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1. Introduccion

ste informe, elaborado

por el equipo del Centro

Tecnoldgico Naval y del

Mar, tiene como finalidad
ofrecer al tejido empresarial una
mejora en el conocimiento del en-
torno, que permita detectar ten-
dencias y desarrollar estrategias
adecuadas basadas en niveles supe-
riores de certidumbre a través de
la captacion y divulgacion de infor-
macion y conocimiento de impor-
tancia estratégica en los ambitos
social, tecnoldgico y economico,
que incidan en la deteccion de nue-
vas oportunidades de desarrollo
regional.

Los contenidos de este informe es-
tdn estrechamente relacionados
con el desarrollo del proyecto /n-
vestigacion de técnicas de ciencia
de datos y simulacion de modelos
digitales para su aplicacion a la me-
jora de procesos productivos
(LEAN) tradicionales de la indus-
tria naval y auxiliar financiado por
el Instituto de Fomento de la Re-
gion de Murcia.

Para la realizacion de este informe
se han aplicado técnicas de Vigilan-
cia Tecnoldgica, una herramienta
al servicio de las empresas y orga-
nizaciones que permite detectar
oportunidades y amenazas apor-
tdndoles ventajas competitivas y
fundamentos para la toma de deci-
siones estratégicas mediante la se-
leccion y andlisis de informacién
de diversos tipos (cientifica, tecno-
légica, comercial, de mercado, so-
cial...).

Para ello se parte de una introduc-




cion metodologica sobre las técnicas y fa-
ses de la Vigilancia Tecnoldgica que se han
aplicado para el desarrollo del informe. A
continuacién, se introduce la Economia
Azul como iniciativa europea con el fin de
contextualizar los contenido tematicos del

2. Metodologia
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informe. Seguidamente se realiza un anali-
sis del estado de la técnica, proyectos y lite-
ratura cientifica.

Por ultimo, se incluyen las fuentes que se
han manejado para la realizacion de este
informe.

a vigilancia tecnologica se entien-
de como una “forma organizada,
selectiva y permanente de captar
informaciéon del exterior sobre
tecnologia, analizarla y convertirla en cono-
cimiento para tomar decisiones con menor
riesgo y poder anticiparse a los cam-

dad es el registro —o ficha de un articulo
cientifico o una patente- que presenta la
informacion ordenada en campos: autor,
titulo, fecha de publicacidn, titular de la pa-
tente, inventores, etc. En cambio, la infor-
macion no estructurada se presenta en tex-
tos sin un formato determinado (noticias de

bios” [1]. periodicos,
Su finali- \ f U sitios web,
dad ulti- blogs, co-
ma es @ O rreos elec-
generar ( ‘..\ 0 O trénicos)

Ventaja.s Detectar nuevas Conocer la competencia Controlar las amenazas cu'yo trata-
competi- oportunidades miento re-
tivas pa- querirad de
ra la em- O O nuevas he-
presa ya I rramientas
que le r\ capaces de
propor- . ) “leer” y
ciona Descublrlr nuevos Ident|F!car nuevos Encontr_ar alt_en:n-?twas analizar

aliados clientes de financiacion

datos - estos  tex-
para: tos. Estas herramientas son utiles también

Para el desarrollo de la Vigilancia Tecnolo-
gica el primer paso el plantear los aspectos
basicos [2]: ¢Cudl es el objeto de la vigilan-
cia? ¢Qué debemos vigilar? ;Qué informa-
cion buscar? ;Dénde localizarla?

Cuando el objetivo de la VT esta claramente
delimitado, se procede a planificar la estra-
tegia de busqueda. Para el despliegue de
esta fase conviene tener en cuenta que la
informacion puede presentarse de dos for-
mas: estructurada y no estructurada. La
primera es propia de las bases de datos,
conjuntos de datos homogéneos, ordenados
de una forma determinada, que se presenta
en forma legible por ordenador [3]. Su uni-

para analizar la informacion de textos com-
pletos de articulos cientificos o de patentes.

Hoy se con-

sidera que

el texto es . .

la mayor La finalidad de la
fuente  de Vigilancia
informa- T 160i

cién y co- ecnologica es
nocimiento generar ventajas
Sl competitivas para
empresas

[4]. la empresa
Tras la se-

leccion de
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las palabras clave se automatiza la busque-
da en funcidn de las diferentes tipologias de
fuentes a utilizar, se lanza la misma y se fil-
tran los resultados en términos de pertinen-
cia, fiabilidad, relevancia, calidad y capaci-
dad de contraste [1].

Una vez comprobada la calidad de la infor-
macion, los métodos de andlisis han de ga-
rantizar su valor para la explotacion de los
mismos [5]. El objetivo del andlisis es trans-
formar la informacidén en bruto recogida en
un producto con alto valor afiadido. A partir
de aqui, la aportacion de los expertos es cri-

En esta fase se ¢

Vigilancia v

delimita el

cronologicos,

ESTRATEGIA DE B
A continuacion se define el listado
se genera el listado de fuentes de
0 rategia de automatizacion

Post

relevancia y se

y archivan los re

ANALISIS DE RESULTADOS

esta
1 @ Nnive

y bibliometrico.

Durante fase se analiza

obtenid

estrategico

0S expertos ex

ge el Inforr

nera

jefine el objetivo con
diar
canc

geograf

ariormente s

y aplicar filtros de

org

cientifico-tecnologico,

tica para crear informacion avanzada, para
generar conocimiento. Pasamos de una ma-
sa ingente de informacion en distintos for-
matos y lugares a una etapa en la que se
captura la informacion mas relevante, se
organiza, indexa, almacena, filtra y, final-
mente, con la opinion del experto que apor-
ta en este punto del proceso un maximo va-
lor afiadido [6]. A continuacidn, se incluye
un esquema con las distintas fases de la me-
todologia empleada durante la generacion
de este informe.

de la

creto

te preguntas clave y se

e acotando parametros

COs...

USQUEDA
de keywords,
informacion asi

de las

AY FILTRADO
rocede a obtener informacion

nencia, fiabilidad o
an, clasifican

sultados.

a informacién

PUESTA EN VALOR

Por ultimo, basé

inaose en la

traen conclusiones y se

me de Vigilancia Tecnoldgica



a Economia Azul Sostenible es el

nuevo enfoque que da la Union

Europea a la Economia Azul para

incorporarla de pleno derecho a
los esfuerzos que van a marcar el rumbo de
la economia europea en los proximos afios:
el Pacto Verde Europeo y el Plan de
Recuperacion para Europa.

Es una manera de ver la economia que
subraya la necesidad de invertir en
investigacion e innovacion para conseguir
que las actividades econdémicas en el sector
maritimo reduzcan su impacto en el medio
marino, contribuyendo asi a la mitigacion
del cambio climatico, con el fin de lograr el
objetivo de convertir a Europa en el primer
continente climéticamente neutro en el
mundo en 2050.

El programa Horizonte Europa, junto a
instrumentos de financiacion como el
Fondo Europeo Maritimo, garantizan una
base solida en ciencia e innovacion
enfocada en:

. Preservar y restaurar los mares y
océanos y eliminar la contaminacion.

. Controlar el uso de los recursos que se
obtienen de mares y océanos para
utilizarlos de manera mas sostenible y
renovable.

. Adaptacion a las consecuencias del

cambio climéatico.

o Como utilizar los recursos ocednicos
para mitigar el cambio climatico.

. Impulsar la innovacién y ayudar a
empresas del sector maritimo para
fomentar la economia circular y las
soluciones sostenibles.

Puedes ampliar informacién sobre la
economia azul en el story map de nuestro
observatorio tecnoldgico.

El informe de vigilancia tecnoldgica se
centra en el desarrollo de técnicas y
tecnologias 4.0 como solucion a varios de
los temas prioritarios marcados por la
estrategia europea de Economia Azul
Sostenible.

4. Estado del arte

A continuacion, se describen las Metodolo-
gias Lean y las tecnologias que las habili-
tan, concretamente el aprendizaje automa-
tico, las técnicas de Cloud Computing y las
metodologias de creacidon y simulacion de
modelos digitales.

El estado del arte recoge la
situacion de una determinada
tecnologia: 1o més innovador o

reciente con respecto a un arte

especifico



https://observatorio.ctnaval.com/289-2/
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4.1. Metodologias LEAN

ean Manufacturing es un sistema
de mejora continua basado en las
personas, su objetivo es aumentar
la productividad mediante la
eliminacion del desperdicio de forma
constante y sostenible. Se centra en el valor
del producto/servicio orientado a cliente y
contando con él todo lo posible. Esta
filosofia tiene distintas herramientas que se
pueden utilizar segun los procesos
estudiados y los desperdicios detectados.
Para procesos de componente altamente
manual se sigue la metodologia Kaizen, una
vez que se detectan los desperdicios se
aplican las herramientas que correspondan
como 5S (organizacion y limpieza), SMED
(reduccion de tiempo de cambio de
formato), VSM (mapeo de la cadena de
valor), Kanban (gestion visual), JIT (justo a
tiempo), TQM (Calidad total), entre otras.

La mejora Kaizen, cuya filosofia se basa en
la reducciéon de costes como la adecuacion
de la cultura empresarial hacia la mejora
continua, tiene algunas caracteristicas que
la diferencian de la innovacidn, ya que
consiste en una acumulacion gradual y
continua de pequefias mejoras hechas por
todos los empleados. La innovacion implica
un progreso cuantitativo que genera un
salto de nivel, que generalmente se produce
por el trabajo de expertos.

En un proceso de mejora continua actual,
conocido como LEAN 4.0, se integran los
principios del Lean tradicional con
tecnologias y herramientas propias de la
Industria 4.0, tales como la inteligencia
artificial (IA), el Internet de las Cosas (IoT),
realidad aumentada (RA), realidad virtual
(RV), gemelos digitales (GD). Asi, tanto la

Industria 4.0 como el LEAN Manufacturing
estan llamados a resolver los nuevos retos
que afronta la industria. Sin embargo, no es
facil apreciar como ambos paradigmas
pueden apoyarse mutuamente para
enfrentar ese objetivo comun®.

Las herramientas Lean son esenciales para
desbloquear todo el potencial de la
Industria 4.0 y evitar la “automatizacion de
los desperdicios”, asi mismo, las nuevas
tecnologias digitales son esenciales para
alcanzar niveles mas altos de impacto en
las iniciativas Lean. Segun Bill Gates,
fundador de Microsoft: “automation
applied to an Inefficient operation will
magnify the inefficiency”. Algunos autores
recomiendan los procesos lean como la
base para la implementacion eficiente y
econdmica de 14.0%

-]

Es fundamental la alineacion del personal
con la filosofia Lean, mejora vy
estandarizacion de procesos y KPIs. A partir
de ese punto, es el momento de aplicar
soluciones LEAN 4.0 para:

. Medir mediante sensores y software
facilita la  automatizacion  de
recopilacion de datos aumentando su
fiabilidad y ahorrando tiempo vy

1. Mayr, A., Weigelt, M., Kuihl, A., Grimm, S., Erll, A., Potzel, M., & Franke, J. (2018). Lean 4.0-A conceptual conjunction of lean
management and Industry 4.0. Procedia CIRP, 72, 622-628. https://doi.org/10.1016/j.procir.2018.03.292



posibles errores de los trabajadores
en su recopilacion.

. Disponer de datos en tiempo real
permite acelerar la toma de
decisiones en la gestion de la
produccion.

. Realizar  simulaciones  mediante
algoritmos predictivos que pueden ser
utilizados para la gestion del
mantenimiento de maquinaria o para
realizar inspecciones automadticas de
calidad de producto, ya que puede 4 :
aprender los errores de calidad y ﬁ?&?i'é%%é;‘
detectarlo de forma mas efectiva que
el ojo humano.

Es imprescindible que los datos,
simulaciones o andlisis obtenidos se
muestren de la forma mas visual posible

=}
mediante un cuadro de mando gréfico, facil S e
de entender y en tiempo real, llegando la
informacién a la persona correcta en el g
momento adecuado. .) 48 1]

——_ Lenmethods NIV Heie TPM W Paka-

40 tools -L\‘,_r J5  jumka Kamhan VSM  1* 2 3** SMED 55 Zoming Andon  yoke J—

Addrive mamfzcturing (AM) x x x .

Plug and play T x TR e

Automated guided vehicles (AGV) x X Cmm— )
— =

Fuman-compuer interaction (HCT) X X X X X X I
Virtual representation (e.g. VR, AR)
Intelligent bins

Auto-ID

X X X x x X x
Digital object memery
Digital twin/s:muletion X X
Cloud computing
Real-time computiag
Big data & data analytics
Machine learning

* autonomous maintenance, ** planned maintenance, *** early product and equipment management
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Mo s

X 'S No dejor panar un emor reciamociones Aasto

X
X

X X X X
X
X onun 0%

x
x
Reduccidn de quejos y
x
x

X X

Awmento de lo
sofifoccidn del clente
s JOR

de aplicar soluciones digitales para la
reduccion de desperdicios detectados
mediante LEAN.

B 0 X100 X10 €000 ‘I
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4.2. Aprendizaje automatico para la prevision y
agilizacion de tareas en procesos de produccion

n este informe se evaluan
diferentes metodologias de
aplicacion replicables y escalables
de modelos de aprendizaje
automatico (Machine Learning, en adelante,
ML). En este sentido, se pueden distinguir
dos tipos de investigacion basadas en ML:

1) Aprendizaje automatico para la

prediccion de tiempos en procesos de

produccion
2) Aprendizaje automdtico para la
clasificacion automatica de

documentacion técnica en el entorno
de produccion.

4.2.1. Aprendizaje automatico para la prediccion de tiempos
en procesos de produccion

a disciplina de la mineria de

procesos (PM) supone un nexo

entre la ciencia de procesos y la

ciencia de los datos pues cuyo
objetivo reside en la utilizacion de los datos
provenientes de eventos que surgen
durante un proceso industrial para extraer
informacion relacionada con aquellos
procesos que se quieran analizar. Por lo
tanto, queda patente la necesidad de
disponer de un cierto grado de
conocimiento del proceso en cuestion, asi
como también de un amplio conjunto de
datos de forma que estos datos permitan
percibir de forma clara y evidente lo que
esta ocurriendo durante el proceso. Es en la
extraccion de conocimiento donde el
aprendizaje automatico toma protagonismo
y se ve la relacién entre ambas disciplinas®.

Dentro del aprendizaje  automatico
podemos encontrar tres tipos de
aprendizaje dependiendo de la naturaleza
de los datos que se quieren estudiar:
supervisado, no supervisado y por refuerzo.

En este caso, el aprendizaje puede ser tanto
supervisado como no supervisado. La
diferencia entre ambos se encuentra en
que, en el primero, el algoritmo tiene
conocimiento de toda la informacion que se
quiere analizar, incluida el resultado que
ciertos valores producen; mientras que el
aprendizaje no supervisado parte de un
conjunto de datos del que no tiene toda la
informacion y no conoce el resultado final
que generan dichos datos®.

El objetivo del aprendizaje
no supervisado se basa en
postular una funcién para

definir estructuras ocultas
a partir de los datos no
etiquetados®

“Zaki, M., & Wagner Meira, J. (2019). Data Mining and Machine Learning: Fundamental Concepts and Algorithms. Cambridge

University Press.

5Haykin, S. (2009). Neural Networks and Learning Machines (3rd Edition ed.). Ontario, Canada: Prentice Hall. Pearson.
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Su campo de aplicacion es bastante amplio,
desde deteccion de anomalias, reduccion de
dimensionalidad, agrupamiento
(clustering) o analisis exploratorio de datos,
entre otras, aunque es extremadamente util
para problemas especificos de asociacién y
clustering’.

El aprendizaje supervisado
tiene como objetivo inferir
una funcion a partir de
datos conocidos y puede
aplicarse tanto para
problemas de clasificacion
(prediccion de valores

discretos) o para regresion
(prediccion de valores
continuos)

Centrandonos en la clasificacion, su
principal objetivo es asignar clases a los
datos en base al conocimiento previo de los
mismos®. Por otro lado, se encuentran los

CTN
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problemas de regresion, cuyo objetivo
principal no es tanto el de asignar clases a
datos sino modelar las relaciones y
encontrar patrones entre un conjunto de
datos conocido, realizando predicciones
sobre una variable continua’.

Saravanan, M. y Rama Sree, R. (2011) han
basado sus estudios en la implementacion
del aprendizaje automaético junto con la
mineria de procesos. En el articulo
Application of Mining Algorithms using
ProM and Weka tools se emplea la PM para
extraer los datos del caso del registro de
tefiido y técnicas de asociacion de ML para
encontrar relaciones entre los datos
extraidos'®. Sin embargo, otros autores
como Es Soufi, W., Yahia, E. y Roucoules, L.
(2016) proponen un método para descubrir
reglas de negocio, aplicando la PM para
analizar la informacion en el registro de
eventos identificando la categoria de
usuarios que realiza la actividad y luego se
emplea el ML para analizar la informacion
de contexto existente en el registro de
eventos para descubrir el conjunto de
posibles valores de parametros de
actividad™'.

6Ugochi Dike, H., Zhou, Y., Kumar Deveerasetty, K., & Wu, Q. (2018). Unsupervised learning based on artificial neural net-
work: a review. Proceedings of the 2018th IEEE International Conference on Cyborg and Bionic Systems. Shenzhen, China.
’Schubert, E., Zimek, A., & Kriegel, H. (2014). Local outlier detection reconsidered: a generalized view on locality with appli-
cations to spatial, video and network outlier detection. Data Mining and Knowledge Discovery , 28(1), 190-237.

8Duda, R., Hart, P., & Stork, D. (2001). Pattern Classification. Wiley (Second Edition).

9Bishop, C. M. (2006). Pattern Recognition and Machine Learning. Cambridge, UK: Springer.

saravanan, M., & Rama Sree, R. (2011). Application of Mining Algorithms using ProM and Weka tools. International Journal

of Computer Science and Technology, 2(3).

YEs Soufi, W., Yahia, E., & Roucoules, L. (2016). On the use of Process Mining and Machine Learning to support decision making
in systems design. 13th IFIP International Conference on Product Lifecycle Management (PLM). Columbia, United States.
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4.2.2. Aprendizaje automatico para la clasificaciéon automatica
de documentacion técnica

Cada vez mas empresas, motivadas por el
paradigma que engloba a la Industria 4.0 y
las recientes tendencias en vision artificial,
aprendizaje automatico y procesado
natural del lenguaje, demandan el
desarrollo de nuevos marcos de
digitalizacion para procesar y analizar los
diferentes documentos, esquemas y planos
técnicos, de forma que se pueda mejorar las
practicas comerciales como el inventario,
gestion de activos, andlisis de riesgos y
otros tipos de aplicaciones. De este modo,

varios autores realizan diferentes
aproximaciones que van desde la deteccion,
reconocimiento, clasificacion y

representacion de simbolos en documentos
técnicos'®; hasta la conversién de planos
mecanicos a reconstrucciones en 3D
mediante CAD", incluyendo modelos de
aprendizaje automatico para la validacion
de disefios CAD™.

Ahondando con mas detalle en las técnicas
y tecnologias de vision artificial empleadas
para la deteccion y clasificacion de
simbolos y texto en el ambito industrial,
encontramos algoritmos de procesado de
imagen avanzado, provenientes del
aprendizaje profundo o Deep Learning (DL)
como las redes neuronales convolucionales
(CNN), que han demostrado solventar
algunos de los retos de visibn mas
inherentes como las oclusiones, orientacion
de los objetos o condiciones de luz, entre
otros™; o las redes generativas antagénicas
(GAM) que se emplean sobre todo para la
resolucion de uno de los problemas mas
comunes en la representacion de planos de
la industria'®. A pesar de estos avances, la
mayoria de las soluciones existentes siguen
un enfoque tradicional de procesamiento

de imdagenes, lo que requiere una amplia
extraccion de caracteristicas
cuidadosamente disefadas.

Algunos estudios'’ proponen soluciones
concretas a parte de estos problemas a

SmartLEAN profundiza en
las tecnologias de redes
neuronales

convolucionales y en
técnicas de OCR

través de, por ejemplo, la separacion de
texto y simbolos mediante heuristicos o la
localizacion de simbolos en el esquema
mediante bosques aleatorios (RF),
consiguiendo hasta un 95% de precision.
Sin embargo, a pesar de los grandes
avances de la vision artificial para la
deteccion y discriminacion de objetos y
simbolos, asi como en los progresos en el
ambito del procesado natural del lenguaje,
existe una clara brecha entre el estado
actual de la vision artificial y la escasa
tecnificacion en diferentes dominios de
aplicacién dentro de la industria®®.

8Moreno-Garcia, C. F., Elyan, E., & Jayne, C. (2019). New trends on digitisation of complex engineering drawings. Neural Com-

puting and Applications, 31(6), 1695-1712. https://doi.org/10.1007/s00521-018-3583-1
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4.3. Cloud Computing basado en aprendizaje

automatico

a computacion en nube (CC, de sus

siglas del inglés Cloud Computing)

permite la accesibilidad bajo

demanda de los recursos de los
usuarios  finales, especialmente el
almacenamiento de informaciéon y la
capacidad de procesamiento sin una
organizacion especial directa por parte del
cliente’. Las diversas ventajas del
proveedor de servicios en la nube incluyen
la rentabilidad y la eficiencia de su trabajo.
Hoy en dia los usuarios
no necesitan construir su
propia infraestructura
para empezar a trabajar,
de hecho, con la ayuda
de estos proveedores de
servicios en la nube
pueden  obtener los
servicios facilmente. Taa$
(Infraestructura  como
servicio), SaaS (Software
como servicio) o PaaS
(Plataforma como
servicio) son ejemplos de
proveedores de servicios
en la nube®.

El desarrollo de modelos de machine
learning (ML) mas sofisticados
implementados sobre un gran volumen de
datos se ha logrado gracias a los servicios
que permiten emplear facilmente vastos
recursos computacionales para entrenar

'.00..-
N’

modelos de ML en grandes conjuntos de
datos®’. Por ello, la principal exigencia para
la preparacion y el despliegue de las
aplicaciones de ML sobre una plataforma
Cloud es la potencia de célculo®™
Actualmente, los servicios de CC mas
utilizados y maduros en este sentido son
Amazon Web Services (AWS), Microsoft
Azure (MA), Google Cloud (GC) e IBM Cloud.
Estas plataformas suelen disponer de una
gran variedad de  productos ya
- desarrollados con los

< que aplicar técnicas de
ML de forma muy

directa. Asi, se puede

definir el concepto de

Machine Learning As A

;\ Service (MLaaS), que

\ engloba este tipo de
< servicios de CC que ya
permiten implementar
un modelo de ML de
principio a fin de forma
muy directa en la nube.

Estas plataformas
disponen de diferentes
servicios de ML
enfocados a

aplicaciones concretas como la prediccidon
(Amazon Forecast, IBM Watson Studio),
procesado natural del lenguaje (Amazon
Translate, Watson Natural Language
understanding, GC Natural Language) o
para vision artificial y Deep Learning (AWS

®Yun Lim, S., Mat Kiah, M. L., Fong Ang, T., & Darul Ehsan, S. (n.d.). Security Issues and Future Challenges of Cloud Service Aut-

hentication. In Acta Polytechnica Hungarica (Vol. 14, Issue 2).

OGessert, F., Wingerath, W., & Ritter, N. (2020). Latency in Cloud-Based Applications. In Fast and Scalable Cloud Data Manage-
ment (pp. 13-31). Springer International Publishing. https://doi.org/10.1007/978-3-030-43506-6_2

“1aAbadi, M., Barham, P., Chen, J., Chen, Z., Davis, A., Dean, ]J., Devin, M., Ghemawat, S., Irving, G., Isard, M. & others (2016). Ten-
sorFlow: A System for Large-Scale Machine Learning.. OSDI (p./pp. 265--283).

225chmitt, J., Bénig, J., Borggrafe, T., Beitinger, G., & Deuse, J. (2020). Predictive model-based quality inspection using Machine
Learning and Edge Cloud Computing. Advanced Engineering Informatics, 45. https://doi.org/10.1016/j.aei.2020.101101
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Deep Learning AMTI’s, GC Cloud Vision).

Mas alla de las caracteristicas y servicios
que ofrecen estas plataformas, es
importante destacar algunos de los
algoritmos y aplicaciones de ML sobre CC
encontrados a través de la VT realizada en
el sector industrial.

Por un lado, encontramos modelos de
aprendizaje automadtico comunes como las
redes neuronales artificiales (ANN), las
maquinas de vector soporte (SVM) o los
arboles de decision (DT). Principalmente,
estos métodos se han empleado en un
amplio rango de aplicaciones relacionadas
con la calidad de los procesos en diferentes
industrias tanto para resolver problemas
de calidad de impresion de plantillas de
pasta de soldadura® o mejorar la calidad de

virtual®. Se utilizan incluso para la
deteccion de aplicaciones que requieran
una vision del procedimiento general®®.

Por otro lado, se pueden encontrar otro tipo
de modelos mdas avanzadas, provenientes
del aprendizaje profundo (DL), como las
redes neuronales convolucionales (CNN),
las redes neuronales recurrentes (RNN) con
el método de LSTM (Long Short-Term
Memory), los autocodificadores (AE) o las
maquinas restrictivas de Boltzman (RBM).
Estos modelos han sido aplicados por la
industria para resolver los problemas de
diferente indole, que van desde el analisis
de diagndstico para la evaluacion de fallos,
un proceso crucial para la implementacion
y control de fabricacién inteligente®’, hasta
el andlisis predictivo para el prondstico de
defectos para determinar el estado de los

. . 24 . . . . 7
procesos industriales™, como para la sistemas en servicio para predecir cudndo
deteccion de piezas defectuosas y debe realizarse el mantenimiento®.
desarrollo de sistemas de metrologia
A MLyS Plataf 1A PlataF 1A
mazon MLy Sage lataforma ataforma IBM Watson ML
Maker Microsoft Azure Google
Clasificacion v/ v v v
Regresion v v' v v'
Clustering v v v p -4
Deteccion de anomalias v v p 4 p -4
Recomendacion v v v p -4
Ranking v v )4 )4
Etiquetado de datos v’ v
Apoyo de linea de
produccionconML | oo oo A
Algoritmos incorporados v’ v v’ 4
TensorFlow, MXMNet,  TensoFlow, scikit-learn, TensorFlow. scikit- TensorFlow, Keras, Spark
Frameworks soportados Keras, Gluon, Pytorch,  PyTorch, MS Cognitive ' . MLlib, scikit-learn, XGBoost,
; X learn, XGBoost, Keras
Caffe2, Chainer, Torch Toolkit, Spark ML PyTorch, IBM SPSS, PMLL

Comparacién de Servicios ML en servicios Cloud *

»Yang, T., Tsai, T. N., & Yeh, J. (2005). A neural network-based prediction model for fine pitch stencil-printing quality in sur-
face mount assembly. Engineering Applications of Artificial Intelligence, 18(3), 335-341.

2%Shi, X., Schillings, P., & Boyd, D. (2004). Applying artificial neural networks and virtual experimental design to quality im-
provement of two industrial processes. International Journal of Production Research, 42(1), 101-118.

»Kim, D., Kang, P., Cho, S., Lee, H. J., & Doh, S. (2012). Machine learning-based novelty detection for faulty wafer detection in
semiconductor manufacturing. Expert Systems with Applications, 394), 4075-4083.

*Lee, I, & Shin, Y. J. (2020). Machine learning for enterprises: Applications, algorithm selection, and challenges. Business

Horizons, 632), 157-170.

*"Wang, L., Jiang, D., & O’Regan, D. (2016). The periodic solutions of a stochastic chemostat model with periodic washout
rate. Communications in Nonlinear Science and Numerical Simulation, 37, 1-13.

87hao, R., Wang, D., Yan, R., Mao, K., Shen, F., & Wang, J. (2017). Machine health monitoring using local feature-based gated
recurrent unit networks. /EEE Transactions on Industrial Electronics, 652), 1539-1548.
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4.4. Modelos digitales

a maqueta digital es un concepto

empleado desde hace décadas en

diferentes sectores como la arqui-

tectura y la industria. En pocas
palabras, se trata de una representacion
digital de un activo (posiblemente inmate-
rial) que puede incluir una descripcion mas
o menos detallada del mismo, indicando
dimensiones, relacion de componentes que
lo conforman, materiales que lo componen,
detalles constructivos o incluso propieda-
des fisicas bdasicas en simulacidon (masa,
densidad, momentos de inercia, centros de
gravedad...).

Gracias a las nuevas tecnologias digitales
ya es posible conectar esas maquetas digi-
tales con el activo real que representan es-
tableciéndose un flujo de datos entre los
mismos. Dentro de este paradigma cabe
destacar el concepto de “sombra digital”>°,
que en esencia es una maqueta digital que
se adapta de manera automatica al estado
del activo fisico que representa mediante la
informacion trasladada desde el activo real
a la maqueta. Por otro lado, encontramos el
concepto de “gemelo digital”®, en el que el
flujo de datos es bidireccional afiadiendo a
la sombra digital la capacidad de actuar y
modificar el activo fisico actuando directa-
mente sobre la maqueta digital. En relacion
con lo anterior, el BIM (Building Informa-
tion Modelling) es un innovador meétodo de
trabajo basado en un entorno colaborativo,
que se esta abriendo paso principalmente
en el sector de la arquitectura y la cons-
truccidon y comparte algunas de las funcio-
nalidades de los conceptos antes citados.
Todos estos conceptos son susceptibles de

Alcance
Pieza
Componente
Subsistema
Aplicacion \ Sistema Ingenieria
eta\
ode‘°\ asquemei® g fo, ey, 5
o >
mode 7o o /’7)/@0 Y
o, %o
%

Maqueta digital segin alcance y aplicacién®

ser simulados de diferentes maneras, asi
como de ser integrados en otros softwares
para sacar el maximo partido al modelo
digital del activo real.

Sin embargo, antes de afrontar la creacion
de un modelo digital inteligente y conecta-
do al mundo real, en la mayoria de los ca-
sos es necesaria la creacion de la mencio-
nada maqueta digital. Para ello, existen di-
versos métodos, entre los que destacan los
siguientes:

. Mediante software de disefio. Las ma-
quetas digitales estan altamente rela-
cionadas con el CAD y el CAE, herra-
mientas empleadas por ingenieros,
arquitectos, proyectistas y disefiado-
res para el disefio y simulacion de to-
do tipo de elementos, desde un avion
de alta complejidad técnica y tecnolo-
gia a un producto de uso cotidiano,
pasando por una fabrica o un edificio.
Ya sea desde cero, en el proceso de
disefio o partiendo de planos, es posi-
ble realizar una representacion 3D de
gran detalle del objeto que se quiera
representar. No obstante, hay que te-

29Comparing ML as a Service (MLaaS): Amazon AWS, IBM Watson, MS Azure | AltexSoft. (n.d.). Retrieved May 11, 2021,

from
google-cloud-ai-ibm-watson/

https://www.altexsoft.com/blog/datascience/comparing-machine-learning-as-a-service-amazon-microsoft-azure-

30Kritzinger, W., Karner, M., Traar, G., Henjes, J., & Sihn, W. (2018). Digital Twin in manufacturing: A categorical literature
review and classification. IFAC-PapersOnLine, 51(11), 1016-1022. https://doi.org/10.1016/j.ifacol.2018.08.474
31Kritzinger, W., Karner, M., Traar, G., Henjes, J., & Sihn, W. (2018). Digital Twin in manufacturing: A categorical literature
review and classification. IFAC-PapersOnLine, 51(11), 1016-1022. https://doi.org/10.1016/j.ifacol.2018.08.474

15



C

TN

—

16

ner en cuenta que a la hora de mode-
lar un objeto ya existente partiendo
de planos, pueden existir desviaciones
entre la realidad y la maqueta resul-
tante debido a inexactitudes en los
planos o a modificaciones realizadas a
posteriori en el objeto.

Mediante escaneado y postprocesado
posterior. Este método es solo aplica-
ble para representar un elemento ya
existente. Se basa en técnicas como la
fotogrametria y escaneado laser, con
las que es posible obtener una nube
de puntos en las tres dimensiones del
espacio (denotadas en este documento
por X, Y, y Z) que definan la geometria
de elementos a modelar. Para conse-
guir dicha nube de puntos es posible
emplear dispositivos como drones
(fotogrametria area) y escaneres laser
de alta precision, empleando metodo-
logias de trabajo diferentes en cada
caso. Mediante diversos softwares se
procesan dichos puntos para generar
la geometria del objeto, con una ma-
yor o menor intervencion del técnico
en funcidon de la complejidad de los
puntos y el ruido existente en la nube.
Estos sistemas son ideales para gene-
rar una maqueta digital de elementos
complejos existentes de los cuales no
existe documentacion o informacion
suficiente para su modelado mediante
CAD (o programa similar) o cuya com-
plejidad hacen inviable dicha opcidn,
como puede ser la realizacion de una
maqueta de una planta de grandes

dimensiones y de todos los elementos
en ella (maquinas, conducciones, cua-
dros eléctricos, cableado, estaciones
de trabajo, etc.)

. Combinacién de las anteriores. Este
sistema emplea el disefio en software
para ciertas partes del modelo y la nu-
be de puntos en otra. Siguiendo con el
ejemplo de la fabrica del punto ante-
rior, puede ser mas practico realizar
en software la disposicion general de
la planta (el edificio principal en si) ya
que no suelen haber grandes variacio-
nes y luego emplear una nube de pun-
tos para modelar todos los elementos
en el interior que si son susceptibles a
variar o actualizar con el paso del
tiempo. Ademads, algunos softwares de
procesado de nubes de puntos permi-
ten disefiar de manera similar al CAD
sobre las nubes de puntos en caso ne-
cesario (p.e. si un elemento no queda
fielmente representado por las nubes
de puntos).

Una vez se dispone de una maqueta digital
operativa y funcional (sin excesivo peso y
costes de computerizado, debido a una alta
complejidad de las superficies que lo con-
forman o a un elevado numero de puntos)
es posible comenzar con el proceso de inte-
grar dicha maqueta con otros sistemas que
incluyan desde la simulacion y redisefio
hasta la representacion grafica de eventos.

‘Imagenes de ejemplo donde se muestra nubes de puntos para el modelado de maquetas digitales en planta
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4.5. Nivel de innovacion en el sector

Nivel internacional

Dada su estrecha relacion con la digitaliza-
cion de procesos industriales, el presente
proyecto esta profundamente alineado con
las ultimas tendencias y lineas de investiga-
cion impulsadas a nivel europeo en mate-
ria de transformacion digital, ciencia de
datos (inteligencia artificial) y computacion
(Cloud Computing), asi como desarrollo de
gemelos digitales.

La Comision Europea (CE) esta preparando
nuevas lineas de investigacion H2021-2022
que contemplan investigaciones, soluciones
y retos alineados con el uso de tecnologias
4.0 para la mejora de procesos industria-
les entre los que destacan:

. HORIZON-CL4-2022/2022-TWIN- RAN-
SITION. Establece la transformacion
digital referida a gemelos digitales co-
mo medio para alcanzar modelos pro-
ductivos y economias sostenibles en
relacion con el objetivo europeo de
ser climaticamente neutros en 2050.

. HORIZON-CL.4-2021/2022-DATA. A
grandes rasgos se centra en sistemas
de computacion, gestion y ciencia de
datos.

Asi mismo, en la pasada década se ha reali-
zado un esfuerzo a nivel europeo conside-
rable para impulsar diversas iniciativas
que incrementen el papel de las tecnologias
digitales en los diversos sectores industria-

$Web disponible en: https://i4ms.eu/

$Web disponible en: https://www.digitalsme.eu/about/

european-digital-sme-alliance/
**Web disponible en: https://www.change2twin.eu/dih/
*Web disponible en: https://dimofac.eu/

%Web disponible en: https://qu4lity-project.eu/

les. Prueba de ellos son los numerosos pro-
yectos financiados en ese sentido entre los
que destacan I4MS** (ICT Innovation for
Manufacturing SMEs), European Digial
SME Alliance®®, Change2Twin?!, DIMOFAC*
0 QU4LITY>®. Destacar ademads la creacion
de numerosos Digital Innovation Hubs
(DIHS) en los diferentes paises miembros
los cuales actiian como espacios donde pro-
mover las tecnologias en PYMESs europeas.

Destaca la estrecha relacion de este proyec-
to con grandes proyectos europeos finan-
ciados por la CE en materia de objetivos,
retos y tecnologias y ambito de aplicacidn
(sobre todo PYMES tales como IoTwins, Ed-
geTwins, DIGITbrain, CloudiFacturing o
ARTWIN entre otros.

Todo lo expuesto pone de manifiesto la re-
levancia de proyectos como SmartLEAN
para ir mas alld en la implementacion de
soluciones digitales y la transformacion di-
gital orientada a la mejora de la competiti-
vidad y sostenibilidad de las empresas, en
especial las PYMES.

Siguiendo la tendencia europea, a nivel es-
tatal se han desarrollado diversas iniciati-
vas que promueven la implementacion de
tecnologias digitales en los sectores de la
industria a fin de no perder competitividad
respecto al resto de estados miembros de la
union.

¥"Web disponible en: https://www.iotwins.eu/

*¥Web disponible en: https://edgetwins.eu/

*Web disponible en: https://digitbrain.eu/

“*Web disponible en: https://www.cloudifacturing.eu/

“I'Web disponible en: https://artwin-project.eu/
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Nivel nacional

Una de las estrategias mas destacables im-
plementadas para impulsar la transforma-
cion es “Industria Conectada 4.0” creada
por el Ministerio de Industria, Comercio y
Turismo del Gobierno de Espafia. El objeti-
vo de esta iniciativa es impulsar la transfor-
macion digital de la industria espafiola me-
diante la actuacion conjunta y coordinada
del sector publico y privado de todas las
empresas. Para ello ha lanzado una serie de
programas de apoyo a fin de superar los
retos que plantea la digitalizacion, asi como
genera oportunidades para el sector indus-
trial que deberd adaptar sus procesos, pro-
ductos y modelos de negocio.

Espafia, ademds, ha establecido lineas de
cooperacion a fin de compartir lecciones
aprendidas y buenas précticas en proyectos
de digitalizacion con otros paises de la
union. Por otro lado, cabe destacar que, al
igual que ocurre en el resto de los paises de
la UE, en Espafia se han asentado una serie
de DIHs con el objetivo de impulsar la
transformacion digital de las empresas es-
pariolas.

Nivel regional

En cuanto a la Region de Murcia (RM), los
esfuerzos por impulsar la transformacion
digital de las empresas no son menos desta-
cables.

La estrategia MurciaIndustria 4.0* impul-
sada por la Consejeria de Empleo, Universi-
dades, Empresa y Medio Ambiente de la Re-
gion de Murcias, pretende el desarrollo por
parte de las PYMES industriales de la Re-
gion de proyectos de cardacter tecnoldgico,
con el objetivo de establecer una clara me-
jora competitiva, que consistan en la intro-
duccidn efectiva de las tecnologias digitales
en la industria.

En ese sentido, Murcialndustria 4.0 propo-
ne una serie de ayudas que faciliten alcan-
zar ese objetivo, ademas, presenta un cata-
logo de habilitadores 4.0 con el objetivo de
poner en contacto empresas innovadoras y
expertas en tecnologias digitales con aque-
llas empresas con interés en sus servicios.

Si nos referimos a los ejes de dicha estrate-
gia, el presente proyecto estad especialmente
alineado con los siguientes:

. Linea 03. Transformacion digital.

. Linea 05. Mejora del entorno produc-
tivo.

Conviene mencionar el interés por univer-
sidades como la Universidad Politécnica de
Cartagena (UPCT) donde se estan imple-
mentando masters especificos de industria
4.0 para aumentar la capacitacion de los
nuevos profesionales y la creacion de un
DIHs murciano llamado 14MSouth** dedi-
cado a impulsar la transformacion digital
en la region.

“*Web disponible en: http://www.murciaindustria40.es/murciaindustria40-app/

“‘Web disponible en: https://i4msouth.fundingbox.com
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5. Tendencias

5.1. Literatura cientifica

Fostering digital transformation of
SMEs: a four levels approach

Autor: Garzoni, Antonello; De
Turi, Ivano; Secundo, Giustina; Del

Vecchio, Pasquale

Publicado en: Management Deci-

sion, ahead-of-print(ahead-of-
print), d0i:10.1108/md-07-2019-
0939.

Abstract: Purpose — The purpose of this pa-
per is to analyse how digital technologies
trigger changes in the business process of
manufacturing small and medium-sized
enterprises (SMEs) in the Apulia Region
(South Italy). As SMEs play an essential role
in the process value creation of industries
and countries, the article examines the
enablers of Industry 4.0 in a regional con-
texts characterized by delay in research
and development and innovation perfor-
mances where the companies’ competitive-
ness is based on limited knowledge and te-
chnological assets. Design/methodology/
approach — The case study of Smart District
4.0, an ongoing project aimed to promote
the digitalization of SMEs operating in the
Agri-Food, Clothing-Footwear and Mecha-
nics—- Mechatronics in the Apulia Region
(South Italy) is analysed. The project has
been financed by the Italian Ministry of
Economic Development with the final aim
to sustain the digital transformation of

SMEs in South Italy. Findings — The results
introduce a four levels approach of engage-
ment of SMEs in the adoption of digital te-
chnologies, namely, digital awareness, digi-
tal enquirement, digital collaboration and
digital transformation. Furthermore, for
each level of engagement the study descri-
bes and discusses some relevant variables
that could be used by managers and entre-
preneurs to assess the level of readiness
for utilization of digital technologies and
how to digitalize some processes. Practical
implications — Practical implications regard
the definition of a roadmap useful to assess
and manage the level of digital transforma-
tion of SMEs. Limitations of the study re-
garding the temporal dimension of the evi-
dences associated to the Smart District 4.0
as well as to the regional context was
analysed. Originality/value - Originality
resides in the definition of a roadmap for
the digital transformation of SMEs in a re-
gion where the profile of companies’ digi-
tal maturity is still low.
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The Digital Twin: Demonstrating the Poten-
tial of Real Time Data Acquisition in Produc-
tion Systems

Autor: Thomas H.-]J. Uhlemanna, Chris-
toph Schocka , Christian Lehmanna , Stefan
Freibergera , Rolf Steinhilpera

Publicado en: 7th Conference on Learning
Factories, CLF 2017 doi:10.1016/
j-promfg.2017.04.043

Abstract: The acquisition of data and the
development of different options in produc-
tion system and factory planning requires
up to 2/3rds of the total needed time re-
sources. The digitization of production sys-
tems offers the possibility of automated da-
ta acquisition. Nevertheless, approaches
concerning fully automated data acquisi-
tion systems are not widely spread among
SME (small and medium sized enterprises).
On the one hand, this is caused by the het-
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erogeneous databases, on the other hand by
insufficient data processing systems. Fur-
thermore, the advantages of The Digital
Twin are not sufficiently known due to the
lack of competence in SME concerning mat-
ters of Industry 4.0. In order to transfer
knowledge about the benefits of digitaliza-
tion, the development of demonstrating
platforms is crucial. This paper introduces
a learning factory based concept to demon-
strate the potentials and advantages of real
time data acquisition and subsequent simu-
lation based data processing. Therefore, an
existing learning factory will be upgraded

20

regarding both, multi-modal data acquisi-
tion technologies as well as a locally inde-
pendent optimization environment. There-
by the requirements of SME concerning
flexible, easy to use, scalable and service
oriented digitization applications are met.
The approach is part of a concept for the
realization of a Cyber Physical Production
System (CPPS) in SME that ensures the de-
velopment of an image of the production
with the aid of a multi-modal data acquisi-
tion.

Digital Twin in manufacturing: A categorical
literature review and classification
(FraunHofer Austria Research group, Vien-
na)

Autor: Kritzinger, Werner; Karner, Mat-
thias; Traar, Georg; Henjes, Jan; Sihn, Wil-
fried (2018).

Publicado en: IFAC-PapersOnLine, 51(11),
1016-1022. doi:10.1016/
jifacol.2018.08.474

Abstract: The Digital Twin (DT) is commonly
known as a ley enabler for the digital trans-
formation, however, in literature is no com-
mon understanding concerning this therm.
It is used slightly different over the dispar-
ate disciplines. The aim of this paper is to
provide a categorical literature review pf
the DT in manufacturing and to classify ex-
isting publication according to their level of
integration of the DT. Therefore, it is dis-
tinct between Digital Model (DM), Digital
Shadow (DS) and Digital Twin. The results
are sowing, that literature concerning the
highest development stage. The DT, is
scarce, whilst there is more literature about
DM and DS.



Industrial Internet of Things in the produc-
tion environment of a Shipyard 4.0

Munin-Doce, A.; Diaz-Casas, V.;
Vilar-

Autor:
Trueba, P.; Ferreno-Gonzalez, S.;
Montesinos, M.

Publicado en: International Journal of Ad-
vanced Manufacturing Technology.
doi:10.1007/s00170-020-05229-6
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Abstract: Nowadays, we are already in-
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volved in the Fourth Industrial Revolution,
known as Industry 4.0. Inside this para-
digm, IoT is one of fundamental technolo-
gies that allows the integration of physical
and virtual systems. The important role of
the IoT is based on its potential to offer dif-
ferent solutions for the operational of exist-
ing industrial system, in order to transform
them in digital environments. Following
this idea, a proof of concept is presented,
applying IIoT (Industrial Internet of Things)
in a shipyard. This technology is used as a
key enabler to achieved a connected and
advanced manufacturing with the aim of
improve efficiency in a specific workshop
inside the shipyard. This first approach to
the transformation of conventional ship-
yard in a smart factory comprises two
parts: the communication between the in-
formation systems and the connection with
physical devices. The goal is to solve the
challenges that arise with the implementa-
tion of IIoT and to provide a useful decision
tool to operators and managers of the
workshop.
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A state[Jofllthelart survey of Digital Twin:
techniques, engineering product lifecycle
management and business innovation per-
spectives

AutorKendrik Yan Hong Lim, Pai Zheng,
‘Chun0Hsien Chen

Publicado en: Journal of Intelligent Manu-
facturing doi: 10.1007/s10845-019-01512-w

Abstract: With the rapid advancement of
cyber-physical systems, Digital Twin (DT) is
gaining ever-increasing attention owing to
its great capabilities to realize Industry 4.0.
Enterprises from diferent felds are taking
advantage of its ability to simulate realtime
working conditions and perform intelligent
decision-making, where a cost-efective solu-
tion can be readily delivered to meet indi-
vidual stakeholder demands. As a hot topic,
many approaches have been designed and
implemented to date. However, most ap-
proaches today lack a comprehensive re-
view to examine DT benefts by considering
both engineering product lifecycle manage-
ment and business innovation as a whole.
To fll this gap, this work conducts a state-of-
the art survey of DT by selecting 123 repre-
sentative items together with 22 supple-
mentary works to address those two per-
spectives, while considering technical as-
pects as a fundamental. The systematic re-
view further identifies eight future perspec-
tives for DT, including modular DT, model-
ling consistency and accuracy, incorpora-
tion of Big Data analytics in DT models, DT
simulation improvements, VR integration
into DT, expansion of DT domains, efficient
mapping of cyber-physical data and cloud/
edge computing integration. This work sets
out to be a guide to the status of DT devel-

21



CTN

‘V

opment and application in today’s academ-
ic and industrial environment.

Review of digital twin applications in manu-
facturing

Autor: Cimino, Chiara; Negri, Elisa;
Fumagalli, Luca

Publicado en: Computers in Industry, 1130,
103130-. doi:10.1016/
j.compind.2019.103130

Department
Network
Polimi

VPHI

External Clients

Abstract: In the Industry 4.0 era, the Digital
Twin (DT), virtual copies of the system that
are able to interact with the physical coun-
terparts in a bi-directional way, seem to be
promising enablers to replicate production
systems in real time and analyse them. A
DT should be capable to guarantee well-
defined services to support various activi-
ties such as monitoring, maintenance, man-
agement, optimization and safety. Through
an analysis of the current picture of manu-
facturing and a literature review about the
already existing DT environment, this pa-
per identifies what is still missing in the im-
plemented DT to be compliant to their de-
scription in literature. Particular focuses of
this paper are the degree of integration of
the proposed DT with the control of the
physical system, in particular with the Man-
ufacturing Execution Systems (MES) when
the production system is based on the Auto-
mation Pyramid, and the services offered
from these environments, comparing them
to the reference ones. This paper also pro-
poses a practical implementation of a DT in
a MES equipped assembly laboratory line of
the School of Management of the Politec-
nico di Milano. The application has been
created to pose the basis to overcome the
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missing implementation aspects found in
literature. In such a way, the developed DT
paves the way for future research to close
the loop between the MES and the DT tak-
ing into consideration the number of ser-
vices that a DT could offer in a single envi-
ronment.

Digital twin: current scenario and a case
study on a manufacturing process

Autor: Rohan Basu Roy, Debasish Mishra,
Surjya K. Pal, Tapas Chakravarty, Satanik
Panda, M. Girish Chandra4, Arpan Pal,
Prateep Misra4, Debashish Chakravarty,
Sudip Misra6

Publicado en: The International Journal of
Advanced Manufacturing Technology.
d0i:10.1007/s00170-020-05306-w

Abstract: In the current scenario, industries
need to have continuous improvement in
their manufacturing processes. Digital twin
(DT), a virtual representation of a physical
entity, serves this purpose. It aims to bridge
the prevailing gap between the design and
manufacturing stages of a product by effec-
tive flow of information. This article aims to
create a state-of-the-art review on various
DTs with their application areas. The article
also includes schematic representations of
some of the DTs proposed in various fields.
The concept is also represented by a case
study based on a DT model developed for
an advanced manufacturing process named
friction stir welding. Towards the end, a
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model for implementing DT in a factory has
been proposed.

Digital Twins for Additive Manufacturing: A
State-of-the-Art Review

Autor: Li ZhangXiaoqi Chen, Wei Zhou,
Taobo Cheng, Lijia Chen, Zhen Guo, Bing
Han and Longxing Lu.

Publicado en: Appl. Sci. 2020, 10(23), 8350;
https://doi.org/10.3390/app10238350
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Abstract: With the development of Industry
4.0, additive manufacturing will be widely
used to produce customized components.
However, it is rather time-consuming and
expensive to produce components with
sound structure and good mechanical prop-
erties using additive manufacturing by a
trial-and-error approach. To obtain optimal
process conditions, numerous experiments
are needed to optimize the process varia-
bles within given machines and processes.
Digital twins (DT) are defined as a digital
representation of a production system or
service or just an active unique product
characterized by certain properties or con-
ditions. They are the potential solution to
assist in overcoming many issues in addi-
tive manufacturing, in order to improve
part quality and shorten the time to qualify
products. The DT system could be very
helpful to understand, analyse and improve
the product, service system or production.
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However, the development of genuine DT is

still impeded due to lots of factors, such as
the lack of a thorough understanding of the
DT concept, framework, and development
methods. Moreover, the linkage between
existing brownfield systems and their data
are under development. This paper aims to
summarize the current status and issues in
DT for additive manufacturing, in order to
provide more references for subsequent
research on DT systems.

Shaping the digital twin for design and pro-
duction engineering

Autor: Benjamin Schleicha, Nabil Answer,
Luc Mathieu, Sandro Wartzacka

Publicado en: CIRP Annals, 66(1) 141,144
(2017). doi: 10.1016/j.cirp.2017.04.040

Abstract: The digitalization of manufactur-
ing fuels the application of sophisticated
virtual product models, which are referred
to as digital twins, throughout all stages of
product realization. Particularly, more real-
istic virtual models of manufactured prod-
ucts are essential to bridge the gap between
design and manufacturing and to mirror
the real and virtual worlds. In this paper,
we propose a comprehensive reference
model based on the concept of Skin Model
Shapes, which serves as a digital twin of the
physical product in design and manufactur-
ing. In this regard, model conceptualiza-
tion, representation, and implementation
as well as applications along the product
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life-cycle are addressed.
The modelling and operations for the digital
twin in the context of manufacturing

Autor: Bao, Jinsong; Guo, Dongsheng; Li, Jie;
Zhang, Jie

Publicado en: Enterprise Information Sys-
tems, (), 1-23. do0i:10.1080/17517575.2018.

Physical Factory Digital Twin components Digital Factory

Abstract: The lack of effective methods to
develop the product, process and operation
models based on virtual and physical con-
vergence leads to the poor performance on
intelligence, real-time capability and pre-
dictability in production management. This
paper proposes an approach of modelling
and operations for the digital twin in the
context of manufacturing. Firstly, the con-
cept and extension of the digital twin in the
manufacturing context are elaborated to
provide the implementation methods of
virtual-physical convergence and infor-
mation integration for a factory. Secondly,
the modelling approaches of product digital
twins, process digital twins and operation
digital twins are presented, then the in-
teroperation mode between these digital
twins are explained. Thirdly, to elaborate
how to execute operations between prod-
uct, process and resource, Automation
Markup Language (AutomationML) is used
for modelling a structural parts machining
cell. Finally, the performance evaluation is
provided to demonstrate the improvement
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of production efficiency by using the pro-
posed approach.

The impact of industry 4.0 on the competi-
tiveness of SMES

Autor: DI Bojan Jovanovski, MSc1; Denitsa
Seykova2; Admira Boshnyaku2; DI Clemens
Fischer.

Publicado en: INTERNATIONAL SCIENTIFIC
JOURNAL "INDUSTRY 4.0" YEAR IV, ISSUE 35,
P.P. 250-255 (2019) ISSN 2534-997X

Abstract: The small and medium sized en-
terprises (SMEs) are the foundation of the
growth of most European economies. Alt-
hough increasing of their competitiveness
is high on the agendas of the policy makers,
the business support organisations, and the
entrepreneurs and managers themselves,
there is still lack of relevant discussion re-
garding the SMEs’ development through
implementation of Industry 4.0 principles.
The conducted analysis has also noted a
difference in the relevant literature for the
definition of the 14.0 and its scope. Based
on this we find it necessary to propose defi-
nition which clearly explains the objectives
of 14.0 and defines its scope. Furthermore,
this paper presents potential opportunities
for and implemented impact of 14.0 on
SMEs with insight in the developments in
Bulgaria. The analysis presents the benefits
from and the obstacles for implementation
of Industry 4.0. Such transformation raises
critical discussion for the influence over
the workers’ education and skills, and the
product lifecycles. This paper also exam-
ines the role of the governments as enabler
of SMEs in the implementation process.



International Business in the Information
and Digital Age

Autor: van Tulder, Rob; Verbeke, Alain; Pis-
citello, Lucia

Publicado en: Progress in International
Business Research] Volume 13 || Chapter 2
International Production and the Digital
Economy. 10.1108/S1745-8862201813(), 39-
64. doi:10.1108/S1745-
886220180000013003.

Abstract: Digitalisation has become a cen-
tral theme in the current economic and pol-
icy debate. Large digital and tech multina-
tional enterprises (MNEs) are gaining an
outsized role in the global economy. Also,
the adoption of advanced digital technolo-
gies across all industries is fundamentally
changing production processes. Both these
(interrelated) phenomena have profound
implications for economic structures, em-
ployment, inequality and development and
industrialisation opportunities. This chap-
ter analyses the international production
and investment (i.e., foreign direct invest-
ment [FDI]) implications of the digital econ-
omy. First, it empirically documents signifi-
cant differences in internationalisation pat-
terns between the largest digital MNEs and
traditional MNEs; particularly, the tendency
of digital MNEs to exhibit an asset-light in-
ternational footprint. Second, it argues that
the powerful transformational forces relat-
ed to digital adoption and the new industri-
al revolution have the potential to change
international production more broadly, fa-
vouring a shift towards internationalisation
models characterised by decentralised pro-
duction, accelerated servicification and ex-
tended disintermediation. The chapter con-
cludes with investment policy implications
and a number of questions for future re-
search.

| CTN

‘v

6th International Conference on Research
and Innovation in Information Systems
(ICRIIS) - Adoption of Agile Software Meth-
odology Among the SMEs Developing an IOT
Applications

Autor: Jusoh, Yusmadi Yah; Abdullah, Sal-
farina; Ali, Ismail Mohamed; Noh, Moham-
ad Hazim Mat; Mazlan, Muhammad Hanif;
Bouh, Cheikh Sad; Sheng, Tan Zhong.

Publicado en: 6th International Conference
on Research and Innovation in Information
Systems (ICRIIS) 2019., (), 1-6.
doi:10.1109/ICRIIS48246.2019.9073678.

Abstract: Agile software methodology
framework has been used frequently in the
software development industry especially
among the small medium (SME) companies.
In this paper, we conducted a case study
among the four selected SME companies
that have been developing the Internet of
Things application (IoT) as their business
core. The results found that all the compa-
nies under study are using extreme pro-
gramming (XP), Dynamic System Develop-
ment Methodology (DSDM), Feature Driven
Development (FDD) and Lean as chosen de-
velopment methodology. However, the
most used agile methodology framework is
the Scrum techniques. The study shows that
companies applied Agile SDM. This is be-
cause, the Agile SDM help the software de-
veloper teams to organize their task effica-
ciously, and able to make frequent delivery
to their stakeholders and users.

Adoption of Digital Technologies of Smart
Manufacturing in SMEs

Autor: Ghobakhloo, Morteza; Ching, Ng Tan

Publicado en: Journal of Industrial Infor-
mation Integration, (), 100107. doi:10.1016/
j-jii.2019.100107

Abstract: The Fourth Industrial Revolution-
commonly referred to as Industry 4.0-with
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smart manufacturing currently on its fore-
front-has arrived. The manufacturing in-
dustry is evolving and manufacturers of all
sizes, worldwide, need to evolve too. In or-
der not to be left behind from early
adopters, Small and Medium-sized Enter-
prises (SMEs) integrate modern Smart Man-
ufacturing-related Information and Digital
Technologies (SMIDT) such as artificial in-
telligence with their business operations to
enable smart manufacturing. The present
study is concerned with identifying the de-
terminants of SMIDT adoption within man-
ufacturing SMEs. The study benefits from a
cross-sectional survey to capture the opin-
ions of Malaysian and Iranian participating
SMEs. Results indicate that a collection of
technological, organizational, and environ-
mental factors determine SMEs decision for
SMIDT adoption. The study further ex-
plores how various combinations of identi-
fied determinants have influenced the im-
plementation of 13 individual SMIDT
among SMEs. Theoretical contribution and
managerial implications of this research
are discussed which are believed to offer
valuable insights to academicians, execu-
tives, and policymakers.
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The industrial management of SMEs in the
era of Industry 4.0

Autor: Moeuf, Alexandre; Pellerin, Robert;
Lamouri, Samir; Tamayo-Giraldo, Simon;
Barbaray, Rodolphe
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Publicado en: International Journal of Pro-
duction Research, 0, 1-19.
doi:10.1080/00207543.2017.1372647
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Abstract: Industry 4.0 provides new para-
digms for the industrial management of
SMEs. Supported by a growing number of
new technologies, this concept appears
more flexible and less expensive than tradi-
tional enterprise information systems such
as ERP and MES. However, SMEs find them-
selves ill-equipped to face these new possi-
bilities regarding their production planning
and control functions. This paper presents
a literature review of existing applied re-
search covering different Industry 4.0 is-
sues with regard to SMEs. Papers are classi-
fied according to a new framework which
allows identification of the targeted perfor-
mance objectives, the required managerial
capacities and the selected group of tech-
nologies for each selected case. Our results
show that SMEs do not exploit all the re-
sources for implementing Industry 4.0 and
often limit themselves to the adoption of
Cloud Computing and the Internet of
Things. Likewise, SMEs seem to have adopt-
ed Industry 4.0 concepts only for monitor-
ing industrial processes and there is still
absence of real applications in the field of
production planning. Finally, our literature
review shows that reported Industry 4.0
projects in SMEs remained cost-driven initi-
atives and there in still no evidence of real
business model transformation at this time.



A Practical Evaluation of Commercial Indus-
trial Augmented Reality Systems in an In-
dustry 4.0 Shipyard

Autor: Oscar Blanco-Novo , Tiago M. Fer-
nandez-Caramés, Paula Fraga-Lamas and
Miguel A. Vilar-montesinos

Publicado en: IEEE Access. Doi: 10.1109/
ACCESS.2018.2802699

Abstract: The principles of the Industry 4.0
are guiding manufacturing companies to-
ward more automated and computerized
factories. Such principles are also applied
in shipbuilding, which usually involves nu-
merous complex processes whose automa-
tion will improve its efficiency and perfor-
mance. Navantia, a company that has been
building ships for 300 years, is modernizing
its shipyards according to the Industry 4.0
principles with the help of the latest tech-
nologies. Augmented reality (AR), which
when utilized in an industrial environment
is called industrial AR (IAR), is one of such
technologies, since it can be applied in nu-
merous situations in order to provide use-
ful and attractive interfaces that allow ship-
yard operators to obtain information on
their tasks and to interact with certain ele-
ments that surround them. This article first
reviews the state of the art on IAR applica-
tions for shipbuilding and smart manufac-
turing. Then, the most relevant IAR hard-
ware and software tools are detailed, as
well as the main use cases for the applica-
tion of IAR in a shipyard. Next, it is de-
scribed Navantia’s IAR system, which is
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based on a fog-computing architecture.
Such a system is evaluated when making
the use of three IAR devices (a smartphone,
a tablet, and a pair of smart glasses), two
AR software development Kkits (ARToolKit
and Vuforia) and multiple IAR markers,
with the objective of determining their per-
formance in a shipyard workshop and in-
side a ship under construction. The results
obtained show a remarkable performance
differences among the different IAR tools
and the impact of factors like lighting,
pointing out the best combinations of mark-
ers, and hardware and software to be used
depending on the characteristics of the
shipyard scenario.

The industrial management of SMEs in the
era of Industry 4.0

Autor: Moeuf, Alexandre; Pellerin, Robert;
Lamouri, Samir; Tamayo-Giraldo, Simon;
Barbaray, Rodolphe

Publicado en: International Journal of Pro-
duction Research, 0, 1-19.
doi:10.1080/00207543.2017.1372647

Abstract: Industry 4.0 provides new para-
digms for the industrial management of
SMEs. Supported by a growing number of
new technologies, this concept appears
more flexible and less expensive than tradi-
tional enterprise information systems such
as ERP and MES. However, SMEs find them-
selves ill-equipped to face these new possi-
bilities regarding their production planning
and control functions. This paper presents a
literature review of existing applied re-
search covering different Industry 4.0 is-
sues with regard to SMEs. Papers are classi-
fied according to a new framework which
allows identification of the targeted perfor-
mance objectives, the required managerial
capacities and the selected group of tech-
nologies for each selected case. Our results
show that SMEs do not exploit all the re-
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sources for implementing Industry 4.0 and
often limit themselves to the adoption of
Cloud Computing and the Internet of
Things. Likewise, SMEs seem to have adopt-
ed Industry 4.0 concepts only for monitor-
ing industrial processes and there is still
absence of real applications in the field of
production planning. Finally, our literature
review shows that reported Industry 4.0
projects in SMEs remained cost-driven initi-
atives and there in still no evidence of real
business model transformation at this time.
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Smart Pipe System for a Shipyard 4.0

Autor: Paula Fraga-Lamas, Diego Noceda-
Davila,Tiago M. Fernandez-Caramés, Ma-
nuel A. Diaz-Bouza and Miguel Vilar-
Montesinos

Publicado en: Sensors 2016, 16(12), 2186;
https://doi.org/10.3390/s16122186

Abstract: As a result of the progressive im-
plantation of the Industry 4.0 paradigm,
many industries are experimenting a revo-
lution that shipyards cannot ignore. There-
fore, the application of the principles of In-
dustry 4.0 to shipyards are leading to the
creation of Shipyards 4.0. Due to this,
Navantia, one of the 10 largest shipbuilders
in the world, is updating its whole inner
workings to keep up with the near-future
challenges that a Shipyard 4.0 will have to
face. Such challenges can be divided into
three groups: the vertical integration of
production systems, the horizontal integra-
tion of a new generation of value creation
networks, and the re-engineering of the en-
tire production chain, making changes that
affect the entire life cycle of each piece of a
ship. Pipes, which exist in a huge number
and varied typology on a ship, are one of
the key pieces, and its monitoring consti-
tutes a prospective cyber-physical system.
Their improved identification, traceability,
and indoor location, from production and
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through their life, can enhance shipyard
productivity and safety. In order to perform
such tasks, this article first conducts a thor-
ough analysis of the shipyard environment.
From this analysis, the essential hardware
and software technical requirements are
determined. Next, the concept of smart pipe
is presented and defined as an object able
to transmit signals periodically that allows
for providing enhanced services in a ship-
yard. In order to build a smart pipe system,
different technologies are selected and
evaluated, concluding that passive and ac-
tive RFID (Radio Frequency Identification)
are currently the most appropriate technol-
ogies to create it. Furthermore, some prom-
ising indoor positioning results obtained in
a pipe workshop are presented, showing
that multi-antenna algorithms and Kalman
filtering can help to stabilize Received Sig-
nal Strength (RSS) and improve the overall
accuracy of the system.

Digital twins for the maritime sector

Autor: Mikael Lind, Hanane Becha, Richard
T. Watson, Norbert Kouwenhoven, Phanthi-
an Zuesongdham and Ulrich Baldauf

Publicado en; Smart Maritime Network. doi:
10.13140/RG.2.2.27690.24006

Abstract: A digital twin is a dynamic digital
representation of an object or a system. It
uniquely describes in a binary format a
person, product, or environment’s key
characteristics and properties and can be
rendered in one or more physical or digital
spaces. In this article, we elaborate on the
key fundamentals of digital twinning fol-
lowed by how it may improve the decision
making of shipping companies, port opera-
tors and others in the transport and ship-
ping ecosystem, as well as in developing
standards, that support both the integration
of transport supply chain operations and
the development of digital twins for opera-
tional enhancement and strategic planning.
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5.1.1. Analisis de tendencias en la literatura

Para el andlisis de tendencias en la literatu-
ra relacionada con las tecnologias 4.0, se
han analizado 14 de los 19 articulos pro-
puestos en el apartado anterior para cono-
cer las relaciones entre ellos segun sus auto-
res, el pais o la entidad a la que pertenecen.

En el siguiente mapa, cada nodo representa
a un autor y los enlaces indican las relacio-
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nes entre unos y otros. El color de cada uno
de los autores determina el claster al que
pertenece. Por otro lado, la distancia entre
dos autores marca su relacion en funcion
de las citas. En general, cuanto mas cerca
estan, mayor es su relacion. A continuacion,
haremos un analisis de los cuatro principa-
les clusteres.
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Mapa de citas por autores

El primer cluster (color rojo) estd formado
por los autores (ordenados por el numero
de citas): Freiberger Stefan, Lehmann
Christian, Schock, Christoph, Steinhilper
Rolf, Uhlemann Thomas H. -J., Bartalsky Lu-
kas, Loksik Milan, Morhac Martin, Rovny
Oliver, Sismisova Dana, Vachalek Jan, Chen
Chun-Hsien, Chakravarty Debashish,
Chakravarty Tapas, Chandra M., Girish,

Mishra Debasish, Misra Prateep, Misra
Sudip, Pal Arpan, Pal Surjya K., Panda Sata-
nik y Roy Rohan Basu.

Basandonos en el andlisis de palabras clave
que han sido extraidas de manera automa-
tica por un software, los autores de este
cluster trabajan principalmente sobre
“Industria 4.0”.
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Palabras claves mas frecuentes

El segundo cluster (color verde) esta forma-
do por los autores (ordenador por el nume-
ro de citas): Anwer Nabil, Mathieu Luc, Sch-
leich Benjamin, Wartzack Sandro, Chen Li-
jia, Chen Xiaoqi, Cheng Taobo, Guo Zhen,

Relaciones entre los autores mas citados del cluster 2
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Han Bing, Lu Longxing, Zhang Li y Zhou
Wei.

La palabra clave mas utilizada en los auto-
res de este cluster es “International Busi-
ness (IB)”.

internationalpusiness (IB)
multination@penterprises

digital age

Palabras clave mds utilizadas en el cltuster 2

El tercer cluster (color azul) estd formado
por los autores (ordenador por el numero
de citas): Lim Kendrik Yan Hong, Zheng Pai,
Bao Jinsong, Guo Dongsheng, Li Jie y Zhang
Jie.

Los autores de este clister tienden a traba-
jar sobre “Ship Building” y “Navantia”.
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Detalle de las palabras clave y sus relaciones del cluster 3

El cuarto cluster (color amarillo) esta for- Tan, Ghobakhloo Morteza.
mado por los autores: Barbaray Rodolphe,
Lamouri Samir, Moeuf Alexandre, Pellerin
Robert, Tamayo-Giraldo Simon, Ching Ng

La palabra clave mas recurrida entre los
autores de este cluster es “Shipyard”.
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Palabras clave y sus relaciones, del cluster 4
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En estos graficos se muestra la relacién por zados en el apartado 5.1Literatura cientifi-
entidades y paises de los documentos anali- ca.
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Segun el numero de citas de cada publica-
cion, en la siguiente tabla y grafico, pode-

mos observar que, aunque el nimero de Afio Total de citas
publicaciones en un afio no supere cinco, si
) ) 2016 0
aumenta considerablemente el numero de
citas desde el afio 2017 (11) hasta casi alcan- 2017 11
zar el centenar en 2018 (97). La evolucion
ha seguido creciendo el resto de los afios 2018 97
hasta llegar a sobrepasar las 400 citas en
2021.
2019 213

El numero de citas nos permite conocer que
aproximadamente el 50% de los papers 2020 393
analizados han sido citados al menos mas
de cinco veces. Casi un 20% de ellos han si-

do citados en mas de veinticinco ocasiones 2021 406
y soOlo el 6% supera las cincuenta citas.
400
350
300
250
200
150
100
50 I
0
2016 2018 2020 2021

m Total de citas

Evolucién del namero de citas

En el siguiente mapa se muestra cuales de Los autores mas citados (290 citas) perte-
los 66 autores de las 14 publicaciones anali- necen al Cluster 2: Anwer Nabil, Mathieu
zadas son los mas influyentes. Luc, Schleich Benjamin y Wartzack Sandro.
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anwer, nabil 290
moeuf, alexandre | pellerin, robert tamayo-giraldo,
simon 241

schock,

mathieu, luc 290 freiberger, christoph
barbaray, rodolphe 241 stefan 123 123

lehmann,
christian steinhilper, | cimino, chiara | negri, elisa
schleich, benjamin 290 lamouri, samir 241 123 81 81

Autores mas citados

Autores con h-index, citas y publicaciones

Autores Afiliacién | H-I | CT | PT
Lehmann, Chris- Max Planck Society - Chem Crystallog & 57 11.60 295
tian W. Elecron Microscopy Ctr - MULHEIM, GER- 6
MANY

Guo, Dong-Sheng Nankai University -Dept Chem - TIANJIN, 46 7.973 307
PEOPLES R CHINA

Zhou, Wei Nanyang Technological University 34 4.965 225

Chen, Chun-Hsien | Nanyang Technological University Sch Mech 29 2.493 176
& Aerosp Engn - SINGAPORE, SINGAPORE

Chen, XiaoQ Swinburne University of Technology- Fac Sci =~ 28 3.938 246
Engn & Technol -HAWTHORN, VIC, AUS-
TRALIA

Carames, Tiago M. | Universidade da Corufia 23 1.595 65

Fernandez

Fraga-Lamas, Pau- Universidade da Corufia P 1.456 48

la

Mathieu, Luc University of Sherbrooke - Fac Med - SHER- 22 1.723 69
BROOKE, PQ, CANADA

Secundo, Giustina ~ Lum Jean Monnet University - Dept Mana- 19 1.249 105
gament Finance & Technol - CASAMASSIMA,
ITALY
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Pellerin, Robert

Wartzack, Sandro

Zheng, Pai

Anwer, Nabil

Fumagalli, Luca

Schleich, Benjamin

Ghobakhloo, Morte-
za

Del Vecchio, Pasqua-
le

Misra, Sudip

Zhang, Jie

Lamouri, S.

Negri, Elisa
Steinhilper, R.

Ng, Tan Ching

Han, Bing

Bao, Jinsong
Blanco-Novoa, O
Vilar-Montesinos,

Miguel
Garzoni, Antonello

Chakravarty, Debas-
hish

Polytechnique Montreal - IVADO - MONTREAL,
PQ, CANADA

University of Erlangen Nuremberg - Engn De-
sign

Hong Kong Polytechnic University

Ecole Normale Superieure Paris-Saclay

University of Lausanne - Dept Ecol & Evolut -
LAUSANNE, SWITZERLAND

University of Erlangen Nuremberg - Engn De-
sign

Kaunas University of Technology

University of Salento - Dept Innovat Engn - LEC-
CE, ITALY

Indian Institute of Technology (IIT) — Kharagpur
- Dept Comp Sci & Engn - KHARAGPUR, W BEN-
GAL, INDIA

Donghua University - Shanghai Engn Res Ctr Ind
Big Data & Intelligent - SHANGHAI, PEOPLES R
CHINA

Conservatoire National Arts & Metiers (CNAM) -
Arts & Metiers ParisTech - PARIS, FRANCE

Fraunhofer IPA - Project Grp Sustainable Mfg -
BAYREUTH, GERMANY

University of Tunku Abdul Rahman - Lee Kong
Chian Fac Engn & Sci - KAJANG, SELANGOR,
MALAYSIA

Beijing Jiaotong University - Sch Civil Engn -
BEIJING, PEOPLES R CHINA

Donghua University - Coll Mech Engn - SHANG-
HAI, PEOPLES R CHINA

Universidade da Corufia

Navantia SA - ASTILLERO DE FERROL, FERROL,
SPAIN

Lum Jean Monnet University - Dept Mana-
gament Finance & Technol - CASAMASSIMA,
ITALY

Indian Institute of Technology (IIT) - Kharagpur
- Adv Technol Dev Ctr - KHARAGPUR, W BEN-
GAL, INDIA

19

19

18

17

17

16

14

13

12

12

11

11

10

10

1.484 93
1.460 186
1.148 71
1.339 79
1.067 33
887 56
1.150 42
670 57
443 127
414 59
760 33
603 15
646 60
324 33
308 77
356 39
353 12
309 9
161 12
268 71
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Uhlemann, Tho-
mas

Diaz Casas, Vicente
Chandra, M. Girish
Pal, Arpan

Misra, Prateep

Chen, Lijia

Mishra, Debasish

Cheng, Tao

Tamayo-Giraldo,
Simon
Li, Jie

Trueba, P.

Roy, Rohan Basu

Moeuf, Alexandre
Cimino, Chiara
Lim, Kendrik Yan
Hong

Vachalek, Jan

Bartalsky, L.

Rovny, Oliver

Schock, Christoph
Diaz-Bouza, Ma-
nuel A.

Morhac, Martin
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Ruhr University Bochum - Phys Chem 2-

Universidade da Coruiia

Tata Consultancy Services Limited (TCS) -
TCS Res & Innovat - BENGALURU, INDIA

Tata Consultancy Services Limited (TCS) -
KOLKATA, W BENGAL, INDIA

Tata Consultancy Services Limited (TCS) -
KOLKATA, INDIA

Shenyang University of Technology - Sch
Mat Sci & Engn - SHENYANG, PEOPLES R
CHINA

Indian Institute of Technology, Kharagpur

Lanzhou University - State Key Lab Appl Or-
gan Chem - LANZHOU, PEOPLES R CHINA

MINES ParisTech — CAOR - PARIS, FRANCE

Donghua University - Coll Mech Engn -
SHANGHAI PEOPLES R CHINA

Joint Res Unit UDC Navantia - FERROL,
SPAIN

Indian Institute of Technology (IIT) — Kha-
ragpur - Adv Technol Dev Ctr - KHARAGPUR,

Exxelia SAS- PARIS, FRANCE

Polytechnic University of Milan — DEIB -

Nanyang Technological University Sch Mech
& Aerosp Engn - SINGAPORE, SINGAPORE

Slovak University of Technology Bratislava -
Mech Engn Fac - BRATISLAVA, SLOVAKIA

Slovak University of Technology Bratislava -
Inst Automat Measurement & Appl Informat

University of Bayreuth - Fraunhofer Project
Grp Proc Innovat - BAYREUTH, GERMANY

Navantia SA - Taxonera S-N - FERROL, SPAI

SOVA Digital As - Bojnicka 3 - BRATISLAVA,
SLOVAKIA

426

199

130

117

106

192

96

468

365

104

40

73

335

351

85

81

96

73

186

84

83

11

35

70

50

13

25

28

10

10

17

16

15



Loksik, Milan SOVA Digital As - Bojnicka 3 -BRATISLAVA, 2 69 2
SLOVAKIA

Freiberger, Stefan = University of Bayreuth - Fraunhofer Project 2 125 3
Grp Proc Innovat - BAYREUTH, GERMANY

Munin Doce, Alicia | Universidade da Coruna — Escola Politecn 2 21 7
Super - FERROL, SPAIN

De Turi, Ivano Lum Jean Monnet University - Dept Mana- 2 15 2
gament Finance & Technol - CASAMASSIMA,
ITALY

Pal, Surjya K. Indian Institute of Technology (IIT) — Kha- 2 60 3
ragpur - Dept Mech Engn - KHARAGPUR, W
BENGAL, INDIA

Chakravarty, Ta- Tata Consultancy Services Limited (TCS) - 2 20 17

pas TCS Res & Innovat - BENGALURU, INDIA

Panda, Satanik Tata Consultancy Services Limited (TCS)- 2 17 2
KOLKATA, INDIA

Lu, Longxing Guangdong Acad Sci - Inst Intelligent Mfg - 2 7 3
GUANGZHOU, PEOPLES R CHINA

Noceda-Davila, Universidade da Coruna - Unidad Mixta In- 2 46 3

Diego vest Navantia UDC - FERROL, SPAIN

Sismisova, Dana Slovak University of Technology Bratislava - 1 69 8
Fac Mech Engn - BRATISLAVA, SLOVAKIA

Ferreno-Gonzalez, | Joint Res Unit UDC Navantia - FERROL, 1 8 2

S. SPAIN

Zhang, Li Guangdong Acad Sci - Inst Intelligent Mfg - 1 5 2
GUANGZHOU, PEOPLES R CHINA

Barbaray, Ro- Exxelia Grp PARIS, FRANCE 1 241 1

dolphe

5.2. Proyectos

Bringing Digital Twins to the Edge for mass
Industry 4.0 applications

N EdgeTwins

Acrénimo: Edge Twins HPC

Financiado por: H2020-EU.1.2. H2020-

EU.1.2.1.
Periodo de financiacién: 1 de junio de 2020
hasta el 30 de noviembre de 2021.

Resumen:

Digital replicas of physical devices - the

technology behind this has expanded the
realm of manufacturing. The better the dig-
ital twin can duplicate the physical object,
the more accurate it will be in predicting
the performance or failure of the physical
device. Digital twin technologies will play
an important role in Industry 4.0. The EU-
funded Edge Twins HPC project will devel-
op an open-source software tool to produce
digital twins that are installed on the physi-
cal asset they represent and operate in very
constrained compute environments. The
aim will be to facilitate a new breed of nov-
el real-time applications - from autono-
mous vehicles to small devices.

37


https://cordis.europa.eu/project/id/857191
https://gtr.ukri.org/projects?ref=EP%2FR007497%2F1

CTN

‘V

Create and Harvest Offerings to support
Manufacturing SMEs to become Digital Twin
Champions

Acrénimo: Change2Twin

e o000 o

CHANGE2TWIN

+ INFO

Financiado por: H2020-EU.2.1.1.

Periodo de financiacion: 1 de junio de 2020 -

31 de mayo de 2024.

Resumen:

The EU-funded Change2Twin project (part
of I14MS) helps manufacturing SMEs in their
digitalisation efforts to deploy digital twins.
The concept of digital twins is one of the big
game-changers in manufacturing and al-
lows companies to significantly increase
their global competitiveness. A digital twin
is a digital replica of an artefact, process or
service that is so accurate that it can be
used as a basis for taking decisions. The dig-
ital replica is often connected with the phys-
ical world by streams of data. Change2Twin
offers manufacturing SMEs a tailor-made
solution including the analysis of their po-
tential, an individual mentoring plan, and a
ready-to-use recipe for digital twin deploy-
ment. Digital Innovation Hubs are im-
portant partners in this process and will fa-
cilitate the uptake of the latest digital twin
technologies across the European Union.

Cloudification of Production Engineering for
Predictive Digital Manufacturing

Acrénimo: CloudiFacturing

CloudiLX

Facturing (X

oo

Financiado por: H2020-EU.2.1.1.

Periodo de financiacién: 17 de octubre de
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2017 hasta el 30 de septiembre de 202
Resumen:

Information and Communication Technolo-
gy (ICT) is essential for the digitalization of
the manufacturing sector; notwithstanding,
less than 25% of the manufacturing compa-
nies in Europe profit from ICT-enabled solu-
tions. In order to democratically boost the
competitiveness of the European manufac-
turers (especially Small and Medium-sized
Enterprises - SMEs), innovative solutions
need to consider technological and commer-
cial scalability from the beginning. From
this perspective, the cloudification of ser-
vices has become the ideal enabler in the
manufacturing digitalization. Successful Eu-
ropean initiatives such wus CloudFlow,
cloudSME or Fortissimo have demonstrated
the benefits of cloudification for engineer-
ing services, by means of combining HPC
resources, computational tools, and cloud
computing platforms. Manufacturing SMEs
are empowered to compute and solve prob-
lems that cannot be tackled without cloud
and HPC technology, making them more
competitive by reducing development times
for innovative product with better perfor-
mance. The results of these initiatives are
fostering the engineering and to some ex-
tend the prototyping processes within the
manufacturing workflow; however, moni-
toring and optimizing production processes
have not yet greatly benefited from an inte-
grated information workflow and simula-
tion loop based on on-line factory data.
The core partners of CloudFlow (eu-
cloudflow.eu) and cloudSME (cloudsme.eu)
are joining forces to leverage factory data
with  cloud-based engineering tools:
a) paving the way toward manufacturing
analytics,

b) enriching the manufacturing engineering
process  with on-line data, and
¢) simulating and optimizing the production
process with the vision to support it in real-
time.


http://eu-cloudflow.eu/
http://eu-cloudflow.eu/
http://cloudsme.eu/
https://www.change2twin.eu/
https://gtr.ukri.org/projects?ref=EP%2FR007497%2F1
https://cordis.europa.eu/project/id/768892
https://gtr.ukri.org/projects?ref=EP%2FR007497%2F1

The consolidated platform between Cloud-
Flow and cloudSME with extended capabili-
ties to process factory data is going to be
accessed through a central interface, ena-
bling the stakeholders to interact, and col-
laborate.

Digital twins bringing agility and innovation
to manufacturing SMEs, by empowering a
network of DIHs with an integrated digital
platform that enables Manufacturing as a
Service (MaaS)

’
+ INFO =

DIGITBRAIN

Acrénimo: DIGITBrain

Financiado por: H2020-EU.1.2.1.

Periodo de financiacién: 1 de julio de 2020

hasta el 31 de diciembre de 2021.

Resumen:

The CloudiFacturing innovative solution
integrates software and hardware plat-
forms to assist manufacturing SMEs and
their demand for advanced cloud- or HPC-
based ICT solutions. The EU-funded DIGIT-
brain project will extend CloudiFacturing
with an augmented digital-twin concept
called digital product brain (DPB) and a
smart business model called manufacturing
as a service (MaaS). The DPB will allow the
customisation and adaptation of on-
demand data, models, algorithms and re-
sources for industrial products according to
individual conditions. MaaS will permit
manufacturing SMEs to reach advanced
manufacturing facilities within their terri-
tories and beyond. The project aims to sup-
port the development of advanced digital
and manufacturing technologies through
more than 20 highly innovative cross-
border experiments, in addition to training
and assisting digital innovation hubs in the
implementation of the Maas model, con-
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tributing to their long-term sustainability.
Safe human-robot interaction in logistic ap-
plications for highly flexible warehouses

Safel Og

Acrénimo: Safel.og

Financiado por: H2020-EU.2.1.1.

Periodo de financiacion: 1 de enero de 2016

hasta el 31 de diciembre de 20

Resumen:

The European market for e-commerce is
growing rapidly, with more than 16% just
in the year 2014. With the internationaliza-
tion of distribution chains, the key for suc-
cess lies within efficient logistics. In such
facilities, goods for the end-user or prod-
ucts in the B2B sector are stored, commis-
sioned and shipped. To manage the supply
chains, many new warehouses have been
erected and more will follow. With the
growing markets, the need for larger ware-
houses and their automation increases. To
advance the position of the European trade
sector, technical restrictions on the size of
warehouses should be avoided and new
automation paradigm should be imple-
mented to ensure their efficient operation.
Therefore the European robotic and auto-
mation companies should be able to pro-
vide appropriate solutions, making scalable
systems and scalable software mandatory.
Current automation solutions based on
strict separation of humans and robots can-
not provide such efficient operation of
large warehouses. SafeLog aims to over-
come this issue by enabling much more ef-
ficient warehouse concepts joining human
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and robot workforce. Given that, the overall

CTN |

objective of SafeLog is the conception and
implementation of a large-scale flexible
warehouse system which enables safe and
efficient collaboration of humans and ro-
bots in the same area and at the same time.

On the way to reach this objective SaveLog
will develop, integrate and test: (1) a holis-
tic and certifiable safety concept based on
the safety vest, which allows the collabora-
tion of robots and humans in a flexible
warehouse system, (2) planning and sched-
uling algorithms for a heterogeneous fleet
manager, which allow the adhoc reactive
planning and scheduling for human and
robot workforce in a flexible warehouse
system, and (3) augmented reality based
interaction strategies to support workers in
a robotized warehouse system with infor-
mation about their current task and envi-
ronment.

An AR cloud and digital twins solution for
industry and construction 4.0

Acréonimo: ARtwin

D

Financiado por: H2020-EU.1.2.1.

ARTWIN

INDUSTRY & CONSTRUCTION
4.0 SOLUTIONS

Periodo de financiaciéon: 1 de octubre de

2019 hasta el 30 de septiembre de 2022.
Resumen:

EU-funded ARtwin aims at developing an
Augmented Reality (AR) cloud platform for
improving productivity and product quality
of the European industry and construction
4.0. Based on 5G connectivity, the AR cloud
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platform will enable collaborative AR expe-
riences adapted to factory and construction
site environments. AR experience will oper-
ate on a large scale by using 3D mapping
and vision-based localisation services. A
remote rendering service will enable the
display of complex 3D content on low-
resources AR devices. Finally, dedicated
tools will allow for service deployment and
orchestration on any cloud infrastructure.
Three pilot use cases will be used for vali-
dation, while contribution to standardisa-
tion will aim at fostering the emergence of
a sustainable and sovereign AR ecosystem
in Europe.

Innovative modelling approaches for pre-
dicting Socio-environMentAl evolution in
highly anthRopized coasTal LAGOONs

Acronimo: SMARTLAGOON

Financiado por:

H2020-EU.1.2. H2020-EU.2.1.1.

Periodo de financiacién: 1 de enero de 2021
hasta el 31 de diciembre de 2024.

Resumen:

Las lagunas representan el 5 % de la super-
ficie del litoral de Europa. Las lagunas cos-
teras estan separadas del océano por una
barrera y son masas de agua someras co-
nectadas al océano, al menos de forma in-
termitente, por una o mas ensenadas res-
tringidas. Son muy vulnerables a las presio-
nes climaticas y antropogénicas, como la
agricultura intensiva y la urbanizacion ex-
tensiva, principalmente debido a la prolife-
racion del turismo. El equipo del proyecto
SMARTLAGOON, financiado con fondos eu-
ropeos, desarrollard una herramienta que


https://cordis.europa.eu/project/id/856994
https://gtr.ukri.org/projects?ref=EP%2FR007497%2F1
https://cordis.europa.eu/project/id/101017861/es
https://gtr.ukri.org/projects?ref=EP%2FR007497%2F1

favorecera la vigilancia en tiempo real, el
analisis y la gestion eficaz de estas zonas
vulnerables. El proyecto se centrard en la
laguna costera de agua salobre mas grande
de Europa: el mar Menor. Esta laguna coste-
ra ubicada en la peninsula Ibérica, concre-
tamente en el sureste de la Comunidad Au-
tonoma de Murcia (Espafia) y cerca de Car-
tagena, ha sufrido degradacion medioam-
biental por motivos socioambientales.

ENABLING MARITIME DIGITALIZATION BY
EXTREME-SCALE ANALYTICS, AI AND DIGI-

TAL TWINS
a»

Acronimo: VesselAl

Financiado por: H2020-EU.2.1.1.

Periodo de financiaciéon: 1 de enero de 2021

hasta el 31 de diciembre de 2023.
Resumen:

The digital twin concept — a virtual repre-
sentation of a physical asset that can be
used as a model for various purposes — is
making waves in a range of industries. The
shipping sector is no exception. The EU-
funded VesselAl project plans to develop a
framework that facilitates the modelling
and prediction of ships’ behaviour. Using
digital twin technology, the framework will
efficiently fuse and assimilate huge
amounts of data, enabling highly accurate
modelling as well as design and operation
optimisation of ships and fleets under vari-
ous dynamic conditions. VesselAl will also
tap into the potential of artificial intelli-
gence, cloud computing and high-
performance computing, encouraging deep-
er digitalisation in the shipping industry.

Symbiotic Human-Robot Collaborative As-
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sembly: Technologies, Innovations and Com-
petitiveness

Acréonimo: SYMBIO-TIC

L) &
SYMBITCETIC
Financiado por: H2020-EU.2.1.1.5.1

Periodo de financiacion: 1 de abril de 2015

hasta el 31 de marzo de 2019.
Resumen:

The European robotics industry is moving
towards a new generation of robots, based
on safety in the workplace and the ability to
work alongside humans. This new genera-
tion is paramount to making the factories of
the future more cost-effective and restoring
the competitiveness of the European manu-
facturing industry. However, the European
manufacturing industry is facing the fol-
lowing challenges: (1) lack of adaptability,
(2) lack of flexibility, and (3) lack of vertical
integration.

The proposed SYMBIO-TIC project address-
es these important issues towards a safe,
dynamic, intuitive and cost-effective work-
ing environment were immersive and sym-
biotic collaboration between human work-
ers and robots can take place and bring sig-
nificant benefits to robot-reluctant indus-
tries (where current tasks and processes
are thought too complex to be automated).
The benefits that the project can bring
about include lower costs, increased safety,
better working conditions and higher prof-
itability through improved adaptability,
flexibility, performance and seamless inte-
gration.

Towards smarter means of production in
European manufacturing SMEs through the
use of the Internet of Things technologies

Acronimo; SYMBIO-TIC

Acrénimo: IoT4Industry
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Financiado por: H2020-EU.2.3.2.2. H2020-
EU.2.3.2.3.

CTN |

Periodo de financiaciéon: 1 de abril de 2018

hasta el 31 de diciembre de 2020.
Resumen:

The proportion of the manufacturing indus-
try is currently decreasing in developed Eu-
ropean countries’ GDP. Industry 4.0 - also
called smart manufacturing, digital indus-
try or industry of the future — provides sev-
eral technological responses to the chal-
lenging competitive market. Indeed, the in-
tegration of the Internet of Things and re-
lated components - Cyber-Physical Systems
(CPS), Digital Security, Cloud Computing
and Big Data - in manufacturing SMEs will
improve efficiency and flexibility in pro-
duction and consumption. However, it re-
quires a more integrated and cooperative
approach due to the high interdisciplinarity
which has been introduced. Above all, not
all manufacturing companies, and in partic-
ular SMEs, have access to smarter means of
production, due to costs and efforts in the
integration and implementation, possible
aversion or readiness to ICT technologies,
and other obstacles related to cyber and
physical security. The IoT4Industry project
connects 3 Information and Communica-
tion Technologies (ICT) clusters having
strong competences in IoT with 4 Advanced
Manufacturing clusters having access to
tool manufacturers and manufacturing
SMEs in order to encourage cross-border
and cross-sectorial collaboration between
SMEs from these two sectors. Starting from
the analysis of needs in manufacturing
SMEs from diverse sectors in Europe
(aerospace, automotive, medicine, ...) on the
one hand, and the IoT technology offer on
the other hand, the project will put in place
favourable framework conditions to enable
matchmaking and encourage the creation
of smarter manufacturing tools and their
integration in manufacturing SMEs. A hun-
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dred of support cases involving SMEs corre-
sponding to different development stages
(feasibility, prototyping, demonstration)
will be selected through a call for proposals
to receive funding and support, in view of
further developing this new industrial val-
ue chain in European SMEs and improve
their competitiveness on the global stage.

The Digital Marketplace to empower SMEs
for the digital transformation

Acrénimo: UDIGITAL

Financiado por: H2020-EU.3. H2020-EU.2.3.
H2020-EU.2.1.

Periodo de financiacion: 1 de mayo de 2019

hasta el 31 de agosto de 2019.

UGROUND
SEMANTIC ENGINEERING

Resumen:

The digital era is here, and it is transform-
ing the society we live in. Most companies
understand the urgency of digital adoption,
but for many, the process is challenging
due to associated costs, the time it involves,
its complexity and the need of highly spe-
cialised people to be successful. UGROUND
has created a high-productivity platform
that allows companies to digitalise opera-
tions and business processes end-to-end,
across the company. This model-driven
platform provides tools for fast transient
operations to process-oriented design, high
performance, scalability and low cost. Via
this platform, the EU-funded UDIGITAL pro-
ject aims to lead and support the digitalisa-
tion of European SMEs and create a new
digital paradigm that highlights the value of
digital transformation.


https://cordis.europa.eu/project/id/777455
https://gtr.ukri.org/projects?ref=EP%2FR007497%2F1
https://cordis.europa.eu/project/id/868645/es
https://gtr.ukri.org/projects?ref=EP%2FR007497%2F1

Digital transformation journey for SMEs

Acrénimo: DigiJourney

igital Journey

owered by Google Certified Trainers|

Financiado por: H2020-EU.2.3.2.2

Periodo de financiacion: 1 de octubre de

2019 hasta el 20 de junio de 2020.
Resumen:

New digital technologies — from artificial
intelligence to the Internet of Things and
Big Data analytics — are forever changing
business dynamics. For Europe’s small and
medium sized enterprises (SMEs), the op-
portunities are vast and there is enormous
growth potential. SMEs lack the know-how
and hands-on solutions required to take full
advantage of advanced technologies. The
EU-funded DigiJourney project will reverse
this trend. Its aim is to assist innovation
agencies exchange knowledge, know-how
and good practices through Twinning+ initi-
atives. The project will map a digitalisation
journey tailored to meet the specific needs
of SMEs according to their national and re-
gional contexts.

A Pan-European Network of Robotics DIHs
for Agile Production

Acrénimo; DIH?

o

Financiado por: H2020-EU.2.1.1.

Periodo de financiacion: 1 de enero de 2019
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hasta el 20 de junio de 2023.
Resumen:

DIH® is a network of 26 DIHs, with a target
to reach over 170 DIHs. The sole aim of the
network is to spark incremental (cut 50%
cost of advance robotics solutions, double
the growth of robotics market) and disrup-
tive (maximum productivity & optimum
agility) innovations in over 300,000 Manu-
facturing SMEs and Mid-Caps. It will sup-
port SMEs in their Agile Production chal-
lenge (50% increase in productivity) and
unleash their digitalization potential by en-
abling robot solutions that are more cost
effective at lower lot sizes.

DIHA2 relies on:
* A Common Open Platform Reference Ar-
chitecture for Agile Production (COPRA-AP)
-based on Industrial Data Space Reference
Architecture Model and FIWARE technolo-
gies- to serve the needs of SMEs by means
of a continuously growing set of Robotic-
based Open Standard Enablers (ROSE-AP).
* A marketplace as one-stop-shop for SMEs
to access essential services for digital trans-
formation including business modelling,
technical support, access to skills and fi-
nance.

* 2 competitive Open Calls to launch an am-
bitious Technology Transfer Program with
260 Agility Audits, 26 cross-border Technol-
ogy Transfer Experiments and 26 ROSE-AP,
leveraging over 26M€ of public & private
funding in advance robotics solutions for
Agile Production.
* Members deeply rooted in their regional
Smart Specialization Strategy (bringing
€5M additional funding on top of EU funds),
ensuring ‘working distance’ services for
every SME in Europe - whichever the sec-
tor, wherever the location, whatever the
size.

* A Corporate Sponsorship Program from
equipment and automation suppliers com-
mitted with the network to get access to
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wider market and latest research in robot-
ics.

Distributed Digital Twins for industrial
SMEs: a big-data platform

Acréonimo: IoTwins

ot ns

Financiado por: H2020-EU.2.1.1.

Periodo de financiacién: 1 de septiembre de

2019 - 31 de agosto de 2022.
Resumen:

The concept of digital twins has been
around but the Internet of Things has ena-
bled its cost-effective implementation. Digi-
tal twins refer to a virtual representation of
a physical product or process. The EU-
funded IoTwins project plans to build
testbeds for digital twins in the manufac-
turing and facility management sectors.
The digital models will integrate data from
various sources such as data APIs, historical
data, embedded sensors and open data.
This will give manufacturers an unprece-
dented view into how their products are
performing. In facility management, the
technology will be instrumental in improv-
ing the way buildings and their systems op-
erate and in preventing prospective prob-
lems.
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Los proyectos descritos estan financiados 87.393.439€. En estos proyectos participan
por Horizonte 2020. El presupuesto total de 224 organismos de los 175.986 intervienen

este programa es de 67,93B€, para estos en total.
proyectos concretamente se destinan

|
52K 1M

2M 179K

160K

52K

3M

Contribucién de la Unién Europea por pais

10

Participantes por pais

64K
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5.3. Noticias

Gemelos digitales: investigadores espafioles
han logrado crear uno capaz de aprender y
corregirse a si mismo

Publicado en: 20 minutos

Ver noticia

Fecha: 21/10/2020

En Espafia, el grupo de

investigacién en Mecdnica Aplicada v Bio-

ingenieria del I3A -el Instituto Universita-

rio de Investigacidon en Ingenieria de Ara-
gon perteneciente a la Universidad de Za-
ragoza- ha conseguido desarrollar una tec-
nologia que afiade al gemelo digital inteli-
gencia artificial, dando como resultado “un
gemelo hibrido”.

La UE selecciona un proyecto de gemelo di-
gital de Seinsa y LIS Data Solutions

Ver noticia

La Union Europea ha seleccionado un ex-

Publicado en: AutoRevista

Fecha: 21/09/2021

perimento desarrollado por LIS Data Solu-
tions y el grupo espafiol Seinsa Corporati-

on, fabricante de productos de sistemas de

freno, transmision, direccion y suspen-
sion, en el marco del programa de innova-
cién DIGITbrain, orientado a facilitar el ac-
ceso de las pymes europeas a los beneficios
de la Inteligencia Artificial y, mas concreta-
mente, de los gemelos digitales. Seinsa ha

colaborado este proyecto con LIS Data So-

lutions.

Inteligencia artificial, videojuegos o e-
sports: el Polo de Contenidos Digitales pisa

el acelerador
Ver noticia

Publicado en: Diario

Sur
Fecha: 18/09/2021

El Polo Nacional de Contenidos Digitales
del Ayuntamiento de Malaga acoge en el
ultimo trimestre de este afio una quincena
de eventos especializados en el sector mul-
timedia, tecnoldgico y de entretenimiento,
con el objetivo de impulsar el emprendi-

miento, la formacion, el talento y la em-
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——

pleabilidad. Todos ellos estan dirigidos tan-
to al publico general como a creativos digi-

tales, emprendedores, trabajadores de py-

mes y jovenes desempleados de larga dura-

cion.

Gemelo digital, la nueva ventaja competitiva
en la industria

Publicado en: El Economista

Ver noticia

Un gemelo digital es una réplica digital

Fecha: 28/06/2021

exacta de un proceso, producto o sistema
fisico. Se trata de una representacion exac-
ta (en el mundo digital) de lo que esta pa-
sando en el ciclo de vida nuestro sistema
fisico y, por tanto, permite simular variacio-
nes en parametros de entrada, errores de

funcionamiento, etc. Es decir, permite si-

mular el comportamiento frente a cambios

o fallos, que en el "mundo real" seria muy
costoso o dificil de simular. Esta es una de
las mayores ventajas, entre otras, como dis-
poner de datos sobre el rendimiento en
tiempo real o prevenir situaciones de riesgo

gracias a los modelos predictivos.


https://www.eleconomista.es/andalucia/noticias/11295279/06/21/Gemelo-digital-la-nueva-ventaja-competitiva-en-la-industria.html
https://cordis.europa.eu/project/rcn/94058_en.html
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