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Grand challenges
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Resilient and robust 

infrastructure

Monitoring complex 

engineering systems

Data-driven engineering 

design under uncertainty
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Themes

• Infrastructure

• Complex systems

• People-centric design

Focus

• Predicting system interactions and potential 

failures 

• Model integration

• Problem structuring and scenario generation

• Bringing knowledge from operations into project 

delivery

• Managing design change

• Sensitivity analyses
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Core projects

1. Data-driven design assurance

2. Data-driven design of civic infrastructure

3. Digital twin - design change in complex systems

4. Design for retrofit

Associated research

• AEC Production Control Room, UKRI funded work (Dr 

Ranjith Soman and Dr Karim Farghaly, 2020-1)

• Data-driven disaster prepared buildings 

(Professor Burcin Becerik, Rutherford Visiting Fellow, 2018)

• BIM query and information flow in construction (Ranjith 

Soman, PhD Enrichment Scheme, 2018)

• Asset management 

(Melinda Hodkiewicz, Turing Visitor, 2018)
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Optimisation of the wireless charging lane

The optimal post disaster infrastructure repairing scheme via Q-learning

Mathematic modelling techniques are employed for quantifying 
uncertainties and further optimising the design of urban infrastructure 
and mobility services based on the large quantity data collected.

Optimisation of the demand responsive transit system with transfer 

The design of environmentally friendly construction supply chain

Design for uncertainty focusing on infrastructures 
and urban mobility



Continuous Scan-vs-BIM to identify changes in digital-
twins and understanding change propagation

Identify changes using Scan-vs-BIM

Calculate change propagation using DSM

Collaborative decision making

Better design

Work by Marcus Wallbaum, also with 

Dr Stefan Leutenegger, who recently 

moved to TUM



1- Design Change – Semantic Enrichment - DSM

3- The AEC Production Control Room

2- Change Propagation

AEC Production Control Room, UKRI funded work 

(Dr Ranjith Soman and Dr Karim Farghaly, 2020-1)
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2: Addressing uncertainty in building energy modelling 

1: Review of data-centric retrofit 
research methods

2: Addressing uncertainty in 
building energy modelling

3: Develop and maintain open 
access database

4: Use Structured Decision-Making 
(SDM) for wider uncertainty
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Space heating energy demand for a semi-detached dwelling pre, and 
post retrofit per differing heating set points

No added insulation Wall and floor upgrade Full fabric deep retrofit

Simpson, K., Whyte, J., & Childs, P. (2020). Data-centric innovation in retrofit: A bibliometric 

review of dwelling retrofit across North Western Europe. Energy and Buildings, 229, 110474

https://doi.org/10.1016/j.enbuild.2020.110474

https://doi.org/10.1016/j.enbuild.2020.110474
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https://www.flickr.com/photos/london2012oda/

Data

Handover

London 2012 Olympics, £6.7bn (12.15bn AUD), Completed 2012

http://learninglegacy.independent.gov.uk/documents/pdfs/systems-and-technology/425009-231-data-transfer.pdf


Crossrail Site from Webcam

Managing 

Change

Interdisciplinary Design Reviews using the 3D Mobile 

Visualization Environment (3D-MOVE), Crossrail Innovate 18 

Project, with Laura Maftei and Dragana Nikolic

Whyte, J., Stasis, A. and Lindkvist, C. (2016) Managing change in complex 

projects: configuration management; asset information and big data. 

International Journal of Project Management, 34, 2, 339–351

requirements

digital asset 

information

physical

assets

wagstaff

Crossrail, £14.8bn+ (26.8bn+ AUD) Completion expected 2021



Digital 
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Truck
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Clearance

(source : 

Commercial Transport 

Act: 

http://www.bclaws.ca/

civix/document/id/loo8

9/loo89/30_78)

Prefabricated Component

Weight

Volume

Mounts

(source : BCA 

PPVC_Guidebook )

Dr Ranjith Soman

Tideway, £4.2bn+ (7.62bn AUD), Completion expected 2025



Linked-data based constraint modelling and checking for AI assisted look-

ahead planning

How to embed this 
to an information 
model for AI?

Soman, R. K., Molina-Solana, M. and Whyte, J. K. (2020) 'Linked-Data based 
Constraint-Checking (LDCC) to support look-ahead planning in 
construction', Automation in Construction, 120(July), p. 103369. doi: 
10.1016/j.autcon.2020.103369.
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Construction production control room

VENTURA - Virtual decision rooms for water neutral urban planning

Visualization of linked data 

Figure 7: Predictive analytics workflow
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Propose collaborations in area of project analytics:

– Decision support systems and production control rooms 

– Prospective identification of systems interfaces in digital engineering data 

– Constraint modelling in scheduling and project controls  

– Modelling of carbon in recycling and clean energy projects 

– Analyses of stakeholder engagement strategies in complex projects 

– Modelling resilience building and disaster management projects

– Visualisation and monitoring of sub-contractor performance 

Project Analytics
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