Virtuelle Bygningsmodeler og distribueret

samarbejde.
DIVERCITY projektet

Per Christiansson

Aalborg Universitet
http://it.civil.auc.dk

- Netvaerket for 3D Geolnformation -

Netvaerksmgde om ‘3D byggerti'.
Onsdag den 11 december 2002
COWI A/S, Aalborg.

Netveerket for 3D Geolnformation, Aaborg/COWI 11.12.2002 Prof. Per Christiansson ¢ IT in Civil Engineering ¢ Aalborg University



CONTENT

- SHIFTING PARADIGM
- IMPROVED MODELS (VB, Process)
- The DIVERCITY example

Netveerket for 3D Geolnformation, Aaborg/COWI 11.12.2002 Prof. Per Christiansson ¢ IT in Civil Engineering ¢ Aalborg University
[ T A N L L L] R | P



SHIFTING PARADIGM
(takes time)
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Knwowledge Communication

a : Personal Konowledze Container

"informnal project’

'formal project’
writhin companw

Formal projects betwreen companies
(standardizaton,. etc.)

F:L ‘o lobal containers’
(librariez,..)

-‘7 —
Loternal external

e Clerntiunsaan o SRV

Knowledge is communicated between knowledge containers covering different
subjects and time domains
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The Knowledge Node Concept

- Participants; number of, type

G0N UIaca BOT gpﬂl’:&ﬁ = - (persons, agents
I 4_/' - Collaboration subject/context &
@ o Form of interaction; design,
reviews, purchase, learning,
brainstorm, negotiation, discussion,
'_ = 13- :: - Communication content to support
interaction; e.g. speech, sound,
ﬂ images, music, video, whisper, body
__ language, 3D objects, control
The Enowledge Hode information; L
- Access and Amgmasatation of Digitsl Knowied s - Meeting spaces and room
- Commmunication Sapport definitions; physical, virtual, static,

- Shared Workspaces . : . q
@Per Christiansson 1996 2001 dynamic, mobile and combinations.

- Collaboration artefacts;
communication channels,
user applications, and information
containers
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BUILDING PROCESS CHANGE?
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Virtual Building

- Virtual Building environment. Product and process models with
spatial temporal properties, partly redundant information, early
decision support, ....

o 1® —&

L]

Authority
etec. info

Framework
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Advanced Interface to Models

- Higher realism in interaction with underlying models (VR,
simulation tools, adapted views, cost/accessibility,...)

Authority
etec. info

e T

Virtual Building
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New Workspace Properties

&

Person/Team

Authority
etec. info

Informati!)n
container

- Physical workspaces with new dimension (‘virtual’, augmented,
immersive) and new collaboration tools.

- Advanced administration tools (artefacts) for secure distributed
personal, team, and project information repositories
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Competence Collaboration

| Client Common Measure
+ Clientand
Architect — Pelro;:e-l in focus
S ok ¢ Egemet
Client's Advisor _Steering Group -
[ e g\ | Geod andinspiting
Enginesr NTProject group with%s, | collaboration |
2 % equal influence S ‘ + Better quality
| Contractor g5 andoolledtve g1 Good prowut :
.
S A o, (client)
Sub-Contractor S® clent éf/ y + Good profit
. Tt ¥ Keeping schedule
Supplier for time and
economy

Organisation

Authority
etec. info

TFer Chiistiansson 92000

0\ I
. - .
| Competence collaboration in projects enabled
o on (adop_ted con_1mun|cat_|on, access to knowledge
container containers with experiences etc.)
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PARADIGMSHIFT
TAKES TIME

Early 80s - how can we invoice CAD(rawing) work?
(Clients saw the qualitative effects of studying alternative)

Mid 80s - 3D (affordable solid modelling tools) will now be commonly used!!
(early design needs, parametric models and degrees of formalisation,
level of detailing, drawing to model thinking,....)

Mid 80s - 4th generation ‘db systems’ and object orientation introduced.
(organisational and work change, formalisation needs to integrate
company functions

Late 80s - large scale integration of hypertext information containers in Internet

Late 90s - 1 Internet year = 5 ordinary years.
(ICT competence needs increases, out-sourcing back lash)
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Building Process Oscillations

& Degree of formalised
Building Process
CADI:lSJ19837
Core
model?
Disciplines
% e ration
STEP
BDE Application
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ArchyCad oo
GDE PDES
@ STEP
l
' I ! -

|
|
1970 1930 T Tlggu T T 2000 Time

EFer Chrishiansson 11,1999
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IMPROVED
VIRTUAL BUILDINGS and
BUILDING PROCESS
MODELS
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From Product idea to use, re-use

evaluation
functon  bhehasionr

requirernents —e- e —- performance
form content

LE T LT e Rl PR

| sub functon |%| f-::nn| él content |— |he]1&v1'|:|ur| \
->| fu_n.;ﬁ.;.n| £ [sub function |—| form|— | content |— | behasriour|— [perfonmance
I

|s1.11:| functon |—| fu:unn| —| content |— |he]1aﬁr1'|:|u.'r|

svnthesis

» anal
es
- 8

Requirements are translated to functional requirements
- which in the design process leads to instantiated design parameters
- which leads to new functional requirements etc.
- Complex time dependent functional couplings will arise
- The same VB must also be able to support different design paradigms
(creative, innovative or routine)

Netveerket for 3D Geolnformation, Aaborg/COWI 11.12.2002 Prof. Per Christiansson ¢ IT in Civil Engineering ¢ Aalborg University

T 1 TN 1



The Virtual Building Model

rrsonidrog ol A bnnude
o copTacTon

The real
building
Stetch Design Us=
Fregram Constraction Maintenance
> Be-uze
» L "
L e
=
@ ey, O S
== tamporal Time
navigation

The virtual building contains all documentation of the building including
drawings, models, documents etc. It will normally contain redundant
information and temporal information describing discipline models and sub
models of the building over time. Tracks of alternative solutions. Two time lines
-real time during collaboration and time points in the life cycle of a design
artefact.

K
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The PMS in context

Virtual Buildirg life

Initiation Detailed design Use, On&M
Pre-design Coenstrucilon Decommisslon  ime, VBt
E ? Virtual Building,
| ‘er
||l - EEI'I“I‘E" I".Ll
{ é = COMPORSTIng
| .'I / - materials
: __ - properties (incl
ILL i "—E_'I\] lime information
Adld as |.l.|r dafa \\_u:arcn = - functions
| s, - USAZE [HOCESSES
_,_ﬂ-""'T__/i_ _4-'11?-:_\_& F'.rl:-..'l.'-.f generated from VR, Project Management
7 Project Management ) ol projects, Svstem, PMS
| w System, PMS ] = matching
‘JS{ - Priocess ".'Tt"-illi.l"l.
— T— _i _*,\_ — . - VB model update

=OLree

Process generated from VB, “external’ - external link
Processas, 'm-:i sife processes
a A

Dhata fre |||“ -~11..I'-III

A Design, 8Frt
I| 1I". / Y [Real Tine Building
/ \ Process)

!
\ 55 >
[ Site |.|I-.1-.-:=.:-m-.kh:' ] Building Site

- local processes

| \/\
/r’ - data capture

tata P
'//l" ' - VB/process

capiure
1 CESS
'“'*— "'/ dowmloads
-

Sl'fa . BPrt

The Project Management System (PMS) will integrate Virtual Building models, Site Process
models, and external information containers. It will also manage matching and updating of the VB
sub models as well co-ordination with building site activities. BPrt = Building Process real time,
VBt = Virtual Building time to describe time points in life of Virtual Building (sub)models.

(from Christiansson P., Dawood N. N., Svidt K, 2002, "Virtual Buildings (VB) and Tools to Manage Construction Process

Operations".
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The Intelligent and
Responsive Building

/_></// Powrer

Control

more or less intelligent

1 router
Weh _ J
interface LO Bridge |/ Coax
Installation Bus
LAK

== - LON = Local Operating Metwrork (control, = 1.25 kdbps)
Internet!Intranet LAHM = Local Area Metwork

S L bedefiem oo £ L fodd

The building can also itself house ICT tools to support required
functionalities/systems/processes
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Virtual Rooms

Conscious - noh conscious
Active - passive

Direct - indirect PhYEI GEI' rocus

L

- The IBI should be responsive to the user needs and easily be re-programmable.

- We may have to define virtual rooms to house different activities at different times and even occupying different
spaces (for learning, creativity, virtual meetings, thinking, relaxation, sleeping, etc.) in the buildings.

- The building shall support communication in all respects also the communication directly involving it's users.

DPer Chrislianssan 4 2000

The physical form and functionality of the rooms will be more tightly related to the underlying IBl systems.
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DIVERCITY - Distributed Virtual Workspace for enhancing

Communication within the Construction Industry
EU IST-1999-13365  http://www.e-divercity.com/

o —

& MM/VR tools definition

DIVERCITY clients The objective of the project is to
produce a prototype virtual
workspace that will enable the three
key phases (client briefing, design
review, construction) to be
visualized and manipulated, and to
produce a set of VR tools that aid
the construction design and

planning process.

Authority
ete. info

DIVERCITY supports
- communication between persons
- multiple building product/process information access
- building process activites

CPsr Christiansson 9 2000
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PARTNERS

Distributed Virtual Workspace for enhancing Communication within the
Construction Industry - DIVERCITY
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DIVERCITY project data

* - Shared cost RTD project - Key Action 11.2.2

(New Methods of Work / Workplace Design / Team
Work)

Started in March 2000 -
Expected duration: 30 months

Total cost: 4 M Euro (app.) -
Commission funding: 2 M Euro

Consortium (10 partners - 5 countries):

Objective : Design & Develop a Distributed Virtual
Workspace adapted for the Construction Industry

=
NG m m
i Developer
Contstruct IT S User
i Aalborg Universit
(Coordinator) ol g y . E\\I/;IA
University of SPIE cowl

Salford
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DIVERCITY project infrastructure

= 1T in _
* Civil Engineering

=CT >

l"jg_ ﬁu%, Bor. Oxmglriaeetiii_
¥

Netveerket for 3D Geolnformation, Aaborg/COWI 11.12.2002 Prof. Per Christiansson ¢ IT in Civil Engineering ¢ Aalborg University

T 7 LT ] R 1 P



Changes in Process Organisation

Nb of important
decisions

o
»

Higher quality

processes &
products

v

Client
Architect

Engineer

Contractor

(5]

S

Sub-Contractor &

Supplier

Client’s Advisor Stg&nng G,rom:?p;\

Nc“‘F"roject group with*
5 2 equalinfluence
3 % and collective
g resogonsibility &
& Contracﬁor;?

Common Measure

v’ Client and
Personnel in focus

v Exploitation of
experiences

v/ Good and inspiring
collaboration

v/ Better quality
v/ Good product
v/ Good earning
v/ Good profit

v Keeping schedule
for time and

economy

Time

Dramatic changes in procurement
philosophies, as a result of the internet
(partnering model). Partnering model showing
the stakeholders joining a common project
group with mutual goals (COWI A/S Denmark)
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Virtual Workspace Definition

* 'The Virtual Workspace, VW, is the new design room designed
to fit new and existing design routines. VW may well be a
mixed reality environment. The VW will host all design partners
from project start with different access and visibility (for
persons and groups) in space and time to the project, and will
promote building up shared values in projects. The VW thus
acts as a communication space with project information
support in adapted appearances. VW gives access to general
and specific IT-tools '
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DIVERCITY - Virtual Workspace
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DIVERCITY function, form, content, behaviour

Virtual Workspace Virtual Workspace

llab .c llab.
‘ oy 0\ab. Collab. el

;- '\/

DIVERCITY

DIVERCITY
data container I ‘ ‘

NApplication
data container

Appllcatlon data
container 'CAD'

Application
data container

mﬁ;ﬁﬁ;#ﬁﬁéﬁ
TIWT TR o e ceme 11 | ¢

iy rl o i "" 1
K )

Building Model
| (IFC,...)
Thermal 4 Y T F
Analysis Acoustics 4D building site
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Import Product of Model to Application

IFC C++
generator

sl = [l R [ elzlo i = |

C++ classes

[N p— N
e e
a
¢
H
Clent briefing PreCad . .
J : Divercity
s P e P ] o e R e e e e O e So
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DESIGN REVIEW APPLICATIONS (more PRODUCTS)

- Virtual
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Thermal analysis module

Lighting module
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DIVERCITY Design Review Lighting example

- Interactive Radiosity
- Visibility Graph subdivision associated with light transfer links
* - High shadows quality and optimised subdivision for real-time exploration (synchronous) (including object motion)
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DIVERCITY Construction Planning

- VR based tools to organise and optimise the Construction site in 4D
(Space and Time)

L eEarpr -
— [

Project Model

<> A\ 3
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DIVERCITY Framework

Laurent da Daldo

The Central eViper Server

Source control stores different versions and keeps an history of all that
happens on a project

User profiling allows the server to identify people connected to, or trying to,
connect to it and manage user access rights on projects.

Security and integrity of information is permanently controlled by the
server.

Messages management is one of the most important feature of eViper. It
controls information exchanged between users and manages priorities.
Thanks to this feature, developers using eViper can build not only
distributed but also collaborative applications. This is an open mechanism
allowing any third party to use data controlled by the server (as long as they
are authorised).

The Distribution Manager

The distribution manager is the client (user) side of the communication
layer of DIVERCITY. It can be included in an application (it in the case of
Phooka, the DIVERCITY client application) or can be a stand alone
application, controlling data exchange between the client and the central
server. The distribution manager has been released in JAVA and C++ and it
is platform-independent. In this way, developers will be able to work in their
own environment. This interface provides all necessary entries to send and
receive message from the server. It also provides a simple way to plug any
third party application to the central server of eViper. (SOAP, Simple Object

E-viper client handles access to the workspaces and proj Access Protocol used).
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Indystry Foundation Classes - IFC

http://iaiweb.lbl.gov/
http://cig.bre.co.uk/iai_uk/
http://cic.vtt.fi/niai/

X-Domain Architecture
Librare=, Site des=ign, Cailing,
Documents,

De=ign intent |
Ma erid= perf or mance

Building Services stim ating
Lighting Design, ) Lozt Planning,
Oucts *, Pipes*®, Scheduling
Cortrol Systems

FM

Asset=s Work Order,
M=internance History,
Arem Mezsurement,
BAS Configuration

Client

Reference Process Mode

Codes
Feformance based
code checking

Civil/’'Structural

Steel frame, RC frame,

RC Foundaion, Construction

Scaffolding,
Lifting Dewica

International Alliance for
Interoperability (IAI)

An industry group created a series of
prototype software applications that were
demonstrated at the A/E/C Systems "95
show in Atlanta, Georgia.

With this successful public demonstration,
the original twelve companies opened up
participation in this effort in September 1995
to AEC/FM companies worldwide.

IFC2.x2 current wersion

Netveerket for 3D Geolnformation, Aaborg/COWI 11.12.2002

T 1

]

Prof. Per Christiansson ¢ IT in Civil Engineering ¢ Aalborg University



Contact

(U PR | ¢¢p:/it.civil.auc.dk

R&D and EDU collaboration within

Building process and product models
Meta classification

Knowledge Management
Collaboration and Virtual Reality
Multimedia/User Environment design

Collaborative work on specification and design of next
generation systems (Industry/University)
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COLLABORATION IN PROJECT

A) user requirements capture, user environment design and early prototyping;
B) implementation of DIVERCITY and end user alpha test (done within the DIVERCITY
consortium) of basic functionality of the DIVERCITY products (applications);

C) continued implementation and end user beta tests/evaluations of basic functionality
of integrated framework and DIVERCITY products;

D) final end user evaluation of DIVERCITY, and prototype refinement.

We have methodology for efficient user requirements capture, user
environment modelling and

User requirements.
Contextual Design.

T -

environment

Prototype design.Object Oriented
implementation using Unified Modelling
Language, UML
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Sequence Model. Contextual Design
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Scene 6- Light Simulation
Page 1

Enter workspace ——————"
Load relevant parts of the model

Form of interaction/
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Redquirements

Scene 6- Light Simulation Form o mtcraction/ | [ < Navigaton

commumication I space
P 2 exgernad {regulations, ) Time
L] .

age Detriling

Inbermet intran els extrmets suppligr constm  inks -
- Do mim {spooes., persons.. . WHY
Cordent (e, video, ADS who

The main issues for the light engineer are to analyse the needs for light, the Wmodek ) —

influence from outdoor light, the interal distribution of light and
DIV prod!
proc model
META . -1
hast practice |

maintenance factors.
conlent desoripions

; 5. S‘P&HIQ- altsclitions
Analyse needs for light T —— g [ p— e
- Check best practice and previous projects in the knowledge = [p— - T ,L.,._,,L. and cament WY
- Define light principles and get accept for these 7 participunts in .... persn B e T
- Import light components (fixtures and sources by types) processmansger [ ei——— o

S

\

Basic information retrieval

- Room and Building information, Geometry, surfaces, concealed light
outside (windows)

- Legal requirements and regulations (national and local)

- Calculate rocm’
das
o]

= perform calculations - “Proces /" E
_ Check regulations E;‘(

= export data to external application

Light simulation >. )
- Import light components (fixtures and sources by BRAMDS) ] Build spaccs
- Light simulaticn based on distribution, intensity factor per room p——
- Modelling mounting heights, light sources, fixture design &er ‘,ﬁhw..b\
- Simulation of light distribution between rooms alert /’,-
- Simulation of influence of light from outside % err TG P
Dictwomary!
Generate light model %#"‘ VLT
- Mounting scheme Help Dydogree
- Co-ordination with other design disci al, acoustics...) / \ Esxplunaticns 186} regulntions
- Collision control L~ butorisks
work modeks examples
Process output conlact presess
- List of quantities =
po ML X0 G

- List of possible suppliers

- Standard e-requisition and tender documentation
- Work plan co-ordinated with other disciplines

- QA/QC-plan

- Price and cost calculations
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Detailed Storyboard

Thelight engineer seelss information from exter-
nal as well as from intemal sources:

Internal sources

=  Experences

= BestPractices

- Tarit knowledge from partners and col-

leagues
. Intranet
. Extranet
External sources
. Intemet
¥ WEBR-sites
¥ Standards

. Physical documents, such as
* Books and manuals
# Lawand regulation text

&1 selected and walidated docutnents are time
tnatked and stored with links and antotations.

The specific infommation is linked to the process
lineandlocked. When information is changed,
fiotifications are tnade to validate the alteration,

TheLight engineer draws up principles for the
light geometry based on physical conditions: use

Form of interaction’
comrmmication

Inte metfintranetsle xtrane ts

Content (text, wideo,
3Druodels, )

Inte raction form, context

{consultabon s arch,

negotiation, presentation,

design, documentation,

sketehing, 'e-business'

Diomain (spaces, persons,..)

Spaces
Dictionary/ .
Vocabularies fEaEw
Diegree days ‘corrve itional meeting
root
150 re gulations J_,.-/'" desizn
personal
conste ion
Requirements
client
external (regulations,..)
anrmiliey ranateai wtae
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Contextual Design.
Structure and Sequence

-’\ Vision % Structure
Work out

e Check and fix
etails

\\ Storyboard %&equence
Consolidate »

Reveal implications
structure

/ User environment Structure

Work out _

details ~—dum. Check and fix
Use case Sequence

Consolidate

structu re "\ Object

model Structure

Reveal implications

Adter (Bayer & Hollizblaz, 19898) figurs 14.5. Por Cheigtianascn 9 2000

Contextual design

UML based modelling

\ 4

v
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Changing Paradigm

Art of Art of
Art of Printing Communication
Writing

Store
everything

Henr rontines and knowledgze aboat
cormnnicate
represente/stmc e
clazsifw
capture
FROM THE ART OF WRITING TO augment
THE ART OF COMMUHNHICATION. fﬂtﬁl’_
Identifaction of a paradigm shift quality marks
@ Fer Cheistiansson, feb 1395 search
of knowledze

STORAGE

more readers

- Storage (representation) and Access (User Environment) media are separated
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Benefits

* Integrated products to use |IFC standard
* Visualisation of technical solutions.

* Integration of multiple solutions in one
distributed model.

* Presentation of complex solutions in a
visual and comprehensible form.

* Improved mobility.
* Basic structure for future developments
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Success Criteria

* User participation in User Environments and systems development The building community
must and will actively participate in the design, try out, and implementation of new IT tools to
support high quality building products in a life cycle perspective.

*  Design and try out of new tools for collaboration, communication and information handling.

* Increased knowledge transfer and /ICT competence. Knowledge communication crucial
(companies, schools, public services).

* Increase of awareness on fundamentals and methods for a beneficial change of building
processes and organisation (knowledge exchange and management, demonstrations,
implications, participatory design).

* Increased international project participation.

* Basic research, applied research and development activities are all required.

* Ultilisation of changed communication networks on all levels.

* Ulilisation of increased possibilities to build (low cost) Virtual Worlds/rooms and Virtual Buildings
(with partly redundant knowledge representations, meta data, temporal and intelligent
properties).

* Client, building product users, and suppliers with greater influences in the design process.

We are all involved in a continuos change process and design of the future together (with constant re-assessments).
Great possibilities and time to do some creative, bold, and holistic inceptions at universities/industries.
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