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Virtuelle modeller linket med fysiske
komponenter i byggeriet

RAMBGLL Kristian Birch Pedersen

INDHOLD

= Resumé af sidste forelaesning — IT i byggeriet
« Integration af modularisering og 3D model-baseret tid og gkonomistyring
= Virtuelle modeller linket med fysiske komponenter i byggeriet
= Overblik over teknologier
« Automatisk dataopsamling i forbindelse med drift og vedligehold
« Opdatering af 4D modeller med RFID og mobilteknologi
= IT prototypeudvikling og procesmodellering i praksis
= Dagens opgave
- 1) F& udviklingsveerktgjerne Netbeans og Eclipse op at kgre

« 2) Udarbejd et IDM proces diagram for kollisionskontrol af
bygningsmodeller i Eclipse

= 3) Udarbejd en MVD pa baggrund af IDM’en

RAMBGLL 2
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Resume af min forelaesning i foraret 2009
- Virtuelle 3D bygningsmodeller i Rambgll

Det Digitale Byggeri
3D laserscanning

Simulering

Visualisering og Skitsering

kommunikation

Data- og
maengdeudtraek Detailprojektering
Konstruktioner og installationer
Kollisionskontrol

3D ARBEJDSMETODE
SADAN G@R VI HOS RAMB@LL
Feellesmodeller

Fagmodeller

Visualisering
(Ramboll VR Wii m.fl.)

(Onuma, Trellligence ,

< Dalux Config) ><
\,:"sg?ﬁ K ﬁ Arkitektur
< ‘--l—»w (ArchiCad/Revit)

Konsistens kontrol
Koordinering
(Solibri/NavisWorks)

Konstruktioner
(Tekla)

z W Installationer
(MagiCAD) ———

RAMBGLL

Planlaegning og
prisberegning
(Vico Office og Control)
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RAMBGLL

5D MASS CUSTOMIZATION /7 MODULARISERING

Hotel

|Rooms | care  Circulation
—_— T r
= | Single Double “Hall way|
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5D MASS CUSTOMIZATION /7 MODULARISERING
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VIRTUELLE MODELLER LINKET MED FYSISKE
KOMPONENTER I BYGGERIET

VIRTUELLE MODELLER LINKET MED FYSISKE
KOMPONENTER I BYGGERIET

Digitalt link mellem virtuelle bygningsmodeller og de fysiske komponenter ;
fe
.
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VIRTUELT BYGGERI OG DESIGN

_— -—

Processes

K

/"'"-\ /‘h'\
Inception —i—)-I Design —'—bl Construction —|—>[ Operation

Technical services Requi adi
3D sketching and Uiremernts editor Virtual model based planning
conceptual modelling == and cost estimation

Operation and
i = .. T tool

L il =
Wikiweb onabled (a2 :
Virtual Reality building part |ﬂ_, o:r]l:d identification

Lab specifications, ;,,:‘" u

i feedback and QA.
Blog of ideas [ j 3D \f'irhuai::y Virtual modal .viewars
== commun "
.. and handheld equipment "

VIRTUELT BYGGERI OG DESIGN

Physical building creation

Processes

I Inception H Design ]—bl Construction 1—»[ Operation I

Virtual model resources

/mfhﬁpplr@'\ /’\dappingﬂink - Mapping/link -

& =

Idea and best Requirements  Virtual design models: Construction models Operation and
practice containers and organisa- - Architecture ERP and procurement  maintenance
tional models - Structures data container model
- Installations
- Aggregations

- Documents etc.
Simulation models of
statics, energy, sutainability

M' N performance etc.
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use

Y

Ontologies

Business Process

use

Y

Technical Service
Ontologies

r
use

use

Resource
Ontologies

> describe

Ontologier til at beskrive linket mellem de fysiske
komponenter og virtuelle modeller

use

A

Y

Organizational
Ontologies

RAMBGLL
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Meta-
Ontologies

13

VIRTUELLE MODELLER LINKET MED FYSISKE
KOMPONENTER I BYGGERIET

« Teknologier til automatisk dataopsamling

Kristian Birch Pedersen, Rambgll
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TECHNOLOGIES FOR LINKING VIRTUAL MODELS
WITH PHYSICAL COMPONENTS

= Technologies for object identification

* Bar code, voice or visual recognition, biometri, RFID etc.

= Technologies for object identication and wireless data communication

 RFID, GPS, LonWorks, Blutooth, etc.

= Select technology on basis of user needs

RAMBGLL

TEKNOLOGIER TIL AUTOMATISK IDENTIFIKATION

Egenskaber Stregkode Optisk tekst-genkendelse Stemmegenkendelse
Typisk datamaengde (bytes) 1-100 1-100

Datateethed Lav Lav Hgj
Maskinlaesbarhed God God Dyr
Leesbarhed af mennesker Begranset Enkel Enkel
Sarbarhed overfor skidt og Meget hoj Meget hj

fugt

Mulighed for inddaekning Ikke muligt Ikke muligt

Indf_lydelse af retn_mg og Lav Lav

position ved laesning

Forringelse ved slid Begranset Begranset

Indkebspris pa laesere og Lav Middel Meget haj
tags

Dr|ftsomkostn|nger til slid Lav Lav Ingen

eller print

Uautoriseret Lille risiko Lille risiko Muligt
laesning/eendring

Leesehastighed Lav~4s Lav~3s Meget lav > 4 s
Leeseafstand 0-50 cm <lcm 0-50 cm

RAMBGLL
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TEKNOLOGIER TIL AUTOMATISK IDENTIFIKATION

Egenskaber Biometri Smart card RFID

Typisk datamzengde (bytes) - 16-64 k 16-64 k
Datateethed Hgj Meget hgj Meget hgj
Maskinlaesbarhed Dyr God God
Laesbarhed af mennesker Vanskelig Umulig Umulig
Séarbarhed overfor skidt og : I nogen grad Ikke sirbar

fugt

Mulighed for inddeekning Muligt - Meget god
Indf_ly_delse af retning og - Aflasning kun i en retning Ingen indflydelse
position ved laesning

Forringelse ved slid - Slides ved kontakt Ingen indflydelse
Indkebspris pa leesere og Meget haj Lav Middel

tags

Dr|ftsomkostn|nger til slid Ingen Middel Ingen

eller print

Uauu_)rlseret . Ikke muligt Ikke muligt Ikke muligt
laesning/aendring

Laesehastighed Meget lav Lav Meget Hurtig
Laeseafstand Direkte kontakt ved fingeraftryk Direkte kontakt 0-10m

RAMBGOLL
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It is possible in other businesses

RAMBGLL

18/35

For further examples see e.g. www.rfidjournal.com
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RFID I BYGGERIET

Afprgvet i betonelementmontage pa Tinglysningsretten i Hobro

RFID = Radio Frequency IDentification

s —— [N

RFID tag "
placeret pa Antenne/ RFID
komponent leeser

I

Database Server PC, tablet PC

RAMBOGLL eller mobiltelefon

RFID tags and readers
- No de facto standard in construction

Categorisation of RFID tags

':-. = Power supply

coTIII4sT
Ly

= Passive / semi-active / active

=) - = Communication Frequency
LTI - L7 (125 - 135 k)

« HF (13,56 MHz)

* UHF (433 MHz and 865 — 956 MHz)
= Microwave (2,45 GHz)

« Data and communication standards
* |ISO 15693 (e.g. I-code)

- 1SO 14443 (Mifare)

« Near Field Communication - NFC (I1SO 14443)

= 1SO 18000
20/35

= Electronic Product Code - EPC

Kristian Birch Pedersen, Rambgll 10



RFID FREKVENSGUIDE 1/2

Low T v Ultra High
Frekvensband Frequency 9 (ng) y Frequency Microwave
(LF) (UHF)
Frekvensomrade 30 — 300 kHz 3-30 MHz =LY MG|-||-|Zz_ 9 2 - 30 GHz
Typisk RFID 433 MHz
A ——— 125 - 135 kHz 13,56 MHz 865 — 956 MHz 2,45 GHz
Leeseafstand < 0,5 meter < ca. 3 meter < Ca. 9 meter > 10 meter
Data overforsels- | Mindre end 1 | -, g ypiyse | Ca. 30 kbit'sek | Ca. 100 kbit/sek
hastighed kbit/sek

RAMBGLL
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RFID FREKVENSGUIDE 2/2

Low Frequency High Frequency AT el
Frekvensband LF) (HF) Frequency Microwave
(UHF)
eLaesbar gennem de | eHgjere leeseafstand | eAfleeser mange eStor leeseafstand
fleste materialer end LF objekter samtidigt eStor hastighed
- eIngen refleksioner eKan lzeses igennem | eRelativ stor
Positive ;

leralieia eller absorbering metal og v_aesker Iaeseafstand
eIngen problemer eStandardiserede eRelativ stor
med straling eGennemtestet hastighed
*Billig i anskaffelse teknologi

Negative
karakteristika

eKort leeseafstand
eLangsom
datatransmission

eRelativ kort
leeseafstand
eRelativ langsom
datatransmission

oDAérlig leesbarhed
eKan ikke lzese
igennem vaesker og
metal

eDyre RFID-leesere

oDérlig leesbarhed
eKan ikke leese
igennem vaesker og
metal

frygt mht. straling

«Offentlig holdning og

Typiske
anvendelser

eMaerkning af dyr

eSmarte og
intelligente etiketter
eAdgangs og
sikkerhedskort

sLogistik pa palle
niveau
eltem-level
eSporing af dyr /
kveeg

eAsset tracking
eBetalingssystemer
F.eks. BroBizz

RAMBGLL
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RFID TECHNOLOGY UHF

RAMBGLL 23

THE RFID TECHNOLOGY LF AND HF

RAMBOLL 2e
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DATA PA EN EPC TAG
(ELECTRONIC PRODUCT CODE)

ELECTRONIC PRODUCT CODE

0L.0000AA9.00016F .-000LE9DCO

Header EPC Manager Object Class Serial Number
0—7 bits E-35 bits 36-59 bits 60—05 bits

Hver enkelt objekt kan identificeres med en URI p& nedenstaende
URN notation med namespacet “epc”

urn:epc:id:sgtin:0614141.000024.400

|

000024.0614141.sgtin.id.onsepc.com ONS opslag
.
EPC KOMPATIBLE NUMMERSYSTEMER
Type ID System Navn Anvendelseseksempler

Serialized Global Sporing af fysiske objekter i f.eks. en

(21) SGTIN Trade ltem forsyningskeede
Number yning

(00) SSCC (S:l;:?alliﬁzlrpg:)%% Skibscontainere

(414) GLN Global Location Lokationsbestemmelse af f.eks. RFID-
Number antenner.

(8003) GRAI Elsc;t;etlll(?eer:gfrir:rlble Udlejnings- og biblioteksmaterialer

(8004) GIAI E-Lc;k;?lkljr:iimiural ’Iir;kdedtkst%lr(s identificering (ikke serie
DOD ;Jesfel?gzartment of Det amerikanske forsvar
GID General Identifier Nye identifikationsskemaer

26
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EPCGLOBAL NETWORK ”INTERNET OF THINGS”

ONS
GB (root)

RFID Middleware

ONS Databaser hos f.eks:
lokal - Leverandor
Lokal DB (lokal) {lokal) - Distributor

- Fabrikant
RFID-leesere

LAN = Lokalt netvaerk Integrationsserver
DB = Database
ONS = Object Naming Service

Videnserver
RAMBGLL
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Case studier af potentialerne for automatisk
dataopsamling med RFID i byggeriet

» Case 1: Drift og vedligeholdelse

e Case 2: Byggestyring

Kristian Birch Pedersen, Rambagll 14



Case 1: Primary identified user needs

= Fully digital working process — work smarter

< Documentation of conducted maintenance activities
and inspections

« Easier on-site information access

= History of registrations should be archived

i

29/35

Case 1: Workflow model of processes in
operation and maintenance

Notes from registration

- building, storey, room,
building components
- building components
! requiring maintenance

Query about
component
maintenance

User1

User 5
(O&M consultant)

(Building component
manufacturer)

- ; Instructions
Photos supplementing

notes User 2

(O&M secretary)

Input: Registration
data, photos etc.

User 4
(Craftsman)

Price of
Output: Views of O&M plans, maintenance.

budgets and activities etc.

» QOutput: Views of O&M plans, Tender

O&M system budgets and activities documents
- building information model
- budgets Update O&M plans Uf‘e' 3

- O&M plans ) (O&M service employee)

- O&M activities . Activity completed

Enter building inspection
RAMBOGLL

30/35
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Case 1: Verification of automatic identification in
O&M

« The technology works in practice but it is not
yet plug and play

= Selection and integration of technical service
ontologies is a barrier — there exist many
incompatible RFID standards

* Structuring information and work processes
is the hard part

e PDA’s are too small and tablet PC’s are too
big

* Risk of many cultural barriers

* RFID is mostly useful in large and complex
projects

RAMBGLL 3138

Case 1: Barriers
Potential cultural conflicts

Public community
“Big brother is walching us.
What happens ||:>><l3":t

Building owner: O&M software developer
“We are not inharestedlin
knowing the maintenagos

cost, because then we don’t

have money for new nlulnﬁ:

Software developer:
“We are market leaders, why
should we waste our lime on

Building operator:

“Itis hopefully going to
be cheaper to operhte
our buildings.”

— = . 5 + O&M consultant

Building component
manufaciurer: “We don't
need tags to organise our
business, With our low profit
margins, the tags are too

” expensive.” 2:
Y

Contractor:
“We don't need new technology.”

32/35

Contractor/craftsman

Kristian Birch Pedersen, Rambgll 16



Case 1: Barriers
Potential cultural conflicts (Zoom)

Public
“Big bro

What ha

H !
sterested in

naintenahce
: then wd don’t

‘or new bluilcwags.
=
1

1
perator: |

fully going to
i to operate
1gs.” |
1
1

Building owner/operator

O&M service
employee

RAMBGLL

33/35

Case 2: RFID in Construction Management
- The Registration Court in Hobro: Office building 3600 m?2

« Pilot testing in collaboration with:

[ =3 - -
ur MTHcggaard Spaencom J

34/35
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Case 2: Construction and quality management

== Precast concrete
Virtual model ressources g == 71 element with

Tekla model) (¥
( VS, odel | RFIDtags
Model output data . |~

2D drawing input data -: D

or hand-held In data OK! ~_ |

PC Virtual model services™ -~ __ ~@ @ Mobile Giliing

(M_SOLUTION server) =~_
Input: —~ ID, GPS coordinate, @
: time and date,

Read element|®  Element user ID, password ﬁ Input:
number number Current

production status and @ raducti
}__. ﬁ it photo documentation ® gtgtu:':agg
L Output: -
“—_/ Production status, Ereslion contingent
comments, location time, date comments
and direction and location

Foreman / team leader y
Construction manager

RAMBGLL 35735

Case 2: Virtual 3D design models

- The Registration Court in Hobro

e Structures: Tekla Structures
e MEP: MagiCad

* Architecture: 2D AutoCad

RAMBGLL 36735
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Case 2: Virtual 3D models at the construction site
- Online model sharing between contractor and consulting engineer

: u . Improved overview
= Setup is time-consuming

< Workmen very positive, but fear contact
with the mouse

= New working method requires new
competences

« Difficult for construction managers to adapt
the new technology

« 3D-vieweres needs automatic and dynamic
dimension lines

RAMBGLL 37/35

Case 2: Traditional method for construction
planning

RAMBGLL 38735
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Case 2: 4D for planning and visualisation of the
construction process

Case 2: Placement and readability of RFID tags in
precast concrete elements

40/35

Kristian Birch Pedersen, Rambgll 20



Practical challenges
How to tag the objects?

RAMBGOLL

41/35

WHAT TO LINK?

Physical building

Virtual building

RAMBGLL

42
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Full scale test on precast elements
- RFID tag readability test at construction site

43/35

ERFARINGER FRA FORSJGSPROJEKT MED RFID

= Teknologien virker i praksis og prisen er overkommelig

= RFID-teknologien fik en positiv modtagelse pa byggepladsen — bade
hos timelgnnede og funktionaerer

= Kvalitetssikringsarbejdet kan automatiseres og ggres objekt-
orieneteret

« Nye IT-kompetencer p& byggepladsen er ngdvendige for at udnytte
potentialet

= Brug af traditionel mobilteknologi kan veere en nggle parameter til
fremtidig succes

= Steerk teknologi til at supportere procesoptimering baseret pa
palidelige data frem for kvalificeret geet

RAMBGLL
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Interactive prototypes of ICT systems to support construction
and quality management

| Component name 1 [—— L R A
L '_ :-In_-_.:m- . 1... R ee——— Task @ | Tiackeg = | frrcin i = | ouseym |1 Nl-l-“ﬂ‘n.
e fv‘_; " Selection in project tree opens Propertids UpHats
Dscneassd R R or activates relevant view L
P e 'lPr‘-".l“v“f-:t O_VQ!'V'QW| in work area  @ccording to current
n store I 3 s selection
St —_— —
B e b i ™ e
Planned fabrication end _—
i r | =
[ —] [ | [Detailed
- - . e properties
Y 15. - | [Overview of y =
@ =~ 4 I current selection | Model tree update A
1 2uc_ [l 300 and do_cqrpents |* according to current L- [
I 3 16 ousey | | selection P
fem Sm || Guw I 3 i ' |:I =
7 ram . v :I L I Do s - i
*. || 0 | #;J — — — — — T e

RAMBGOLL
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USAGE EXAMPLE OF A PLATFORM FOR VIRTUAL
COLLABORATION IN CONSTRUCTION (V20)

I Rambwll ¥irtual Collaboration in Camstruction - V2C
File Edt View Nmagste Operation Design Construction Amange Ouantilies Autold Foedback Help
> 0 OO G & §rom gEN

Project | Sonvces

Thumbnail
view of active
selection

1)

Status view
indicates that
the selected
component or
group is on the &
construction site §i

Location of
selected component|
is shown on the
tracking map

46

Kristian Birch Pedersen, Rambgll

11/22/2010

23



USAGE EXAMPLE OF A PLATFORM FOR VIRTUAL
COLLABORATION IN CONSTRUCTION (V20C)

A D "0 e 3 & M

Erection Plan & | Cost

& & oom g

File Ede View HNeagate Operation Design Construction Arangs Ouartiies  AsiolD Foedback  Help

Search | Selection
Hiog [ Chal | Help

| List of materials: |

Status properties
2 |visualised in an 4D
erection plan. |

TT] Status | Propenses

At I
u...: mm v st Status properties wasn I
set calars are semi-automatic ™| |
updated by object I
identification equipment
and sensors I
: ! I
|0 10 20 30 an
rm»ﬂlummm-mgmmn-:_ -
TOOLS FOR ICT DEVELOPMENT
EXAMPLE: NETBEANS IDE
W SwingTestApplication - NetBeans IDE 6,0 Beta 2
(Pre @ x| Files s.,*__u_ | ccova | StartPage |3 Swnglestvewjava® x| [ EE] | patette »
# & MarsRovervewer | source [Doson || [T 19 | B2 Iade o § |/=5wooCoatainers 2
& s | on | Cirerw
= & SwangTestApokcation Fle Hep [ Tabbed Pane
[Project oyfr:v‘l_c_eww! Mopsntont_ o *|Tools
# [ resources tabl | pab2 [ Tool Bar
= [ swngrestappcation % Dasitop Pans
5 mwcuw-r: . [Cpoo ) [ tnteenal Frame »
< » _Sum'l'_eﬂ“m--_ »
e e Work area e
f'-f'?:.':»';.”:; 0 Detailed
5 L ponts el | o properties
Overview of ' Khedton params Cospat c ropent 1}
current selection}’ et 7
g e . SwinaTowtView java L
A vt e Wk e T ; | . - -
4 :;:::-u:.:nr:nx.‘.’::—_;:.::.:"l?:"::...‘{ User feedbacklm.nn.-u.u..um.nw-u D.b:rnl(-‘f_..v
& >

All fields are dynamic and interlinked

Kristian Birch Pedersen, Rambgll
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DAGENS OPGAVE

= 1) Fa udviklingsveerktgjerne Netbeans og Eclipse op at kare
* Netbeans 6.9.1:

« http://netbeans.org/downloads/index.html - veelg All

« Ecplipse Helios:

* http://www.eclipse.org/downloads/ - vaelg Eclipse IDE for Java EE developers

« Opdater Eclipse med BPMN diagramveerktgj:
= Help/Install New Software/

«Ved “Work with” indtast: http://download.eclipse.org/stp/updates/helios/

« Select All/Next/Finish

RAMBOLL w0

DAGENS OPGAVE

* 2) Udarbejd et IDM proces diagram for kollisionskontrol af
bygningsmodeller i Eclipse

= Start nyt projekt: File/New/Project...

= Veelg General/Project/Next Indtast projekt navn Next/Finish

« Hgjreklik p& projektet+New/Other... veelg Other/Bpmn diagram/Next
= Indtast navn + Finish

- Aben det nye diagram og start proces modelleringen

= 3) Udarbejd en MVD pa baggrund af IDM’en

RAMBOLL w
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« RFID Journal — http://www.rfidjournal.com

The EPCglobal RFID Implementation Cook Book
http://www.epcglobalinc.org/what/cookbook/

= EPC Network in 10 steps: ) )
http://www.smartcodecorp.com/solutions/EPC_overview.asp

= IDM Process Mapping (Jeff Wix) — Se link i kursesmaterialet til forelaesning nr 6.
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