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The Civil Engineering Building



Built Environment

• Economic Infrastructure

• Roads, tunnels, bridges, rail, dams, etc.

• Social Infrastructure

• Housing, hospitals, schools, prisons, etc.

• Interface with natural environment



Digital transformation is taking centre stage



COVID19 crisis = digital transformation catalyst



Digital Twins at the core of digital transformation



Role of Digital Twins - Introduction

• “When you walk or drive, you 
subconsciously plan your 
actions in your mind, let the 
bad options die, then act the 
most viable one” Jordan Peterson

Modelling

Simulation

Monitoring
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Why Digital Twins?

• Increase automation to manage increasing asset complexity

• Combine product & process; modelling, simulation & 
monitoring in same platform. As a result they are:

• Complex => Expensive

• To design / construct / maintain / operate

• Rich => Valuable

• Flexible, serve multiple purposes

• Federated

• Too complex to stay as single model

• Extensible, futureproofed

• Scalable



DT value

• Better decisions, faster

• Faster refresh rate, more trust in the 
information

• Serve multiple processes

• More automation

• Leave high level decisions to 
humans

• Push low level decisions to 
“subconscious”



So why aren’t DTs as ubiquitous as PTs?

• We know PT product & 
processes; still discovering DT 
product & processes

• Need lots of R&D

• Owners understand value of PTs, but not of 
DTs

• Need for real use cases, rapid market 
penetration

• Vendors presenting incremental solutions as 
ground-breaking

• Enhance current products, relabel them 
into DT, accelerate DTs into trough of 
disillusionment 



Design Construction Operation
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DT fundamentals

• DTs made of

• Information

• Derived from data held separately & 
deleted after use

• Knowledge (information patterns via 
interpolation)

• Derived from information 

• Insight (knowledge patterns via 
extrapolation)

• Derived from knowledge & information

• All derivations above are perfect AI use cases

• Hence the importance of AI for DTs



DT processes

• Understand DT scope, feasibility, costsDT planning

• Derive the DT asset class

• Design data structures, cloud architectureDT design

• Populate class, derive asset DT instanceDT construction

• Update instance @varying sampling rates/attributeDT maintenance

• Use DT instanceDT operation

Occurs before PT planning

Occur 
throughout
PT lifecycle

Starts before
PT planning



Digital Twins Construction











Step 1: Extracting raw geometry

Mid-Range Mobile Videogrammetry
Spatial error: +/- 5mm @25m





Step 2: Generating Geometric Digital Twin



Challenges

• Massive datasets and modelling labour 
costs

• 10 days modelling per 1 day of laser 
scanning

• Point clouds with 30+ billion points

• Modeller fatigue: its boring!



Columns 
Detection









DT Generation - Buildings

• Formalize Digital Twin generation process (video to BIM)



Deep Structured Digital Twin Generation

OutputInput Segmentation 3D geometry

Classification

column
slab

BIM
(IFC)



Results – Slabs Detection

1. Building’s PC 2. Coarse Space Localisation

3. Distinguish Clutter4. BIM



Results –Walls & Spaces Detection







Step 3: Enriching the DT
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DT Enrichment – Condition Data

Flexural crack
Length                    59.3 mm
Width                      0.81 mm
Flexural zone          yes
Detection date        8/11/16

• Structural cracks
• Non-structural cracks
• Spalling
• Scaling
• Efflorescence
• Corrosion
• Other defects





DT Enrichment – Sensor Data

• Modelling sensors,
linking sensor data

Sensor system at
 quarter-span deck

Sensor system at
mid-span deck

Sensor systems in
beams

BM1
BM2

BM4BM5



Crack monitoring

Dynamic strain monitoring

Step 4: Connecting the DT – Tethering, Monitoring



National Digital Twin



Step 5: Exploiting the DT



DT exploitation: 
Design Phase

Digitally Enabling the Design For 
Manufacture, Assembly, and Maintenance 
of Bridges

Use case – HS2
156 overbridges, 144 underbridges, 65 
viaducts
 



Design Constraints and Captured Data

Confirm that 
bridge concept 
works for route 

alignment

Data

Define 
Route / 

Alignment

Conceptual Design Iteration

Route / 
Alignment

Bridge Concept 
Design

Bridge 
Detailed 
Design
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Contracted
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Components 

Manufactured

Bridge 
Assembled

Bridge 
Delivered

- Sector
- Span
- Skew
- Clearance
- Client
- Site constraints

- Bridge Type
- Bridge 
  Concept
- BOM estimate
- Cost estimate
- Time estimate

- Accurate BOM
- Accurate detailing 
- Structural design
   assurance
- Detailed cost 
   estimate
- Detailed time
   estimate

- Assembly 
   methodology
- Accurate cost
- Accurate time
- Accurate risk

- Accurate schedule
- Accurate 
  component cost
- Accurate 
   component time
- Component QA 
   records

- Installation QA 
   records
- Commissioning 
   QA records
- Final component 
   cost

- Final cost
- Final time
- Final QA records

Detailed Design Iteration Quality Assurance Iteration

Confirm that detailed 
design works for 
manufacturing / 

assembly

Confirm that the 
bridge is built to 

the design 
specification

Bridge 
Concept

Bridge 
Detailed 
Design

Bridge 
Delivery

Integrate Process, Decisions and Data…



… Within Existing Solutions Space



DT exploitation: Construction Phase (MR)



DT exploitation: Construction Phase (MR)



Videos
4D 

Tracking
4D 

Paths
Productivity

Analysis



Production 
Stopped!

DT exploitation: Assisting



DT exploitation: Assisting



DT exploitation: Assisting ++: robotic teleoperation
Real Worker Virtual Worker

Motion
Capture

Environment
Sensing

Remote
Control

Visual/Haptic
Feedback





DT exploitation: O&M Phase (MR)



DT exploitation: O&M Phase (MR)



DT exploitation: O&M Phase (VR)



1. Warning

2. Detection

3. ReportingDigital Twin

Over-Height Detection
Number Plate Recognition
Collision Recording

DT exploitation: Asset protection



DT exploitation: Asset protection

Height 
Error

±2.9mm

Detection 
Accuracy

91%





Vertical Applications

Digital Twin Platform:
Thing‘in Graph

Project 
conception and 
planning

Resources assignment

Location Breakdown Structure (LBS)

Scheduling 
(As-Planned) 

Planning 
(As-Planned)

BIM
(As-Designed) 

Geometric 
elements
(As-Built)

Equipment’s location and condition

Defects: surface/volume

Safety issues 
and danger zones

Automatic progress 
verification

Simulations of alternative 
schedules

In the future: historical BIM 
data for improving 
reasoning and predictions



OMICRON





Vision

Digital

Assets

Data driven insight to inform 
design, construction, maintenance 

and operations

Data Science

Supporting pro-active interventions
Enabling automated routine maintenance

Automation & Robotics

Setting the foundations for
asset lifecycle management

Digital Twins
Aware of their state and properties
Assisting their maintainers & users

Smart Materials

Digital Physical

Product

ProcessOf Human & Natural Resources. Carbon, ecosystems,
hazards, lifecycle impacts 

Sustainability





This material is based upon work supported by the public and private entities shown above. Any opinions, findings, and conclusions or 
recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the sponsors.



Thank you!
ib340@cam.ac.uk
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