93Q1BjP8DdfGDWrYY1B14mdknqqERnYM7cYUzSkEaKcJCyb1uJ8rJiMeE0r7mppAmQCYxoX9MIQiq9bJ4sxydBLLAaUzx///ZmEEo5DX3tKW6Ti1ox/E/rpyq48DIWJamiEdEWrQUpxyrGRUF4yAQlik81ASKYvhKTMehmlK6xpuPbi2GXidNsXDbs27N6q1n2UEVH6BidIhudoxa6QR3kIIKe0At6Rx/Go/FsvBpv39aKUf45RH9gzL4AexudZA==</latexit><latexit sha1_base64="qqoT2QfBRGoCKontHsONJiQndhE=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VwVZIiqAuhIAWXFYwtNKHcTCft0MmDmYlQQj5Df0Y3IrrqD/g3TmpAbT2rM/ecudxz/IQzqSzr06isrK6tb1Q3a1vbO7t75v7BvYxTQahDYh6Lng+SchZRRzHFaS8RFEKf064/uS707gMVksXRnZom1AthFLGAEVB6NDAtNwKfA27jK+wGAkjmJiAUA47b+Q93Q1BjP8DdfGDWrYY1B14mdknqqERnYM7cYUzSkEaKcJCyb1uJ8rJiMeE0r7mppAmQCYxoX9MIQiq9bJ4sxydBLLAaUzx///ZmEEo5DX3tKW6Ti1ox/E/rpyq48DIWJamiEdEWrQUpxyrGRUF4yAQlik81ASKYvhKTMehmlK6xpuPbi2GXidNsXDbs27N6q1n2UEVH6BidIhudoxa6QR3kIIKe0At6Rx/Go/FsvBpv39aKUf45RH9gzL4AexudZA==</latexit><latexit sha1_base64="qqoT2QfBRGoCKontHsONJiQndhE=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VwVZIiqAuhIAWXFYwtNKHcTCft0MmDmYlQQj5Df0Y3IrrqD/g3TmpAbT2rM/ecudxz/IQzqSzr06isrK6tb1Q3a1vbO7t75v7BvYxTQahDYh6Lng+SchZRRzHFaS8RFEKf064/uS707gMVksXRnZom1AthFLGAEVB6NDAtNwKfA27jK+wGAkjmJiAUA47b+Q93Q1BjP8DdfGDWrYY1B14mdknqqERnYM7cYUzSkEaKcJCyb1uJ8rJiMeE0r7mppAmQCYxoX9MIQiq9bJ4sxydBLLAaUzx///ZmEEo5DX3tKW6Ti1ox/E/rpyq48DIWJamiEdEWrQUpxyrGRUF4yAQlik81ASKYvhKTMehmlK6xpuPbi2GXidNsXDbs27N6q1n2UEVH6BidIhudoxa6QR3kIIKe0At6Rx/Go/FsvBpv39aKUf45RH9gzL4AexudZA==</latexit><latexit sha1_base64="qqoT2QfBRGoCKontHsONJiQndhE=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VwVZIiqAuhIAWXFYwtNKHcTCft0MmDmYlQQj5Df0Y3IrrqD/g3TmpAbT2rM/ecudxz/IQzqSzr06isrK6tb1Q3a1vbO7t75v7BvYxTQahDYh6Lng+SchZRRzHFaS8RFEKf064/uS707gMVksXRnZom1AthFLGAEVB6NDAtNwKfA27jK+wGAkjmJiAUA47b+Q93Q1BjP8DdfGDWrYY1B14mdknqqERnYM7cYUzSkEaKcJCyb1uJ8rJiMeE0r7mppAmQCYxoX9MIQiq9bJ4sxydBLLAaUzx///ZmEEo5DX3tKW6Ti1ox/E/rpyq48DIWJamiEdEWrQUpxyrGRUF4yAQlik81ASKYvhKTMehmlK6xpuPbi2GXidNsXDbs27N6q1n2UEVH6BidIhudoxa6QR3kIIKe0At6Rx/Go/FsvBpv39aKUf45RH9gzL4AexudZA==</latexit>

nos	dice	en	qué	dirección		
debemos	mover	los	pesos	
para	disminuir	el	error!

E =
X

i

kyi � F (xi,W)k2
<latexit sha1_base64="jDVLuVIvaD0a0htUDcwU/U1/Bp8=">AAACGXicbVBNS8NAFNzUr1q/oh69LBahgpakCNWDUBDFYwVjC00Nm+2mXbqbhN2NWNr+E/0zehGpJ0/+Gze1BW19p5k38+DN+DGjUlnWl5FZWFxaXsmu5tbWNza3zO2dOxklAhMHRywSdR9JwmhIHEUVI/VYEMR9Rmp+9yLVaw9ESBqFt6oXkyZH7ZAGFCOlV55ZvoTn0JUJ9yh0By5HquMHsKfZMbwqTPmjR4+muHboDu5Lnpm3itZ44DywJyAPJlP1zJHbinDCSagwQ1I2bCtWzT4SimJGhjk3kSRGuIvapKFhiDiRzf444BAeBJGAqkPgmP/29hGXssd97Un/k7NauvxPayQqOG32aRgnioRYW7QWJAyqCKY9wRYVBCvW0wBhQfWXEHeQQFjpNnM6vj0bdh44peJZ0b45yVdKkx6yYA/sgwKwQRlUwDWoAgdg8AxewQh8GE/Gi/FmvP9YM8bkZhf8GePzGz21npc=</latexit><latexit sha1_base64="jDVLuVIvaD0a0htUDcwU/U1/Bp8=">AAACGXicbVBNS8NAFNzUr1q/oh69LBahgpakCNWDUBDFYwVjC00Nm+2mXbqbhN2NWNr+E/0zehGpJ0/+Gze1BW19p5k38+DN+DGjUlnWl5FZWFxaXsmu5tbWNza3zO2dOxklAhMHRywSdR9JwmhIHEUVI/VYEMR9Rmp+9yLVaw9ESBqFt6oXkyZH7ZAGFCOlV55ZvoTn0JUJ9yh0By5HquMHsKfZMbwqTPmjR4+muHboDu5Lnpm3itZ44DywJyAPJlP1zJHbinDCSagwQ1I2bCtWzT4SimJGhjk3kSRGuIvapKFhiDiRzf444BAeBJGAqkPgmP/29hGXssd97Un/k7NauvxPayQqOG32aRgnioRYW7QWJAyqCKY9wRYVBCvW0wBhQfWXEHeQQFjpNnM6vj0bdh44peJZ0b45yVdKkx6yYA/sgwKwQRlUwDWoAgdg8AxewQh8GE/Gi/FmvP9YM8bkZhf8GePzGz21npc=</latexit><latexit sha1_base64="jDVLuVIvaD0a0htUDcwU/U1/Bp8=">AAACGXicbVBNS8NAFNzUr1q/oh69LBahgpakCNWDUBDFYwVjC00Nm+2mXbqbhN2NWNr+E/0zehGpJ0/+Gze1BW19p5k38+DN+DGjUlnWl5FZWFxaXsmu5tbWNza3zO2dOxklAhMHRywSdR9JwmhIHEUVI/VYEMR9Rmp+9yLVaw9ESBqFt6oXkyZH7ZAGFCOlV55ZvoTn0JUJ9yh0By5HquMHsKfZMbwqTPmjR4+muHboDu5Lnpm3itZ44DywJyAPJlP1zJHbinDCSagwQ1I2bCtWzT4SimJGhjk3kSRGuIvapKFhiDiRzf444BAeBJGAqkPgmP/29hGXssd97Un/k7NauvxPayQqOG32aRgnioRYW7QWJAyqCKY9wRYVBCvW0wBhQfWXEHeQQFjpNnM6vj0bdh44peJZ0b45yVdKkx6yYA/sgwKwQRlUwDWoAgdg8AxewQh8GE/Gi/FmvP9YM8bkZhf8GePzGz21npc=</latexit><latexit sha1_base64="jDVLuVIvaD0a0htUDcwU/U1/Bp8=">AAACGXicbVBNS8NAFNzUr1q/oh69LBahgpakCNWDUBDFYwVjC00Nm+2mXbqbhN2NWNr+E/0zehGpJ0/+Gze1BW19p5k38+DN+DGjUlnWl5FZWFxaXsmu5tbWNza3zO2dOxklAhMHRywSdR9JwmhIHEUVI/VYEMR9Rmp+9yLVaw9ESBqFt6oXkyZH7ZAGFCOlV55ZvoTn0JUJ9yh0By5HquMHsKfZMbwqTPmjR4+muHboDu5Lnpm3itZ44DywJyAPJlP1zJHbinDCSagwQ1I2bCtWzT4SimJGhjk3kSRGuIvapKFhiDiRzf444BAeBJGAqkPgmP/29hGXssd97Un/k7NauvxPayQqOG32aRgnioRYW7QWJAyqCKY9wRYVBCvW0wBhQfWXEHeQQFjpNnM6vj0bdh44peJZ0b45yVdKkx6yYA/sgwKwQRlUwDWoAgdg8AxewQh8GE/Gi/FmvP9YM8bkZhf8GePzGz21npc=</latexit>

W(k)  W(k�1) � µ
@E

@W
<latexit sha1_base64="dVhPoPhduAXZQJlqk7jpgAbYiBU="></latexit><latexit sha1_base64="dVhPoPhduAXZQJlqk7jpgAbYiBU="></latexit><latexit sha1_base64="dVhPoPhduAXZQJlqk7jpgAbYiBU="></latexit><latexit sha1_base64="dVhPoPhduAXZQJlqk7jpgAbYiBU="></latexit>

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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Ideas para un logo de
GSDPI
Volver a la página de inicio 

Historial
Fecha
(creación/revisión)

Autor descripción

2016-10-12 Ignacio
Díaz

creación

2016-10-13 Ignacio
Díaz

modificación

Elementos del logo

Estructura
Se propone un logo en
el que aparece el
acrónimo del grupo
GSDPI, con la
tipografía "Yanone
Kaffeesatz", que es la
empleada en la página
web oficial. El
acrónimo aparece
rodeado de puntos con
tamaños variables,
mayores en el centro, y
con una variación de
tono (hue) que
produce una escala
perceptualmente
homogénea (Niccoli’s
perceptual rainbow)
que proporciona la
función
d3.interpolateCool(t).
La escala va desde el
amarillo verdoso en el
centro hasta violeta en
la periferia.
Finalmente, el logo

GSDPI Grupo de Supervisión, Diagnóstico y Descubrimiento de 
Conocimiento en Procesos de Ingeniería

h.p://isa.uniovi.es/GSDPI

Regresión	
Descenso	del	gradiente

12

W(0)
W(1)

W(2)

W(*)

rE
<latexit sha1_base64="DVNocWf78MSKOYbdJllLdGeyCCc=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2EmCOouIILLCI4JJEOo6dQkTXoedPcIIeQjdCOiK7/HH/Bv7MRZaOJdna57G+pWmEmhjet+OSura+sbm6Wt8vbO7t5+5eDwQae54uTzVKaqHaImKRLyjTCS2pkijENJrXB0PfNbj6S0SJN7M84oiHGQiEhwNHbU7iYYSmQ3vUrVrblzsWXwCqhCoWav8tntpzyPKTFcotYdz81MMEFlBJc0LXdzTRnyEQ6oYzHBmHQwme87ZadRqpgZEpu/f2cnGGs9jkObidEM9aI3G/7ndXITXQYTkWS5oYTbiPWiXDKTsllt1heKuJFjC8iVsFsyPkSF3NjjlG19b7HsMvj12lXNvTuvNurFHUpwDCdwBh5cQANuoQk+cJDwDG/w7oycJ+fFef2JrjjFnyP4I+fjG7eRjOE=</latexit><latexit sha1_base64="DVNocWf78MSKOYbdJllLdGeyCCc=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2EmCOouIILLCI4JJEOo6dQkTXoedPcIIeQjdCOiK7/HH/Bv7MRZaOJdna57G+pWmEmhjet+OSura+sbm6Wt8vbO7t5+5eDwQae54uTzVKaqHaImKRLyjTCS2pkijENJrXB0PfNbj6S0SJN7M84oiHGQiEhwNHbU7iYYSmQ3vUrVrblzsWXwCqhCoWav8tntpzyPKTFcotYdz81MMEFlBJc0LXdzTRnyEQ6oYzHBmHQwme87ZadRqpgZEpu/f2cnGGs9jkObidEM9aI3G/7ndXITXQYTkWS5oYTbiPWiXDKTsllt1heKuJFjC8iVsFsyPkSF3NjjlG19b7HsMvj12lXNvTuvNurFHUpwDCdwBh5cQANuoQk+cJDwDG/w7oycJ+fFef2JrjjFnyP4I+fjG7eRjOE=</latexit><latexit sha1_base64="DVNocWf78MSKOYbdJllLdGeyCCc=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2EmCOouIILLCI4JJEOo6dQkTXoedPcIIeQjdCOiK7/HH/Bv7MRZaOJdna57G+pWmEmhjet+OSura+sbm6Wt8vbO7t5+5eDwQae54uTzVKaqHaImKRLyjTCS2pkijENJrXB0PfNbj6S0SJN7M84oiHGQiEhwNHbU7iYYSmQ3vUrVrblzsWXwCqhCoWav8tntpzyPKTFcotYdz81MMEFlBJc0LXdzTRnyEQ6oYzHBmHQwme87ZadRqpgZEpu/f2cnGGs9jkObidEM9aI3G/7ndXITXQYTkWS5oYTbiPWiXDKTsllt1heKuJFjC8iVsFsyPkSF3NjjlG19b7HsMvj12lXNvTuvNurFHUpwDCdwBh5cQANuoQk+cJDwDG/w7oycJ+fFef2JrjjFnyP4I+fjG7eRjOE=</latexit>

rE =
@E

@W
<latexit sha1_base64="YTWHKN5upx9WAz+4Apdc5actmHA=">AAACCnicbZDLSsNAGIUnXmu9RV26GSxCVyUpgroQClJwWcHYQhPKn+mkHTq5MDMRSsgj6MvoRkRXLn0B38ZJDait/+qb/5wZ5hw/4Uwqy/o0lpZXVtfWKxvVza3tnV1zb/9Wxqkg1CExj0XPB0k5i6ijmOK0lwgKoc9p159cFnr3jgrJ4uhGTRPqhTCKWMAIKL0amHU3Ap8DbuML7AYCSOYmIBQDjtv5D3fzgVmzGtZs8CLYJdRQOZ2B+eEOY5KGNFKEg5R920qUlxUPEk7zqptKmgCZwIj2NUYQUulls0Q5Pg5igdWY4tn5tzeDUMpp6GtPCGos57Vi+Z/WT1Vw5mUsSlJFI6ItWgtSjlWMi2LwkAlKFJ9qACKY/iUmY9CNKF1fVce358MugtNsnDes65Naq1n2UEGH6AjVkY1OUQtdoQ5yEEEP6Am9ojfj3ng0no2Xb+uSUd45QH/GeP8CdLyaJQ==</latexit><latexit sha1_base64="YTWHKN5upx9WAz+4Apdc5actmHA=">AAACCnicbZDLSsNAGIUnXmu9RV26GSxCVyUpgroQClJwWcHYQhPKn+mkHTq5MDMRSsgj6MvoRkRXLn0B38ZJDait/+qb/5wZ5hw/4Uwqy/o0lpZXVtfWKxvVza3tnV1zb/9Wxqkg1CExj0XPB0k5i6ijmOK0lwgKoc9p159cFnr3jgrJ4uhGTRPqhTCKWMAIKL0amHU3Ap8DbuML7AYCSOYmIBQDjtv5D3fzgVmzGtZs8CLYJdRQOZ2B+eEOY5KGNFKEg5R920qUlxUPEk7zqptKmgCZwIj2NUYQUulls0Q5Pg5igdWY4tn5tzeDUMpp6GtPCGos57Vi+Z/WT1Vw5mUsSlJFI6ItWgtSjlWMi2LwkAlKFJ9qACKY/iUmY9CNKF1fVce358MugtNsnDes65Naq1n2UEGH6AjVkY1OUQtdoQ5yEEEP6Am9ojfj3ng0no2Xb+uSUd45QH/GeP8CdLyaJQ==</latexit><latexit sha1_base64="YTWHKN5upx9WAz+4Apdc5actmHA=">AAACCnicbZDLSsNAGIUnXmu9RV26GSxCVyUpgroQClJwWcHYQhPKn+mkHTq5MDMRSsgj6MvoRkRXLn0B38ZJDait/+qb/5wZ5hw/4Uwqy/o0lpZXVtfWKxvVza3tnV1zb/9Wxqkg1CExj0XPB0k5i6ijmOK0lwgKoc9p159cFnr3jgrJ4uhGTRPqhTCKWMAIKL0amHU3Ap8DbuML7AYCSOYmIBQDjtv5D3fzgVmzGtZs8CLYJdRQOZ2B+eEOY5KGNFKEg5R920qUlxUPEk7zqptKmgCZwIj2NUYQUulls0Q5Pg5igdWY4tn5tzeDUMpp6GtPCGos57Vi+Z/WT1Vw5mUsSlJFI6ItWgtSjlWMi2LwkAlKFJ9qACKY/iUmY9CNKF1fVce358MugtNsnDes65Naq1n2UEGH6AjVkY1OUQtdoQ5yEEEP6Am9ojfj3ng0no2Xb+uSUd45QH/GeP8CdLyaJQ==</latexit>

Función	de	coste	E(W)	
(ej.	error	de	clasificación)

coste

Pesos		
de	la	red

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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Ideas para un logo de
GSDPI
Volver a la página de inicio 

Historial
Fecha
(creación/revisión)

Autor descripción

2016-10-12 Ignacio
Díaz

creación

2016-10-13 Ignacio
Díaz

modificación

Elementos del logo

Estructura
Se propone un logo en
el que aparece el
acrónimo del grupo
GSDPI, con la
tipografía "Yanone
Kaffeesatz", que es la
empleada en la página
web oficial. El
acrónimo aparece
rodeado de puntos con
tamaños variables,
mayores en el centro, y
con una variación de
tono (hue) que
produce una escala
perceptualmente
homogénea (Niccoli’s
perceptual rainbow)
que proporciona la
función
d3.interpolateCool(t).
La escala va desde el
amarillo verdoso en el
centro hasta violeta en
la periferia.
Finalmente, el logo

GSDPI Grupo de Supervisión, Diagnóstico y Descubrimiento de 
Conocimiento en Procesos de Ingeniería

h.p://isa.uniovi.es/GSDPI

Regresión	
OpJmización	directa

13

Y = XW

Ŵ = (XTX − λI)−1XTY

Modelo	lineal	genérico	(mulJvariable)

Y =
y1
⋮
yn

∈ ℝnq

datos	de	salida	(targets)

Ridge	Regression

Ŵ = arg min
W

∥XW − Y∥2 + λ∥W∥2

pesos	(coeficientes	del	modelo)

W ∈ ℝpq
datos	de	entrada

X =
x1
⋮
xn

∈ ℝnp

	
regularización	
de	Tikhonov

↑

from sklearn.linear_model import Ridge
import numpy as np
n_samples, n_features = 10, 5
rng = np.random.RandomState(0)
y = rng.randn(n_samples)
X = rng.randn(n_samples, n_features)
clf = Ridge(alpha=1.0)
clf.fit(X, y)

ejemplo	en	Python	↓

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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Ideas para un logo de
GSDPI
Volver a la página de inicio 

Historial
Fecha
(creación/revisión)

Autor descripción

2016-10-12 Ignacio
Díaz

creación

2016-10-13 Ignacio
Díaz

modificación

Elementos del logo

Estructura
Se propone un logo en
el que aparece el
acrónimo del grupo
GSDPI, con la
tipografía "Yanone
Kaffeesatz", que es la
empleada en la página
web oficial. El
acrónimo aparece
rodeado de puntos con
tamaños variables,
mayores en el centro, y
con una variación de
tono (hue) que
produce una escala
perceptualmente
homogénea (Niccoli’s
perceptual rainbow)
que proporciona la
función
d3.interpolateCool(t).
La escala va desde el
amarillo verdoso en el
centro hasta violeta en
la periferia.
Finalmente, el logo

GSDPI Grupo de Supervisión, Diagnóstico y Descubrimiento de 
Conocimiento en Procesos de Ingeniería

h.p://isa.uniovi.es/GSDPI

Regresión	
OpJmización	directa	(regresión	dispersa)

14

Ŵ = arg min
W

∥XW − Y∥2 + α∥W∥1

Lasso

Ŵ = arg min
W

∥XW − Y∥2 + λ1∥W∥1 + λ2∥W∥2

ElasJc	Net

from sklearn import linear_model
clf = linear_model.Lasso(alpha=0.1)
clf.fit([[0,0], [1, 1], [2, 2]], [0, 1, 2])
print(clf.coef_)
print(clf.intercept_)

X, y = make_regression(n_features=2, random_state=0)
regr = ElasticNet(random_state=0)
regr.fit(X, y)
print(regr.coef_)
print(regr.intercept_)
print(regr.predict([[0, 0]]))

	ejemplo	en	Python←

	ejemplo	en	Python←

http://isa.uniovi.es/GSDPI
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Regresión	
modelos	mulJvariable

15

y = α1x1 + α2x2 + … + αnxn + β

Y =

y1

y2

⋮
yn

X =

x1
1 x1

2 … x1
p 1

x2
1 x2

2 … x2
p 1

⋮
xn

1 xn
2 … xn

p 1

W =

α1
α2
⋮
αp

β

Y = XW

salidas 	
término	

independiente	
(bias)

↑	regresoresp 	coeficientesp + 1

Modelo	mulJvariable	
	depende	de	varios	factores	 	(regresores)y x1, …, xp
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término	

independiente	
(bias)

↑

Regresión		
modelos	no	lineales

16

y = α1 f1(x) + α2 f2(x) + … + αn fn(x) + β

Y =

y1

y2

⋮
yn

X =

f1(x) f2(x) … fp(x) 1
f1(x) f2(x) … fp(x) 1

⋮
f1(x) f2(x) … fp(x) 1

Y = XW

	coeficientesp + 1

fi(x) = fi(x1, x2, …, xp)
regresores	no	lineales

ejemplos	de	fi(x) :
x3x5, cos(x3), cos(5x4),

(x1x4), x2
1 + x2

3,

x1x2x2
3 x4x5

salidas 	regresoresp

Modelo	no	lineal	(lineal	en	los	parámetros)	
	como	combinación	lineal	de	funciones	no	lineales	de	y x1, …, xp

W =

α1
α2
⋮
αp

β
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Modelos	dinámicos	lineales	(discretos)

17

y(k) = a1y(k − 1) + … + any(k − n) + b0u(k) + … + bmu(k − m)

G(z) =
Y(z)
U(z)

=
b0 + b1z−1 + …bmz−m

1 − a1z−1 − … − anz−n

⋮
y(k)

⋮
=

⋮
y(k − 1) ⋯ y(k − n) u(k) ⋯ u(k − m)

⋮

−a1
⋮

−an

b0
⋮
bm

Función	de	transferencia	(SISO	discreto)

ecuación	en	diferencias

modelo	de	regresión	mulJvariable

Y = XW

	
se	suponen	
disponibles	
datos	para	

muchos	
valores	de	

→

k
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y(m)(t) = αm−1y(m−1)(t) + … + α1
·x(t) + βrur)(t) + … + b1

·u(t) + β0u(t) + γ{x(t)} → {y(t)}

sistema	SISO	conJnuo

regresores	con	
las	derivadas

si	se	conocen,	uJlizar		
las	derivadas	como	regresores

Problema	prácJco	
muy	sensible	al	ruido	por	las	derivadas

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI


Universidad	de	Oviedo

24/11/16 10:15Ideas para el logo de GSDPI

Página 1 de 5file:///Users/idiaz/Documents/git/diario-investigacion/2016-10-12-ideas-logo-gsdpi.html

Ideas para un logo de
GSDPI
Volver a la página de inicio 

Historial
Fecha
(creación/revisión)

Autor descripción

2016-10-12 Ignacio
Díaz

creación

2016-10-13 Ignacio
Díaz

modificación

Elementos del logo

Estructura
Se propone un logo en
el que aparece el
acrónimo del grupo
GSDPI, con la
tipografía "Yanone
Kaffeesatz", que es la
empleada en la página
web oficial. El
acrónimo aparece
rodeado de puntos con
tamaños variables,
mayores en el centro, y
con una variación de
tono (hue) que
produce una escala
perceptualmente
homogénea (Niccoli’s
perceptual rainbow)
que proporciona la
función
d3.interpolateCool(t).
La escala va desde el
amarillo verdoso en el
centro hasta violeta en
la periferia.
Finalmente, el logo

GSDPI Grupo de Supervisión, Diagnóstico y Descubrimiento de 
Conocimiento en Procesos de Ingeniería

h.p://isa.uniovi.es/GSDPI
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19

en	general,	puede	aproximarse	con	regresores	
de	uno	o	varios	retardos	

una	o	varias	variables	de	salida	/	entrada

y(k) = f(y(k − 1), …y(k − ny), u(k), …u(k − nu))
modelo	NARX	(Non-linear	Autoregresive	eXogenous)

⋯ + α1y(k − 2)y(k − 5) + α2y(k − 6)u(k) + α3 cos(y(k)2u(k)) + …

http://isa.uniovi.es/GSDPI
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espacio	de	estados	(SINDy)

20

d
dt

x = f(x)

f(x) ≈ ∑
k

θk(x)ξk = Θ(x)ξ

X = [x(t1), x(t2), …x(tm)]
·X = [ ·x(t1), ·x(t2), …·x(tm)]

Θ(X) = [1, X, X2, …cos(X)…] ·X = Θ(X)Ξ

sistema	
no	lineal	
genérico

aproximación	
mediante	

combinación	lineal	
de	funciones	no	lineales

datos	y	targets	
para	 	muestras	

en	formato	matricial
m

expansión	no	lineal	
de	los	datos	

en	formato	matricial

nos	lleva	a	un	
problema	de	regresión	
lineal	mulJvariable

Brunton, S. L., Proctor, J. L., & Kutz, J. N. (2016). 
Discovering governing equations from data by 
sparse identification of nonlinear dynamical 
systems. Proceedings of the national academy of 
sciences, 113(15), 3932-3937.

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
https://www.pnas.org/doi/10.1073/pnas.1517384113
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21

·X Θ(X)

Ξ

=

p

q

q

n n

p		
número	de	
variables	
de	estado

q =

	
muestras	
disponibles

n =

	
número	de	
funciones	no	lineales	
de	la	expansión

p =

(Brunton	&	Kutz,	2022)

http://isa.uniovi.es/GSDPI
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·X Θ(X)

Ξ

=n n

p

Θ(x) = x, y, z, x2, xy, xz, y2, yz, z2, x3, x2y, x2z, xy2, xyz, xz2, y3, y2z, yz2, z3

ξ1, ξ2, ξ3
·x, ·y, ·z, x, y, …xz, yz, … , yz2, z3

dx
dt

= σ(y − x)

dy
dt

= x(ρ − z) − y

dz
dt

= xy − βz

Ecuaciones	de	Lorenz

↓

p

q

q

http://isa.uniovi.es/GSDPI
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23

Ejemplo:	detección	de	anomalías

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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Echo	State	Networks

24

x(k) = σ(Wresx(k − 1) + Winu(k)) Wout

u(k) x(k) y(k)

ℝn

x(k) = σ(Wresx(k − 1) + Winu(k))
y(k) = Woutx(k)

x2(k)

xn(k)

x1(k)

Wres
u(k)

y(k)

Win

Wout

ecuación	de	estado ecuación	
de	observación

estado	
interno	(de	alta	
dimensionalidad)

http://isa.uniovi.es/GSDPI
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x(k) = σ(Wresx(k − 1) + Winu(k)) Wout

u(k) x(k) y(k)

Reservorio	
ConJene	un	número	elevado	 	de	modos	
dinámicos		

	

generados	no	linealmente	a	parJr	de	la	
entrada	 	

puede	verse	como	una	expansión	no	
lineal	de	 	
que	la	“disecciona”	en	muchas	
componentes	no	lineales

n

x1(k), x2(k), …, xn(k)

u(k)

u(k)

Entrada	(excitación)	 	
señal	exógena	(puede	ser	mulJvariable)

u(k)

Salida	
Cuando	es	dato	(problema	
de	idenJficación)	
permite	esJmar	Wout

Wout = (XXT + λI)−1XYT

los	 valores	 propios	 de	 la	 matriz	
	 son	 los	modos	 dinámicos	

del	 sistema	 si	 	 es	 una	
función	lineal.	Influyen	en	la	
naturaleza	 de	 los	 modos	
dinámicos	 no	 lineales	
cuando	 	es	sigmoidal.		

Para	 generar	 un	 amplio	
espectro	 de	 dinámicas	 se	
h a c e	 	 d i s p e r s a	
(mayoría	 de	 ceros)	 y	 se	
lleva	 al	 borde	 de	 estabilidad	
escalándola	 para	 alcanzar	 un	
radio	espectral	 	

Wres
σ ( ⋅ )

σ

Wres

ρ ≈ 1

matriz	de	reservorio,	 	(estados	 	muestras)X ×
x1(k)
x2(k)

xn(k)

x3(k)
⋅⋅⋅

⋅

⋮

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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IdenJficación	de	Sistemas	
Echo	State	Networks

26

	

n	states

x(k) = σ(Wresx(k − 1) + Winu(k))
Wout

washout

Uu, Uv, Uw

Iu, Iv, Iw

total muestras

estimación LS

Ejemplo:	modelado	tensión	corriente
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http://isa.uniovi.es/GSDPI


Universidad	de	Oviedo

24/11/16 10:15Ideas para el logo de GSDPI

Página 1 de 5file:///Users/idiaz/Documents/git/diario-investigacion/2016-10-12-ideas-logo-gsdpi.html

Ideas para un logo de
GSDPI
Volver a la página de inicio 

Historial
Fecha
(creación/revisión)

Autor descripción

2016-10-12 Ignacio
Díaz

creación

2016-10-13 Ignacio
Díaz

modificación

Elementos del logo

Estructura
Se propone un logo en
el que aparece el
acrónimo del grupo
GSDPI, con la
tipografía "Yanone
Kaffeesatz", que es la
empleada en la página
web oficial. El
acrónimo aparece
rodeado de puntos con
tamaños variables,
mayores en el centro, y
con una variación de
tono (hue) que
produce una escala
perceptualmente
homogénea (Niccoli’s
perceptual rainbow)
que proporciona la
función
d3.interpolateCool(t).
La escala va desde el
amarillo verdoso en el
centro hasta violeta en
la periferia.
Finalmente, el logo

GSDPI Grupo de Supervisión, Diagnóstico y Descubrimiento de 
Conocimiento en Procesos de Ingeniería

h.p://isa.uniovi.es/GSDPI

IdenJficación	de	Sistemas	
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27

de	todos	modos,	¡no	suele	ser	tan	fácil!

funciona	bien	en	un	punto	de	trabajo,		
pero	estos	modelos	suelen	ser	muy	sensibles		

si	se	cambia	el	punto	de	operación

arquitecturas	con	modelos	
en	varios	puntos	de	trabajo

usar	modelos	
más	generales
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El	problema	de	clasificación

29

ObjeJvo:	
asignar	una	nueva	observación	 	a	una	clase	 	
de	entre	un	conjunto	de	clases	

x Ci
{C1, C2, ⋯, Cn}

En	general,	 	suele	ser	un	  
vector	de	caracterísJcas	(feature	vector)		
con	descriptores	 	sensibles	a	las	condiciones		
que	producen	el	fallo

x = (x1, x2, ⋯xp)

xi

x

x1

x2

C1

C2

C3

C4
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El	problema	de	clasificación

30

x1

x2

Se	parte	de	datos	eJquetados	
	{(x1, c1), …(xn, cn)}

ci = {rojo, verde, amarillo, azul} ¡	requerir	datos	eJquetados		
es	una	exigencia	“fuerte”	!

?

B.	Falta	de	e3quetas	
No	siempre	se	dispone	de	datos 
para	todos	los	fallos	posibles

A.	Desbalanceo	
Puede	haber	pocos	datos	
eJquetados	de	una	clase	y	
muchos	de	otra

métodos	
no	supervisados

métodos	
semisupervisados
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Clasificador	Naïve	Bayes	
teorema	de	Bayes

31

P(Ci |x) =
p(x |Ci)P(Ci)

p(x)
=

p(x |Ci)P(Ci)
∑n

k=1 p(x |Ck)P(Ck)

“prior”	
probabilidad		

de	pertenecer	a	la	clase	 		
sin	otra	consideración

Ci

densidad	de	probabilidad		
condicional	de	 	

sabiendo	que	pertenece	a	
x

Ci

densidad	de	probabilidad		
de	 ,	sea	de	la	clase	que	seax

“posterior”	
probabilidad	de	pertenecer		
a	la	clase	 	conocida	Ci x

p(Ci) ≈
num datos de fallo
num datos totales

	 		
asumir	distribución	normal  
calculando	la	media	 	y	la	desviación	rpica	 	  
muestrales	de	los	datos	de	la	clase	

p(x |Ci) ≈ normpdf(x, μi, σi)

μ σ
Ci

	(teorema	de	probabilidad	total)p(x) =
n

∑
k=1

p(x |Ck)P(Ck)

Posibilidades	para	es3mar	los	componentes	
(¡	no	las	únicas	!)

(o	si	los	hay,	estadísJcos	
históricos	de	frecuencia	del	fallo)
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Clasificador	Naïve	Bayes	
ejemplo	en	Matlab

32

% TRAINING DATA 
n1 = 100; 
n2 = 200; 
p1 = randn(n1,1)*2+1; 
p2 = randn(n2,1)*0.5-1; 
p=[p1;p2]; 

% PRIOR PROBABILITIES FOR CLASS C1, C2 
PC1 = n1/(n1+n2); 
PC2 = n2/(n1+n2); 

% TEST DATA 
x=linspace(-10,10,1000); 

% ESTIMATE THE PARAMETERS FOR THE DISTRIBUTIONS (suppose normally destributed) 
mu1e = mean(p1); 
mu2e = mean(p2); 
sigma1e = std(p1); 
sigma2e = std(p2); 

% OBTAIN THE CONDITIONAL PROBABILITY DENSITIES FOR EACH CLASS P(X|Ci) 
pxC1=normpdf(x,mu1e,sigma1e); 
pxC2=normpdf(x,mu2e,sigma2e); 

% TOTAL PROBABILITY DENSITY FUNCTION 
px=pxC1*PC1+pxC2*PC2; 

% APPLY BAYES RULE TO OBTAIN POSTERIOR PDF p(Ci|x) 
PC1x=pxC1*PC1./px; 
PC2x=pxC2*PC2./px; 

p(x |C1)

p(x |C2)

p(C2 |x)p(C1 |x)

% PLOT RESULTS 
figure; 

% training data 
plot(p1,zeros(n1,1),'xb',p2,zeros(n2,1),'or') 
title('training data'); 
axis([-10 10 -0.5 1.5]); 
hold on; 

% conditioned pdf of each class p(x|Ci) 
plot(x,pxC1,'b');plot(x,pxC2,'r'); 
title('conditioned pdf of each class p(x|Ci)'); 

% posterior pdf's p(Ci|x)  
plot(x,PC1x,'.b');plot(x,PC2x,'.r'); 
title('posterior pdfs p(Ci|x)'); 

% classification: assign the class with largest posterior probability 
plot(x,PC1x>PC2x,'--b');plot(x,PC2x>PC1x,'--r'); 
title('classification: assign the class with largest posterior probability'); 

http://isa.uniovi.es/GSDPI
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Clasificación	
Regresión	LogísJca

33

P(Y = 0 |X) = e−∑i wi⋅Xi

1 + e−∑i wi⋅Xi

P(Y = 1 |X) = 1

1 + e−∑i wi⋅Xi

1 <
P(Y = 0 |X)
P(Y = 1 |X)

↔ 0 < − ∑
i

wiXi

∏
l

P(Yl |Xl, w)

Suponemos	modelos	paramétricos	sigmoidales

La	regla	de	clasificación	sería

Si	tenemos	 	observaciones,	 ,	  
la	verosimilitud	de	acuerdo	con	el	modelo		
paramétrico	 	sería

L X1, …XL

P(Y |X, w)

w1X1 + w2X2 + …wnXnX1

X 2

(w1, w2, …, wn)

w1X1 + w2X2 + …wnXn = 0
hiperplano	de	separación

vector	normal	al	plano

Xli

observación	
(muestra)

componente

notación	para	 	muestrasL
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Clasificación	
Regresión	LogísJca
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w ← arg max
w ∏

l

P(Yl |Xl, w)

w ← arg max
w ∑

l

ln P(Yl |Xl, w) o	bien w ← arg max
w

L(w)

L(w) = ∑
l

{Yl ln P(Yl = 1 |Xl, w) + (1 − Yl)ln P(Yl = 0 |Xl, w)}

Buscamos	los	pesos	 	del	modelo	que	maximicen	la	verosimilitudw

Tomando	logaritmos,	se	convierten	en	sumas
log-likelihood

	solo	toma	dos	valores	 ,	podemos	separar	sumandos	en	dos:	Yl {0,1} Yl = 1, Yl = 0

L(w) = ∑
l {Yl ln

P(Yl = 1 |Xl, w)
P(Yl = 0 |Xl, w)

+ ln P(Yl = 0 |Xl, w)}
L(w) = ∑

l

Yl (
n

∑
i

wiXli) + ln
e−∑i wiXli

1 + e−∑i wiXli
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∂L(w)
∂wi

= ∑
l

Xli(Yl − P(Yl = 1 |Xl, w))

wi ← wi + ν∑
l

Xli(Yl − P(Yl = 1 |Xl, w))

derivando	respecto	a	los	pesos	 	obtenemos	el	gradiente	wi

…	y	del	gradiente	la	regla	de	aprendizaje

# Clase para iteración de regresión logística
# ¡¡La solución es muy simple!!

class LogisticRegression():
    def fit(self, X, y, n_iter=4000, lr=0.01):
        self.w = np.random.rand(X.shape[1])
        for _ in range(n_iter):
            self.w -= lr * (self.predict(X) - y).dot(X)
    def predict(self, X):
        return sigmoid(X.dot(self.w))

# Instanciamos nuestra clase LogisticTegression
a = LogisticRegression()

# ejecutamos el método fit para entrenar
a.fit(X,y,lr=0.0001)

# Definimos datos de test (Xt)

# ejecutamos el método predict()
yt = a.predict(Xt)

from sklearn.datasets import load_iris
from sklearn.linear_model import LogisticRegression

X, y = load_iris(return_X_y=True)

clf = LogisticRegression(random_state=0).fit(X, y)

clf.predict(X[:2, :])
clf.predict_proba(X[:2, :])
clf.score(X, y)

ejemplo	programándolo	(¡muy	sencillo!) ejemplo	con	scikit-learn

http://isa.uniovi.es/GSDPI
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Reducción	de	la	Dimensionalidad
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Reducción	de	la	dimensionalidad	
preservación	de	similitudes

espacio	de	datos	ℝn espacio	latente	 	
(o	de	visualización,	

ℝd

d = 2)

mapeo	DR	
(ej.	t-SNE,	UMAP,	

AE,	VAE,	…) px(i), py(i)

37

Universidad	de	Oviedo

Ignacio	Díaz	Blanco,	2023

Principio	de	espacialización:	
“parecido”	↔ “cercano”

factor	1 fa
ct
or
	2

factor	1
fa
ct
or
	2

objeto	xi ∈ ℝn
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Reducción	de	la	dimensionalidad	
ejemplo	en	scikit-learn

38

     sepal length (cm)  sepal width (cm)  petal length (cm)  petal width (cm) 
0                  5.1               3.5                1.4               0.2 
1                  4.9               3.0                1.4               0.2 
2                  4.7               3.2                1.3               0.2 
3                  4.6               3.1                1.5               0.2 
4                  5.0               3.6                1.4               0.2 
..                 ...               ...                ...               ... 
145                6.7               3.0                5.2               2.3 
146                6.3               2.5                5.0               1.9 
147                6.5               3.0                5.2               2.0 
148                6.2               3.4                5.4               2.3 
149                5.9               3.0                5.1               1.8 

[150 rows x 4 columns]

X ∈ ℝn,4

import matplotlib.pyplot as plt 

from sklearn import datasets 
from sklearn.decomposition import PCA 
from sklearn.discriminant_analysis import LinearDiscriminantAnalysis 

iris = datasets.load_iris() 

X = iris.data 
y = iris.target 
target_names = iris.target_names 

     componente 1  componente 2 
0       -2.684126      0.319397 
1       -2.714142     -0.177001 
2       -2.888991     -0.144949 
3       -2.745343     -0.318299 
4       -2.728717      0.326755 
..            ...           ... 
145      1.944110      0.187532 
146      1.527167     -0.375317 
147      1.764346      0.078859 
148      1.900942      0.116628 
149      1.390189     -0.282661 

[150 rows x 2 columns]

Xr ∈ ℝn,2

pca = PCA(n_components=2) 
X_r = pca.fit(X).transform(X)

⋅⋅⋅⋅⋅⋅⋅ ⋅⋅⋅⋅
⋅⋅⋅⋅ ⋅⋅⋅⋅⋅⋅⋅⋅ ⋅⋅ ⋅

⋅⋅⋅
⋅⋅⋅⋅⋅ ⋅⋅ ⋅ ⋅⋅⋅⋅⋅⋅⋅

from sklearn.manifold import TSNE 
tsne = TSNE(n_components=2,perplexity=20) 
X_r = tsne.fit_transform(X)

proyecciones	lineales

manifold	learning

autoencoders
AE,	deep	AE,	…

UMAP,	t-SNE,	…

PCA	(Principal	Component	Analysis)

X X̂Xr

X Xr

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
https://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA
https://scikit-learn.org/stable/modules/generated/sklearn.discriminant_analysis.LinearDiscriminantAnalysis.html#sklearn.discriminant_analysis.LinearDiscriminantAnalysis
https://scikit-learn.org/stable/modules/generated/sklearn.datasets.load_iris.html#sklearn.datasets.load_iris
https://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA
https://scikit-learn.org/stable/modules/generated/sklearn.discriminant_analysis.LinearDiscriminantAnalysis.html#sklearn.discriminant_analysis.LinearDiscriminantAnalysis
https://scikit-learn.org/stable/modules/generated/sklearn.datasets.load_iris.html#sklearn.datasets.load_iris
https://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA
https://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html#sklearn.decomposition.PCA
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Finalmente, el logo

GSDPI Grupo de Supervisión, Diagnóstico y Descubrimiento de 
Conocimiento en Procesos de Ingeniería

h.p://isa.uniovi.es/GSDPI

Reducción	de	la	dimensionalidad	
ejemplo	estados	motor	de	inducción

39

espectro	de	corriente	motor

xi
tiempo

tsne
ℝ1001 → ℝ2

x (1001 armonicos)

espectrograma	de	corrientes

mapa	visual	de	estados

RUL

estados
iniciales

estados
finales

dos
condiciones

http://isa.uniovi.es/GSDPI
http://isa.uniovi.es/GSDPI
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.

The training and testing datasets were composed of several
coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy

in the band of frequencies for the third-octave mode of vibration.
The projections show up a trajectory going outside the region
spanned by normal condition points, representing clearly the evolu-
tion of the chatter fault. The trajectory of the points represents the
dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.

Going into more detail about Fig. 5, several projections from
different strips of the process are represented over the train-
ing projection, which is displayed in a greyscale color. The projec-
tions of the points from a new set of data are placed in zones

Table 1
Parameters of the experiments.

Name Symbol Value

Data acquisition
Initial sampling rate F ′m 2000 Hz
Initial sampling time T ′ 5 # 10−4 s
Decimation ratio r 2
Final sampling rate Fm 1000 Hz
Final sampling time T 10−3 s

Frequency-band analysis (FBA)
Window size Nw 512
Overlapping L 99%
Displacement nd 5
# of frequencies m 200
Center frequencies fi 1, 2, 3,…,200 Hz
Bandwidths Bi 5 Hz
# of points N 4415

Dimensionality reduction
# of codebook vectors nr 600
Perplexity P 30
RBFN kernel width s 100
RBFN regularization parameter λ 10−9

Fig. 4. Resulting map of projection from a training set. Contour lines represent the
average energy in the band around the third-octave mode of vibration for each
state, in (a) also encoded with color and size. In (b) small plots represent the whole
frequency profiles for each state.
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.

The training and testing datasets were composed of several
coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy

in the band of frequencies for the third-octave mode of vibration.
The projections show up a trajectory going outside the region
spanned by normal condition points, representing clearly the evolu-
tion of the chatter fault. The trajectory of the points represents the
dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.

Going into more detail about Fig. 5, several projections from
different strips of the process are represented over the train-
ing projection, which is displayed in a greyscale color. The projec-
tions of the points from a new set of data are placed in zones

Table 1
Parameters of the experiments.

Name Symbol Value

Data acquisition
Initial sampling rate F ′m 2000 Hz
Initial sampling time T ′ 5 # 10−4 s
Decimation ratio r 2
Final sampling rate Fm 1000 Hz
Final sampling time T 10−3 s

Frequency-band analysis (FBA)
Window size Nw 512
Overlapping L 99%
Displacement nd 5
# of frequencies m 200
Center frequencies fi 1, 2, 3,…,200 Hz
Bandwidths Bi 5 Hz
# of points N 4415

Dimensionality reduction
# of codebook vectors nr 600
Perplexity P 30
RBFN kernel width s 100
RBFN regularization parameter λ 10−9

Fig. 4. Resulting map of projection from a training set. Contour lines represent the
average energy in the band around the third-octave mode of vibration for each
state, in (a) also encoded with color and size. In (b) small plots represent the whole
frequency profiles for each state.
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.

The training and testing datasets were composed of several
coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy

in the band of frequencies for the third-octave mode of vibration.
The projections show up a trajectory going outside the region
spanned by normal condition points, representing clearly the evolu-
tion of the chatter fault. The trajectory of the points represents the
dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.

Going into more detail about Fig. 5, several projections from
different strips of the process are represented over the train-
ing projection, which is displayed in a greyscale color. The projec-
tions of the points from a new set of data are placed in zones

Table 1
Parameters of the experiments.

Name Symbol Value

Data acquisition
Initial sampling rate F ′m 2000 Hz
Initial sampling time T ′ 5 # 10−4 s
Decimation ratio r 2
Final sampling rate Fm 1000 Hz
Final sampling time T 10−3 s

Frequency-band analysis (FBA)
Window size Nw 512
Overlapping L 99%
Displacement nd 5
# of frequencies m 200
Center frequencies fi 1, 2, 3,…,200 Hz
Bandwidths Bi 5 Hz
# of points N 4415

Dimensionality reduction
# of codebook vectors nr 600
Perplexity P 30
RBFN kernel width s 100
RBFN regularization parameter λ 10−9

Fig. 4. Resulting map of projection from a training set. Contour lines represent the
average energy in the band around the third-octave mode of vibration for each
state, in (a) also encoded with color and size. In (b) small plots represent the whole
frequency profiles for each state.
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.

The training and testing datasets were composed of several
coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy

in the band of frequencies for the third-octave mode of vibration.
The projections show up a trajectory going outside the region
spanned by normal condition points, representing clearly the evolu-
tion of the chatter fault. The trajectory of the points represents the
dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.

Going into more detail about Fig. 5, several projections from
different strips of the process are represented over the train-
ing projection, which is displayed in a greyscale color. The projec-
tions of the points from a new set of data are placed in zones

Table 1
Parameters of the experiments.

Name Symbol Value

Data acquisition
Initial sampling rate F ′m 2000 Hz
Initial sampling time T ′ 5 # 10−4 s
Decimation ratio r 2
Final sampling rate Fm 1000 Hz
Final sampling time T 10−3 s

Frequency-band analysis (FBA)
Window size Nw 512
Overlapping L 99%
Displacement nd 5
# of frequencies m 200
Center frequencies fi 1, 2, 3,…,200 Hz
Bandwidths Bi 5 Hz
# of points N 4415

Dimensionality reduction
# of codebook vectors nr 600
Perplexity P 30
RBFN kernel width s 100
RBFN regularization parameter λ 10−9

Fig. 4. Resulting map of projection from a training set. Contour lines represent the
average energy in the band around the third-octave mode of vibration for each
state, in (a) also encoded with color and size. In (b) small plots represent the whole
frequency profiles for each state.
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.

The training and testing datasets were composed of several
coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy

in the band of frequencies for the third-octave mode of vibration.
The projections show up a trajectory going outside the region
spanned by normal condition points, representing clearly the evolu-
tion of the chatter fault. The trajectory of the points represents the
dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.

Going into more detail about Fig. 5, several projections from
different strips of the process are represented over the train-
ing projection, which is displayed in a greyscale color. The projec-
tions of the points from a new set of data are placed in zones

Table 1
Parameters of the experiments.

Name Symbol Value

Data acquisition
Initial sampling rate F ′m 2000 Hz
Initial sampling time T ′ 5 # 10−4 s
Decimation ratio r 2
Final sampling rate Fm 1000 Hz
Final sampling time T 10−3 s

Frequency-band analysis (FBA)
Window size Nw 512
Overlapping L 99%
Displacement nd 5
# of frequencies m 200
Center frequencies fi 1, 2, 3,…,200 Hz
Bandwidths Bi 5 Hz
# of points N 4415

Dimensionality reduction
# of codebook vectors nr 600
Perplexity P 30
RBFN kernel width s 100
RBFN regularization parameter λ 10−9

Fig. 4. Resulting map of projection from a training set. Contour lines represent the
average energy in the band around the third-octave mode of vibration for each
state, in (a) also encoded with color and size. In (b) small plots represent the whole
frequency profiles for each state.
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Capítulo 3. TRABAJO REALIZADO Y RESULTADOS OBTENIDOS.

convolución (con un filtro unidimensional de tamaño 47 elementos) y una capa de 
flatten que convierte la salida de la rama en un vector plano. Para la capa de convolución 
se utiliza una función de activación tipo ReLU y se aplica una restricción de no negatividad 
a sus pesos, lo cual ayuda a evitar el sobreajuste y obliga a que la contribución de los 
consumos previos sobre la predicción sea siempre positiva. 

- A la derecha se observa la rama que recibe el resto de elementos del vector de 
entrada (semana, día y hora). Consta de una capa de entrada de 3 neuronas y su 
correspondiente capa de flatten. 

A continuación, se concatenan las dos ramas y se repite la arquitectura de la red 
feedforward. 

- !  -47

InputLayer
input:
output:

(None, 47, 1)
(None, 47, 1)

Conv1D
input:
output:

(None, 47, 1)
(None, 1, 1)

Flatten
input:

output:
(None, 1, 1)

(None, 1)

InputLayer
input:

output:
(None, 3, 1)
(None, 3, 1)

Flatten
input:
output:

(None, 3, 1)
(None, 3)

Concatenate
input:

output:
[(None, 1), (None, 3)]

(None, 4)

Dense
input:
output:

(None, 4)
(None, 80)

Dense
input:
output:

(None, 80)
(None, 80)

Dense
input:
output:

(None, 80)
(None, 80)

Dense
input:
output:

(None, 80)
(None, 80)

Dense
input:
output:

(None, 80)
(None, 80)

Dense
input:
output:

(None, 80)
(None, 80)

Dense
input:
output:

(None, 80)
(None, 80)

Dense
input:
output:

(None, 80)
(None, 1)

Figura 3.11. Arquitectura convolucional propuesta para la predicción de consumo. 
Se sombrean en amarillo las novedades introducidas respecto a la 

arquitectura feedforward expuesta en la Figura 3.9.

contexto :
W [k], D[k], H[k]

consumo[k − N : k − 1]

# CREAMOS REGRESOR DINÁMICO (TAP-DELAY) DE DATOS DE ENTRENAMIENTO
X = []
y = []

# entrenamos con los datos de un año (8760 registros horarios) 
N = 8760

# estimamos los datos de varias horas después (ej. ahead = 24 horas) 
ahead = 24
for k in range(169,N):
    X.append(np.hstack((
                C[k-24:k-1],           # vector de consumo diario (24h)
                W[k],                  # semana del año
                D[k],                  # día de la semana
                H[k],                  # hora del día
                1                      # término independiente
            )).tolist()  )
    y.append(C[k+ahead].tolist() )

        
# CREAMOS REGRESOR DINÁMICO (TAP-DELAY) DE DATOS DE TEST
Xtst = []
ytst = []
Ntst = 10000

for k in range(169,Ntst):
    Xtst.append(np.hstack((
                C[k-24:k-1],           # vector de consumo diario (24h)          
                W[k],                  # semana del año
                D[k],                  # día de la semana
                H[k],                  # hora del día
                1                      # término independiente
            )).tolist()  )
    ytst.append(C[k+ahead].tolist() )

# PREDICCIÓN LINEAL
from sklearn import linear_model
clf = linear_model.Ridge (alpha = 0.1)
clf.fit(X_norm,y_norm)
yest_norm = clf.predict(Xtst_norm)

# PREDICCIÓN Support Vector Regression (SVR)
from sklearn.svm import SVR
import numpy as np

# este método permite calcular los coeficientes de una 
aproximación rbf
# mediante una optimización "robusta". No está limitado a rbf. Es 
extensible a otros tipos de aproximaciones.
clf = SVR(kernel='rbf', gamma=.5, C=10, epsilon=.02)

clf.fit(X_norm,y_norm)
yest_norm = clf.predict(Xtst_norm)

Extracción	de	caracterísJcas 1.	Regresión	Lineal	(Ridge)

2.	Regresión	Vectores	de	Soporte	(SVR)

(González,	2017)

3.	Red	Convolucional	(CNN)
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x(t) = consumo	global

yi(t) = consumos	individuales

x(t) = y1(t) + y2(t) + … + yn(t) + e(t)

fi : x → yi

EsJmación	seq2seq

serie	temporal	
de	consumos	
globales

serie	temporal	
de	consumos	
individuales

(García	et	al,	2021)
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Figura 1: Esquema de la bancada SHM y foto de detalle del percutor y los tornillos.

(XXT + �I)�1XTYT , donde � (regularización de
Tikhonov) se elige con un valor cercano a cero,
o utilizando la pseudoinversa de Moore-Penrose,
X+, para calcular Wout ⇡ X+Y.

La matriz Wout resultante combina linealmente
los estados del reservorio generados a partir de
las entradas u(k) para generar las salidas y(k) del
sistema dinámico. Aśı, esta matriz actúa seleccio-
nando las dinámicas del reservorio que mejor des-
criben el comportamiento dinámico del sistema y
combinándolas. Con una adecuada elección de los
parámetros, el conjunto de las operaciones de (3),
a) recolección de estados y b) combinación lineal
de los estados, es un sistema dinámico que modela
el sistema objetivo con precisiones muy altas2 que
requiere un tiempo de entrenamiento muy inferior,
por ejemplo, al de las redes neuronales profundas
que usan algoritmos iterativos como el backpropa-
gation o variantes del mismo.

3. DETECCIÓN DE FALLOS

La capacidad de las ESN para modelar la relación
dinámica entre una secuencia de entradas o excita-
ciones u(k) y una secuencia de salidas o respuestas
y(k) de un sistema dinámico genérico, permite la
implementación de sensores virtuales. Un sensor
virtual permite la estimación de una propiedad o
variable de un proceso a partir de medidas indirec-
tas disponibles que afectan a la variable estimada.
Esto permite medir una propiedad para la que no

2En el trabajo [4] de 2009, se reportan para algunos
problemas, precisiones hasta tres órdenes de magnitud
mayores que los métodos anteriores de identificación
no lineal.

se dispone de sensor (o es muy caro), o bien ésta
se desea medir en un punto diferente a aquél en el
que está ubicado el sensor f́ısico.

Sin embargo, otro uso interesante de los senso-
res virtuales es la generación de medidas redun-
dantes, a través de la estimación de una variable
que ya se está midiendo con un sensor f́ısico. Esta
idea, denominada redundancia anaĺıtica es de gran
utilidad en el ámbito de la detección y diagnósti-
co de fallos a través de la generación de residuos
mediante la diferencia entre las q variables medi-
das por el sensor real y(k) = (y1(k), . . . , yq(k))T

y las q estimaciones del sensor virtual ŷ(k) =
(ŷ1(k), . . . , ŷq(k))T .

r(k) = y(k)� ŷ(k) (4)

Si el sistema o proceso se comporta de forma acor-
de con el modelo del sensor virtual, los q residuos
r1(k), . . . , rq(k) de la ecuación (4) serán cercanos
a cero, o bien kr(k)k2 ⇡ 0. Si el proceso, por el
contrario, sufre un cambio en su comportamiento,
el modelo ya no es válido y uno o más residuos
se desv́ıan de cero, kr(k)k2 >> 0. Los residuos,
por tanto, son indicadores de que la condición del
proceso no concuerda con las hipótesis hechas en el
modelado. Si las hipótesis del modelado cubren ra-
zonablemente el espectro de condiciones de funcio-
namiento “normales”, los residuos son indicadores
de anomaĺıas y por tanto de fallos potenciales. Los
residuos portan información altamente espećıfica
de los espacios de fallo, ya que idealmente todas las
condiciones contempladas como normales son des-
contadas, por lo que son muy útiles como entradas
a algoritmos de aprendizaje automático (ej. clasi-
ficadores) o simplemente visualizados, por ejemplo
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Figura 3: Residuos y envolvente para un lote de 30 impactos incluyendo la condición normal 0 (impactos
de entrenamiento y de test), y las condiciones de fallo 2 y 5 (todos los impactos de test).
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Finalmente, se obtuvo la envolvente de los residuos
resultantes (Figura 4), calculando el valor eficaz
(RMS) de los residuos en ventanas de tamaño L =
150 muestras (5).

E(k) =

vuuut 1

L

k+L/2�1X

i=k�L/2

kr(k)k2 (5)

En la Figura 3 se observan, en la parte superior,
la variable original y las estimaciones que produce
la ESN. Se aprecia claramente que la estimación
es más precisa en los tramos con las condiciones
de entrenamiento de la ESN y, sin embargo, el
modelo comete error cuando la bancada opera en
condiciones diferentes (tornillo flojo y carga en el
lateral). Asimismo, el error bajo en condiciones
normales no se ve apenas afectado en condiciones
normales no utilizadas en el entrenamiento.

En la figura 5 se muestran indicadores de la cali-
dad de la clasificación. Se obtuvo la curva ROC,
representando la tasa de falsas alarmas (FPR)
frente a alarmas reales (TPR) para distintos um-
brales. A la derecha se muestra la exactitud (ac-
curacy) obtenida en la clasificación en función del
umbral. Puede apreciarse que la envolvente RMS
propuesta como indicador para la detección de fa-
llos muestra muy buenos resultados, con exactitu-
des cercanas a 1 para un rango de umbrales.

Figura 5: A la izquierda envolvente RMS vs. clase;
en el centro, curva ROC; a la derecha se muestra la
exactitud (accuracy) en la clasificación en función
del umbral

5. CONCLUSIONES

Este trabajo muestra resultados preliminares de
aplicación de redes neuronales recurrentes de tipo
echo state network (ESN) para detección de ano-
maĺıas en estructuras. Estos resultados muestran
que la ESN permite una identificación de dinámi-
cas no lineales en problemas complejos como el

!3

transitorio 
inicial 
(washout)

transitorio 
inicial 
(washout)

Figura 2: Pareja excitación-respuesta {u(k),y(k)} para dos de los impactos (normal y con fallo). A la
izquierda, excitación en la zona de impacto (S2); a la derecha, respuesta en un extremo (S1) y estimación
del modelo ESN.

en sistemas de supervisión SCADA.

0 - condiciones normales (tornillos apretados)
1 - tornillo aflojado (1)
2 - tornillo aflojado (2)
3 - tornillo aflojado (5)
4 - tornillo aflojado (8)
5 - carga situada en el lado izquierdo
6 - carga situada en el lado derecho

Cuadro 1: Condiciones de los ensayos de impacto.

4. RESULTADOS

4.1. Ensayos de impacto

La metodoloǵıa descrita se aplicó a datos reales
de vibración de una bancada –ver Figura 1– para
monitorización de salud estructural (SHM), con-
sistente en una estructura metálica tipo puente
con tres piezas atornilladas en el vano, dotada de
un percutor (solenoide a 12V) y tres acelerómetros
piezoeléctricos S1, S2, S3 (sensibilidad 100mV/g),
ubicados uno en cada pieza. El sensor S2 está ubi-
cado justo en el punto de impacto del percutor.

La bancada fue sometida a ensayos de impacto en
7 condiciones distintas (ver Cuadro 1), realizan-
do 30 impactos en cada una de las condiciones.
En todos los ensayos se impactó la estructura con
el percutor y se registraron las aceleraciones ins-
tantáneas de los sensores S1, S2, S3 antes y des-
pués del impacto, con una frecuencia de muestreo
de 40 kHz, utilizando una tarjeta de adquisición
de datos NI-6356.

4.2. Tratamiento de los datos

Para cada ensayo de impacto, se generó una pare-
ja excitación-respuesta {u(k),y(k)} de 700 mues-
tras, abarcando desde 200 muestras (5 ms) antes
del golpe hasta 500 muestras (12,5 ms) después del
golpe. En total se procesaron 30 impactos para las
7 condiciones del Cuadro 1.

El modelo se entrenó con 20 ensayos de impac-
to de la condición 0 (normal, tornillos apretados,
con par de apriete de 16 Nm) y se testó por lo-
tes, uno a uno, para un total de 30 impactos en
distintas condiciones: 5 impactos de la condición
0 (normal, incluidos en el entrenamiento), 5 im-
pactos en la condición 2 (tornillo flojo, con par
de apriete 5 Nm), 15 impactos en la condición 0
(normal, los 5 últimos impactos no incluidos en
el entrenamiento) y 5 impactos en la condición 5
(carga en un extremo). La fase de test consistió en
aplicar la entrada u(k) correspondiente al modelo
y obtener la salida ŷ(k) estimada. En la Figura
2 se muestra la excitación, respuesta y estimación
de la respuesta mediante la ESN para dos de los
impactos. Puede observarse cómo la estimación de
la ESN difiere en el ensayo con condición de fallo.

4.3. Residuos del modelo ESN

Se obtuvieron los residuos mediante la diferencia
entre la respuesta medida por el sensor y la esti-
mación obtenida por el modelo de la ESN (4).

Al aplicarse la ESN por lotes (una vez por ensayo
de impacto), sus condiciones iniciales parten de
cero en cada impacto y la ESN atraviesa un breve
transitorio hasta que converge –ver Figura 2–, por
lo que en las comparaciones se desechó una porción
(washout) de los residuos de 400 muestras en cada
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Figura 2: Pareja excitación-respuesta {u(k),y(k)} para dos de los impactos (normal y con fallo). A la
izquierda, excitación en la zona de impacto (S2); a la derecha, respuesta en un extremo (S1) y estimación
del modelo ESN.
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1 - tornillo aflojado (1)
2 - tornillo aflojado (2)
3 - tornillo aflojado (5)
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5 - carga situada en el lado izquierdo
6 - carga situada en el lado derecho
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de vibración de una bancada –ver Figura 1– para
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sistente en una estructura metálica tipo puente
con tres piezas atornilladas en el vano, dotada de
un percutor (solenoide a 12V) y tres acelerómetros
piezoeléctricos S1, S2, S3 (sensibilidad 100mV/g),
ubicados uno en cada pieza. El sensor S2 está ubi-
cado justo en el punto de impacto del percutor.

La bancada fue sometida a ensayos de impacto en
7 condiciones distintas (ver Cuadro 1), realizan-
do 30 impactos en cada una de las condiciones.
En todos los ensayos se impactó la estructura con
el percutor y se registraron las aceleraciones ins-
tantáneas de los sensores S1, S2, S3 antes y des-
pués del impacto, con una frecuencia de muestreo
de 40 kHz, utilizando una tarjeta de adquisición
de datos NI-6356.

4.2. Tratamiento de los datos

Para cada ensayo de impacto, se generó una pare-
ja excitación-respuesta {u(k),y(k)} de 700 mues-
tras, abarcando desde 200 muestras (5 ms) antes
del golpe hasta 500 muestras (12,5 ms) después del
golpe. En total se procesaron 30 impactos para las
7 condiciones del Cuadro 1.

El modelo se entrenó con 20 ensayos de impac-
to de la condición 0 (normal, tornillos apretados,
con par de apriete de 16 Nm) y se testó por lo-
tes, uno a uno, para un total de 30 impactos en
distintas condiciones: 5 impactos de la condición
0 (normal, incluidos en el entrenamiento), 5 im-
pactos en la condición 2 (tornillo flojo, con par
de apriete 5 Nm), 15 impactos en la condición 0
(normal, los 5 últimos impactos no incluidos en
el entrenamiento) y 5 impactos en la condición 5
(carga en un extremo). La fase de test consistió en
aplicar la entrada u(k) correspondiente al modelo
y obtener la salida ŷ(k) estimada. En la Figura
2 se muestra la excitación, respuesta y estimación
de la respuesta mediante la ESN para dos de los
impactos. Puede observarse cómo la estimación de
la ESN difiere en el ensayo con condición de fallo.

4.3. Residuos del modelo ESN

Se obtuvieron los residuos mediante la diferencia
entre la respuesta medida por el sensor y la esti-
mación obtenida por el modelo de la ESN (4).

Al aplicarse la ESN por lotes (una vez por ensayo
de impacto), sus condiciones iniciales parten de
cero en cada impacto y la ESN atraviesa un breve
transitorio hasta que converge –ver Figura 2–, por
lo que en las comparaciones se desechó una porción
(washout) de los residuos de 400 muestras en cada
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Finalmente, se obtuvo la envolvente de los residuos
resultantes (Figura 4), calculando el valor eficaz
(RMS) de los residuos en ventanas de tamaño L =
150 muestras (5).
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En la Figura 3 se observan, en la parte superior,
la variable original y las estimaciones que produce
la ESN. Se aprecia claramente que la estimación
es más precisa en los tramos con las condiciones
de entrenamiento de la ESN y, sin embargo, el
modelo comete error cuando la bancada opera en
condiciones diferentes (tornillo flojo y carga en el
lateral). Asimismo, el error bajo en condiciones
normales no se ve apenas afectado en condiciones
normales no utilizadas en el entrenamiento.

En la figura 5 se muestran indicadores de la cali-
dad de la clasificación. Se obtuvo la curva ROC,
representando la tasa de falsas alarmas (FPR)
frente a alarmas reales (TPR) para distintos um-
brales. A la derecha se muestra la exactitud (ac-
curacy) obtenida en la clasificación en función del
umbral. Puede apreciarse que la envolvente RMS
propuesta como indicador para la detección de fa-
llos muestra muy buenos resultados, con exactitu-
des cercanas a 1 para un rango de umbrales.

Figura 5: A la izquierda envolvente RMS vs. clase;
en el centro, curva ROC; a la derecha se muestra la
exactitud (accuracy) en la clasificación en función
del umbral

5. CONCLUSIONES

Este trabajo muestra resultados preliminares de
aplicación de redes neuronales recurrentes de tipo
echo state network (ESN) para detección de ano-
maĺıas en estructuras. Estos resultados muestran
que la ESN permite una identificación de dinámi-
cas no lineales en problemas complejos como el
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Capítulo 3. TRABAJO REALIZADO Y RESULTADOS OBTENIDOS.

convolución (con un filtro unidimensional de tamaño 47 elementos) y una capa de 
flatten que convierte la salida de la rama en un vector plano. Para la capa de convolución 
se utiliza una función de activación tipo ReLU y se aplica una restricción de no negatividad 
a sus pesos, lo cual ayuda a evitar el sobreajuste y obliga a que la contribución de los 
consumos previos sobre la predicción sea siempre positiva. 

- A la derecha se observa la rama que recibe el resto de elementos del vector de 
entrada (semana, día y hora). Consta de una capa de entrada de 3 neuronas y su 
correspondiente capa de flatten. 

A continuación, se concatenan las dos ramas y se repite la arquitectura de la red 
feedforward. 
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Figura 3.11. Arquitectura convolucional propuesta para la predicción de consumo. 
Se sombrean en amarillo las novedades introducidas respecto a la 

arquitectura feedforward expuesta en la Figura 3.9.

contexto :
W [k], D[k], H[k]

consumo[k − N : k − 1]
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Figura 3.11. Arquitectura convolucional propuesta para la predicción de consumo. 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arquitectura feedforward expuesta en la Figura 3.9.
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A. González-Muñiz et al.

Fig. 1. Deep autoencoder.

Fig. 2. Variational autoencoder.

backpropagation [31] in order to minimize the difference between x and Çx. So in short, the autoencoder can be defined as a solution
to the optimization problem (1), where we try to minimize a loss function L, being Ò.Ò usually the l2-norm.

min
fenc ,fdec

L(x, Çx) = min
fenc ,fdec

Òx * fdec(fenc(x))Ò (1)

Although the first versions of autoencoders appeared decades ago [32,33], they have been evolving over the years, especially
with the advent of deep learning. Deep learning models have drastically improved the state of the art in several fields, most notably
speech recognition, natural language processing and computer vision [34]. They are built by stacking multiple processing layers,
which conform compositional hierarchies in which the higher level features are the composition of the lower level ones. This gives
them the ability to find the best representations of data, known as representation learning [35], thus becoming powerful feature
extractors. Consequently, deep autoencoders have the ability to reduce the dimension of the input data in a hierarchical way,
leading to high quality reconstructions of data, as shown in the literature [36–38].

However, the quality of the results worsens if we reconstruct samples that do not conform to training data. Considering training
data to be representative of normal behaviour, the reconstruction error is used in the state of the art as an anomaly score, so
samples with high reconstruction errors are classified as anomalies. Although the details of the anomaly decision depend on
each proposal, two common approaches for the classification of the residuals are: a) threshold-based approach, which proposes to
classify the residuals by comparison with a predefined anomaly threshold (reconstruction error above which a sample is considered
anomalous) [14,39–41]; and b) one-class classifier approach, which proposes to train additional architectures for the classification
of the residuals [42–44]. An example of a) is presented in [39], where the maximum reconstruction error of training data is chosen
as the anomaly threshold; another proposal can be seen in [41], where the authors choose a percentile of the reconstruction error as
the anomaly threshold. In [43] we can see an example of b), where a one-class Support Vector Machine (SVM) is trained to classify
the samples based on their residuals.

2.2. Variational autoencoders

Variational autoencoders inherit the architecture of deep autoencoders, but imposing additional constraints on the bottleneck
that transform traditional deterministic autoencoders into powerful probabilistic models: while deep autoencoders learn an arbitrary
function to encode and decode input data, variational autoencoders learn the parameters of a probability distribution that models
the data.

As we can see in Fig. 2, the VAE consists of an encoder q�(zx), being an approximate posterior, and a decoder p✓(xz), being the
likelihood of the data x given the latent variable z. According to this scheme, the encoder becomes a variational inference network,

fuente:	(González	et	al.	2022)
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.

The training and testing datasets were composed of several
coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy

in the band of frequencies for the third-octave mode of vibration.
The projections show up a trajectory going outside the region
spanned by normal condition points, representing clearly the evolu-
tion of the chatter fault. The trajectory of the points represents the
dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.

Going into more detail about Fig. 5, several projections from
different strips of the process are represented over the train-
ing projection, which is displayed in a greyscale color. The projec-
tions of the points from a new set of data are placed in zones

Table 1
Parameters of the experiments.

Name Symbol Value

Data acquisition
Initial sampling rate F ′m 2000 Hz
Initial sampling time T ′ 5 # 10−4 s
Decimation ratio r 2
Final sampling rate Fm 1000 Hz
Final sampling time T 10−3 s

Frequency-band analysis (FBA)
Window size Nw 512
Overlapping L 99%
Displacement nd 5
# of frequencies m 200
Center frequencies fi 1, 2, 3,…,200 Hz
Bandwidths Bi 5 Hz
# of points N 4415

Dimensionality reduction
# of codebook vectors nr 600
Perplexity P 30
RBFN kernel width s 100
RBFN regularization parameter λ 10−9

Fig. 4. Resulting map of projection from a training set. Contour lines represent the
average energy in the band around the third-octave mode of vibration for each
state, in (a) also encoded with color and size. In (b) small plots represent the whole
frequency profiles for each state.

D. Pérez et al. / Engineering Applications of Artificial Intelligence 26 (2013) 1865–1871 1869
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.

The training and testing datasets were composed of several
coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy

in the band of frequencies for the third-octave mode of vibration.
The projections show up a trajectory going outside the region
spanned by normal condition points, representing clearly the evolu-
tion of the chatter fault. The trajectory of the points represents the
dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.

Going into more detail about Fig. 5, several projections from
different strips of the process are represented over the train-
ing projection, which is displayed in a greyscale color. The projec-
tions of the points from a new set of data are placed in zones

Table 1
Parameters of the experiments.

Name Symbol Value

Data acquisition
Initial sampling rate F ′m 2000 Hz
Initial sampling time T ′ 5 # 10−4 s
Decimation ratio r 2
Final sampling rate Fm 1000 Hz
Final sampling time T 10−3 s

Frequency-band analysis (FBA)
Window size Nw 512
Overlapping L 99%
Displacement nd 5
# of frequencies m 200
Center frequencies fi 1, 2, 3,…,200 Hz
Bandwidths Bi 5 Hz
# of points N 4415

Dimensionality reduction
# of codebook vectors nr 600
Perplexity P 30
RBFN kernel width s 100
RBFN regularization parameter λ 10−9

Fig. 4. Resulting map of projection from a training set. Contour lines represent the
average energy in the band around the third-octave mode of vibration for each
state, in (a) also encoded with color and size. In (b) small plots represent the whole
frequency profiles for each state.
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the spectrum of the vertical roll force F5(t) at this stand.
Data of the experiment were acquired using a data acquisi-
tion board at a sample rate of 5000 Hz and were decimated
a ratio 1:10 down to a final 500 Hz sample rate. Data were
divided into overlapped windows wj of length 500 displaced
by 30 samples. As a measure of the thickness variation, the
RMS value of the output thickness was computed for each
data window wj

de5ðjÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

Nj

X

i2wj
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s

ð25Þ

An AR(29) model was chosen on the basis of problem do-
main knowledge about the number of relevant harmonics2

to describe the spectral content of the roll force

F 5ðkÞ ¼ a1F 5ðk $ 1Þ þ & & & þ a29F 5ðk $ 29Þ þ ! ð26Þ

choosing according to Section 3.1.1

yðkÞ ¼ ½F 5ðkÞ( ð27Þ
uðkÞ ¼ ½F 5ðk $ 1Þ; F 5ðk $ 2Þ; . . . ; F 5ðk $ 29Þ(T ð28Þ
p ¼ ½a1; a2; . . . ; a29(T ð29Þ

The AR(29) model was estimated for each window wj,
using a standard LS parameter estimation within each win-
dow, to obtain a different parameter vector p(j).

To associate the dynamics of the roll force with the pro-
cess variables de5 and v5, the following augmented param-
eter vector is defined:

q ¼ ½a1; a2; . . . ; a29; jde5; v5(T

A 50 · 50 SOM was trained for all the vectors p(j), using
the batch algorithm along 10 epochs with a Gaussian
neighborhood (3) with monotonically decreasing width r
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crosses show the theoretical path of variable harmonics 10· and 30· the speed of rotation of the backup roll, fr(t). Enclosed by a circle, an increment of the
30· variable harmonic coinciding with a large thickness variation is shown.

2 Other approaches, such as the Akaike’s FPE criterion, can be used in
other applications.

2962 I. Dı́az et al. / Expert Systems with Applications 34 (2008) 2953–2965
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using a standard LS parameter estimation within each win-
dow, to obtain a different parameter vector p(j).

To associate the dynamics of the roll force with the pro-
cess variables de5 and v5, the following augmented param-
eter vector is defined:

q ¼ ½a1; a2; . . . ; a29; jde5; v5(T
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.

The training and testing datasets were composed of several
coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy

in the band of frequencies for the third-octave mode of vibration.
The projections show up a trajectory going outside the region
spanned by normal condition points, representing clearly the evolu-
tion of the chatter fault. The trajectory of the points represents the
dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.

Going into more detail about Fig. 5, several projections from
different strips of the process are represented over the train-
ing projection, which is displayed in a greyscale color. The projec-
tions of the points from a new set of data are placed in zones

Table 1
Parameters of the experiments.

Name Symbol Value

Data acquisition
Initial sampling rate F ′m 2000 Hz
Initial sampling time T ′ 5 # 10−4 s
Decimation ratio r 2
Final sampling rate Fm 1000 Hz
Final sampling time T 10−3 s

Frequency-band analysis (FBA)
Window size Nw 512
Overlapping L 99%
Displacement nd 5
# of frequencies m 200
Center frequencies fi 1, 2, 3,…,200 Hz
Bandwidths Bi 5 Hz
# of points N 4415

Dimensionality reduction
# of codebook vectors nr 600
Perplexity P 30
RBFN kernel width s 100
RBFN regularization parameter λ 10−9

Fig. 4. Resulting map of projection from a training set. Contour lines represent the
average energy in the band around the third-octave mode of vibration for each
state, in (a) also encoded with color and size. In (b) small plots represent the whole
frequency profiles for each state.
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mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
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The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.
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coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.
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in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy
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spanned by normal condition points, representing clearly the evolu-
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dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.
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different strips of the process are represented over the train-
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tions of the points from a new set of data are placed in zones
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.

The training and testing datasets were composed of several
coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy
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spanned by normal condition points, representing clearly the evolu-
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Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.
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Section 2.2, our analysis is based on the exit thickness, y(t), and the
rolling force, F(t), for the dynamical analysis of the rolling process.
These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.

The training and testing datasets were composed of several
coils, including chatter and non-chatter episodes. All the signals
were windowed into segments of length Nw¼512 with an over-
lapping L¼ 99% ðnd ¼ 5Þ. The FBA was performed over m¼200
frequencies ðf i ¼ 1;2;…;200 HzÞ and widths B1 ¼ B2 ¼⋯¼ B200 ¼
5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
of the training dataset was N¼4415 vectors.

The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.

Here, the number of neural gas units was selected to achieve
reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
off between the smoothness of the DR projection and the cap-
ability to separate chatter conditions from normal vibrational
states in the resulting visualizations for both training and valida-
tions strips. In general, experimentation suggested to use small
values of the regularizing factor λ and values of the width factor s
within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy
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The projections show up a trajectory going outside the region
spanned by normal condition points, representing clearly the evolu-
tion of the chatter fault. The trajectory of the points represents the
dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
The region between normal and chatter condition is found to be
accurately described by these isolines of chatter, resulting in
excellent visual cues for early detection of chatter.

In Fig. 4(b), a glyph is generated from the evolution of the
energies of the frequency bands between 100 and 180 Hz. Such
representation gives a comprehensive view of the frequency
content in which chatter fault appears.

Going into more detail about Fig. 5, several projections from
different strips of the process are represented over the train-
ing projection, which is displayed in a greyscale color. The projec-
tions of the points from a new set of data are placed in zones
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These variables were acquired using a data acquisition system
with a sampling rate F ′m ¼ 2000 Hz ðT ′¼ 5 # 10−4 sÞ. Since the
chatter phenomenon appears between 100 and 300 Hz, a decima-
tion of ratio r¼2 was applied to the signals in order to reduce the
sample size, so the final sampling rate is Fm ¼ 1000 Hz ðT ¼ 10−3 sÞ.
In Fig. 3, an episode of chatter and the effects derived from it can
be seen.
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5 Hz. These chosen values are aimed at obtaining a smooth
transition of the frequency content of the signals. The total size
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The vector quantization using a neural gas algorithm reduced
the dataset size to nr¼600. For the DR stage, t-SNE was applied
with P¼30. Finally, the RBFN, tuned experimentally, was trained
using a kernel width s¼ 100 and a regularization parameter
λ¼ 10−9.
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reasonable computation times. Also, since the objective of the
proposed method is to provide a visual analysis, the t-SNE and
RBFN parameters were tuned experimentally looking for a trade-
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within the same order of magnitude than the data span in the
input space.

A summary of the experiments appears in Table 1.

4. Results and discussion

According to the methodology previously described, the pro-
jection for a training dataset is computed (see Fig. 4(a)).

The different dynamical conditions are related to the position
in the map. Points that are close on the map represent similar dynamic behaviors; color and size represent the average energy

in the band of frequencies for the third-octave mode of vibration.
The projections show up a trajectory going outside the region
spanned by normal condition points, representing clearly the evolu-
tion of the chatter fault. The trajectory of the points represents the
dynamical evolution of a chatter episode during rolling of a strip.

Another RBFN is used to estimate the expected value of chatter
energy based on a dense regular grid on points of the 2D projec-
tion space. This allows to build isolines of chatter (contour lines of
the average energy in the band of frequencies for the third-octave
mode of vibration) that serve as decision boundaries for chatter
prediction. As shown in the experiments – see Fig. 5 – all
tested coils come out to span a given region in normal condition,
then move to a chatter region, then back to normal condition.
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• ML	permite	construir	modelos	a	parJr	de	datos	

• Existen	librerías	potentes	que	simplifican	mucho  
el	entrenamiento	e	inferencia	de	modelos	ML  
Python,	Matlab,	R,	…	

• Permite	muchos	Jpos	de	tareas:	
• detección	y	diagnósJco	de	fallos	
• sensores	virtuales,	gemelo	digital	
• predicción,	pronósJco	
• análisis	exploratorio	/	visualización	de	datos	

• Aplicaciones	en	problemas	de	 
ingeniería	eléctrica,	electrónica,	mecánica…	

• Un	futuro	impactante	
• gemelo	digital	
• modelos	subrogados	
• edge	/	cloud	compuJng	
• modelos	de	lenguage	(LLM)


