Digital twin

* Road construction & maintenance - highway near Gran Sasso Nord, Italy
* Building construction - Helsinki Metropolitan Area, Finland
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Digital Twin

State of the art: In the construction domain, a digital model is still restricted to the stage of a static designed BIM model. The more
developed application area remains limited to building design and planning work tasks instead of taking advantage of the rich data
that is available in construction operations, as the workers performance and safety, environmental aspects, or automated devices.

Ambition: Implement and integrate into a common environment platform the BEEYONDERS BTs in construction work process, in
which decision are supported by the BTs. Provide the full situational awareness as expressed in alternative planning through
performed construction site status modeling, workers KPIs and environmental impacts.

Beeyonders developments:

* Modular architecture (Database + Interfaces)
* BIM Updating service

* Input & Output services
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Modular Architecture & Interfaces

The communication between layers is achieved through APIs (Application Programming Interfaces) that allow different
components to interact with each other. The virtual machines communicate with databases to store or retrieve data.
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REST Services [ Modbus /File Transfer/...

- - Other sensors : : ‘ " > N .
o — L B | I A foundational BEEYONDERS dashboard interface (AngularJS 5 WEB client

: Labh O W > application) has been created to display BEEYONDERS BTs generated insights.
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DT Interfaces: KPIs & Visualization I - Elowrarrnpitom

Beeyonders =

Helsinki Metropolitan Area B2 & KPI 93 Site operation

Economy KP Indicator BT Method Conventional method Unit Ratio BT/Conventional
Environm Ecotoxicity: freshwater 1256.8 175022 kg 1,4-DCB-Eq 71.81 %
Area of habitat retained create
Ecotoxicity: marine 2302.84 3604.66 kg 1,4-DCB-Eq 63.89 %
Ecotoxicity
Emissions / Environmental Impacts Ecotoxicily: temrestrial 112097 1260.81 kg 1,4-DCB-Eq 88.91 %
Eut ation Potential =
Noise generated Raw values Ratio BT/Conventional
Non-compliance environmental impact o . i )
i Helsinki Metropolitan Area [EZZ & KPI 03 Site operation
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BIM Updating service I Howminpon

SR : i E Analytics and Machine Learning qur h'\"-.

* Update of the progress of the N

construction. |
* From point cloud by 3D scanning from | fa

drones. [ | T ?Ewm

% — _swa-ﬁ-ﬁr

« Automated process to identify built L
elements vs planned. —

* BIM model generation to display
situation.
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Digital twin input + output services I Howminpon

* Compute selected KPIs defined based on data from DT
e Address the well-being and safety condition of workers from the prospective of health and
ergonomics, planning production control and environmental impacts analysis

* Generate advanced knowledge for decision-makers uu. S
N
@ 5 Wheel loader streams
2.4 @ BEEYONDERS DT,__ telematics and location data
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| ﬁ[_) views Medre data Required data BEEYONDERS services 0-3{3
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KP1 / mesures data Vi KK KRI[data @ BEEYONDERS INPUT service =
visualisation —/\Tlg r Implement Microservice to
S J calculate the KPIs based on
Calculated KPlIs INFRAPLANS method
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Digital twin input + output services: Applications in Building & Road construction

Aunikan Ty LWMVHN' Mﬁhﬂ i i

Fuel Emission Calculated emissions [kg] Particulate Photochemical
consumption factor [git of matter oxidant

[tl fuel] formation formation [Kg
NMVOC eq.]

116 9,86E-03 541E-07 n/a n/a
7663 NOx 6,51E-01 1,04E-06 6,51E-01 n/a
7352 Cco 6,25E-01 nfa 2,85E-02 n/a
0,085 930 NMVOC 7,91E-02 nfa 7.91E-02 n/a
23 CH4 1,96E-03 nfa 1.97E-056 5,83E-02
3,16E+06 C0o2 2,69E+02 nfa n/a 2,69E+02
Total 1,58E-06 7,59E-01 268,66

Environmental analysis

i 4

Serious game player evaluation

Case 3 — No Guardrails Case 4 - Combination

H&S compliance checking | Training modules
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