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Data-driven engineering design under uncertainty

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

05/05/2022

The Alan Turing Institute



Data-driven engineering design under uncertainty

Core projects

1. Data-driven design assurance

Data-driven design of civic infrastructure

Digital twin - design change in complex systems
Design for retrofit

W

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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Addressing adjacency constraints in rectangular floor plans using Monte-

Carlo Tree Search

, Ji Han®, Jennifer K. Whyte

Centre for Systems Engineering and Innavation, Department of Civit and Environnental Engineering, Imperial College Londan, Loradon, UK

n, UK
Sservic
“The Untversty of Liverpoal, Liverpec, UK

ARTICLE INFO ABSTRACT

Manually laying out the floor plan for buildings wi y-dense adjacency constraints at the early desi
s 2 labour-intensive problem. In recent decades, -based coaventional search

x
Generative design

ey Monte-Carlo Tree Search. The results show the advantages of the proposed

ithm for the targeted problem of highly-dense adjacency constrained floor plan generation, which is more time
efficient, more lightweight to implement, and having a larger capacity than other approaches such as Evolution
strategy and taditional en-policy search.

1. Introduction

Laying out a floar plan is one of the key tasks in architecture design.
Tt involves making decisions on the design and layout of all the rooms,
usually in a 2D space, to satisfy various geometric and topological
constraints. Conventionally, this has been a manual trial and error
drawing process, where different pieces are adjusted, rearranged and
reconfigured repetitively until a suitable floor layout that satisfies the
various requirements eventually emerges [1). This iterative manual
process requires a significant amount of human labour and time, and
becomes ever less possible as the size and complexity of the desiga
problem increases. Due to the iterative and repetitive nature of this
problem, automated computational techniques have replaced the
‘manual design process and become the main approach for generating
floor plans [2]

Many computational algorithms indluding heuristic search, mixed-
integer programming have been successiully developed to generate

Home + Research + Research projects

05/05/2022

Data-driven design assurance

engineering

Using text mining:and-natural language processinggto
provide insight-into design assurance practices; the
process of assuring the right jobis-done.the right way

The Alan Turing Institute

s usually equally around (or at least no more than twice) the number of
rooms. For example, Camozzato et al. [4] proposed a procedural
method to generate a floor plan of 8 rooms with only 1 adjacency
constraint. In [3), the authors illustrate a rectangular dissection method
through an example of only 4 rooms with 3 adjacency constraints. Case
study [6] tackles totally 9 adjacency constraints within 9 rooms, so the
number of adjacen

rooms. Therefore, these approaches become inefficient with increased
scale and density due to their limited scalability. For example, Ro-
drigues et al. [7) have applied the evolutionary methods to generate
floor plans for a hotel up to 30 rooms, however the total number of
adjacency constraints is only 34 and therefore still leads to a sparse
adjacency matrix. Alse, their case is not to generate a rectangular floor
plan, therefore rooms can be placed in a more creative way with flex
ible boundaries. Finally, their algorithm had a runtime of 52 min on a
4GHz S-core computer with multi-threading, which is not expensive
when considering all kinds of granular constraints that were tackled in
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Data-driven design of civic
infrastructure

Developing a new data-mining algorithm to automate
the design process for large civil infrastructure and

__Optimisation of the wireless chargingoI?Lei
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Design for uncertainty focusing on infrastructures
and urban mobility

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
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The optimal post disaster infrastructure repairing scheme via Q-learning
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Collaborative decision making L
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Work by Marcus Wallbaum, also with Scan-vs-BIM Scanvs-BIM
Dr Stefan Leutenegger, who recently
moved-to TUM
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Design change in digital twins
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Retrofit design in the built \
environment

2: Addressing uncertainty in

building energy modelling
2: Addressing uncertainty in building energy modelling

Space heating energy demand for a semi-detached dwelling pre, and ||
post retrofit per differing heating set points
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Heating set point (°C)
No added insulation Wall and floor upgrade @ Full fabric deep retrofit /
The Alan Turing Institute 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
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Imperial College
London

Data
Handover

Prof Jennifer Whyte PhD MA BA

Dr Carmel Lindkvist PhD MSc BA A

Dr Nurain Hassan brahim
PhD MSc BSc

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

Imperial College
London
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WORKING AROUND THE CLOCK TQO INSTALL THE RAILWAY
SYSTEMS

EUROPE'S LARGEST CONSTRUCTION

PROJECT

Crossrail, £14.8bn+ (26.8bn+ AUD) Completion expected 2021
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Digital
Twin
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Crane
Availability
Boom length
Load capacity
Operating area
(Reddy and
Varghese,2002)

Prefabricated Component &
Weight

Volume

Mounts

(source : BCA
PPVC_Guidebook )

Dr Ranjith Soman

Interdependencies

Laydown Area
Availability
Area
(Tommelein
1,1994)

V.Clearance

Installation
location

Previous activities
Inspections

Work area
availability
(Morkos,2014)

Temporary Access
Road

Availability

Width

Curvature

(source : case study)

/ (B . Centre for Systems
d Commercial Transport Engineering and
: Act: Innovation

http://www.bclaws.ca/

9/10089/30_78)

civix/document/id/loo8 -
=1 Bentley

Change/Update of elements

Consequence of change/update

Tideway, £4.2bn+ (7.62bn AUD), Completion expected 2025
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Linked-data based constraint modelling and checking for Al assisted look-

ahead planning

\
Crane
Availability Laydown Area
Boomlength Availability Installation location
Load capacity Area Previous activities

Operating area (Tommelein 1,1994)

Inspections
(Reddy and Varghese,2002)

Work area availability
(Morkos,2014)

Temporary Access
Road

Availability

Width

Curvature
(source : case study)

Prefabricated Component

Weight TruckA
Volume Capacity
Mounts Clearance

(source : BCAPPVC_Guidebook )
(source : Commercial Transport Act:
http://www.bclaws.ca/civix/document/id
/10089/10089/30_78)

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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How to embed this
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Visualization of linked data

End user and insight Semantically
requirements integrated dataset
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Figure 7: Predictive analytics workflow

VENTURA - Virtual decision rooms for water neutral urban planning

The University of Sydney
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Project Analytics

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

The University of Sydney Page 17



Dr Fatima Dr Mehdi Rajabi Dr Ken Dr Ali
Afzal Asadabadi Chung Eshhraghi

An A-Z of Scholars in the
School of Project Management
with research interests in
Project Analytics

:

Dr Petr Dr Nader Dr Mahshid Dr Shahadat ~ Professor
Matous Naderpajouh Tootoonchy Uddin Jennifer Whyte

The University of Sydney






