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Digitize, Digitalize, Digital transformation

% Digitize - transform analog forms to digital
+ Digitalize - change of process to incorporate digital technologies
% Digital transformation - whole business transformation around

digital technologies and processes

https.//www.bsigroup.com/en-GB/blog/built-environment-blog/digitize-
digitalize-digital-transformation/
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% Digital transformation is the integration of digital tools to optimize
processes and make them more efficient
% The general definition of Industry 4.0 is the rise of digital industrial
technology ... Industry 4.0 transformations allow us to work alongside
machines in new, highly productive ways. (Daniel Burrus)
% Key Technologies for Industry 4.0 (IBM)
v" Internet of Things (loT), Cloud Computing, Al & Machine Learning,
Edge Computing, Cyber Security, Digital Twin
% Digitalisation technologies relevant for the construction sector
(Supporting digitalisation of the construction sector, EC, 20719)
v BIM, 3D printing, Robotisation, Drones, 3D Scanning, Sensors, loT
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% Digitalisation in the Construction Sector (EC, 2021)
v" BIM, 3D printing, Robotics, Drones, 3D Scanning, Sensors, IoT, Al, DT, AR/VR
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Robotics & UAV.
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Robotics & UAV

& Fo|2 MA 22
v 70| 25 (HDPE pipe) BAE it
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v Aol T 5F™E flct 7ISEA

05



© MIDAS IT Co,. Ltd

Robotics & UAV

s Unmanned Aerial Vehicle
v  UAVE EETtAIEE H
v ZE 7128 UAV 7|8 Al
v StEE2ZAUAV EHE
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approach based on the IC
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Robotics & UAV
< O[O|X| 7|gt Zet A=

v Q3X|s &8 UAV &g o|0|X| Z2g d=

v LIt 218X s 22 0|2 7+s: Image classification, Object
|dentification(Mask R-CNN), Semantic segmentation(U-Net)

Typical output of a deep learning-based crack detection

approach based on the OR approach based on the SS

Appl. Sci. 2022, 12(3), 1374; https://doi.org/10.3390/app12031374

07


https://doi.org/10.3390/app12031374
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Robotics & UAV
o|0|X| 7|gt At AHE

v" Mask R-CNN, U-Net++ H|u

\/
0’0

Gil & Song, “UAV-based Bridge Inspection and Damage Detection”, World Road Congress
Proceeding, Prague, Czech, 2023
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loT, Cloud & Edge Computing

Cloud Computing vs Edge Computing

Computation takes
place here

orient®

[chatGPT] IoT refers to the network of physical devices, vehicles, home appliances, and other items embedded
with electronics, software, sensors, and connectivity which enables these objects to connect and exchange data.
loT allows for the seamless exchange of data between devices and systems, enabling new levels of efficiency,

automation, and insights.
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From https.//www.orientsoftware.com/blog/edge-computing-vs-cloud-computing/
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loT, Cloud & Edge Computing
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*LoRaWan: Long Range Wide Area Network, Max. coverage: 11km, Max. data transfer rage: 50kbps
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BIM (Building Information Modeling)
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% A digital twin is a virtual representation of an object or system that spans its
lifecycle, is updated from real-time data, and uses simulation, machine learning
and reasoning to help decision-making - IBM

Physical

— Sensing
CPS Real Digital Control,
time model Respond
connec
tion
Digital I Monitoring, Analysis,
Twin Simulation,
Prediction,
Diagnosis
- e e e e ¥ e e e e e e e e = == ——
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BIM vs. C|X|& E2I

“

Static data Static and dynamic data

Includes both data and algorithms to

FelinEe] 27 CEIE explain the behavior of physical objects

Cannot be networked Networkable
Cannot be updated without manual Continuously linked to the physical object
intervention and gets updated

Is not designed for real-time operational

. Is fed by real-time data
monitoring

* Mahmoodian, et al “Development of Digital Twin for Intelligent Maintenance of Civil Infrastructure”,
Sustainability, 2022, 74.
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ik,

G

CIX| Egl
A digital twin of a bridge is a virtual replica of the physical bridge that incorporates data
from sensors, simulations, and other sources to provide real-time insights into the
bridge's condition, performance, and potential issues.
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“ 11. Management
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https.//www.homeport.hamburg/portfolio/smartbridge
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Feature
Extraction

» Data Collection: (Memory size: 8TB+2.7TB)
21 ACC sensors data (100 Hz)
18 CBT sensors data (100 Hz)
2 EXP sensors data (100 Hz)
12 TIL sensors data (100 Hz)
8 WGD sensors data (100 Hz)
9 EQK sensors data (100 Hz)
10 DSG sensors data (100 Hz)
10 STM senscrs data (100 Hz)
18 TMP sensors data (100 Hz)
4 DIS sensors data (100 Hz)
48 GNSS sensors data (10 Hz)
16 EX sensors data (100 Hz)

» Total: 166 sensors data

00000000000

» Feature Extraction:
o Extract median values every 10 minutes fro
m all 166 sensors.

© MIDAS IT Co,. Ltd

3 24
GPR Il Prediction
Model Training
Manual Data GPRI Transformer Prediction
Cleaning Imputation Model Training

Correlation Matrix

» Data Cleaning:

Drop non-correlated sensors: Earthquake Sensors (9 + 16) and Wind Speed Sensors (8).
Drop redundant displacement sensors: 2 out of 4.

Drop 30 out of 48 GNSS sensors due to 12 missing senscrs and 18 redundant sensors
Drop 6 Cable Tensicn Sensors due to irrelevant data.

Manual removal of abnormalities from the remaining 111 sensors' data.

0O 0 000

» Missing Values Imputation.
o Development of Gaussian Process Regression (GPR I) for missing value reconstruction.
o Validationof GPRI for short (12 hours), middle (1 day), and long (1 week) term missing data.
o Full reconstruction of missing values for theinitial 5 months.

» Train GPR I prediction models with its uncertainties for each of the 93 sensors except 18 TMP sensc
rs.
o Uses datafrom 10 most correlated sensors 1-lag data to predict the current sensor's next step.

» Train a Transformer-based prediction model.

o Utilizes 1-day lag data from all senscrs to predict the next day.

o 18 Temperature sensors used as external features for prediction.
» Correlation Matrix.

o Calculate the correlation matrix for all sensors using the cleaned 5 months of data.
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Rotational angle[deg]
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