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d What is a Digital Twin?

d Muralla de Avila-Digital Twin

 Escuelas Mayores-Digital Twin

d Conclusions
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WHAT MAKES US DIFFERENT
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WHAT IS A DIGITAL TWIN?

DIGITAL TWIN
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KNOWLEDGE
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PREVENTIVE AND
PREDICTIVE CAPABILITIES
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Intuitive

Low-Cost and easy to implement

Metric properties (1-2 cm accuracy)

More efficient than laser or photogrammetric techniques

ldeal for complex Cultural Heritage scenarios




MONITORING CULTURAL HERITAGE WITH loT SENSORS

Dynamic capabilities

Low-Cost and easy to implement

BigData performance and BigData analytics
Great variability of sensors and parameters
LORAWAN network

Moisture
Temperature
Luminosity
Inclination
ntarpretation Note: ) FiSSUreS
. il
sensar  of  naode

number 1 ° E‘I’C
n sensor with 0.7 m

rod, locatec at a
helgnt of 6m

Fisutrometro y LVDT. Fuente: Puligo, 2014




KNOWLEDGE IN CULTURAL HERITAGE

Condition

Classification Symptoms

: Minor
1 Fair Symptoms
Moderately

2 Poor Strong

Not Accessible (safely)

accessible

Urgency Risk
Classification

Medium term

Short term

Not Inspected

Comments

does not need immediate action |
Monitoring is necessary to prevent further
decay
The condition of the fabric is such that it
needs timely repair or additional inspection
and di is work

Parts that are ‘not inspected’ are either not
(safely) accessible for the building
inspectors or not visible

Masonry

Wall

Damage 1

Darnage Class

Biclogical Colonization

Damage Sub Class

Beams and floors

Condition Grade

In poor condition

Description Se detectan valores d...
Location Planta Baja

Damage 2
Darnage Class Crack

Damage Sub Class

Columns and Walls

Darnage Sub Sub Class

Broken Elements

Condition Classification

Fair

Symptoms Minor Symptoms
Condition Grade In fair condition
Description Se detectan valores d...




PREVENTIVE MODEL IN CULTURAL HERITAGE

Before the . ldentification of the | | Information of the
inspection building owner

During the | Conservation state of fhe building
inspection

After the Assessment .
inspection

Management

HeritageCare
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PREDICTIVE MODEL IN CULTURAL HERITAGE
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PREDICTIVE
NUMERICAL MODELS

Muralla de Avila (Spain)




Muralla de Avila data acquisition




uralla de Avila data acquisition
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VIII_Centenario/MurallaAvila_10%.rwp

uralla de Avila: Structural Monitoring
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Measurement epoch

Parametric 3D surface
May, 2007

Parametric 3D surface
October, 2007

3D displacements P
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Muralla de Avila: Structural Monitoring
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DIGITALIZING WITH WEARABLE TECHNOLOGIES




MONITORING WITH loT SENSORS

ARDUINO

Masonry

Wall

Damage 1
Damage Class Biclogical Colonization
Darmage Sub Class Beamns and floors
Darnage Sub Sub Class  (Moist Area

Condition Classification |

Syrptoms Moderately
Condition Grade In poor condition
=| Description Se detectan valores d...
Monitoring Heritage System Lecation Planta Baja
Damage 2
Darnage Class Crack
Darnage Sub Class Colurmns and Walls

Darnage Sub 5ub Class  (Broken Elements

Condition Classification : Fair

AL Symptoms Minor Symptoms
santa Ma"'a Condition Grade In fair condition
Description Se detectan valores d...

la Real fundacion




STORE SENSOR DATA
IN DATABASE

S

DATA INTEGRATION TOWARDS A DIGITAL TWIN
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PREVENTIVE MODEL IN CULTURAL HERITAGE

INSPECTION LEVEL (PREVENTION)
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PLUSCARE SYSTEM

2D and 3D inspection

Virtual environment

Best practices
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ADVANCED SEARCH
DAMAGES
ADVANCED MONITORING

ADDTTIONAL TESTS
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http://api.heritagecare.ccg.pt/PlusCare/index.html?inspectionId=27

PREDICTIVE MODEL IN CULTURAL HERITAGE

SIMULATION LEVEL (PREDICTION)

Risk mapping
4D analysis
FEM & HBIM
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BibliotecaSensores.mp4

SIMULATION MODEL IN THE SKY OF SALAMANCA



Pano78.jpg
https://tidop.usal.es/cielo_salamanca/panorama/3/

SIMULATION MODEL IN THE SKY OF SALAMANCA




SIMULATION MODEL IN THE SKY OF SALAMANCA



https://tidop.usal.es/cielo_salamanca/nube_de_puntos/3/
Cielo_Salamanca_Original - Cloud.bin

CONCLUSIONS

v’ Digital Twins offer a wide roadmap of possibilities in CH

v Wearable digitalization techiques represent an efficient solution
v Monitoring sensors based on 10T and LoRaWAN network

v Smart Cultural Heritage platforms are key to success

v “Prevention is better than cure”
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