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ABSTRACT

Keywords: Artificial intelligence, computer vision, smart building, Operation

management,Life Cycle Management

Introduction

In order to cooperate with the Executive Yuan to promote the application and

development of artificial intelligence in the industry, this research puts forward the
"Development and promotion plan for the integrated application of intelligent living space
and artificial intelligence technology", planning to use smart buildings as an experimental
field for artificial intelligence technology.
In this case, the problem of a lack of manpower in building maintenance management
caused by the trend of labor shortage in an aging society can be determined by actively
integrated smart building maintenance management with artificial intelligence, and provide
proactive services.

For instance, the use of artificial intelligence technology can judge and interpret the
indoor and outdoor environmental conditions, and adjust the operation of air-conditioning
equipment according to the parameters of building equipment status and the number of
users, thereby providing more energy-saving and more intimate customized building
operation services. At the same time, it brings a new wave of service upgrades to the
building management and maintenance industry.

This research aims to explore the way of applying artificial intelligence technology in
buildings in order to proactively and accurately deliver building maintenance and operation
management services and improve the cost-effectiveness of building maintenance and

operation management.
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II. Research Objectives

1.  Complete the collection of relevant information and cases from domestic and foreign
on the application of artificial intelligence technology which is used to reduce the cost
of building maintenance and management.

2. Complete the development of a situational interpretation algorithm based on artificial
intelligence technology. Explain the reduction of human training costs and smart
thresholds for building maintenance management.

3.  Complete cases simulation analysis. Explain the quantitative and qualitative benefits
of building maintenance and operation management that can be improved, which will
be used as a reference for the addition and revision of our smart building evaluation

manual.

II1. Research Methods and Processes
Through some survey on the existing information and models , analyze it’s system
functions, management structure, information requirements and capital requirements, etc.,
and propose relevant content suitable for reference.
This study develop a demo algorithm program base on artificial intelligence and
computer vision for verification the usage of computer vison work on common
management , we also successfully held two meetings with the relevant experts and

summarizes corresponding reference and suggestion.
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Reasaning

RGBS (D@t o (DEATAEE
(e RMES LAY T2 AL AT hiz s &4 1 FERET % T
WA E w7 s L B8 (Detection) ~ # % (Recognition) ~ |3
(Identification) #2. 5 o A3 i b HIRF T2 A AT LA F 0% o
f#47 (Input)~ &5 (Process)~ #iL (Output) > @ i 42 B F 1=
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Context-Awareness

iR

Interutiv Adaptation

3) BEEE
) REA E

B 4- 15 47 £ @38 5 sopRirie B(FH kR4 T)
L zREipRag e

ZEBERFRE Tl o R AMLPEDR Y 75 27 B o
Bl A Epaed T o AP g d g ey B R 1
BT R T R 3T AR N e o A g
¥ oyraieh % % (Detection ) ~ # u] (Recognition ) - 2 &8
(Identification) &= ¥ 2% - 3 5 B2 ¥t 3 B ehjddrac 4 > TR
R > kA S R R D e

b

57



et A LAFERPR A A aEH I 2T

B
%
N\
=

etection): B o R EFE G 2t 4o A0 R

#u] (Recognition): it— # end #ulfe et A A=y % ¢ 1A%
AR PEFTMOR AT Y RE AT AT R B ETRFEY
(6 FAAWPRGP & LR -BEZ PR M TR -

Has (Identification) @ R fEE kY ek B {8 3474 s B}
Mo HEEHRS 2R S e ’%J‘lﬁt%ﬁéﬁ%\“? A SRR A AL

BRI ETFREOAR > NE B ofiiT o

GRS R B R T 8 2 i AR TR TR
L&

15 FFREL 0 L BIN TR TR e A T
BERFOGEE A R AR R FRE TR T
4;/«

AR SRR

v

LR T AT AR R B AL T Z AT A w5

%

NS

B e 5 P Ry 0 B s F K 1R Bedr R4F VIR Pl B
FEFCREZANGE T IR TSR AEM G A FprE 2 ERE

mﬁ%&uMM%@ﬁﬁéi?ﬁmiﬁﬁﬁﬁﬁ%i’lfuﬁfﬂ

g AR e RAE A RLERTANI S flr F g
B HTETRE T L A L o 5 AT § AP T R
“Emﬁéu’ﬂwiﬁm;ﬁﬁﬁ%”fjﬁ&;”#PﬂE%14ﬁ

TR AAAY Y REAGAFE DS N O RER Y R E T %o

58



3. ZRREFFLEAR
ERBEFEIEL 0

2.

hid A RD R P TR AR TR B
BATfEir Wz B R AT T

2
A A 0%%:} NP X 5 )
B? ez B * A% ke ﬁlﬁié’%%’rﬁé?“éé 42 18
Moz BFF A A TR o § 358347 (Input)~ & & (Process )~
FE(Output > = BH Ak E T RAFRET L F b BIRE B A -

247 (Input)

s

—A
o

WESF Y ZEBETAR@E A BION 4 5B Lg% B IR T

ja?ﬁ?ﬁ%ﬁ,mﬁgzkﬁ%a¢ﬁ2@1ﬁ@r§@@@%,g
A LA i {50 Bap B Y 0T 5 N 0 Sl chlicdp e b

TR B R EA BB L AB RS S F 2 Y o

* R o
(Process)

ATk I TEHEDTR O TR BEE- H S TH T ALY G
PRfRS 0 R S 2 R R R el T B
R HE B WE R W 0 R L e AL R R

# £ (Output)
EFAHE AT R S gD DR AR BT R

F N EEEE R REAT LA BRI R T A E 4 B

SLEDS SEE SRS JICE AT R

59



fo7 A LA U g 2 g
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AT A ke BRGAA L RERSFEC FREN > K 2d 24 4
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Wiy oAl ¥ A EE A E g BB 7 S L% g Z(FM)
M A ML EIRBE AL PP HREFT FEL TR LD EF L ot w
BT PREASOREF IR L

(1) # #dx # = (No Data Integration)

(2) 23 = #*:# §1+ (No Document Continuity)

(3) & =A2 4%t (No Process Simulation)

(4) &%t %% (No Context Awareness)

“HALFER A REFRATFHP
AIRASMER A IFEANSART IR ARFRRE

MEZA R AFVERD > IREFAPEFCERESER > fE
SR B EDRLER LY o ST FHEP LB L [F¥ - &1

gl}i—@ﬁ.ﬂﬁ’?ﬂi}%? ]

(1) & & & # ~ Pl £ - 5% ## (Energy monitoring and measurement and
verification) ~

(2) % » % (Safety and security)
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(3) % # B & i (Facility Optimization) ~
(4) P2k (Predictive Maintenance) ~
(5) 2 V& ¢ 7 (Life management)

(6) 7z 4% (Demand Management) ~

(7) % *¢¥ = (Demand Management)
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LSIENCE

F- % pomEle:

Fs R o f S & TR S R B B URIL e AR
*ﬁ » 10 (B 5-1) P i e B AR AR B AR e e 7
O PlehA LITER RS LTIEL RS B AN T FERTR

B a2 TRES Y -

Spatial Correction Coordinate Map Spatial Metadata

B5-1 P g Bt e AR R (R R4 )
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p—

8.
9.

10.
11.

12.
13.
14.
15.
16.

17.

18.

19.
20.
21.
22.

. import time

import cv2

import gluoncv as gcv

import mxnet as mx

net = gcv.model zoo.get model('ssd 512 mobilenet]l.0 voc', pretr
ained=True)

cap = cv2.VideoCapture(0)

time.sleep(1) ## @ Ap 8 p ¥ &

axes = None
NUM_FRAMES =200 # =+ % b #2584 47
for 1 in range(NUM_FRAMES):

4 R e et

ret, frame = cap.read()

#H B 1hIE e

frame = mx.nd.array(cv2.cvtColor(frame, cv2.COLOR BGR2R
GB)).astype('uint8")

rgb nd, frame = gcv.data.transforms.presets.ssd.transform_test(f

rame, short=512, max_size=700)

M B A

class IDs, scores, bounding boxes = net(rgb nd)
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2. img = gev.utils.viz.cv_plot bbox(frame, bounding boxes[0], sco
res[0], class_IDs[0], class names=net.classes)
3. gev.tils.viz.cv_plot_image(img)

4. cv2.waitKey(1)

s -J

Bl 5-2 P g iR R ARR(F A kR AT )
B8Rk bed 8 2 dl L eh i Bt B kR ehig AR 2

T P ARE PR EAR T AR RGP AR R ok P TR R D] en
ALFERN RSEEIEE RSB AN T FRTRE RS

AZHFHREYC o

1. Y%matplotlib inline

2. from gluoncv import utils

3. AR TR

4. video_path = "https://raw. githubusercontent. com/dmlc/w
eb-data/master/gluoncv/tracking/Coke. mp4’

5. MR I EEAHAEE

6. im_video = utils. download(video_path)

7. gt_bbox = [298, 160, 48, 80]
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Spatial Metadata

Bl 5-4 B ASEH AR AR E
(Fl KR AT )
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1. void WarpPerspective CoorTranfer Inve(const vector<double>&
HomogMat, double& x, double& y) {

2.  const double* H = HomogMat.data();

3. const double i=x, j=y;

4. ## TR R

5.  x=(H[2] - H[8]*i) * (H[4] - H[7]*)) -

6. (H[1] - H[7]*1) * (H[5] - H[8]*));

7. y=(H[O] - H[6]*1) * (H[5] - H[8]%)) -

8. (H[2] - H[8]*) * (H[3] - H[6]*));

9.  double z=(H[1] - H[7]*i) * (H[3] - H[6]%)) -

10. (H[O] - H[6]*1) * (H[4] - H[7]*));
11. X /= z;

12. y/=z }

7 B & (Spatial Correction): 7 B4t P en >t BT AL BE R F o & 1

BZRPALE R PP A SR R o B R S A e

'L D o e R R R e A R AR (xi, i) 0 1 fhfe Fl 20532

o BUERBRGVE A o R Sdi(1) ~ ()48 3 BIRAR R T

x| | My, M; Mol ['x

"r.".-' = M, M, M,|x|y (1)
! | M, M, M, |

P

[ X 1 [ M x+ M,y + My Myx+Myy+My, ' (2)

A M+ Moy + M, Myx+M,y+ M,
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Lo## gy~ Bt 3
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2. void WarpPerspective CoorTranfer(const vector<double>& Homo
gMat, double& x, double& y) {

3.  const double* H= HomogMat.data();

4.  const double i=x, j=y;

5. x=H[0]*i + H[1]*y +H[2];

6. y=H[3]*i +H[4]*y +H[5];

7. double z=H[6]*i + H[7]*y +H[8];

8. x/=z

9. y/=z

10. x=round(x);

11. y=round(y);

12.}

2. J&:1%3 Bl(Coordinate Map) @ # it &2 p Rl L8+ EF A&

B E o EB R T H o BARTN B R RBE & AR

FREEEM G A R dRD AT S H ST P T Ft R

PR B IR R E 1 0 W R Bl R R

B AR o SRR E R RT Y R R RS
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BIE BASERY TI AR &

B 5-5 SARAD 1t R s Bl
(FA ki Amg)

Z F X FTHL (Spatial Metasata) @z BF enfd K TAL P et 2B s

P BB ACHE BT ARG R TR GER

AR B PEE L A AR R ZEPE TR i
{"people": [{"name": "person-1", "x": 176, "y": 498}],

"transformation 4 points (ROI)": [

{"name": "corner-0", "x": 35, "y": 50},
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{"name": "corner-1", "x": 480, "y": 49},
{"name": "corner-2", "x": 480, "y": 399},
{"name": "corner-3", "x": 35, "y": 400} ],

"transform image": [ {"height": 530, "width": 530}]}

¥z 8, AMRELBGPRIE R
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FlEATH RG> AL Y Web IRABEHE A 1 E N

Rl thgfafsiags sorndi A 1 FEFRR T 5P
B FHRR TR S E Wb TARE B TR T B 4% API

EEAT UBE LT ApRE S AT RERTIR LD OB ER R

Bt WA BRI X4 & (Object-oriented) = MR

EAC e TR Bl A 4 AT R LS F 5 0 T e
RAE s FHE AT RIS S Web 7 i % TS 516 Web &

B2 AEAD RS RE  idp PALT R R BT R R B R

Sr &, FAGEEREL IR G

;ﬁd Web PR7% > 4 1 FE N8B B ©v Web-Based P s>t #-7 FF B R 4o

T 5158 Web ¥ AL i & i
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(23
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W LT Ap > 7 i F el (call) S 33 (request) Bt H FAL > I
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& 1 g4y #(artificial intelligence, ADE* tpM i FEWERY ~FREY LR
¥z B F A7 3] (Building Information Modeling, BIM)  £2 4= B 4 (Internet of
Twm@%gg,mMﬁé%?§~§$gE&#b;@ﬁ#ﬂﬁﬂﬁ&ﬁ%ﬂ
(Facility Management, FM)cnfs & 5 2 A 53 ﬁf"' ] # & 2 (BIM-O&M) s
EOMEEY EREYEAIFEFREE A a% @L A et (Facility
ZOADE ARBEHN AR Y LR e

\v
3«%

Operation and Maintenance, Facility O&M) ;
LS AAR S

fe & AFF T AL P > # P ¥ Automation Construction 2 Advanced Engineering Informatics = #
WA pE- f TERAFABF R e LI FERTY M DT R R
¥ REE % o

> }Ek Kk

1. Xinghua Gao and Pardis Pishdad-Bozorgi, BIM-enabled facilities operation and maintenance: A
review. Advanced Engineering Informatics 39 (2019) 227 - 247.
Xinghua Gao and Pardis Pishdad-Bozorgi, ™ & # T3] & A #H K A
i# w BE o Advanced Engineering Informatics 39 (2019) 227 - 247 °

2. Jack C.P. Cheng, Weiwei Chen , Keyu Chen , Qian Wang, Data-driven predictive maintenance
planning framework for MEP components based on BIM and IoT using machine learning
algorithms, Autom. Constr. 112 (2020) 1-21.

Jack C.P. Cheng , Weiwei Chen , Keyu Chen , Qian Wang » 12 3& L 33 #-2] fod B e 5 A
A B EE YR Y G By sRd oo MEP 1 2 SR i 1198 4 0 Autom.
Constr. 112 (2020) 1-21.
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Xinghua Gao and Pardis Pishdad-Bozorgi, BIM-enabled facilities operation and maintenance: A

review. Advanced Engineering Informatics 39 (2019) 227 - 247.

st

Xinghua Gao and Pardis Pishdad-Bozorgi, /2% 3 F 33| 5 A #H 3K 68 F friad -
% Af ° Advanced Engineering Informatics 39 (2019) 227 - 247 o

i# &

# HA F 53] (Building Information Modeling, BIM) % 383 ¢ 2 X 3k ik - B#cE i o

3D IR kg B AT AILE R DT «ls’xme%aexw% i
(Operation & Maintenance, O&M) - § a > d *t:E 5 F ] chpP-ig ’5;‘ E o3 AR
TrRAEEDE R E R FIL AEr 75 ZFRAFT AR ST BATE E v
RE o &~ ZRiED i#ﬁf’ﬁ?m&ﬁv?k%’f A AR ?/« F ok R R IrREF

W I BIM-O&M # 7 fofis * B ~ ~ 1747 1 4% - mem 3 gr_ﬁ[—v«fpp Bk kA g
G APy AR TR EAT AR e R F IR G MDY

e %~ FEEL ar 30 fipaEiran (malntenance andrepair) ~ o & ¢ 32
(emergency management) ~ it /& ¢ I (energy management) ~ % { /#:8 ¢ 12
(change/relocation management) » fr% 2> ¢ 32 (security) o p F A {75 % £ @ > *

W E g adE auE A F el (BIM for O&M, BIM-O&M) 987 3 1% et 4= HPFEEL >
WY A SR AR REEE o APFR > BIM-O&M F M EAE R T 5k
T+ (the interoperability in the BIM-O&M context) 77X 8 - B » 5% £ B K 7
15 e 7 I (the National Institute of Standards and Technology, NIST) =

Cyber-Physical Systems (CPS) s itz 2 £ f#/- )t P4 - B2 5 HAcgho e T &
EBELFTRAFT T REATARRNF S AL T AR - B L K €A 2 %
FRT A 0 2 ST A2R sc % (the process changes ) o it b B F & 2 Ap b
TR SR T R RS F L ST 0 2 Er BIM-O&M g * e B e o @ - B

M4 &+ &5 4732 (Life Cycle Cost Analysis method ) &g | 40 ot 3 2| %7

IMER o

She

|

i 4 7 (Keywords) :
FERFT R %K"'J(Building Information Modeling, BIM) ~ 3 & ¥ 32 (Facilities
Management, FM) ~ ¢ i& ¢ & 3% (Operation & Maintenance, O&M) ~ & & ¢ 2

(Emergency management) ~ it /¢ 72 (Energy management)
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PFEIfrFEFEERER] Ba > TR 201042 0 R Y FLMFE LS AT AL

F & ariu4, 9-12] 0 ek F Y E —‘F‘Tér'ﬁ% CPEfe i AT UHCA e E 2 2015
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(Change/relocation management) fe% 21 (Security) e 2575 7 & 582 A A#K
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o E LY B LR AT T R R AE[67] o AR E BB 0 B AR
ﬁ"zﬁz‘}“‘#'\i )%FFH FLF‘% 'E\)H‘u}f@/‘ »erﬁ mB 7‘% 'F¢E ° !i K ﬁ*/ 4-pt FFB‘EYE ’ Lé;éz‘?ﬁ;“**i
AHNEL FR A PERATIL ANV PEREEFET N SR ERL D EOTR

=& % & (information access interface) -

T AR e BT LR ¢ 300 R T TR o T KR
Befp Lo s REE > BRT PR U KRR P ¥ o

] a,@;ﬂfm,,, TR RDTARRNEFHEEY R TR EEME R E AR
cfeiz fop Ik ou[55 65 > 68-70] - izdt k% & F2aE A p H iv & 2 (Building
Automatlon System > BAS) [65,70,71] > 3+ ¥ s ¢ 2212 & & 5t (Computerized
Maintenance Management Information System - CMMS ) [62, 65, 72, 73] » & # it &
# 7= % % (Building Energy Management Systems » BEMS) [65] » & # & % i1
(Electrical Instrumentation and Control » EIC) & 3L[68]fr# 113 4 k it
( Geographic Information system » GIS) [66,69,74,75] - &~ S #&FFE~ ;];Je:‘ » 4m
O e AE AR E I A RP oy FE MM TR o e A0
LR s ey g M ALz W o HEW AR IR ER R TRE L ER
FEE ad A M R o T S BB HF 2 - > Lee & AKin [55] i B LR Y E
BAERS I ITA | aiEEd et 618 BRI BT A L 20 AT AR
vz ig A f;m B o pHEAF R IR 5 A# (Augmented Reality-

based) i a’f‘i, KB N AT TR AR o GE LAY S ERA
At 3 %1 & ed4e Lee &AKIN (87 § [55] U BER R KRG E AR &
EE S IS £ %“"ﬁﬂ?’,’ﬁl F o B f FERAFT MR AP R ke £ ¢

it -
3.1.2 FHRHL G fL

TR B f B PfEL > §HRA A% 50 BAT 3 TR
(interoperability ) ¥4 > — 2277 3 4 * {7 ¥ A# 3 (Industry foundation classes,
IFC) it 5 & AT Mo S B §me 4 455 (CMMS) [62,65] % f tha
feyr#] (EIC) [68] ~ #mF 4 i 5t (GIS) [69]~ 2 24 f # 1+ % 52 (BAS) [71]
LTRSS  F L AR F R AR KRR TR bl
AutoCAD Civil 3D % % a:% AT BArr ZF R k2 B mﬁ'@% L4 [56]  fo
Revit DB Link % § e A F A Al fo g §2 e & 4 (CMMS) 2 F st
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¥ [72] - £ WiixF (General Services Administration, GSA ) #% ! e¢ & %% 13
# & (Central Facility Repository, CFR) e 4 it 1 Bl¥E® £ X% 32 (CFR)
P2 ehir & 5 4 ks Sl B % 1Tk F IR A B g 2 R Y AR cnlicdy A #T6] o
PLEw R (CFR) 2- B3 w2 ag B2 v o 2 2§ % 1 BIM-O&M # 3 1% °
BpraE P LR aEE (CFR) eny 4 o 2422 - B 2o ey L X% FREAE
(CFR)» @ 3 * $4c48 & % L85 & chf2;4=> % (Integration solutions) &_T % * &
#[57,62,65,71]-Shenetal [38] #H > Z AT EERGF F F i FES 2L
e I feie LR S R 448 & & & 24> % (integration solutions ) 7
Fle*HBprP X HEE (CFR) k@ B 4427 7o 515 TR &A
L feh A Fiodp s 2 B A 3 oHdim 5 [B7,77] - @& * 46> ;% > Shen et al.
[B7]E % 7 - B s sfe > XS FRfraEREARAHF - i 2 - BRBEL
B2 P Neh e R F RGP > v A G {FE e R 0 AT
TN RGP T R AT RS S BER LAAES S B4z B (HVAC)
FAl s AR F b ERF R T AR REIL BB AR KRB RET

LS e s o R E o e R AL B BB KB RAIGE 5
Ypoo» AP EFFHRRKFFEL G UL o &5 - BH|F ¢ > Motamedi et al. [62]#-
CMMS » # fi = &k %u (Condition Assessment System » CAS ) » 3+ & ,*}HJ?‘E"? K
1@ (Computer Aided Facilities Management » CAFM ) ¢ 5 i cnficdpfriz A8 F 2 A

4L
ey
wu

F 3 2 (Construction Operations Building Information Exchange - COBie ) o
TR A - A B EBEAAFZED - Bri- 0Dy FRHE AT AP R
AR P F > RABREREE K MenBicE B oo SR ARTBE R L R GG 2K ks
R dcdy p & @507 3 3 (12 (Interoperability) A # - e £ > & = & 3 Rdcdp L

B mRTEAEL T
3.1.3 #5777 7+ )+ (Data accessibility )

S LERTRER A T - RRAGR AR AR R RBTFILA T AR o
PR A e BB NEIRFT W U REA BT ERE EET M e 57
FIpk p ik 37 5 F 358" 545 (Barcodes) ~ iz =]k st (RFID) ~ 12 2 3§
5 .9 (Augmented Reallty, AR) 22 AFTAHA R L - A NiFagE{irgaag

& 1:[565, 59-61, 78] -

3.1.3.1 ## #~ RFID.

G fr RFID fR 4t * 17 S u| a5 p o BB Ap s de 2 s cntp i T30 - B4
fo B &g RFID %4t > 78 %% (mobile device ) #-% 7 fp ¥ 3D Z A F
BEAl e i 2 B F 0 Gleim L0 s B Y F R AR el R g L

% 2[61,79] - 2 2D st > RFID £ § — & B4 - v v Gt Adb 4 RFID
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foom AT RALARAEFAIRE 0 0ot 2D A58 kB R T4k [79] o B
o, & @RHDﬁ@%J—ﬁwuﬁ%—QPQ&&%mJ1’§¢%@ﬁﬂﬁﬁ§
PRIy (Server) ek ¢ @ % pF o RFID - E 5 - 2§51 - RFID» 3 - 24k
B ¢ e E Bkt Bend iR 2 g e e R B phR 2 [ 5h3 4E(79, 80] -

3.1.3.2 ## A F (Augmented Reality, AR )

HErRz A afpshe BT A7 M2 VERATART Z AFA RS TN HBIR
FERGFFLAY 2 b FRET Sienh e L3F[55,59,60] o #F03L iE RS e
RFID 5 A# bt B A B 7 & AR I P F X AR RR EdeEm
Gl o I 4 Lee & Akin &[55]7 4y &t e7 R4k > st B SRR B AL A 5 R $LiF (the
computer vision-based AR technology ) » ¥ it 3% %] 3f Tk thir I Akie kBl A
RN IR Sl ) —’FT Fldkze o RIATHR N e BRI 5 A A e BT R
Atk % (AR-based BIM-maintenance system) #- ;3 it ¥ i@ 7 o ¥ - BPFE_»
e BEe G DTG T A E AR R G AT 7 o Rl AT A R
Koch et al. [60]:& {7 c#7 3 @ 7 3] 7 384 f2&- o s & * o X43% (natural markers)
(w%mrﬁ%’b’Wmﬁgﬂmu&%pé*AmﬁTm+W)W‘vﬁ%ﬁﬂ

A 5k Rk s (BIM-AR system) #rdf e~ @ w & AR s o ALK e
4+ —”Lﬁ!ﬁm#pﬁ& B oo EApisant e o RN E % 2 chin R 5 B B adAp b eh
?f“ FOURFE B LR b o TR E A BB RN o 3% MR - Y

B (1) ApBARE G AR RiEe 0 (2) A BiRie2 B enpedr< >t 10m >
5

v E (3> Wk A S BrEE TREDBDT 2 hEEfed e o

3.1.4 Zipple &

THREFTM s MERAT AN A AF Y FE AR LR a4 ‘ipﬁff‘i'j
EF% o bl4oR & stk R fr2 ¥ (equipment fault detection and diagnosis, FDD ) -
LYy —‘ﬁ B A1 E AT AR T AR foa 37 0 KRR e Tk Akl [64,
8]/ Tl FIHESS [62, 73] e 2 » 8 se L MEACRBARS o HARRAT T -
BALBPRE ERFLATRRD TS AT AR -E R P2 ¥k sL (BIM-FDD
system) > Fli k- BREF > R # # g ek i gefi g H oo Glde
Motamedi et al.# o} 7 - &7 #& BAR L A 4560k S 0 R L 3005 F 3 G W Uk e
R AR R iAo e gE [62] o Wik wk WA Y Y B0 A GF Bfok
;fg@gigjﬁﬁz HBHRNATN - BPRACRERY BEFRE A B R
TEEF D F 1 iFm g FpliE o Yang & Ergan [63] i * faRE S HEC 2R TR
#A 5z # (HVAC) ‘_—Il‘:;lsf*”ﬁi AMREFTTREDF R o B IPR Y UFEITE LT FEL
Hengr kpldanm s 1 8 > TR L FIART ke § 01 HHp R A

Y
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IR S N e e S KRR ST AR R R 8 el F
& Q5 anthkEm £ o

33 NmEE

- Ak 2 A I A LIFFE G AR [102] 0 Ff 42 2 E £ i ke 30-40%
[103] - i 3 = ? EF PR FIS R PR ERELRF

B EHUAEYEES o L0 RSB R SR TR R R A
i A5k ot ehF (70, 104-111] ~ B & fov a1 2 i R M T [112-116] ~ =5
iR A o R[117-120] ~ 12 2 kB it 1] 70, 71, 113, 121-124] -

3.3.1 BFEEFELFRAEN 7 VT EHEN

hiEd -k BN AR 2Rk ?}E%ﬁ P HHmEZEAT AR R o3
%@g&%%wwow?%xﬂw’ﬁmkﬁaﬁlm@ﬁTﬁﬁmﬁﬁﬁmﬁﬂ*
PR R Y 3R ¢ 3w BT R SdidR[105] o Fet o &Jr‘“fw CEHREFEI R
iR o~ 17508 (bl4e EnergyPlus v IES-VE > @ # ¢ + § ficii 2 42 5 *rs,i ¥# 3D
Bl R g R R RO R A B U B Al i AT

A BEEL AL T d AR ATAE DR Y A AR E AT R

A AEvrE Y T 7 DB PRA RN ARG BT 2 AT AN RE
= ok S gt AR 53‘ ATAEA R RS RREDRAAEATA - W
M AP oo/ B P TR AT ARINE IR hstt1 57 > FF
FOLEF L Apd R A L B¢ £ ATAlEE AR 0T R et e 1 1F[70, 104-111] - = #
TARAAEE L Efeit hA {1 B2 B ahw 3 3 (T4 (Interoperability ) 2 & %7 ig
(7 Bcdy @ 7T F ¢ 1% o Blde > Crosbie et al. [105]7 234 Revit # R 4 fh 4 775
A2 4% » IES-VE » F1 5 Revit £ 4 io3% & #4842 0 |ES-VE "4 fi/e - Raftery et
al. [106]2 /g ¢ * & 5 GST/IDF Generator 771 & #-|[FC % # 4% 2 EnergyPIus e
ﬁig?J > FALKE % IDF o B2 AF A T A R A T s R o i B

e Bhk +,f3‘r£mgb,},%z/v\ﬁ'% e W %U:'H?Zié ?’;‘%ﬁ:;“]«&mv S /.,\ﬁ@ﬁ;_g i&
HEETen b/}/%'? F o
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3.3.2 f;iﬁi}/'ﬁ ﬁﬁfﬁfg fr?’xfﬂ it

feRrE h- BEEALAR RS ,T%{— BEL Y gFlE > - EREFHFERL2Z 0 §FHED
i AL YR A R P e W RSF DA R AR ST LT A R e 1T 0 e ARG R R R
R vz B e X0 ik e 3 ']121,135,136] - %:I:i%“ fo AL By HE- R R e R B R
4 M ER[135,136] c A 2 F EAVREY B B Rk AT Al ML EANRT
13 (Building Energy Information Modeling, BEIM) [113] » # § 4 © S B 4 &) 28 fgfe/et b o> G
MERAFTAR AL 5 BER L (Blde o E R4 2 % 5 (Building Management System, BMS )
[112]fe22 v R g 2% 5v (Building Energy Management Systems, BEMS) [113,114,116]) #14 2~
i R RS o 57 7 AR A TR Y (FHR > BT LUK % SRS o b4c » Dong
etal. [114]F 2 7 - fa* »Z A F %i“‘l cF PFiE A A R el ik BlHe 2 %7 (Fault Detection and
Diagnostics, FDD ) =iy 2 oo AR S S AF MDA TR B0~ B Rk B{e2 % (FDD)
WM hT > B2AS Y X LR P ETE S PR S b A o W R T I i R oAl
A (S|mulated baseline energy performance model ) f=§ % it 4= = FE R &R s sk Rl
4% (FDD)e e 8 > 3%/ 7 & A9 & Eondicdpdk & > 7 sl ikl 'fr’””w (FDD) % % tv s
VAL R IR A 3D A2 P .

FEIRRMARETY EATARASID TS > BN G S AR EL S S FNTAR R E
pe AU SE PR eha 42 T30 - Natephra et al. [134]#-% p ReV|t i 7 A 04 # o~ Rhinoceros @
W PR g hd S R g £ - Az 0 SRR 123 i Grasshopper 3 ¥ AR It B O

PR &g 1Y o i i Grasshopper sl Af %r Ak ji & (B o PS> ¥ 8Hha7 ot A A)mﬁf
oo d L RIGRLE RN YA GR R B R OE MR B R L S AN AT
AP FAL R R TR AL ses 0 @ 3 A Piesi o & Chouetal [131] g ehp g ¢ o 2
AR RIES S chpd ¢ LB R e o L A Unity (- BRI cnspksl ) ¢ gz AT a
BAY > UFARCERfer B otk S o PR P and 2 mpé,n,m,fr B dich A 47 5 soerd & e 32
Vf'ﬁﬁ'ﬁ@ - BARE 0 F YR Unlty’frﬁ;:#;:E’ B enir g 3 1 R 0 Fpth 2wy LEREA Y
ERF LTRSS % - Leeetal [116] @ * £ % ;mgﬁﬁﬂ(W%prMdmmdh
wamﬁﬁﬁé““%ﬁﬂﬁﬁ%?uﬁ%ﬁj%#ﬁmmnﬁﬁoww%ﬁ Ve s e A
b PAEALTRDRERETF HEATARA D= FTafra it e, > SR RF | Az iy
3D#J7nﬁ§’m@n%¥$®m¢{§m&&’%5m36¢§@¢§ﬂommm¢w&
Maghiar [109]3% & 7 5 — i 02 g2 5 A A eh 5o 37 5 50w r0ag s -2 A s icd 4 5 X3D A
#oME R A EE AR 3D m&’]ﬁ o d 3t X3D &M i frenk 7 % (open modeling
representation standard ) » F]t 3% & sifb = >t % § 4 #c48 (proprietary software packages) 2 #
Rl 5o

3.3.3 e H FA T 5 R AT R g Tk st

St
I

FEERRN- s s B A EER

*‘1%

AR e ’;%FIJ—M/@’FZ’I‘“’ ZJ‘;’};EI’”‘*’:‘
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fo7 A LA U g 2 g

BP R foASR R R M TR e RS IR E R T S i 4

(1) * kG Hzic Rij #5447 i ik 4 <70, 104-109, 112-116, 121, 123, 125, 126, 128, 131, 133,
137-141] >

(2) i {7 4 o3 R [105, 109, 117-119] »

(3) i 46 3D A 7 AL &t iR 73 [112-116, 140] »

(4) EB~% fraz A & i o 34[105, 131, 133, 142] »

(5) % a#;kie[115, 134, 143]

(6) it i7 &Ktk pl e $762, 64, 73, 81, 114, 125]4c

(7) =& AR 14144, 145] -

* P ESEF A DY pRyRR T TR TS R R EZ AT R (SRR PR
£%) ZHEL P REIRIA 2 & b4 IES-VE {r EnergyPlus [105, 106, 108] - & # 7
WHCA R (AL S BE[112-116, 125, 138, 146] » #8 Bl B#cHR[115, 134]c0T 5 > X F T £ B
B2 B L[ 62,64,73,81,114,125] c - £ R E AT AR B E AL B R R
T A R R R B AR i@ (designed benchmarks) & 3FRIHCA] (0 %
W RS L B[112, 114, 121, 127-129, 133] o fe B g2 iR MR AT enae > 1 L R0
FRFEEFHRMAERL > 2 3Bk AR o EREFT

3.4 % { /#:8 § 1= (Change/relocation management)

BAEA AR~ FEA oy ﬂ“ ( Architecture, Engineering, Construction, Owner, and
Operator, AECOO) swi e ® » g ? 72 (Change Management, CM ) HAp7r BLER{adi
Arh B RPN IR IRF R AR IR AT 5 BIEAR S FEIRRT A L~ B S it R
FREE G IE B > U2 FRERY DR L RAMAT] R L P REEATARINF LT X
Wi B AEEFiFEERE (O&M) %57 - Pittetetal. [148]51 » 7 - A A F A3 5 &
# 1~ %8 (a BIM-based ontology CM approach) % { ¢ == ;2 » % OntoVersionGraph - 3%
%g@W%gﬁﬁﬁiﬁﬁ,uﬁg%gagﬁﬁﬁg,jﬁﬁ%ﬁﬁ—ﬁw,ﬁ@ﬁ%&ﬁﬁ%%
% (Ontology) @ % %*;félr%iﬁ"f LrAE R 1‘#?‘%? d B EEIT > A A KT TR o (T
FHORHh A FEEREY S ERET oo P Y g T mOntoVersnonGraph e
Flo MG FF KRB P 0 )T REP o e BRI 2R NHE EG R ARBR
207 e 5{»%—%4 AT o BEbF P o AREZEAF LR BT HEFFNER N ZAFTRA A
Wb B AR E R §FREDEHR & BB AR R A B2 %L R (change detection) ~ % { &
#- (change modeling) ~ % { % & (change semantics) ~ % { ¥ *# (change implementation ) - %
{ @3 (change propagation) - ﬂfr% { %+ (change validation) o i ¢ 223k e 2 020 3 * 303K
ity B (blheo (HEARE - WATRIVESE ) RITX SR RE- BHE SRR E
L AFRDERG] 0 BT G § AL FE REPTERR S e L e gt 3 E e
Active3D (www.active3d - soprasteria.com) 7 4t gt 425 ¢ o @ * gL~ 12 L%;zz A S A
AL ERH L RS HRAY (MR b ) ML @ igkf - € ¥ It

T o A A

o

>
=
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EANLEE - gfL vori- 2 i B F B0 A#aR g 12 (Relocation management) ¢t chEp T 2 AL
- B MENTFY Y ﬁ.']é: G- B envsgt ok A %?%’SE ARBEY B PR w[149] - %5-‘)%‘4&3
HoaB L g PR FI5 bRB RREHARRE RS SR BT R RF DR o B3
ZHF Y AT ARAY TR ERRSR iy 0 B AZERAT Fﬂmﬁﬁf’pé*éﬁm
B A2 #% (gaming-based process simulation) ¥ &7 1 - BE § FZawrya F o w o (-
o d 2 Unity 222 1 F B3] 422 1 & Revit 2 B 4x 2 7 3 3 (vl (Interoperablllty) FlpiE A E
WA ERRA S EF Unity 2 B endicdp 4 (22 8 nﬁr;wf cENSPEA) 2 E- PR BHEAY
32013 # 3 2014 Eigf7 0 P iden—- B FT g S 340 2V 3 B TR 4T > 4o[93, 131]m£ﬂ" °
Merschbrock et al. [149] 3 23 7 25k e TiE A7 > (© /27% Flad SR > FR Al HHEAT
WA ok 51 & (gaming engine ) 2 B el 2 34 iB AR o B £ 2 J T AR o R sk s ? 25
# € T =4 7= (relocation management) =2 & FF 3 o

35 % >

U IR 2P R # ;a;;#im%}?‘c NP :"r%\iﬁ B T%’ ﬁ?[18]°$ﬁiiéﬁﬂf%’
TJ'%’_Q_Q >E ’g’\-ﬁ-w{ww‘.f—r# L e R o b LIS & Vg fﬁﬁl"tl’ FIRA KB
¥ RS R G150 - 5 T A Fenkia o L AR BT P i%ﬁkﬁﬁ%‘dr% Fok kPR E 2

LR o © e R #;umw BRI 2R [150 R 5 7 B Lk 5£[99, 151] -

EAFEAT AR DT 23R4 5 Blw (Graph Theory) o #2 A 33u 0] ¥ ende L7 W
5 a2k (nodes)» I #-v Pz FF el 3Rl e 5 f (edges) [99,150] - &84 77 & T & ® &
(areas orzones)  blies B (rooms); @ 5B & 7 7 i RIS 0 GlAcF B Ao 2 o & B

%’E’a“ A KT EREAPM B IR B AR o Gl A BEF (F8) LR TP

BRI (B% ) TP EF AP 0 § A e ) IR o iplt 4;_m+g—€/s\irx g

50100 § 4.0 ek 10.0 0 A 5] £ T IR BT g R P B RaE R A
LBz (8w R B#iwE 2 (64 Dijkstra sk @p it 8 2 (Dljkstrasshortest path
algorithm) [152]) %~ 5% B F i ek 2k o 5 7 @M i5- 4 > Porteretal. [150]# * - B f§ ¥
duE R AR kiplE e e BIM-graph = 2 > % 2 A B RLS I o # P ARA L &FF
H ez (greedysearch) FAER 1 W3k G » Km R XA B HESKRAMS N Er s BT
Ao 0RTAR 0 KA FE R O RS AUFE 2 o LT S B R - iR o W RRR D L A
XPE PIFEREEFIZIE RENERREF IR T IE- BEPH LI o Lk T AKX A
FREFHR URFEES Ot P TP

< A% % ¢ e 123 B 4] (Physical access control) & - 58 fp ¢ FlEgen1 i > Fli v § & § s
i

24F FeenTR B A A R P AP e B 32404 K [1561] - Skandhakumar et al. [151]4% 417 - fAE A F
WA G A#ADD 2 5 3% 2 T E RS LSS R R 0 3 R RS E P ] R
ER RGP RS R RAFPRENEE . Y o T T R340 B 2
Lﬁﬁ%3DvﬁW’ﬂPﬁMHK&W§V%E%6%@m%—ﬁﬁ%i%#Wﬁﬂ?%oﬁﬁﬁ
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et A LAFERPR A A aEH I 2T

GRS 2L etk o ¥ - A Y ¢ [99] 0 Skandhakumar et al. 3% 1) - fAiE A F
B2 en 2532 % % 7 A53¢ (a graph theoretic representation of BIM ) » #£ 5 i 8 33 #3]-8 (BIM
graph) ;> /@ mB4cie RIRF @ R ipdI* 358 ¢ @& * v - BIM graph cnL 3 it #aE 4 F 3
AR G % 2T R[150] 0 b - P B EFH o %W &3 BIMgraph £- @ A &
W29 Breibsfadarry 828 (F220) o4 (RAFS) MAalEHI BT > &2
PR - 8 [150] e AT IR G - Bi2 s K R w*[%]r% R T L0
BIM graph 1% ;2 @ &g % 5 2 (the pathfinding algorlthm) Bl % ELEFE 2 (the minimum
security path algorlthm) fev 2R 4475 5% (the accessibility analyze algorithm) -3 p # i 2.
e Rl 0 e F B - KRR~ Ao 2R sk o rdk 1 e BIM graph ¢ % 2 2R
FERY A G T PR RS BRI o AR BIMgraph & iR T 5 I B ] F ank blFT Ry
{1;,_\34}, TR ES o

4.3 FF v 4F F (Return on investment, ROI)

PRWEYLMETY RN -8 TV ARFRGEYEREERP o SR FEY AR
#@L?‘HJ lu#f AR s e R AR AL E AT RN A EFE AT T
BLBD TARI ~ E A F G R A TR T PR 0 ST ] TR ok 5 6l &[54, 55,
59, 62, 83, 86, 93, 109, 133, 134]% 57| « & @ » W id iPdt & AL F ifBLe 427 % > & F
F OB R AR R NG S K e seig e 1 4 49[ 53, 55, 61] -

AP ZEL P RFEHFREELFT v RS A BIM-O&M i 5t o bl4e > & P = 7 334p4 > Yang &
Ergan 7% E e [ 53 ke s M (HVAC corrective maintenance ) v 4Liv T 5 | st 1=
FEAREEE 0 B8k o g & fF F T CBIM-O&M i steh ¢ R (7 A [53] o 44
FiEadird PR eny? i (median) > K12 24832 ) P P15 2481245 - ¥ - A P 0
TATHR e 2 A ek EpE > R At d 58 BIM/ 2D 548 % st (barcode-based system )
R T A P AR IR X N640sm g m A BAG 2 > A BiEE R 12-90s
1t = F[61]° & B 4 ff{ﬁt‘v:”l ABERDZAIPFRF - Ra o FERIZE X EDY S kpE{ra
R FGRE AT ANA > B oo ki B A E L ITRF > APl € B4t BIM-O&M i SLendl F
FTAFLTE LI o XA oA SRR T ERAGEF I AE TR S JADE Y B ET T T AR

IR o

AR R FFRFEFFAL - BPRIZAT ARSI kP FLLE
TR GOEE ek ? 5 AT AR B AT M e A S R T
¥ k £ ?gus, AR R ow 1 P ki A (BRI AR W E R
REZAOREEICERE ) PUPHEF I LR fcE b > e ¥ BIM-O&M 7 b » H4r AL g & {
PERFES R AT frerdl r A A o F)pt > 2325 BIM-O&M et f A ik Fw RS > T & (4K T 3
B4 2 B4 it and 4354 & & (Life Cycle Cost, LCC) g i -
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VR R Bcdy b A #H A &3 2 4 447 (Life Cycle Cost Analysis, LCCA) % # » £ 2|7 BIM-O&M
st P F 'rﬁﬁ'-r R - B>k o 4 P AL - AR %HEF g A2 29
FRME BT oI EAF NSRS har X A[183]c P A AP X ASFTE AR F
EHFFEH B2 Rz Fant &]184] 5 v &3 ;‘a'ié% FEDFAFFERFEALR RELE > WAoo ZH
PATSZRLATERE > N LEATOYEf AL BN ke R E > GEUCALE S RS G
o 2 R AL T A AECOO ¥ ¢ hjp* 5 'L o 4 @;tﬂpgk%/,,\ﬁ/@% P AR R d s
G 2 A Bcdy Eak [185]0FE B F E A K = jxmmzlrin%] o MBI YT B e A L R

CMMS » BAS » BEMS % # = cificdp® P2 SEH 2 2 nils TRl EX » 3P R ES - Bl
W B RO P BfoR A L Bk “fugi A /ﬂ"‘ﬁ’ > 2 g Ferh R ok § didp £
FEd 2o45[187] 0 A H Y - MAFHET P E A LW AR - BREG TR LG ER PR ES
¥ $ ¥ (Machine Learning techniques ) ﬁ\ﬁ'mi— BWEEY § - By BB ap BB
[188] - &g iplocdy ~ 17 (Data analytics ) 453 » 8 B 5 ¥ ¥ - 847 2230 1w & /2 {3 (Complex
prediction algorithms and models ) == ;#[188, 189] - iz » {7 Jfa_i]?‘f&:y;/n\ A TR RS
SR M oA E Y B Y | R RER S AKRF L (Hidden insights) » FER| & ki & > I fa
T T EAF - [190] o S BE Y Hrfe LiEauE A L ..‘si_&fv%ffl :E\L%%LE; FILET AT E
R z&i’%f A B A A BRI R KA T R AN A-F Efead (BIM-O&M) &

PSS ET R Y E -
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Jack C.P. Cheng , Weiwei Chen , Keyu Chen , Qian Wang, Data-driven predictive maintenance planning framework for

MEP components based on BIM and IoT using machine learning algorithms, Autom. Constr. 112 (2020) 1-21.

Jack C.P. Cheng , Weiwei Chen , Keyu Chen, Qian Wang » 1232 L T A fodm B e 5 AA# - * B EF Y 7 8
2 T By BRd i MEP e i 3gpl i it 4 ’f# » Autom. Constr. 112 (2020) 1-21.

2

KW E ZHE Vg e AShaE Y T4k E 0 E (Reactive maintenance ) 23 |
2 (Preventive maintenance strategies ) > 7A@ » v 3 &0 — £ 5 UM > T E N E T A 5 Bk
TR A > a A aaE s 2 IR MEP 2 bk kGRw s A BT RE 0 11AE E R iR
FEHA o AFTERY - BE G ABEMOIERIMEAE L o R SORGE ] o 2 H TR
(Building information modeling, BIM) {4~ 5 % (Internet of Things, [oT) & 5 #& 3 K ad ¢ 12

( Facility maintenance management » FMM) »c 5 e 4 o i 2 A T3 o B ©
NITEAYA T R*ER I oK %évﬁg 72 (architecture, engineering, construction, and
facility management industry, AEC / FM ) {7 ¥ » e Jig % 0303 S ¢ 12 e 703 503 ot 38 e F
EMRlT AR - s RESZARFL Gl AP LF R T - A AT AR of Bt
G A AR Mk I 0 3 By SR TR R 3 4] (data-driven predictive maintenance planning
framework ) 78 4 3% HEd T 3K (information layer)fefis * 42 % % (application layer) e < - 2=
TR~ kEE ks (FMsystem) ~ fede B e e 2 (10T network) 2. B chlicdy ic B fricip B &
EAFREEED g ke g BHEBHFRPRERLE > (1) RE TR o RER R -
(2) A= s ~ (3) A BFFREHA (4) BEF DB - AP TR BFEY FEZ
(Machine learning algorithms) » #g4¢ % 4§ (Artificial Neural Network > ANN) e 3% £ 18

( Support Vector Machine » SVM) » &k 3gip] MEP ‘e i ek f ik m o 2 B ) &k a2 HRIE - @ 5k
NEFES ROV L PR RN 0 AR TEE 7 ST ATl 0 2 BT ARA KT R
BYPixEE > v g oo Rl 3 MEP e 2 ik dkn o

i 42 (Keywords) :

2 J TR - By SR ds o0 2 (Data driven approach) ~ 3% %5 ¢ 12 (Facility management) ~ 4 5 4
(Internet of Things) ~ g pl 4+ s £ (Predictive maintenance) ~ # % & % (Machine learning)

1. %@

2 A A s 1306 ¢ 12 (facility management, FM) a8 e = e s > Fl i 2 A chad S 4
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6 @ AR R

PR FIE S Rn6596HE [1]e kM R T KSR RS A HI T AR
PHppaEr I oo §0 o 2 RAF A F R R R0 aE (Reactive malntenance) frsﬁrﬁ W
3 (Preventive maintenance ) - fik st i ? » W6 LA B A A 4 SR T AR AE o TP
Vi g - 460 p g 5 Aden= 2 (acalendar-based approach) » ¥ i Sk # 3T A B 4T R_copE
BRI H BRI 2 RAUFIRES THRERPES o L RE S QLT T LD L ERE
i’mﬁﬁﬁ%*zﬁmﬂ%*m*ﬁ’EﬁWQﬁﬁ*umwgﬁ%*m@?%@oﬁwﬁﬁﬁ
(4 5 PR 5 ARE) £a T AR Y BB Rk 2 BRI B KR B TR
(Incipient failures) {4 5213 i (Eventual degradation) » i ¥ 1/ # % 4k Po4 5 [2] - % & 4
BT A TR R TR T LB TRT A h R RS N LR F 4
Edmeed PR 2 2R R RIER B Bgﬁxﬁm@ﬁg:]‘frﬁi& KIE1F o fo ik B - 2 R R
BRI THRE (Sl B EL )J Fe T F TR (bl * PRI B R FT ) o & 7R
MAEATREA R R A LR W bAeE FHhR o Eed 1 TR H R U 2T
Mg 4T % % o

e apat B gz b > B L A Ak sb (computer-based systems ) X AR R * N B K E A
# ¢ 12 (Facility maintenance management, FMM) & # i o § o Ji 7 40 i k5 i
derizt B G A # ek § 1k s (computerized maintenance management systems, CMMS) {r

FE s F 2k s (computerized aided facility management systems, CAFM) > 4 & & ¢ &
EEG R ENFRY o 2 E > M Az (paper-based records) fr Excel & + # # w4k B L * @@?]
R REIEDOTR 7 a0 § FR AT BRI R aps Bt > 0 5y 88wk (operation &
maintenance, O&M) »c & iK™ o A ~ 142 ~ ¥ 1 - {o3k % ¢ I (architecture, engineering,
construction, and facility management, AEC / FM) 2 é‘p oo AT A NIRRT R
FAE s bldor g o 3EAEAI] o Ft > 2 AT ECA L G R B R RE P ok s o
FREAT AR BT g (BHeR RIE O"(sensor networks)#: 5447 25 %] (radio
frequency identification, RFID) % 52) kJEE§ M & e kimenlicdy o BRI B E* T REAR
# ez Ak apkin o Hoorjc oo P BB TR RI AN 5 R E o

FEIFFZARSFAYEFIGEREEESE B 5 cHaoetal. [3] &£ 7 # 3t

( Corrective maintenance ) ~ g 7 1£.52 2 (Preventative maintenance ) ~ frzk >t 1k s 5 A #aniazk
(condition-based maintenance ) A% & 4% % 3L (decision support system) R3] o A o 2%
AR A F RRE R ETRFE 2N AT R T AE S 2 o Wangetal. [4] 71 - AR A
# s (cloud- based) BIERERA O SRS ERER S AFRFRZIEFHTARE 25 e
ﬂ”’uﬁ%ﬂW¢%‘ﬂ%é? GApR s frazE Rl Rt o R E > VLG 2 H- B
TR PTE R B R L G ehTER] ot eh 0§ AT BT § M2 Rk ek RIER 2 2 (Onthe
condition predictive methods ) %= ;‘g o #|4r > Renand Zhao [5] & = 7 - B 12 = B e 5 LA 2
o Mt AR ol 2 FER MR EAROEIER ~ # 0 R  NIRRIE TR ei
=% > 4o {#+  (Decision tree ) ~ k-Means ~ & # v £ % (Support vector machine, SVM ) fr#? 5
% (Neural network ) - e §_» s 3,25 3P 4ofe @ * igdt = 2 0% FERE AR o
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Mot A LATERPR S A W I E 2 Ty

LTk R s PR b FAT & enak ik (research gaps) @ 4% (1) 424 NIEpl A T A

£ 5(2) #Z 7 FeipRliE 2 5 (3) X I RIEARN L o ALY hg e 0 SHEF RS

BIL R E o F e RART GRS 2 R e AT RCE] o B e e e 7 MEP i g p i

HoTF O AFTREF I -ANZEATR ﬁﬂ'ﬁr#ﬂiﬁéﬁb:}im} A AR 2 L E

(integrated data-driven framework based on BIM and IoT technologies ) » 11 # *%i& 3 4= 3% *5 e3P

A FE 5 (1) KB E e ERITR (2) 575 5 (3) BTN (4)
(R S S i ML ‘a‘_’ﬁg,, FuR R S B P P i T T *?‘

AT RENEAX T PR~ T F foF F 22 (mechanical, electrical and plumbing (MEP)
components)7 Pzt (HVAC) ki~ T 5 &8 ~ BP ~ a*;ﬁ;frﬂ s v P AT A S
itk k& A[6] o ¥ 0% (HVAC) s suefs ke 5 0] » 3 doie #2 3k 2 H7 »° MEP 3%
FliAokse R 5 (HVAC) (sl frz sy » R i%t AEB Mt S INA o 5% 7‘#? v

=3 MEP it dafeim > 1 AQPIB&F e e 2K 7 PFF 3 (realtime information) o v 2 W3- ZE R
FARR > FoefrR S @@ i FaOFAFEENI - a B FR R BN (i he
&Hnﬁ%w&wluiﬂﬁwf“”%ﬂﬁfP”WGWL’ﬁﬁ'*“‘ FRFEER Tk B RRE
Boo pteh s 2k %s'giﬂl_mfg 1‘17j MERAEFL I EDEL ML L N ARRF A 2R TR
Fde o F o AFT Y TR m—ﬁ#" PP b RS e aat £ MEP i ehig * F 4 o

A2 e AT DR 2 A v AR ;{%g&;ﬁg ;gﬁvm;}%frﬁ, o R E AT Ao B S
AFATRMEAE o F 3 EF AR FRMEAEDERER - F 4E 7 FikO - BEP R
R RGRE T Gl KRR 5 CR I IS

2. B é},?e}%?ii*
21 HEAFTAHD E AH#:h (BIM-based) & % i ¥ =

FoARGAEF R AT AR 0 AR MR TR F T E L o Lee and Lin [7]3 # 3 4o i@
B AT AR R e Ak0e i h 3D %ii“'l o Rm o BERFAEETF L R
3D CAD : A# i ? Pizfod My @Bkl b AT L - F 2 o ARt o Ra o LG pBRE
DEARfRERAS N RFERFFIEA R PR RNK ‘apﬁ ;43 - Motawa and Almarshad [8]
FRIFIEWFTSREF - BEE L TR k5| E4a32 (Case base reasomng) & JE B~
A AE DT A oo B E > L fu;’ﬁ i L RlE A 0 o Shenetal. [9)4 41 - fEEHT
WMEPFELSE > U R EREfeAE DA KA B PREY - By e EEARE ALK D

FHo Ay Micl @ ¥ 2o R Wk WA ] gtm 3L - Motamedi et al. [10] 1 # Lfanp‘”*
AR T AR et 0 R fRAROF MR AR AL > T KT B TR IR R R R i 0] o e A %A
TAY R EAFTARAEF B AR - Chenetal [1M148 417 B M a2 A F A {ok s § 2 %
SREEFTR ) MRt SME NS ATARD R AAL (T e pd it chA 2 aikie
Boofe g sy Tﬁﬁs_@iﬁf A L] oM A R IR RE .
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SARF TR AR F R AT 2 M2 AT S E w O (BldeR LR RS

(geographlc information system, GIS) e 52 7 (augmented reality, AR) 4pis & B K2
# e - Kang and Hong [12] - AR AT A AN TEE R B F Ik b
e sl T e ] “‘”ff& DB AT - BANEA ) TahA [ B EF 72 % sk A) (a BIM/GIS-
based prototype ) » 3% 3| faE A F AR frdr LF Ik ALY B s ﬁ%ﬁ"frﬁg\”\“% AR E L
¥y - Koch et al. [13]i@ * A3t {Rie oy I F Flr k F 4wk % 4 | cha i BT - Lee and Akin [14]
i@ % Lotk e o 52 7 (Marker-based AR ) Hjir & # i) 2 i ek o Cheng etal.[15] &z p &
Efegkg o ivd o Ao iie g s F (Marker-based AR ) o i e 3 (Marker-
lessAR) o e > %% A2 B F Al Bm kv o F Moty 0 4 2 f dadant ] aa g 0
LS S ﬁpi‘ TEAT AR FRAT AR e AR o I AT RO R R A 4T
R kot o

T A R kR AP Rt - By f;i&; Pl el s o
LR ZAT Y e e BHOM O RO R RS E A | T g ) %mﬁ%%%°

2.2 U2 AFTAFAo B 5 A& (BIM- and loT-based) g |1t a#

T‘e* PR AL R AT IR R RIS 407 i 44 - Hallberg [16] 3 sk * TR g R

T gy B F&i%mﬁ; dar | fo T & &IpREAfe 2w * 4 - Haoetal. [3] #
Bo- BaARAFIAREFLEY SRS G RaE GRS AHRE > AP B IPRD
Motk B F ARk AL AT ARCR) B B & 07 i 12 o Hallberg and Tarandi [17]:4 % 7 B et A F
AR e BaE - BIERIE S &k F 12k s (Lifecycle Management System, LMS) % 5 11 2
£ B A g ekt e % R M SN RS ¥ A2 eni¥ i) (the specific
degradation models ) fo* i fi 3F iR 4 3 2 o 2,15 » Chengetal. [18]# % 1 - A A2 AF 0
FoAl AR L 3 ks P N E AU IR c R E > AT PR REXNET RHRETRER
2% 07 (742 o Wangetal. [4] 75 7 - A 23 5 AR RIMLRERF G > FFEHIANEHEE
MR IREFOFTEE s B ol * o A ERE T RRPD T FleeR r F IR friad i m
MPArT i o B PR * § oo Rl R 2 G e AR Edp - BE A PR o i
BRATEGEP T - BLHEELERN TREENTHFSEIAFR DT HEEEF TV RUEF R
VR G e Rk G R HTRRIF B 2 - Ren and Zhao [S]4p 11 0 i * % ficdp il (7 ik et R
Batal 02 pE S Bppenle By 0 2 LG N frle A SR e R B PG E R
Pl B 2 PR FE R B B Hcdh chf2i S % o Civerchia o [1914% 917 1 % 4.0 # sp & 9Epl ik
(Intelligent Predictive Maintenance, IPdM ) i sierdzZe > X2 7 IPAM & o@ = B BB s iy o
ed o X REXLEY REKFZ LT (744 - Schmidt and Wang [20]#& 3| 2 = Hoibee 2 3 56 58
Pl AEEAE > 2 WP AR R TP B A A L ket g o

g #t > Wang and Wang [21]4 1 7 iR ¥ (deep learning) & A# Rl a2 o & &>
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R 4 FEPHRA SRR TP 2P

AL P Ao M2 R Y 2T 3% - Gombe et al. [22]4% ) - B m SR R B e 5 AAH D
ﬁﬁ%fﬁl%mw’Uﬁﬂgmﬁﬁ%owW@%Qﬁ@\ﬂﬁX; 1RSI R B ¥
B3l . A Benip Bt B¢ 49 B (Interrogation range) i & P4k

% - Francis and Mohan [23] # 7 7 At a4 2 47 0 ARIMA $23] > # 20 3g R a3 oh3p BB

A2 o HABRLER Y chp & i  Bcdp i b % 3L F‘J‘“/w\#frra:f;l%r\%%m,ﬁ*v SRS =R o
AT BRI BRI RIR B2 B NI RIR A o T PR TR
R EREERT AR T 5 2 RARRIA ki o 2 g R R R b1

i

é—.
b O
TV OEBE23E Y AP - L8 %*mﬁ ko AR R SRS Y W E L

p)

RILAE e e R o KER T BB R R LB AE S

2.3 * IR RE PP RE Y H L 2

73 AW ES Y w82 (machine learning algorithms ) » & 344! 5% % ~ L % & #{- Markov
chaln P F R RARRIERARE AR o BT 0 d VA KRR E G TRRIZESUE PR B AR Ot iy

Ao B A RIFLARAESL L o A G RREE G P #?_zm#f/«ﬁ'l:ﬁifmi;\ R LS
R T Arzedi[24 > 25 ] o $30 2L B R B S B FIEIR] 0 A PO R SR R R e drihg &
+ ﬁﬁz #-7] (Classical auto-regressive models ) [26] - #f#4! S & B Y B F 5 5| czb a4 3 i
R i R RS S éﬁzd e s e B L% AYIEip| [27] o b4e o El-Abbasy et al. [28] * 3F % &
FlF (o #F4) kg BHA X =R {oiprl g kw - Silvaetal. [29]i¢ * § ~ ML w §F & 47 foifA?
Gk A T M%v;gﬂ:;mm A ge * F o FaE 20 R i E A o R @ o Silvaetal,
[29] B MATG 7 i WA S BRI AT HIE o A0 PP I AN AL E YRGB AR LR Y i
s HE P o Sousa et al. [30]3= % 7 #iA SRl Fe £ 48 LIERIT ’kiﬁﬁ%ﬁi}}% A LR PRRRE O 2
ﬂ&r%&ﬁ#ﬁ*&*T#ﬁm%%oéﬁﬁ%%&%%*wﬁﬁmﬁﬁi%ﬁiﬁﬂ’ﬁfiﬁ

v B85 i S { At - Morcous [31]i¢ * Markov chain #22] & 37 RIS #R4E 2 ch & SR » 2 2@
SRR ERR * & & o = E > Markov chain #7315 @ B & U 0 (1) 328031 R * 4t il - (2) K
A 1,1%,::;&*3& A H g a kR s @ 3 Bt H g3 R R o it s B vk F Markov chain # i * 3t
FEZRPEE > ez (HVAC) ke

$ ek > Wang and Wang [21]:43%: 7+ 1 47 £ (artificial intelligence, Al) & & gpit e g 38

TAEAKRALEL R - BELRIA o FRE S B IFHGT AL PEEREREY LR TIE
Wﬁﬁ%ﬁ%@?%°@{ﬁ“Wﬁﬂ%&??i7ﬁ€%§¥%°UL#mﬂﬂgm&%%QH%
7' e der Maueretal. [B21# PRI AR 2 A F FEHPF AW BEFFAKE - B PR Y &
Keras - TensorFlow ¥ B 3 4! (54 % %k & 47 %5 & 7] (Sound sequences ) - %47 % 45 it » B #73%
M= JEF U N RASERIAE IR LU POty AR ERF 8 ¥ B EER Ui ko
s > 2 220k qvpdia4p B L4 4p M 2% o Carvalho et al. [33]4% FIFp il 1 B * F2 5 e g Brid
WWEEY SO FER B P TR BE Y S 2T R i o B
PARR DT BAF R B 2 U3 R LGS BE Y HORMG o Tl 0 45 A P b endicdy B e
FPATIL eip it 2 o AR T EH O A RO R 2 TS B Y R KR A KR o
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e D EF o WANT RS T B BB RAPM o FUb o AP auT ket LR RIE A 0 R TLRIEC
A5 A PRy iy SRE 10T -

155



T A LEFPR A E QY T E I 2 Y

156



T B L

e T & G

\
oA

SRR S i

e
-

B EHEL

Architecture, Engineering, Construction, Owner, and Operator, AECOO
FR I~ FD ey iE
architecture, engineering, construction, and facility management, AEC/FM
R I frREE R

artificial intelligence, Al L3 E

artificial Neural Network, ANN BEAY (SRR
application layer B AR5 K
augmented reality, AR 5 IR
Augmented Reality-based, AR-based MR IR G AH D

AR-based BIM-maintenance system
VR 5 AREE AT A A ke
building component R
Building Energy Management Systems, BEMS
FERANRE RS
Building Energy Information Modeling, BEIM & ;eiﬁb RF AR

Building Information Modeling, BIM #F A

BIM-based ,u?%i TR A H

a BIM-based ontology CM approach - ﬁé MEERF AR R AH ARG
BIM- and loT-based FRAFT AR ey mae S A#H D
BIM-AR system FRAFT AR R LA

BIM-FDD AT AR Rk R D E ks
BIM/GIS-based prototype SRR e i (VR L N eI o)
Building Automation System, BAS e I R

BIM-FM FAFTARA-K R

BIM for O&M, BIM-O&M * »t ¢ &8s ez A F A A ~ 2 AT A iq]-4 82 ‘e
Building Management System, BMS BREE R

a calendar-based approach - fEIp G A 2

case base reasoning ENEID AL

classical auto-regressive models w5 pw ﬁr%ﬁfﬂlj

Central Facility Repository, CFR LR RERE

Change Management, CM RLPR

cloud-based "Z G R

component B mi
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computer vision-based AR technology PGB AR S A AR s TP B

computerized aided facility management systems, CAFM
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computerized maintenance management systems, CMMS

vk [N ¥ 5 E__Lgf;\m g“%? 1T %%

? BN

condition-based maintenance
the condition predictive methods

vk R G R AR

AR IR R

corrective maintenance M RE
data AL~ ey
data analytics By~ 45
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data collection Byl &
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data integration By &

data driven approach

e s

data-driven predictive maintenance planning framework

decision support system
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AR AR
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