. Increase in predictability
Reduction in waste

D RIVE RS * Reduction in defects
. Reduction in capital cost
¢ Reduction in O & M costs
¢ Reduction in accidents
SHORT MEDIUM LONG
. ICT to determine optimum facility L7 Remote diagnostics and control (real-time condition . 0&M decisions and facilities management to be based on a fully
5 S s > assessment, predicting problems before they arise, integrated consideration of all lifecycle (e.g. environmental, cost)
operating conditions, and maintain and enhancing performance of the asset) factors, supported by accurate, current, and complete data from ALIS
operations within the performance . Automated (& integrated), highly accurate capture of . Self-maintaining, self-repairing facilities and systems will enable

[ntemgant Agse"{s envelope (i.e. energy efficient assets) q g;b‘::.l;daia, 1o be fed into Asset Lifecycle Information q szihlsire}’ceure, continuously optimised operations with near-zero
SeSed RS R : = Wireless and powerless sensors that . Embedded learning / user support, and feedback to . Adaptive systems that learn from their own use and user behaviour,
support interactive spaces - providing designers and planners ; and are able to adapt o new siluations without manual configuration,
personalised, location and context- . User-aware_ wurklr! / living /.tr:?r!sport emﬂ_ronments maintenance ar}d _support i.e. self-opfimising sysiems
R1 1 3 - access to information for optimising operations . Accurate prediction of asset performance / improved energy

<L aware services . Personalised location and context aware services efficient design

i T e e " y = Transaqtion managerl.lent for. . Fast access to latest (model-based)

Advanced ‘Next Generation’ electronic exchange of information to infoiraiion. Abime, sHyWhsis

) T T I S ensure documents meet a pre-defined a i ; te ot i
|CT CQ“abgraﬁon lavel of legai valldily fo.q. within.an ICT q . :,;::T»:qsattg:g‘h::it:raacr::f:oﬁégﬁoretive q s  Seamless inter-enterprise integration

Appl'eat]e“s contract), security (e.g. digitally signed), design ]

- and trust

R1.2

Collaborative Prototyping
to Define & Deliver
Client Requirements

Decision support tools e.g. to
Requirements management tools (to demonstrate to clients the performance
help with identifying & capturing the . Compliance assessment tools (to of their asset before they decide to
c'ie t Engage‘meﬂf Teols client's needs and allow them to # ensure the final asset meets the . construct ('Try before you buy'); or to
tiﬁmlvemﬁm.;endmérsaﬁs'faeﬁnm*va!u“e;') transparently see how their customer's aspirations) test alternative courses of action ("What
. ' ' requirements are transformed to best-in- . Streamlined client approvals if?" analysis)

Ay class solutions »  Customer-orientated configuration
R1.3
1 4 design
« Building MOT’s (6. perictic «  Whole-life costing tools o include all
independent inspections to check assets gﬂ;::;l?igt:g ?gf‘;sdg?e;’;?:éde a clear
Whole~l1fe Assessment e’ p_erformmg BHOHR 5 ik environmental issues) = lotal I|fecycl_e is supported b_y IcT
e required standard) . Comprohensive seoeticlenc tools / services for whole-life
T@le’ + Socio-economic modelling (to . P Y . decision making, management &

evaluation tools for all stages of the
asset lifecycle (providing ready
assessment of environmental
performance against best practice)

(Cﬂst,enmmmem, soeiely) improve sustainable community
. development, predict effects of
R1.4 investment, and understand the system)

appraisal, by users, owners and society

PRODUCTS / SERVICES / TECHNOLOGY

. Research & develop socic-economic models . INTEROPERABILITY ENABLERS . INTEROPERABILITY ENABLERS

. Requirements management - research ICT tools to capture . REMOTE WORKING & CONNECTIVITY TECHNOLOGIES ENABLERS . REMOTE WORKING & CONNECTIVITY
the clients' requirements and transform them into technical . Compliance assessment - Research ICT-based verification tools, where technical TECHNOLOGIES ENABLERS

RE S EARC H I solutions solutions can be (automatically) verified against the set performance requirements . ASSET LIFECYCLE INFORMATION SYSTEM
. Research & develop use of active & passive wireless (e.g. client’s brief, design standards) ensuring there are no defects in the final ENABLERS (i.e. data model for lifecycle of asset, with
E NAB L E RS sensors, & RFID product single point data capture)

. Investigate how to (most easily and economically) retrofit . Use of BIM for client approval . Research & development of new visualisation, virtual
intelligent sensors / systems inte existing building stock . Research & develop ICT and methods for post-occupancy reviews reality and communication tools / techniques, using

. Research the use of transaction monitors to automatically . Develop model-based process / workflow management: intelligent workflow aid; shared integrated data models, enabling a ‘value’ &
compliance check electronic information / documentation combining product model (PLM) with scheduling, resource planning (ERP) and performance assessment of the asset to take place in
across collaborative platforms progress monitoring many dimensions: e.g. energy consumption, visual

. Research and publish more forward-looking building . Research & develop common platforms, networks and protocols for all systems in impact, functionality, internal environment quality,
regulations / design standards (currently based on buildings to share safety, security, flexibility, operating costs and expect
retrospective data, that is becoming rapidly out-of-date due o Develop ICT to calculate energy used, and compare against design forecasts (from lifetime
to current trends in climate change) data model) . Develop optioneering capabilities e.g. climate change

. Better understand, & communicate, the relationship between . Research methods for use, monitoring, operation and maintenance with intelligent ‘'what if?" analysis (using model simulation, and based
long-term lifecycle costs and initial facility costs embedded systems; user and context aware control; and ambient user interfaces on rules and evidence)

. Research & develop embedded intelligence in products & e.g. integration of computing into the built environment to facilitate information . Research mass customised system concepts e.g.
components gathering, such as visible energy use 'metering’ (allowing occupiers to measure clients can order buildings like they now buy cars -

. Legal and contractual governance and agreements on carbon footprint) selecting from a limited number of choices, creating
practical procedures for ICT based collaboration e.g. model . Refocus from the purely technical to include the human element / attitude (i.e. widely different end results
contracts technology is developing faster than human behaviour is changing)

. Identify and address organisational and personal barriers to . Facilitate a culture of co-operation and trust (e.g. partnering) between distributed
the adoption of ICT based collaboration (i.e. culture) teams, and encourage risk and reward sharing

. Develop standardised management processes for ICT . Create virtual communities using sophisticated applications based on WebDAV
collaboration between designers, suppliers, contractors, end- (Web-based Distributed Authoring and Versioning)
users and other stakeholders . Research & develop the design of workplaces for more efficient, collaborative and

productive working




Roadmap R2

DRIVERS

Reduction in waste

Reduction in defects

Increase in productivity
Reduction in construction time
Increase in predictability
Reduction in O & M costs

L I

SHORT

» Integrated nD models (for use /
development throughout the project
lifecycle)

. Design software based on digital
modelling technologies (with
visualisation and decision support tools)

MEDIUM

Virtualised / simulated built envir (incd.
construchion / menulactunng simulation) as slanderd
service

Product and production optimisation tools
Model based services: new business opporiunies
anabied by model-based dala e.g. design, analysis,
astimation, visualisation, simulation elc. (computer-
nterpretable information allows highly specilised
services using sophisticated soflware to become
feasible)

LONG

. Intelligent mark-up

. Standard approach to BIM over collaborative
extranets (allowing distributed management of
data model)

- Standards for data & metadata exchange,
object definitions & integrated model servers

. Single standard for data storage throughout
industry

Compatibility and interoperability of software /
systems that are being used throughout all siages of
projecis (e.g. design, p it i
canstruction, operaiion)

Migration from dataffile axchange to data sharing
Ontologies & open ICT standards for semaniic web-
basad communication throughout the supply chaln
Intelligent documents (codes, standards, legislation)

*  Model-based individual tools e.g. risk
assessment, design, etc.

q

Fully automated (model-based)
procurement system - seamlessly
integrated with all other project systems

e.g. design, PM, finance, conlrols, elc. 4

(i.e. 'cradle to grave' integrated
processes, tools & standards)
Integrated project management

+« IPR protection of complex, shared data

PRODUCTS / SERVICES / TECHNOLOGY

Asset Lifecycle Information System
(i.e. a fully integrated solution in which
the standards, models, etc. are created
and developed for a specific asset)

Virtual building model, containing
comprehensive as-built data of the
building, delivered with building. FM is
carried out using this model, e.g.
automatic maintenance schedules

14

Develop and maintain a shared,
industry-wide knowledge base of
reference information

ICT for capturing unstructured project
data & experiences, and transforming
them into sustainable corporate assets

Efficient, Seamless
Sharing of Information
Across the Built
Environment Stakeholders

RESEARCH /
ENABLERS

information input to sharod databases
Medel data — research & develop methods, techniques & tools for assigning & maintaining
IPRs for different components of the model data, and checking for secure lransactions
Research the collaborative manipulation of shared models using GRID-based and other
technologies
Develop, implement & embed data and for infc g
Research use of BIM for busi P a.g. risk t, procurement
Develop use of 3D model in planning process i.e. 40 (inked to master project schedule),
incl construction planning
Recogrilion of value of assel dala in inancial ferms (nol just the hardware { apphcations il
uns ony
Research sharing of sinuclured (e.9. lables and dalabases) knowledge
Develop the technical framework for both data management and information exchange that
will be used by all busk p and licati
Define the business processes involved in the project and facility lifecyde
Develop the requirements for lools / models necessary o supporl the business processes
Evaluate the lools { models b ied in the mark and develop addilional lools /
models s required
Meed to re-engineer | reanalyse business processes lor & data-tocused environment, rather
than being bazed around physical documents
Dwvalop a baller and ding of nsk
Rasearch how to use data models (o phase work activities
Develop nD modelling and grid computing for consirucion design
Rasearch Tor BiMs and i o work tog
Develop legal and confractual govemance of model daia e.g. access and change rights at
object and affribuie leval

h an del-nasad standard,
slandards
Develop a single standard for legal ICT working
Establish practices for ownership of data, and liability for data integrity
Damaonsirata the trua cost of poor interoperabla working
Estahlish lagal aspaects of objects a.g. IFCs: attaching afiributes io objects, who owns tha
ohject, wha has the right fo modify atributes, etc
Assess legal implications resulting from the introduction of ICT salutions fo traditional
practices, and adapt and develop the legal framework

togathar saveral currenity isolated

to ensure: & maintain | | Progerty Rights (IPR) for . Create open standards as required for the data model and for . Develop real-time technical and

business processes and best praclices

Develop fully integrated, semantic web & web services
lechnologies i.e. addilions of intelligence & annolations o web
conlent 1o facilitate retrieval & inlerpretation by different
applications (both human & computer-driven)

Specify & develop infrastructures. model-based applications &
Smart agents, which are based on open standards, grammar /
syntax, ontologies & content

Develop open object-orientated ontologies & model servers
Develop 3D product definitions, and specifications (for automated
progurement)

Research method for using outpul from design systems 1o link with
suppliers' network, and identify need for restructuring of the supply
chain

Research methods to integrate engineering, project controls,
financial systems and procurement work processes and supporting
tools

Research model-based applications, and interfaces for
communication with other applications

Research & develop model checking tools - for validating model
data against standards, regulations, design rules, contracts elc,
with notification of identified conflicts and, when possible,
suggesting corrective measuras

Define and develop an 'Integrated Model server’ {providing
common access 1o databases with geometry, for sharing product
model data)

Develop object databases e.g. product / component libraries
(providing consistency and re-use of correct information)
Research how to use information on construction products &
materials (in the form of standard coded data e.g. IFC - Indusiry
Foundation Classas) better

Research whether DWF could be used as alternative to IFC
Meed technology take-up and feedback along the whole supply
chain

schedule management tools (instant
visibility of progress and variances), incl.
the hardware, software and
communication links, to allow real-time
transmission of site progress to the 4D
model

Develop real-time cost management
lools

Develop a simple Facilities Management
(FM) navigation tool to source key
information

Research & develop ICT for capturing
unstructured project data

Specify and develop fully digitised,
unique and personalised, universal
electronic cards, which will be shipped
with the products, and manage the
information structuring and integration
for the product, and allow traceability of
all parts of the final end product




Roadmap R3

Increase in productivity
Reduction in waste

Reduction in construction time
Reduction in capital cost

DRIVERS

. Enhanced ‘telepresence’ / ‘virtual co-
location’ / ‘virtual site visits’ technologies . Completely digitised sites, where .
X 4 : ] i h ; . Ambient access to all asset
* Single comprehensive tool (light and intelligent terminals on machines and g : G
. . e e ’ ) information (stored within an Asset
robust, with multiple applications) for individuals give all site stakeholders ; A
; ey p S Lifecycle Assessment System) is
mobile work (possibly 'wearable ubiquitous context-based, geo- ) '
: ; b N available to all stakeholders, anytime
device), which delivers just-in-time referenced and permanent access to
. S } ) . and anywhere
information in an optimal format information
+ Digital pens / paper

Ability to Interact with
Real-Time Information

Regardless of Physical
Location or Timezone

* Improved mobile / site networks and

systems for the efficient connection of 2 2
RE T L | R I S i mobile sites to corporate information " "
nnecﬁvity Teehtmhgies’ networks  m— (To be determined at future — (To be determined at future
s Developed WiMAX & Wide Area WiFi roadmap reviews) roadmap reviews)

technologies

PRODUCTS / SERVICES / TECHNOLOGY

. Investigate advanced possibilities . INTELLIGENT ASSETS ENABLERS . ASSET LIFECYCLE INFORMATION
offered by wireless or mobile . Develop GPS (or similar) to deliver data SYSTEM ENABLERS
communication technnology (incl. to on-site staff

RES EARC H I potential WiMAX and wide area WiFi) e Research & develop a 'virtual site visits' «  Further research / enablers to be

» Research and develop enhanced capability (e.g. network of webcams determined at future roadmap

ENABLE RS 'telepresence’ technologies, and linked to digital model of site, real-time reviews
implementing their wider use (both in the BIM, etc.)
workplace and from home) — giving +  Identification & development of ‘new’
increased flexibility of working and human interface technologies
reduced travelling

. Embed & promote the use of existing . Further research / enablers to be
‘virtual co-location' technologies (e.g. determined at future roadmap
video conferencing technology, reviews

webinars, etc.) in the industry

. Define & develop infrastructure
requirements to support site working

. Research & develop better viewing
capabilities for PDAs etc

. Research & develop remote
management of data/process via PDAs
efc




Roadmap R4

Reduction in waste

Increase in productivity
Reduction in accidents
Reduction in construction time
Increase in predictability

DRIVERS

SHORT MEDIUM LONG

* Design for efficient manufacture / off- * 'Lean Production’ - automated design,

site construction / pre-fabrication and # * Efficlent off-sllte r:nanufacturmg and # factory production, and modular
g § pre-assembly in widespread use A
pre-assembly, to be in common use assembly in widespread use

Off-Site Manufacturing

R4.1

o Standardised construction processes . Comblatalvdiaitised sltes where Mass Adoptlon &
and components e.g. modular wompiete yc1d | +  On-site robotic assembly (especially App'llcatlon of
provision of customised (prefabricated) infalient sortriita’s S NS phTS wnd for hazardous or monotonous work) - : f -
constructions, logistics, assembly & # EVipssdie B e 2Ll 0 q providing safer (more controlled) Off-Site Manu ac{u"ng’

1 ubiquitous context-based, geo- : . . .
services working environments, and improved Automation &

e  Materials for automated manufacture Felraiicpddnd prtmanslizatosts iu site working conditions . .

information Mechanisation

and erection
R4.2 Processes & Systems

On-Site Automation

o Embedded ICT in products: Real-time

traceability of materials & components . Integrated supply chain / improved ?
on the construction site. Electronic ‘how supply chain management (to improve H
Intelligent Logistics to build’ information delivered with the # procurement efficiency and q .
. & product performance, allowing ‘Just in Time' (To be determmec_‘ at future
+  Real-time tracking of construction plant logistics) roadmap reviews)
R4.3 & equipment to optimise site logistics
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RESEARCH /
ENABLERS

INTELLIGENT ASSETS ENABLERS

Adaptation of new concepts developed by other
manufacturing industries (e.g. automotive &
aerospace)

Research materials to simplify, reduce cost, improve
H&S, etc. for automated off-site fabrication and on-
site erection

Development & deployment of solutions (e.g. RFID)
and services to identify & track on-site materials
from delivery to in-situ. To include intelligent
materials / products / smart coatings, capable of
communicating location, orientation & condition for
the lifecycle of the asset

Define and document best practices for supply chain
production, logistics, validation, and infermation
flows to identify inefficiencies and bottlenecks and
highlight improvement opportunities

Produce construction automation guidelines
Introduction of new services offered by satellites &
GPS for site control (e.g. positioning construction
equipment, and for monitoring works and their
impact)

Design new connection methods to enhance scope
for automation

INTEROPERABILITY ENABLERS
INTEGRATED PROCESSES ENABLERS
Develop logistics and process monitoring /
management tools (incl. tagging technology) to
automate tracking of actual v planned progress
Research use of GIS to manage site data and
logistics

Investigate rationalisation of construction
processes, with focus on off-site assembly of
large, fully-fitted components

Research the automation of construction plant &
equipment ('Intelligent site vehicles' & robotics),
and mechanisation of site activities aided by
new automation and guidance technologies,
including advanced embedded electronics
Research process orchestration e.g. flow of
resources for optimal build efficiency

Integrate and automate supply chain work
processes and job site delivery and tracking of
materials and labour

Research & develop distributed production
management

Research the transfer of Building Information
Modelling (BIM) to manufacturing / virtual
production

Investigate the use of integrated data models
(BIM) to facilitate modularisation




Roadmap R5

PRODUCTS / SERVICES /

DRIVERS

. Effective training and skills are essential to provide a well trained and qualified workforce, capable of transforming the industry -
i.e. all other research topic areas are reliant on the success of this topic area

SHORT

Effective e-learning tools and
concepts for the construction sector
Flexible e-learning courses (for all
levels and workstreams within the
construction industry), resulting in
recognised qualifications (could become
new industry-wide training standards)

MEDIUM

#

Effective ‘ICT in construction’ training
modules

E-Learning capabilities built into all #

ICT tools so that continuous learning is
supported as an integral part of the work

LONG

TECHNOLOGY

RESEARCH /
ENABLERS

Establish requirements for awareness,
training, skills, and higher knowledge in
construction generally (incl. ICT &
automation)

Explore & develop methods of how to
communicate / present what is already
available to potential users, in particular
SMEs (representing more than 90% of
industry), where the ICT skills generally
do not exist

Industry to work together with
universities, professional institutions,
and training professionals to develop
new construction e-learning tools /
courses

Raise awareness of ‘ICT in construction
in schools (to enhance attractiveness of
industry and reduce negative culture by
immersing early)

Industry to work together with
universities, professional institutions,
and training professionals to develop
new construction e-learning tools /
courses

New career / employee qualification
for ICT data management

Higher education courses on ‘ICT in
construction’ - context, underlying
theories, models and methodologies
(undergraduate and postgraduate)

Industry to work together with

universities, professional institutions,
and training professionals to develop
new construction e-learning tools /

courses

Embed a ‘learning’ culture in the

industry

Well Trained,
Well Qualified
Workforce,

able to use the Latest,
Best Practice
Technologies






