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B 0.1 Aim and scope H RGN

Bl & Aim of this presentation SR HRY
Lab = To apply research methods B FPFAFSE i i
= To share a recent study 433 —Sie PR
= To demonstrate the use of R and SPSS iz RFISPSSH{li H

= To present a whole research in AECO (Architecture,
Engineering, Construction & Operation) JEBRSE BEWF I Fi P

= To encourage debates on the methods il i iERTiE
& Scope Jelbf
@ The method domain J5 3£ JEWE

o Contingency table, correlation, & decision tree, etc.

= The application domain & JFH 55k

o AECO
F Xue: Linking RFID to BIM, 21/22 March 2018, RUC




B 0.2 Rationale of the research design W2 ¥t il 2 i

| ® Goal: To promote A in AECO WF HW: Al iHE) A
hab & Data source: Credible cases in literature £t¥%: SCHRSEH]
® Research design Wf% 3¢t

1. Scientific questions decomposition 4R ) R APREER
o (i) History: What can be concluded for A? The research process
o (ii) Future: What are the trends (B, C, D) relating to A? P P e
2. Conceptual model formation ZH 2L e evew.
o How A B C D work together? Jeasia ; Tenma
3. Data of A B C D B#53RIL X Zb
o Number, category, & description in cases - extraction "?:;":'”?t' [ﬁSZ:’T”p%L‘?;i.‘Lﬁ
4. Data analysis Zda 7 SE:.';;. l;i

o Statistics and data analytics (R & SPSS)
F Xue: Linking RFID to BIM, 21/22 March 2018, RUC 5



B 0.3 Expected outputs to form a paper il 4120

iab Outputs from the research design

BRI SR

® 1. Scientific questions

® 2. Conceptual model

® 3.Dataof ABCD
= 3.1 Source of data
= 3.2 Extracted data
® 4. Data analysis

Expertise & insights

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC

Paper organization
i
® 1. Introduction
® 2 Research methods
2.1 Conceptual model
= 2.2 Literature search
= 2.3 Data extraction
® 3. Analytical results
® 4. Summarized guidelines

® 5. Conclusion



B 0.4 A quiz PR3]
% & Qi: What type is this research? Bia&5J1: e HMRIDIZE?
= (A) survey research/literature review £
= (B) experimental research SE5§5
@ (C) meta-analysis JC7Pr
= (D) correlational research H3&#:3Pr

© Note: To cite the slides/work, you can

iLab

= Cite my paper (under 2nd round review)

o Xue, F,, Chen, K., Lu, W,, Niu, Y., & Huang G.Q. (2018). Linking radio-
frequency identification (RFID) to building information modeling
(BIM): Status quo, development trajectory, and practitioner guidelines.
Automation in Construction, under review.

= Freely use the pictures shared under CC-BY/CC-BY-SA

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC 7



Section 1 W4t
INTRODUCTION TO LINKING RFID TO BIM




% & What is smart construction ] & it

= Construction (noun) versus construction (verb)

= Smart: Context aware, ad hoc information-sharing!l

/s @’*'
® A “backward industry” wants to be smart “¥Jay=ll” o’ -

Recent advances in ICT

= A consensus of global research institutes on future const.[?]

= Advances in [smart] ICT (info. & comm. tech.)

our focus - - - - - - - 95 BIM, REID, LiDAR, GPS, UAV, CV, VR/AR, smart phones...

& The vision beyond EHj 5+
= Construction industrialization: Quality, cost, & “forward”

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC Res"'e“t C'ty comic (30‘”“' fcks, CC-8Y 20)



5 1.2 BIM: A shared information hub BIM: {5 E &l
& BIM (building information modeling)B! @t fr; BEAY [ IMFNUFI%%&ET’ON

iLab i . : : MODELING
The digital representation of physical and functional &z ARCHI;ECTL(J:RE oz
characteristics of a facility g £ MEP STRUCTU Ugfaﬁg
A shared information hub about a facility serving as a reliable 2 3D 5 DGDudE“
i iSi i Q 190 300 e
basis for decisions making 8 4D 38 120 7DEE
Evolved from CAD (computer-aided design)! B o
® The “I” in BIM includesB 5! {55 B35 cain  geamergl momaidl

o E.g., As-designed geometry, material, function, ...

D : 3I§da = BiN
Constant attributes and relationships of components ik </ / -
User’s & Dynamic Zh#

e

lines digital lines  digital surfacesdigital entities
& volumes & companents

o E.g., occupants, equipment, worker’s location, as-is status i form

human interpretation shape

o Risking “blind and deaf” to on-going AECO processesl®]

An evolution view of CAD model/BIM [4]
F Xue: Linking RFID to BIM, 21/22 March 2018, RUC
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1.3 RFID: Contactless identification & localization

B RFID: kRt 3U50R0E b

"l % RFID: Radio-frequency identification i35
= Incepted in 1800s (Faraday, Maxwell, Hertz, Tesla, & Marconi)

= Commercialized in 1960s, the era of civil radar and radio
= Boomed in recent 20 years, as one core technology of loT
= Properties: ID (native), time, location, stored, extra sensors ...

® Is a (collective) generic term x&— RN AR

Table 1: The family of RFID systems in different frequenciesl’]

Band LF HF UHF MW UWB
Frequency 125~134 kHz 13.56 MHz 433, 865~956 MHz 2.45~5.8 GHz 3~10.6 GHz
Comm. Distance(m) < 2 <0.2 <100 (left); <2 (r) <1 <10
Example Access Smart card, Library, baggage .
applications control NFC tracking ETC Locationing

Approximate tag

unit cost (USD) 0.1 5 0.1 20~30 10~15

RFID applications (Some photos from

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC Wikipedia, CC-BY 3.0)
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s Architecture design: (None?)

Engineering design: RFID selection, plan drawings, testing
Construction: Component, material, worker, progress, safety...

o Above two highly related to construction industrialization

Operation: Indoor location, asset management, facility records...

Demolition: Planning facilitation, as-is calibration, recycling...
© Reported work and cases in literature R ETEESE

Almost all cases were conducted in Const. to O&M

A few incepted scenarios mentioned Eng. or Demo.

Stage Arch. was not mentioned

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC

B 1.4 Linking RFID to BIM ¥#:RFIDHIBIM
| & Possible work in the life-cycle of construction Z:fiyjjrp

’F »O&M ‘ L Constn.

Linking RFID to BIM in
different stages of construction
life cycle and possible barriers

(Popular stages in bold)

12



Section 2 4r¥t
- MODEL AND ANALYSIS (R & SPSS)




iLab

Tracking
property

CEM activities
Object (e.g., Phase (e.g.,
| component) construction,
i | or personnel O&M)

RFID system 4

Information linkage
(including information storage plan)

Decision
support

=

BIM

A conceptual model of linking RFID to BIM

FERRFIDAIBIMAYHES A

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC

B 2.1 The conceptual model BEREIRY

© What comprise of A?
W5 Hbs A 40582
= RFID system
= BIM
= Information storage {5 &

& Independent variables (B
C D) HAERHUHE?

= Phase A- xRN 5 B
= Object X} 4

o Property J& P

14



2.2 Source of data: The real cases in literature

iLab

{ Identification

Records identified through
database search
(N =2,190)

}

[ Eligibility | (Screening]

[ Included }

Records screened via

(N =2,190)

}

Full-text articles assessed
for eligibility
(N =264)

reading title and abstract \“

Records excluded
(N =1,926)

l

Publicationsincluded in
quantitative synthesis
(N=41)

Full-text articles excluded
for insufficienttechnical

details, no applied cases,

or duplicated cases
(N =223)

!

(a) Engineering design
phase (N=17)

(b) Construction phase
(N=21%)

(c) O&M phase (N = 21%)

[ Study phase }

*, #: One paper studied two phases

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC

BURIR: TR IR

® Cases collection ZpilkE

Search “(RFID OR UWB OR NFC OR “smart card”)
(construction OR infrastructure OR building) BIM ™

from Google Scholar (N= 2,190)
Screening non-AECO and review papers (N=

264)
Selecting real cases with details (N=41)

® Data (sample size) B¥s (FEASL)

Eng.. N=1
o Excluded for insufficient sample size

Const.: N= 21
O&M: N= 21

15



F Xue: Linking RFID to BIM, 21/22 March 2018, RUC

B 2.3 Data extraction RN

Possible options

Explanations

RFID Frequency LF 125-135 kHz
system HF 13.56 MHz
UHF 433 MHz; 865-956 MHz
MW 2.45-5.8 GHz
uwB 3.1-10 GHz
Type active with built-in batteries
passive without built-in batteries
BIM Digital 3D The model is presented in 3D
representation | 2D The model is presented in 2D, like floor plan
Cloud-based | Yes In the cloud servers that allow remote access.
No 0.W.
Info. Both BIM and RFID tag
storage | BIM only
plan RFID tag only

third-party database

® We normalize the
cases as samples of

L& L e e S
Bdr
= RFID
o Freq. &%
o Type £3))?
= BIM
o 2D/3D?
o Cloud z ¥ ?
= Info. storage
= Phase

= Object

16



2.3 An overview of extracted data #EHURIER

— “Termaton @ i T e I
(Author-year) Phase Obj'[Prop* | Details Frequency  |A? ;'I‘:':ge Type | Cloud: .
Tt @ Extracted data 1n form at
(2007)
. Hamaldinen and lkonen |Const. |C Rec. |Inspection result HF V |RFID 3D-M
] (2008)
g La b Chin etal. (2008) Const. [M_|Sta. | Activity timeline LF BIM 3DM 42 2 1+2 1
Motamedi and Hammad|Const. [C | Rec. |Progress UHF BIM+RFID|3D-M IE rOWS
(2009) O&M [C [Rec. |Inspection records UHF BIM+RFID|3D-M
MLl oc < Ul-ﬁ 2D-I
Xie etal. (2010) Const.[C | Loc. %mn UHF" 3rd party | 3D-} [1 M 7. & b ] [4 b}
i = e i B =9 columns (except for “details’; ‘reference’ = “Year’)
El-Omari and Moselhi|Const. [C [Sta. | Activity & progress UHF BIM 3D-M
(2011) . '
Shahi etal. (2012) Const. [M | Loc. :/:Z;erreii‘s location  &[UWB BIM 3D-M O Mostly Categorlcal data z %E{Ei& /fE }FIU
Ding et al. (2013) Const. [P |Loc. |Worker's location UHF" BIM 2D-FP
Tkonen et al. (2013) Const.|C [Sta.|Activity timeline HF & UHF 3rdpaty |[3D-M |V H H + H #
Shahi etal. (2013) Const.[C |Loc. |Location-based activity | UWB 3rdparty |3D-M Reference Informatlon to monitor RFID type Informatlon BIM
Guo etal. (2014) Const. [P |Loc. |Safety of a workers|UHF" 3rdparty |3D-M Phase* storage
e e o= o (ol e o i s fow (v | (Author-year) Obj'|Prop* |Details Frequency  |A? Type |Cloud:
Costinetal. (2015)  |Const.|[P|Loc. |Workers location UHF BIM 3DM plan
hang and Bai (2015) |Const.|C | Strain |Strain and breakage -+ 3D-1 n P n "
et {roe o {1 Eﬁ = | Hammad and Motamedi|Const. [C  [Sta.  |Activity timeline UHF BIM 3D-M
Niu et al. (2016) Const. |C Sta. ‘Component’s status UHF" BIM 3D-M |V
Srewil et al. (2016) Const.|[C  [Loc. |Component’s location UHF BIM 3D-M |V (2007)
Mirzaeifar etal. (2017) |Const.|C |Sta. |Logistic status HF 3rdparty |3D-M |V - A
e Gty ot & oot oo | Hamalainen and Ikonen|Const. [C |Rec. |Inspection result HF v |RFID 3D-M
Rueppel and Stuebbe|O&M (P Loc. |Fire fighter's location UHF & UWB 3rdparty [2D-FP |V (2008)
(2008)
Cong et al. (2010) O&M |[C |Rec. |Repair record, inventory |UHF v [3rdparty |2D-FP - — - -
oy O [P [ oo W Vlsawty 7 [V | Chin et al. (2008) Const. (M [Sta.  |Activity timeline LF BIM 3D-M
e o oo wee e woss o | Motamedi and Hammad |Const. [C  [Rec.  |Progress UHF BIM+RFID [3D-M
control
Shen et al. (2012) O&M [C|Loc. |Assets location LF iﬁm 2DFP |V (2009) O&M [C Rec. |nspecti0n records UHF BIM+RFID [|3D-M
Akanmu etal. (2013) |O&M |[C  |Sta. |Component’s status, e.g.,|UHF" BIM 3D-M
e @ Joan ' |sa lemeassotagd w1y sy o Razavi and Haas (2010) [Const. [M  [Loc. |Material's location UHF" 3rd party  |2D-FP
Masoudifar etal. (2014)[O&M [C |Loc. |Facility’s location UWB 3rdparty |2D-FP - ; - ~
Wiontasr and Moseli|O&M [P Loc.[[ndoor Toaion oRF BN oM Xie et al. (2010) Const.|C  |Loc. |Steel frame's location UHF 3rd party  |3D-M
(2014)
Faflee GO Josm P e foeators of auonzad WS P Azimi et al. (2011) Const.[C  |Sta. |Steel piece's locations over | UHF" 3rd party |3D-M
Costin__and  Teizer|O&M [P |Loc. |Indoor location UHF 3rdparty  |3D-M .
(2015) time
El-Omari and Moselhi|Const. |C  |Sta. |Activity & progress UHF BIM 3D-M

F Xue: Linking RFID to BIM, 21/22 March 2018, RU

12011)
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HAhE x 3

Construction

| o&M

&

=

Component

Personnel

Lacation

IStatus
* (!

H Recard |

Raw material Others

B 2.3 A visualization W#ifk

BIM & Visualization Wf{gfk

FID fri B
=
BIM only | &2
UHF
Passive only 3D Model
Standalone | &
UWe Third-party

HF

Active involved | s

=]
[ mw

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC

BlM+RFID| n

RFID only .

2D Floor Pian | &

Cloud

= RFID
o Mostly UHF, UWB
o Mostly passive
= BIM
o Mostly 3D
= Info storage
o Afew in RFID

® Note: in Sankey chart®

K

18



& 2D/3D vs. time In)
(1) Data sample (N = 42)
o Contingency table #I|EtZ
o Correlation A<
(2) Annual sum (N = 11+11)
o Correlation A5 :
(3) Annual ratio (N = 11)
o Correlation 5 %:
© Q2: What are the differences?
RAZE A2 PIRPIESE I S ) 2
Results &5t
Rationale J5tBj

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC

iLab

B 2.4 Task 1: 2D/3D vs. time f£551: 2D/3D 5]

Const. O&M.
Big iEHE

Year 3D Year 3D
2007 1 2008 0
2008 1 2009 1
2008 1 2010 0
2009 1 2010 0
2010 0 2010 1
2010 1 2012 0
2011 1 2012 0
2011 1 2013 1
2012 1 2014 1
2013 0 2013 1
2013 1 2014 0
2013 1 2014 1
2014 1 2015 1
2014 1 2015 1
2015 1 2016 0
2015 1 2016 1
2016 1 2016 1
2016 1 2016 1
2016 1 2016 1
2017 1 2017 1
2017 1 2017 1

Annual sum Annual ratio

FELIT FERAE

Year 3D 2D Year 3D (%)
2007 1 0 2007 100
2008 2 1 2008 66.67
2009 2 0 2009 100
2010 2 3 2010 40
2011 2 0 » 2011 100
2012 1 2 2012 33.33
2013 4 1 2013 80
2014 4 1 2014 80
2015 4 0 2015 100
2016 7 1 2016 87.5
2017 4 0 2017 100




2.4.1 Contingency table JJiE (N = 42)

Year* BIM3D Crosstabulation

EIMNID
0 Total
Const. i€ O&M. & Vear 2007 C ! 1;_
Year 3D Year 3D o P = 5
& “Is 2D/3D presentation covaried with  —z— 12008~ e —
:'Lab S ET K vy 2008 1 2009 1 T 0 2 —..2
Year?” “2DI3D & & S HAF? 208 1 2m0 o R
. 2010 0 2010 1 o Exp:-a_\-:l:-arl Count 1 ; 3.'9‘ f;
H,: Not covaried 00 1 20120 | ST
1 1 2012 Court 2 1 3
. 2011 l 2013 1 Expeciad Count 2 a0
@ Contlngency table 2012 1 2014 1 = . : i ;
2013 0 2013 1 Expecied Count 1.1 30 5a
- 2014 Court 1 1 5
Open in SPSS, under menu “Analyze” e o S 0 T
« . . . . ” « ” 2014 1 2015 1 o ;::“tetl Count 2 | 3.: -'l.;
o “Descriptive statistics”—“Crosstab 2014 1 2015 1 7w
. 2015 1 2016 0 Bipeciod Count 17 53 0
(Note: Crosstab = %1 £3%) 2015 1 2016 1 - N
2016 1 2016 1 Expecied Count El ER| 40
Total Court ] 33 42
O Between Year and BIM3D 2812 1 ;gig i F_np.gs':odcc-un'. 4.0 330 420
—_ > 2017 1 2017 1 Chi-Square Tests
X2 = 12.254 _Fﬁ 2017 1 2017 1 asymptic
Significance ExactSig (2- Exact Sig. (1- Foint
- .. Yalue df (2-zided) sided) sided) Frobahility
ExaCt Slgnlflcance = 0-27 ﬁﬁﬂ%ﬁ P=arson Chi-Sauare 12.2547 10 .268 270
Likelihood Ratio 13.240 10 21 342
o NOT Significant Z_\‘E% Fisher's Exact Test 10.148 327 |
I:near_—bt'g_n-Linear 2516° 1 113 127 067 015
ssoriatian
(0] ACCEQt HO r-Jof\-'aIirz.Cases 42
- a. 21 cells (95.5%) have expected count less than 5. The minimum expected countis .21,
F Xue: Linking RFID to BIM, 21/22 March 2018, RUC b; ThE:s I dized StalislIc s’ 908 v



B 2.4.2 Pearson’s correlation fRHE (N = 42)

-t Const. E'I& O&M E Correlations
@ *1s 2D/3D presentation correlated with Zex o Zvex w0
-'La b Year Fearson Correlation 1 248
Year?” “2D/3DE T GG 7 e 1 e o e -
2009 1 2010 0 -
= H,: Not correlated o0 0 a1 . i
. 2011 1 2012 0 N 42 42
& Pearson’s correlation H1%¥H o 1w
= Open in SPSS, under menu “Analyze” jo1a 1 ooa 0
2013 1 2014 1
o “Correlate”—“Bivariate” 2014 1 2015 1
2014 1 2015 1
2015 1 2016 0
o Between earand BIM3D BB
o Single-tailed 2016 1 2016 1 00~.19 Very weak
. R . 2016 1 2016 1
Assuming one-direction effect 581; i 381; i 20~ 39 Weak
= Pearson cor. = 0.248 k. 55 40 ~ 59 Moderate
= Sig. (1-tailed) = 0.057 FLJg i =% .60 ~ .79 Strong
o NOT Significant /& & .80~1.0 Very strong

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC 21



2.4.3 Correlation on annual sum £ 5 iFHH S

B (N=11+11)

bab e LE DD S I ?

= H,: Not correlated
& Pearson’s correlation <tk
= Open in SPSS, under menu “Analyze”

o “Correlate”—"“Bivariate”
o Between Year and Sum3D, Sum2D
= Yearly 3D
o Pearson cor. = 0.792 fHo%1E: 58
o Sig. (1-tailed) = 0.002 5.2 . &
Significant; reject Hy & 2 1EAH %

Annual sum

& “Is yearly 2D/3D correlated with Year?” smsit

Correlations

Year

Sum3ib Sumz2D

Year

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

ANRARADMNRPRPNMNNNNEPR

O FrRPOFRFPNOWO®PEFrO

Year

Suma3D

sSum2D

Pearson Correlation 1
Sig. (1-tailed)

M 1
Pearson Correlation 792"
Sig. (1-tailed) .0o2
I "
Pearson Correlation -.082
Sig. (1-tailed) 394
M "

-.082

.002 384

11 1

1 -114

.368

11 11

- 114 1
.369

1" 1"

= Yearly 2D : Insignificant 4~ 3%

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC

** Correlation is significant atthe 0.01 level (1-tailed).

Pearson cor. | Interpretation

.00~ .19
.20 ~ .39
40 ~ .59
.60 ~ .79
.80~1.0

Very weak
Weak
Moderate
Strong
Very strong

22



2.4.4 Correlation on annual ratio EJE R H 3 M %4tk
B (N=11)

I Annual ratio .
“ & “Is yearly 3D ratio correlated with Year?” fFERR=
Wbt D T AR P e 0o [N
= H,: Not correlated modionll . W
2009 100 5 P
& Pearson’s correlation FHIePE 200 40
= Open in SPSS, under menu “Analyze” 2012 33.33
. . 2013 80
o “Correlate”—“Bivariate” 2014 20
o Between Year and Ratio3D 2812 817?2
= Yearly 3D ratio 2017 100  .00~.19 Very weak
o Pearson cor. = 0.176 fH<E: %55 20 ~ .39 Weak
o Sig. (1-tailed) = 0.302 )8 & 40 ~ .59 Moderate
Insignificant A\ 3% .60 ~ .79 Strong
Accept H, 7 .80~1.0 Very strong

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC 23



iLab

42 12.3
2 42 0.248
3, 11 0.792
3,, 11 0.092
4 11 0.176

© Q2: What are the differences?
PR 2: PIRPIFSEI S ) 2
[m] %a@\%

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC

0.270
0.057
0.002"
0.394
0.302

Accept
Accept
Rejected
Accept

Accept

B 2.4.5 A review of the results &55nl)i
“ ---

No
Yes
No
No

*Ha%

AERER B
AERER B
AEREHER

24



B 2.5 Task 2: Decision tree of cloud/standalone 23RN

& Decision treel®! PJesR (_Howorry )
iLab . . . ) . . e i
Mirrors human decision making #ifi AgLsR R P " porml
. . . I/ 2 -\] {,-" —— \}
Multivariate analysis 228 4pHr v /-..:__S’BT'-O?_[f__{\ or
Nonlinear statistical model JEZePE&E B v An i Y i
. . N Y b ( N Yi
Easy to interpret, unlike ANN 25 5Bl v B = = N
. A decision tree of playing outside
Contains FiSh SR
o A root nOde *Eé:l% ){_:—[: (ﬁ)ﬁ; ) (Source: Wikipedia, CC-BY-SA 3.0)
Playing outside :
N +
o Branches 73345 A1 (1) Humidity= normal AND windy= false;
o Leaves M-45 i (%) OR

(2) Humidity= high AND outlook# sunny

® Application domains %§ WL
FHhisish:

Machine learning, big data, knowledge engineering, operations (1) &EFiEH H B AR; &H
research PLesr, KRB, AN TR, &%B%% (2) IRIERS [0 BA S

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC 25



® “How did literature use cloud/
iLab standalone BIM?”

“SCHR P T Il ) 23 / UL
BIM? ”
© Open data in R
= R: Free scientific packages
= Run ‘rpart’ package
= Draw with ‘rattle’ package
& Result interpretation %534 fiE
= Cloud z¥%is -

o Phase=Const. AND
Property= Status (SEH))

F Xue: Linking RFID to BIM, 21/22 March 2018, RUC

| 2.5.1 Mining decision trees with R JIRIHZAtR R

Phase _ Subject Property Cloud ? L]

Const. Comp  Status  Standalone L 1

Const Comp Rec Standalone @R F Dt Miner - [Rattle (records.cv|

Const.  Mat Status  Standalone Broject Toals Settings  Help

Const. Comp Rec Standalone & ] = =]

Const.  Mat Loc Standalone i 2 2 =

Const. Comp  Loc Standalone S M e s

Const. Comp Status Standalone Dat: Eiplore Test Transform Clustes Ascociate -Property = Loc,Status ';
Const. Comp  Status Standalone i :
Const.  Mat Loc Standalone :
Const.  User Loc Standalone Standalone

Const. Comp  Status  Cloud

Const. Comp Loc Standalone 31 69

Const.  User Loc Standalone

Const.  User Loc Cloud

Const.  User Loc Standalone

Const. Comp  Other Standalone

Const.  User Loc Cloud

Const. Comp  Status  Cloud

Const. Comp Loc Cloud

Const. Comp  Status  Cloud

Const. Comp  Status  Cloud

Oo&M User Loc Cloud

0o&M Comp Rec Standalone

o&M Comp Rec Standalone

O&M User Loc Cloud

o&M Comp  Status  Standalone

0&M User Loc Standalone Standalone

O&M Comp  Loc Cloud 47 53

0o&M Comp  Status  Standalone

0&M User Loc Standalone 36%

0&M Comp  Other Standalone

08M  Comp Loc  Standalone Property = Status

0&M User Loc Standalone

o&m User Loc Standalone : :

O&M User Loc Standalone : : :
O&M  User  Loc Standalone : : :
0&M  Comp Loc Standalone [37] (3] [5]
0o&M Comp Rec Standalone

oeM  User  Loc Standalone Standalone Standalone
0o&m Comp  Loc Standalone 33 62 24 76 (H) 1m
O&M Comp  Loc Standalone 19% 40% T%

o&M Comp __Loc Standalone




B 2.5.2 Decision tree pruning &3y Y

% Drawbacks of the decision tree Hlty4
Biased from outdated cases back to 10 years ago

P4 TH B S S R0 s i
& Complement #P5¢
Needs pruning for future use

%ﬂ%ﬂéﬁimﬁ%ﬁﬁy%%ﬁ A recent burst of cloud BIMs

o With recent stablished trends in industry iﬁ.‘ﬁill:ﬂﬂ??iﬁﬁ
'fi)zﬁ %%ﬁﬁﬁjﬂgiﬂ%% accessible

iLab

Cloud BIM

& Pruned tree fE3Y ) HPLRM Phase = Const
CIOUd i‘iﬁ Standalone BIM
o All scenarios in construction phase if having
available network Phase = 0&M

Standalone BIM

AIEprB (R ERED B AT TS Pruned decision tree
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accessible

Cloud BIM
Phase = Const.

Standalone BIM

Standalone BIM

1. Select an RFID

3. Select a BIM

Prop.=record :mﬁ;ﬂ oM
ow. (eg.
Prop.=status) Storage to BIM
Only

5. Select a storage

Production Date 2051108 1123
Defivery Date 2015-11-2811:3%37
Arrival Date 2015-171-30 16:54:54

Instatl Date 2015-12-02 114454
Current Geolocation 22414524 113,975
RFID Taq ID ADST150248BBA..

Bluetooth

6. Data schema
extension

7. RFID installation

8. Training workers

9. Info. gateway

10. Decision
support
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B 3 Further discussion #—24 i
E'i?ﬂ & Q1: What type is this research? PR&£852J1: B AIRIIFSE 2

Lab @ (A) survey research/literature review &k v’
= (B) experimental research SE¥ x

@ (C) meta-analysis JL2Hr ( 3PiiIsHr ) v

= (D) correlational research FIHE5r Prv (Source: Wikipedia, CC-BY-SA 3.0
& Q2: What are the differences? PR4Z85>12: PRI S n) 2

= Results &5

= Rationale J5iB
® Q3: Any limitations in this research? Ph4£25>J3: AR RMRPAE.....2

= Data (¥4

= Methods J5 ik
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