AloT g ]ttt g % 2 b7 #1005

FALE A 474 2

PoECIRE AT TR R AT L R
FAR 110 & 12 7

Ao
(LS

(R P FEEHR BRFTLELRL > A RAABHALR)






11015B00021

AloT B R BB A2 AT 2RT B FE 7

TR A A 2

~

PRAFFAL DI HEE
B L A4

Fr R IFBEM s 2% B - R

o+

PRI EEE RS
BTSSR L83 3 AR

NIIRE R T TSR AT AR 2
PoER R 110 £ 12 7

(AFA P 322 % BHEFTLELL P R A AP L)






A5 -3 E
- TSR 1

B B T g AR ittt 5

| xb
s
R
a4
e

B2 & AT * ST B AS RS TEAM Y T 40
F & AT B 2E A 3T 3 72 B AE oo, 51
AloT iR RIBE AL 2" TR E E A EHEZ R e, 60
- AlOT B pR RIBAZAZT 2RY B2 B I 0IRA] e 60

*P
I
s

Fo& AT A2 A% 2B 2 EF LT LR IAHF s 65
B2 E AIOT A AT 2T 50F 2 A TR oo 67

5}
s

WA o(-) AT H AR R BRI E F 2T 2 Y oo, 74

e G ) L R LA 74

>

>
>

S LR G)(= ) CAMITA 3 R 2 E A 45 oo seeesseeee, 76
e N O] B R Rk kS I s = 95
S =1 SO TG SR X T - S 104
EE T N OO 107



AloT B RIBAE AP T 2" BIeEF

$IF HEREO(C) AT BRI BT E 2 F LT s 110
R O o S G 1. I 110
28 HHEE G)(S ) CAMITA 2 A3 E A 4T oo 116
FZ 8 FEREG(C) HEHRP AL R2E AR oo 138

= el G WA A1 153

e P E LB A EERA LT R s 265
S B P B A ERL LT R F s 269
T $ - R R G € TR A s 277
T B T B R € R B e 285
s WARAFAERT LT RE 291



%

e

D

D

D

%=X

21 AR IR B AIOT FATEE S (o 29
22 FRE A F 2 FILE AT FATEE e 30
23 BB L H B 2 KL AT FHTEE L oottt 30
24 A XFERFELHERDET FE s 39
4.1 % 5](— )DEMATEL 33 3 B Tt B oo 76
4.2 F5[(— JANP 232 FIBE 2 H oo 77
43 HH[(— JFEA R E B LI LETY e 77
44 AIOT L HGRU BT 1 3 3 % 2B T 3w ERIEP e 79
45 FH|(= JHER BT R E s 81
4.6 F0)(— )TE B B BBITEE T s 81
4.7 F5|(— )0 B FBIIRE AR s 82
4.8 FB)(— )20% R BB BIEAE et 82
B9 FB[(— )TE B B E I E B E ettt 84
410 F5l(— JERIE B HE A T e 85
411 F5[(— JERIEE A FT2F e 86
412 F5l(=) [3 % [ %- P AloT Fip RIE P F3t s & | [HHmi3 .87
413 % 6(-) [ %= BACCTV S 2+4 1T 52 5 WIS s 88
B.14 P2 FE TR B IVIER R 2 ettt 89
415 ZH)(-) [* %- TAloT R PIBp du > % 2 s FZ FE 2% ...90
416 R6)(- )%= 1CCTVH+A 1 EF 2 % 2% F B EHP 2 % o, 90
417 % 5|(- )P P> 22 F AR (P - B3 2P REF e 91



AloT %
% 4.18
% 4.19

4.20

4.21

4.22

4.23

4.24

4.25

4.27

4.28

4.29

4.30

4.31

4.32

VR R B AE AL DR S EFAY

(- ) [ %- TAlOTHHR BB Y % PeE AR % i, 92
F6I(-) [ %2 BACCTV S Z+44 142 % PCEAFE S s 93

FO(- )4 R F 2L ERTI A TTEA P Dl 95

FHI(- )RBEE 2L R E R A TR F O, 96
FBI(= ) A FIEARE IR B e 96

I ATE TR I D 97
Ao WA FER H L ATE TR P Bl 97
FEHTH B BEA T4 5 D] s 98
AT (F )3 A E IR 2 AP Bl oo 100
FE R AR TR FE O 101

b & ﬁf_m PR AT % 1 rtuurruerrerrarer b —r b —— —————————————————————————————————————————_, 102

P RS G- ) % - 2 CAMITA %3 376 4 3k B % % ... 103
PP AR TR % P2 ) % - 2 BOCR»E =R R#E % . 103

E0)(-)E REH AT BRI BRY 23R BLEA L 104

5.1 AloT 8 i b H T A % % 2 F B T3 @I BRI EE e 118
5.2 % 5)(Z )DEMATEL 323 B ReZ H oot 121
53 Fhl- HG BB R F s 122
5.4 F B2 F8 P BRI T e 123
5.5 R b(= )JHd B EERM BB e, 123
5.6 % B(= )JHES B PRI BB s 124
5.7 F0)(Z )7 B BB B e 125

5.8

5.9

SERE R SN

S
i
‘uq.
N
Q
N
;:—g
\;.
R
N
(o))

B2 )ANP 222 B R H oottt 127



5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

5.19 % (=

5.20

5.21

5.22

5.23

5.24

5.25

5.26

5.27

5.28

5.29

5.30

5.31

FEHNZ )P E B IEIEIEE T e 128
TG )ERE BTN R et 128
EHI(=) >R AT Bifg BB p B35 %W > R BRI E 130
ZH)(= ) > &= D CCTVADVR/IVS 2 & JHER B v, 132
) T T B Rl H e 134
o2 ) > % - AT BRI B A Foaiw] S & 3RS M- % 135
E (=) %= D CCTV4DVR/IVS = % = R0 M2h % % e, 136
(2 ) T3 %= B3 22 PRE AT % e, 137
Fol(=) e ez (B) |2 [F 24p - P 2374 8 Bl 139
) [P = 2 g (B2 [ Bdp W 17 2 328 0 Bl 142
FHl(=) [eF e g B) I RER TR A TAF Gl 143

Fol(=) Mg »e g (B)J2 [F AR e P 43548 8 Pl 144
(=) [HE B ES (O)J[F * Itk e £ 374 F 0] o, 145
FOI(=) [Raes BEA (0 27 R AR HIEI A TS POl 145
Hh)(2) [Haes BFA (0)J2[8HE AR BRI 4 750 F 0] s 146

H0)(2) [EEFESRMOILTATE 3 R BEAF O] s 147
EH(C) [2EFESAOILTFEF R JFTA BB e 148
HH(2) A€ BB 'GRIIZTB A EF R G T 2320 F Ol 149
(=) A€ BERGR)IZTFAE 2 b "% BF 432 0o, 150
PR AR TR B2 ) - J2 CAMITA %% & = R g i B 4 % ... 152
PP AGE AR R BI(Z ) % - ]2 BOCR % E =R R % 153
Fo)(= ) B REHE AT B R R B Y 2 RAB AR 3 A 154



AloT

Vi



H 5 H ® 3 H F H F§ F H F F H F H FH FH FH H

H =H

1.1 FTF AR cooveeersieietsee ettt tes 7
12AIOT # B BRI EZ AL 2T FRIED s 9
2.1Y0lo 47 1 BB E05 B 5 Bl oo 13
2.2 Deeplab BIFE 5 5 5 Dl i 13
2.3 NVIDIAJEtSON NANO B 2 B 1 oottt et e e eate e e eate s eeaae e e eneeeeeneee s 14
2.4 CogneX iR B B B R A T 00 B 7T oot 14
25 Al FFE AR L B = ) ettt 15
2.6 Al FFE AR L B2 ) ottt 16

7 &% B e EE 3R P Bl ()2 BAPR DB AHEBREBI(E) v 17

2.8 A FEIT A A T I AR oottt 17
2.9 B F MBI B ettt ettt ettt 18
2.10 BRR BRI BRI D A BT ZE FTALE e 19
P s B A £ e RS 20
212 BR ST FRFE RIS ) coreeeeeerereeeee ettt es ettt ettt ettt 20
213 CNN B4 R] TR ZE e 21
214 B M FEE AR oottt ettt ettt ettt ettt ettt aeaens 22
2.15 & §RE ] FLI AR e 22
2.16 SEI-UVM 03 5528 HE oo 23
217 13 % 2 FILE A AIOT 2 F FGRA 27
218 %51 A B F 2EE B B BB oo 31
219 Z RIS 1P 2 THEEHF LA BFEREE e, 32
220 FEFTEF 22 RIS E o 32



AloT R R BAEZAP T 2 R* B zZ Py

Bl 221 AlOT S5 %5 1 TP BE B 434 B2 e cnerrnsesncnneessnnsnnssssnssssssssnsssssss s 34
Bl 2.22 FF50 X B BB s 35
Bl 2.23 T b SB G 05 ¢ Bt A T L S 15 EEE B e 36
Bl 2.24 253% OCM S BB BTH E G oovoeveeeeeeees e eeee e es s seess e ses e es s 37
PR N R 37
Bl 2.26 PrivacyCam s97F M2 E 77 3% oottt st 43
B 2.27 Axis Communications FI& & A "B F i AT/ 1 enfd = % 46
Bl 31AIOT R R B A2 AF Y EAT 2TI2 BT HE e, 62
Bl 322 AAFERFERT 2 A2eE A HTHF (CAMITA) oo 69
B 3.3 CAMITA #-58 Jis * [ AloT B2 b w| H Rt P2 A% > |2 740 2 ’f% ............. 70
Bl 4.1 ki b) s LR REB ,‘”f# (FAR KR 4R ? F > 2021) e, 75
B 42 4 #555 AloT RpIE & (FA AR 1 B4 420 2021) e 75
Bl 4.3 CAMITA 5V * 5[ AloT B2 i Hrg * *0 25 1 % ijiéﬂlé\%ﬁﬁ_ ............. 79
B 5.1 AlOT F52RE8 & S8 338 5 20 BT AR oo 112
Bl 5.2 A B 2 T % 28 FIE R oo 112
Bl 5.3 A S FERE 8 1 F TRE B oo 113
Bl 5.4 Bdm~ 0% 2 F FURARE oo, 114
Bl 5.5 X 2B B 2 B B 7 5 B et et 114
Bl 5.6 L 0 10 B B oottt e re e ere e eteeeraens 115
Bl 5.7 BHBHA B RUEY TR o 115
BBl 5.8 2 & B BB 2 oo e e et e et e s e ee e ee e 116
BBl 5.9 BB 50 B BB oo e e e e e s e s s s ee e nenn 116
B] 5.10 CAMITA #-5% Jis * [ AloT 2 i | et it | € 2 Y 8§ 2354 % *f# 120
Bl 5.11 % 50(= )DEMATEL HE 5 F1 3 Bl cooceveeereecesssmneennescessssmssssesesesssssssesssscsssssnnees 124



B 5.12 % ©](= )DEMATEL 4 & ¥



AloT R P ELZAF X 2R B2 FFY

PR R R 2 R g R B Ps 2R

#*
CEIRBT S R A I E S AIOT)R R B o # 1§ R AL
*

Y e a 2
RAEET AT L FAK e T ¢ g7 ud AlOT BRI B %iEE Rk BT g

Gt s > d 4 AL 2 TP g BN L T L 2 M AT g AFEHTESA
Pogor AloT BB R B2 2% > T 4F 440 5% AloT &2 £E A2 2ca > 21 2 AloT &
ARFELZZERZ > B -

I NP REER

A RZAMLTAIT g RIERSAL L 2 RY S22Zm T o a4t (1A
é%?ﬁﬁﬁﬁW@VﬁEWﬁ“%%‘lﬁ%%%%@Mﬂ%@@ﬂﬁ%ﬁéﬁiiﬁﬁi
%w\ﬁggﬁ;wwﬁwiJ@ﬁ&AMﬁ%%@ﬂ%éﬁiiﬁﬂTﬁi’imA%‘ﬁ%‘
RPIPGIFSRBE N AR FIEEF R RE R AT A I AR T RAZEZASF Y
@)kt AETRAEATESHLRT & 2ocF A 1H7(CAMITA) it 5 AloT # g
RIBLE AT 2R 20475

B H A B ORGEE S R R AIT £ B
LAIOT PR R B S aE A 2B 2R FOORELE .

Z~EERFR

GAFTHAAEN T ERUT2ZEE RS EFIR

(-) ZAFEPNMREF A LFESFBEAIDPGRRZAT DR 2 562 20 A4
FARM TR RSN A — AT BEC AT AT 0 2 AloT # g l4p M
P P Bz w A~ AloT R R A E A 2T RIZ " 2 WA~ L3
AloT B i BB E AL 2 TR B 2% Fmh 222 whp o [FFAFEH
FHE B peaii ]

() &N AloT FHRLRIBENZA LG AFHFET IR 27 0 Bt FH 2 %



e

EFAFT— AL EET LT BRI EE A AR W AloT # i
RPIENZAA AFY LR I8ET i B gl ¢ @A %1 P 218 % >
ER %1 2 R X rERCRIBZZAFTR2ER - NEEAF R FIEFK
ZA®RE 2EREE RN ZAFEFERT A2 E A 45 03" (Cost/benefit
Analysis Model for Intelligent building Technology Adoption, CAMITA) |2_ & Jrﬁ o % i -
RF %%~ 172 (DEMATEL)E = »c 5 A 472 & s i 4 | 5 B 52 472 (ANP)
% 2 CAMITA £ it s & 745 o & CAMITA %~ 758 8200 AloT B2 iR B B3t aE
AE 2 2 BB APRET A B0 E G RS R 0E A o [
AFL[F=2F AT HHRERFSAL 2T R 2 eE A1 E 2785 ]

(2) 235 AloT R R R BAZAF X 2R WE2Z Z 0 HBMBEE L 73—
i CAMITA » 47458 > EH 3 B AT B g BB a2 AL X 22 B* F B (T35 &

Fr2igsmEe]  (DAITFHRERIBERY WEAWIY 10X 22 T 27 3

s

Bt WE QAT g RIBE* W FHFELF2ZLX2FR L0 7T fARY F5-
WA E AR A R P RS ot i E BEAN A o B P2
ERSH AR E VR E TR A HRBE R R R EG N ERF 1LY 1R 2
et % o) ® R E 4 BNPVD T i $120.21% @ § 4+ (BCR)RI 7 & F]5.105 ¥ #F >

AR EG(C ) EAR Y FEAREZFELFE2F R R 20 HERERHE
(NPVD)¥ & 5|32 5 12.63% » @ % &+ (BCR)P| ¥ £ $]2.10; ¥ & AloT ¥ ik B B sz
AT 2RYETEFPRCE R EEE FOH AT RE ST BN
AT AloT B | B> A< 2R Y 4 ﬁ&%?emiiﬁfﬁﬂ%fiﬁgﬂ
Ak € B o A AL B4 Y AloT R R RIENZ A X 2B 2 Froeg
FABERCARFERS > NI ERGIRERETEG A o A RIS E 4
A 22 AT M AAE AloT R P ENZAFLL 2R 2 BAM I DY
TEME VT G oo R4 8 FEE R ’&F: PN ARTFESZRAEFESL ETERY AloT
PR R B ERER o B EEA YL EAFF AP B EHEF %R
BB ERLR 62 BRI RE R F Ah - L S [EAEFRT
e E I ) AT B HRRI B2 AR X 2T 2R 25T F
H60(2 ) AloT iR BIEATE 2§22 i* ]

Xi



AloT PR RIBAEAP X 2R 257
i REEES
(1) AloT % e RIAIATH M AL E L2 FEE AR 2575 | 2 77 (722 5%
IPESREE L P FIRE AT Y AT

PRV R D R RALE 3 Tgrs—r‘; [A70 <~ ABAT ALE AT BA AT

H&%éiii*ﬁﬁm¢20g”ﬁﬁ%%f N R R T
HAMEE HL AN BT 2020 EA 0 F AFEL 21244 AP
F AR ’W?%%ﬂﬁ&iﬁ%%iﬁgazﬁilegh,%&%%ii

-
ZAEI I RETESHALITHNEEZFIBERY SR - 5d AFTEHPR R

" AloT %@H$*&§&31&E$£§ﬂ?§ﬂ%$i§%ﬁgoﬁg%%
ALE T2 R T A el A (FHct 3580 ) FAR P BA24 LA LG
PHAREEFE RS RF AL RRFEE Y f R o B B2 A
RORIEF & 2 S RoRE L g ) iE ¥ - F 58 AloT BHg R B2 &

E
FORIF LA RS ERAS TR AH I RF ik HIFEIE A2

-

FEAFFEI R ARMLS R2FEP YL F 2T AL o

(2) AloT g RIAIATHHTTE RS 1 X 22 LT L RIET 277 1 2 FF 722838
AR BRI Z AN AT s AP AL G2 1 fRA pEE
LS BN S L e Nl
wHED-MER S AL LERFER B AloT # G 7l
Lli"*’-@’i”%i_“’«" é’i”}v/\/}é\‘f'&l/' ,a }}?4 ) E:‘C; A ﬁ_’é‘jﬁ: , ’,E_l‘»ﬁ pg %v-;v{-é R K,/Tll'L—i
R ERE 2 Y 7 AloT BRI Y 2 A T
RFAZ TR IRV R B N R GRS BEEB TR L2 ds
% RA 45 SR IR E R F 0 EHT L UAR
THLFRAAERABE D PE G4 WL g 21 E RGP T
AloT ¥ %R B BR* 2 BB P

%?E%
=
W
&
=
&
o

,'1‘1;\—,1-%.7}-\4137{%{;]1—3&%0 LL"Z]E'—’

EH o7 K ;\;;]g%g*‘,fii;t kTek s

E o Aph A R4l FASRBEL PR > U E L2 FE ﬁ&%4ﬁ%
TR BE IR EHEFTRIE  FIM A

m R

Xii



() ZAF R AT FEF SR f T2 F@AT B 7 FLER

I PEBRE N Rt AT T AT

[CEaad IR 4 R FLr SR A

AL ERFE AN YRR RATEAFE R $ Ak
F AT (CAMITA) | » - B3 2 A 4T 545 7 B0 AloT B Rl E > a7
G OTE TR A L F Rt E A e o B4R P12 L NPV F
ot (BCRM R+ % Bk AT 2 etk 0 7 ik A v ¥ ik §
2 APy {VEREAAMAT 2B e Aa PR R I AIRTRESE
APHL Y o & %f’%ﬁf 52 55 M A B O FIMPE AL AR L H R
RIRTH IS B 2 J- 24T 5 Tt o R A k2 AT 0 2 CAMITA 745 > 47
(S FEEREFEAT L F R bl% hocf ﬁﬁp“’”‘ﬁi% % s
FH O EOFMPPME AR AT o A R HIRE ML A M
AloT B Rl B F % ™ P g 8 1 5 Si(BAS)Z & 6~ WU 82 7 Ji o S0 2
BEEL N E P - L RRATT R AL 2 Ak F 2RV U BRS¢

i T

(HAToT BRI B ESATELATRT SAAMT AL 2RPLFA] BT
23k
APERE P FIRE BT Y AT
KA AR S N S Wi
AR FEEAERT L (HFESAFREIP [N FRA PP 5= B 235 R f
WEZE EFISAERATIAD » P G PR Fmz R - 5d APy H
Mo AloT B R B2 A% 22 B* 3 L [iFE2 A= Lp ¥ $ 5%
AR R P HAFEE > mEHFLFEGR B2 FAAL ] A
RERERY B M E[7. RS 7 AT EFETARS 82
PUEBRY ZPEEFEOBREARITES ELIFL S AIFTZ B g
ARAETAELE S o a0 My RIATHNZHF R TR R KRS

LHEER AR EMT SR X 2B AR 2 APE { FRAST 4 htEH



AloT %

VR P ERZ AL DR EEFAT

BT RA 22 R R AR TR o Tl o AloT g R R S R R
ZHFEFEL BT ARLELARZFZFELIRY TF T RZFTAE 28
BAEFRS > EEREAELE R AT o - AV AR [ FELEATERSL

1%
R\
e
ot
)
i
i
o
hpas]

PUFABFERATIZFEM G ¥ -2 e QT - H{ATERLIH LR

; =L s
2R F e

(5)AloT ¥ o I B3 £ A ELTRY A 1R 42 ABFL THA v =

2 1E K

A yER D D AEAY S

FPEBE L L A B B T 8 AloT X & 2 %

AT A BHERE G R R I(- ) AIOT kg RIEE AL+ % 2F 2
B* o R B(= ) F AloT 22 hR B B> AL Fe % }_'gi“’ Bt —35F P AloT ¥ ik
BRIESERL LGP R IFERD S G5 hEeligd ZREEFSUT
REB 2838 fade  FRHEN 5806 iﬂ;i'r_}_‘ XREM R LN G FE
FENGTHRR AT EFETARA X ELAL AL 248
YR 2O FTRIEEL A o T R B R B
A

7@’# ’ fﬁi%;{\
iﬁfi‘%ﬁ‘ #aﬁfiﬁgﬁ,ﬂ%)\piﬁﬁ ,,,j\—rﬁ,ig\,imgﬂégr%,u
RE O LTS RENAER A

Xiv



Abstract

Keywords: AloT, Smart building, Intelligent safety monitoring, Benefit evaluation.

A. Research Background

In response to the successful commercial implementations of artificial intelligence deep learning
technologies in computer vision and image recognition in the last decade, the core deep learning
computation device has shifted from the traditional cloud or server platform to Artificial Intelligence
Internet of Things (AloT) sensors. Instead of cloud computing platform, real-time image recognition
can be performed directly through edge computing on the AloT sensor. Such a paradigm shift has not
only improved the efficiency of image recognition and decision-making, but also enhanced the
information security of image transfer. The current research aims to explore the applicable scenarios
and the associated pros & cons of implementing AloT image sensing in smart buildings to realize the

potential benefits of AloT in future smart living environments.

B. Research Method and Procedure

The topic of this study is entitled “Application and benefit evaluation of AloT image sensing for
building safety monitoring”. To achieve the planned objectives, the following research tasks are
conducted as follows: (1) the previous works published in the literature on the application and benefit
evaluation of AloT image sensing are reviewed to address the potential application scenarios of AloT
image sensing to safety monitoring of building, e.g., face recognition, car license plate recognition and
missing pet finding; (2) development of the method for benefit evaluation of the associated application
scenarios, discussion on data privacy and security issues related to AloT image sensing, and the use
cases simulation and benefit evaluation of AloT image sensing application; and (3) a "Cost/benefit
Analysis Model for Intelligent building Technology Adoption, CAMITA)” for benefit analysis of
AloT image sensing application in building is proposed for comparison of both quantitative and
qualitative benefits between AloT and non-AloT alternatives for building safety monitoring of the

simulated use cases.

C. Important Results and Findings
The research team attained the following results and important findings for the project:
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(1) Review of the relevant research works, including: use cases and associated benefits of AloT
image sensing in building safety both in Taiwan and other countries, the most advanced AloT
image sensing related software and hardware technologies, the application of AloT image
sensing technology in building safety monitoring, and the benefit evaluation method for AloT
image sensing application in building safety monitoring. [Please refer to Ch. 2 of this report
for details. ]

(2) Summarization of the 18 applicable scenarios and development of a benefit analysis method
for AloT image sensing application in building safety monitoring, including the site safety
monitoring of construction process, the safety monitoring of building structure during
construction, the building structural safety monitoring after construction, and the community
safety management during usage and operation stage. A preliminary "Cost/benefit Analysis
Model for Intelligent building Technology Adoption, CAMITA)” for benefit analysis of AloT
image sensing application is also proposed. The proposed CAMITA model comprises of two
analysis stages: firstly, the Decision Making and Trial Evaluation Laboratory (DEMATEL)
is used to construct the framework required for cost/benefit analysis; then the Analytic
Network Process (ANP) is adopted to determine the evaluation weights of the assessment
items of the cost/benefit analysis framework constructed previously. Although the proposed
CAMITA model was developed to evaluate the benefit of AloT image sensing application in
building safety monitoring, its application can be extended to evaluate the benefit of other
smart building technologies. [Please refer to Ch. 3 of this report for details.]

(3) Completing of the trial calculation of the benefits of two AloT image sensing use cases,
including: (1) Case (I)—AloT image sensing for construction site safety monitoring—
including 4 different application scenarios; (2) Case (II)—AloT images sensing adoption in
the security control of smart community—including 5 different application scenarios. After
a 3-stage domain experts interview and questionnaire survey, it is found that, when compared
to traditional building safety monitoring alternatives, the AloT image sensing alternative is
more beneficial with Net Present Value Index (NPVI) of 20.21%, and Benefit/Cost Ratio of
5.10 in Case (I), and with NPVI of 12.63% and BCR of 2.10 in Case (II). The interviews with
the domain experts also pointed out that there exist potential threats and risks while adopting
AloT image sensing in building safety monitoring. Different interviewees (stakeholders of
buildings) have different perspectives on the benefits and risks of such an innovative
technology from the angles of their priority issues, expected benefit, application limitations,

and implementation obstacles. Finally, application recommendations of AloT image sensor
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technology in smart buildings and smart living spaces are summarized to provide a reference
for future users of such a technology, e.g., construction project owners, architects, related
professional consultants, construction firms, community management committees, security,

and other users. [Please refer to Ch.4 & Ch.5 of this report for details.]

D. Suggestions
Suggestion I: “Research on the Application of AloT Image Sensing Innovative Technology in
Social Residential Intelligent Buildings”—could be adopted immediately.
e Principal Executor: The Architecture and Building Research Institute (ABRI)
e Associated Executor: National Housing and Urban Regeneration Center (NHURC), the

social housing development and planning agencies of cities and counties.

The government has planned to build 200,000 units of social housings to solve the
accommaodation problem of young people and economically disadvantaged groups in metropolitan
areas. Such a huge residential project offers the best empirical field for the application of smart
building innovation technologies, including AloT sensors. The application of AloT image sensors
in the safety management of small social housing communities of households between 35 and 80
can achieve extremely high economic benefits by reducing the cost of the traditional 24-hour
manual security system. In particular, AloT image sensors for night safety inspections can reach
the goal of unmanned smart community management, which greatly reduces the burden of

household maintenance and management costs.

Suggestion II: “Application of AloT Image Sensing Innovative Technology in Construction

Safety and Disaster Monitoring”—could be adopted immediately.

e Principal Executor: National Housing and Urban Regeneration Center, the social housing
development and planning agencies of cities and counties.

e Associated Executor: The Architecture and Building Research Institute (ABRI).

It is found in this study that the application of AloT image sensors in the construction site
safety management of social housing construction has significant benefits in reducing accidents
on the site and improving personnel safety. Moreover, the AloT image sensor application cases in
construction safety of other countries also suggested that other potential fields such as monitoring
the sinking or tilt of neighbor houses during construction, monitoring water/fire at the construction

site, and monitoring structural displacement after the completion of the building, monitoring slope
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safety, detecting building surface structure damages, and detecting exterior wall deterioration.
Such applications can be strongly supported by the highly competitive Information and
Communications Technology (ICT) industries of Taiwan. By incorporating the smart building
industry with the ICT industry, it will help for the establishment of related industrial chains,
product verification and technology improvement, and long-term production and export of smart
building equipment and products. As the field of excellent technical practice will be lost after the

completion of the social security housing, this proposal should be considered immediately.

Suggestion III: “An Empirical Study on the Benefit Evaluation of Building Application AloT
Smart Internet of Things Technology”—could be adopted in the short term.
e Principal Executor: The Architecture and Building Research Institute (ABRI).

e Associated Executor: Universities and Research Institutes.

One of the important outcomes of this project is the proposal of CAMITA benefit analysis
model for smart building technologies. Such a model can be applied to evaluate other smart
building technologies. The cost/benefit indexes derived with CAMITA can be compared with the
other literature, the domestic application data for innovative smart building technologies has not
yet been accumulation to support the construction project owners in the public and private sectors
in deciding whether to adopt innovative technologies. Our research suggested applying CAMITA
model for evaluating more public smart building projects to accumulate more domestic reference
data for the decision-makers in public and private sectors. Moreover, this research only analyzes
simulated cases. The linkage between AloT image sensors and the Building Automation System
(BAS) and the potential benefits of the integration between AloT sensors and the triggering and
response systems are not researched yet. It is recommended to carry out detailed planning and

verification in follow-up empirical research.

Suggestion IV: “Research on the Innovative Applications of AloT image Sensing Technology for
Smart Buildings”—could be adopted in the short term.
e Principal Executor: The Architecture and Building Research Institute (ABRI).

e Associated Executor: Universities and Research Institutes.

The first 7 evaluation items of the 8 major evaluation items in ABRI’s "Smart Building
Evaluation Manual™ are relatively complete, only the "8. Smart Innovation™ project has no clear

and detailed specifications. It is found from the study that the application of AloT sensors covers
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wider than that defined in the “Item 5: Disaster Prevention” of the ABRI’s "Smart Building
Evaluation Manual”. It is also relevant to “Item 7: Health and Comfort”. In view of the rapid
development of the application AloT in the field of smart buildings and building safety, it offers
unlimited imaginations for future smart living spaces and also brings revolutionary changes to
human life. However, the development of all innovative technologies requires sufficient nutrients
and supporting environments, especially construction technologies involving public safety and
people’s rights. It requires strong government support and relevant information security and
privacy laws and regulations. Therefore, how to apply intelligent technologies such as AloT image
sensors to future residential living spaces, and to formulate corresponding information security
and personal privacy regulations, is a topic worthy of research by government academic research
organizations. We suggest the relevant organizations can enrich the contents of the "Item 8: Smart
Innovation™ of the "Smart Building Evaluation Manual”, and they can further update and improve

the evaluation content and the items of the "Smart Building Evaluation Manual”.

Suggestion V: “Academia-Industry Collaboration on Training and Development of AloT-IS
Application Talent”—could be adopted in the short term.
e Principal Executor: Taiwan Architecture and Building Center (TABC).

e Associated Executor: Universities, Research Institutes, and AIoT-IS Manufacturers.

Both of the two simulated case studies have confirmed that AloT image sensors are more
effective than traditional solutions at different stages of the building life cycle. The research was
also found through three-stage expert interviews and questionnaire surveys and two expert forums
that there are still improvements and developments to be made in terms of system interface
friendliness and cost transparency. In order to promote the application of intelligent information
devices such as AloT in the field of smart buildings and building safety, it is necessary to cultivate
talents with dual expertise in building safety and information engineering. Therefore, research
investment and practice application by government agencies, research institutions, universities
and colleges, construction industries, and property management contractors can cooperate to

improve the benefits of smart building and cultivate practical talents in the industry.
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g E 0 s

X 2F TR PG T L kP 51fps aE BT 2 OCR -~ 47 12 g ~ 12

FER P E T ABR GBI o B 24 L HBRET o

Bl 24Cognex i & ¥V #EFB# w B
(F# k& - Cognex, 2021)
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= ~ WP AIOT 2 iR Bl B3 E

BN i & E4 3 (ADLINK, 2021)F 3 11— £ % »>1 475 0 NEON Al 4

M
EAps > ZEF A5 6681 mm x 77.5 mm x 123.3 mm > p & NVIDIA a3+ 5 T 5
Jetson TX2 & Xavier NX ; %457 £ 4p #% f”’ BT AOl s 4 T OUSER 1 E S E A ap
g T B i@ PN A 4B 25 2 2.6 Hfor o d B F
PR PIEET UEDIEKD

g BT R BE S o

& AloT
ﬁﬁ&i@,i?uEi%%@ﬁiﬂééﬂﬁﬁ

Vs Al EB2185

Safety light
curtain

HEORE 5= X mmrmame (Ve

X EE3:4:80F V) i B

Bl 25 Al £ 4p g0 (- )
(7 * & : ADLINK etal., 2021)
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AloT B HRRIBAEEAF T 2T B2z 7y

IP AR ELIZES AINVR Vs Al E=1E68
IP Camera Al Smart
. Camera
& >
>
‘e
Network
. Y -
POE Switch AINVR

BEFH

x -1 BRI E S

i
I |X |X
& &
=
} ®
.

B 26 AlFFEpts (o)
(F# %% : ADLINK etal., 2021)

2.1.2 F* AloT R RIEFZ BT %5 &)

e AlOT GrA BEMEE T PG AFBRY s BB E -~ &
AER AT RBPIBE2ZEATR* 45 0 3 M AIOT BRI B Z AL 22 B+ %05
é[ﬁ%ﬁ‘lﬁé’»—%:‘ 2.2 & ¥ W R o

- ~TEFAREGER Y F L BRI R

Bt ALE E 2 A EALE E T Wb e AlOT B iR PRI T A RS
BB FEFLERZ Y o H2 A A érf‘ﬁi#iz*f# TR ABBRFREFRY 7
oMM R R AL E % o il AloT B R BT 0 - BB (A
R X EEEDBS R2AR ifé?"’vff?iirfr_gﬁé‘ DEH N g rERiT LR
Fehflond AREBEIFEEI2 22 A WEF AR - HAY R ENE 7
g ORI ik o 56 Al HA mﬁv PRS2 S RN B Ty
TRAAEIAR T Z B R FRTIEARTE R - AR EY X5 )?Hzr’f :
1. Boominathan et al. (2016) #& 417 — #&{|* CNN (Convolutional Neural Network)
Kz BAFEDREERR  WoR2T77T %227 NG gz d IR AER T

RS- St
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Actual Count: 1115 Estimated: 1143

Actual (unn 140 Estimated:433
Bl 27 & % @Rt A HEH(2) 2 B AP it A H R A R()
(F°# k& : Boominathan et al., 2016)

2.Sanchezetal. (2020) A2 71 - B & ¥ A 37 3 0if Pl A SR o BI2.8475
M 2 2 T AR > 2 B 5 WRIE R~ EBER B > PR P s A
(75 e B ¥ MR E JFd R ART g okdhp B RN B ¥

Ed /,_L
BEE -
CROWD BEHAVIOUR ANALYSIS
Behaviour classification
Detection Tracking Feature extraction and anomaly detection
L
5 Density
3 Crowd Crowd Congestion | |Evacuation
=] . .
5 detection tracking Collectiveness
=
— f_-i> Ci)‘ Velocity | | Direction C£> Panic Fight
o
(=%
8 Person Person Arousal
8 detection tracking Contraflow Falls
] Valence pedestrians
=

B 2.8 A #FF 5 A7 A2H]
(F#4L %k : Sanchez et al., 2020)
3R NG R WBOERHT NTELT AL SEATR ) bl BAF R B
FHEZE R295 WRT R FHERLEBAARFEF 5 2 #6] (Zhou et al,
2016) ¥ ¢ > Zhou et al. (2019) B % 7 7+t RNN (Recurrent Neural Network)
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AloT BRI e AP T 2 BY 2EF]

22 SLSTM (Sparse Long Short-term Memory) 1 AnomalyNet £ # {7 5 & 7 e §%>
Arde AV e E T 2 iE 7]83.5% 0 AUC (Area Under Curve) ~ 95.6% i gy 5 23
91.6%17 ® 5 3 4542 B F F 2 ¢ W24 eiaR o B FEP A 0l R

BRMERIL T R T LT 2B AF Y Mo d N EAERT B2
FIRAR FHPEERT LA TFER2NFRAR A RN FEAF L 7

B o B SRR 0 LR R

Boommal Crows Acis ”l

Ol ~03-06
08: 16830

B 298 % P45
(F# %k : Zhou et al., 2016)

4. Ullah et al. (2020) % % 7 73t CNN ¥ BD-LSTM (Bi-directional Long Short-term
Mmmwﬁ%@g#@m’mnﬂag—@wﬁﬁ%%ﬁggf’W$ﬁ£m
HFRE S 2 9 AUC B F 7 iE 1189.05%

R A EE S sk iRl A i LAIOT BT 0T STAL % 2 gk

Mo b4, Wangetal. (2017) & A - BR ¥ JERE Y BF A GRS 2 > VLR
B REEHE G PRI pERA AT T A e AFAERAFL L 2P
ST R e LT A A e g FF A A4 B3 Bk o %

L ar e o )
BL2 k0 RS R TR R TR AE k) o

S RRREREEPIEL R
E—w‘a,’&Jﬁ»é‘ﬁﬂﬁig%%—ﬁﬁ_ﬁﬁ‘@,_@;@ F ‘Ql'f:r’l%]p}j:ﬁ,fnp\
SE TR o BFRES R AR S FAE RS 2 4 ERE 5 A

BRP DR FG = o - BF e ES B EE AP ROT E dE LREEIRAR

fa
F_&
-
\£¥

9
RO
o s
- &

33‘\3;‘

A&

-

<y
v

Ao VIR B R e E B 4 o

pi
b
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i
n
S
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- A e R RIS 1 T AR B 9 RGB (Red, Green, Blue) # it 7 4 47
Kong et al. (2018) #2 Shojaei-Hashemi et al. (2018) # ! e~ j* ¥ % iF Kinect RGB-D (%2
¢RI BAR R BIE) B A RN AT Bk o #
FRBEREOTANAFEIRCGB T AL I N R EF o AL R
BRI TR L o Bl ¥ AR § AR 2 B 4o 210 AT oA T 4 B[ * SVM
£ RNN+LSTM capljir sk -2 o 5 » FE 2 2 B[R fs 7 B b g8 ) B4R e e
ARERE IR AR WA LIS B T o

T S et e g W

:=vﬂwfm{wpny @
e
T e 2 e o A |
Vy/%/v")%/‘
il A B - - S o

B R = S S D

Sy SN S o RS
=y X [T D= T RS =
s MBS /7@1‘;}39

N D LSNP
zgj%éﬂtmm>§cﬂé}

= N, T R e e e

B B

B 2.10 BER B BEP- I A gt TS
(742 &R : Kong et al., 2018)

ﬁ; BRE] (LRI 0 iR p LN 2. R WRERGE o F 7 0 AV R R
B - Rk R o B4 0 Laietal. (2018) B £ #3% 1oT &2 CNN
TR BB LA PRSI E TR AL G T P BB EAEREAL R - Wang
etal. (2019) ~ fI* @& § ¥ fg"\;‘gg} TP-LSTM (Temporal-pyramid Long Short-term Memory)
RIFRPIEERFAL DOV AV A F AR RRNIFE S oB 211 #757 - Huang et al.
(2020) RiF= 3 & 478 bk o JEd A LR SRR rRR LT LR L apEE -
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AloT B 4B MBLERF % 2 B> HIEF ]

Bl 2.11 % 2% g Rl(-)
(F# %k : Wang etal., 2019)

W EETR Y ST I 2 B id 22174 47 0 McCay et al (2020)3#%
M- B E S B GIRE T B2 % 0 oW 212 i o AT 8 CNN A
e FREE AR RSB  RIF R G T R R R R
HEe > T RIERIS R AR RERE R e BEERELR -

_‘:g-

\

i 2
e

el

B 2.12 B 2% &I Rl(=)
(F# %R : McCay et al., 2020)

SRR B

f R F TR BREE REEREN  FERISLITEEA T N

el
W oV s AlOT R R R R A 5T T R A B R A b 12

7—01/

B4 BT {he% 2B I o Ap b v PR AT
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1. Kurpiel etal. (2019) #& 41 % 3 M i jplerds fF 40 S e & 0B ARAe RI2.13 9757 »
ESBAR R FERTORTY 3 8T%N T ER ~83%T L v X ~85%T5F
i (F-measure) & L 320.234) cnt 5 pFiF -

Region processing (CNN)

Image parntlonmg v

Detection Result integration

Bl 2.13 CNN 2 4 i )i 4228
(F kL kim © Kurpiel etal., 2019)
2.Silvaetal. (2020) # 1@ * JFR L FA SR LT iRy £lES B
#A% YOLO =7 CNN % > — B FRV/LPD-NET * >t p[iT @ & & /{3 R B e
M=% > ¥ — % LPS/CR-NET &~ 2|8 ¢ ch3 # & F {fofsak d M 5LE > oR)
2.14 #7570 3%AT T HAT RO B W dicdy B OpenALPR £ 3 89.15% enydad S » m 4+
e a & MEcdpE SSIG ~ UFPR-ALPR B 5 92.41%% 65.62% 553 5 o § ToU
R E3K 5 0.5FF » & OpenALPR £ SSIG 4 %] 7 90.44%7r96.09% 1L a4t & o
* NVIDIA TITAN X 76FPS #{ 7pF > T R I3EFjen i AP TR > @ & *
GeForce GT 750 M 1MOFPS 4, 7 p% » § & 1145F §jen i S i F o
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Frontal/Rear-View / License Plate Detection Network
(FRV/LPD-NET)

i i),i i v Atp

License Plate Segmentatlon / Character Recognition
(LPS/CR-NET)

= s

[ |- e

-« ] =

DE-Bs
w

> |2

[+ 0 =) -,

B 2.14 & Mg FE A B
(F#L kim - Silva et al., 2020)
3.Dalarmelinaetal. (2017) 3% 1 Atk 8 F Aypicg M B R B oiFE i
SLZ pER BB M Esu] kKo € % Tesseract i 17 B Wy H R ARACB2.1597 57
fod X PR R 0214 NTIDATIERE o 4 BRI F R 044 T ESLER > £
2 v EF|83% i R -

Plate Localization
(Object Detection)

Plate Extraction

License Plate Segmentation

1

1

1

1

1

1 .
 Pre-processing
1

1

1

1

[}

1

Character Recognation | —» Pytesseract

Bl 215 2 gmabul i bk A2 ]
(3 %R - Dalarmelina et al., 2017)
4. Luque-Vega et al. (2020) #& 41 ek *2A0LA0 4 B4 A7 a0 2 48 73

BB ke B2.165 (T TN DEHER - F P RLATE &
B TR & I]PF > RasberryPiv24p # 2 4% Pe 1 ¢ * Tesseract it H & M9 578
ER-DREB/EET T Y BRI LS ETIMR G I
LED #34 gBHAARE - 3%k hp< 8 Bd B2 B pRET > 073 FRE
SRR SRR BRI e R R s R SR N N & T
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Monitor Center

c)))) w
S Acmnstanro
&"’/ 2 Vontorng Center
=
®. Qient/Driver
a SAN-V Device
<-
B Provamity
3 sensor
=
Ml camera
Booked /Free
K Hold/ Ocapied
Aer
Buzz

B] 2.16 SEI-UVM i % 2 f;
(F 4L kiR © Luque-Vega et al., 2020)

2.1.3 Bp AloT # kR RIEF2Z BT X b

l‘,ﬁz_‘l Bt 2600 ARPN - € 57 AloT

R A S N A S/
puh NP 0 Ehgn s H AlOT B * 2 6]7 4% H 2

B RS SRR 2020)
FHF AL (54 SR 2020)2 2R AL H 2
AE 2 AIOT B* X 6] 8440 ¢

wg “100 i AFEB D 147 E#

o 3 24 :109-01-SBUOI A+ ¢ @ Lﬁ"gly_*nyﬁk;?i?g@y Fmrho
Fhkt 3 H B R oK RENE S SITRE AERY %

LSS | 4
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#$ﬁ3ﬁﬁﬁ\fi?ﬁﬂﬁ%*%&’W%E%&%ﬁ‘ﬁﬁéﬁﬁﬁ@

IR

BB R B TPEE  R BB I A S E AR JRIER KR
W AP PRI o
o % %4£:109-01-SEDO1 v wpsr gl iRl h 5L f F bk BT bR
.:i‘?
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AloT %

BRI E AR R 2 SR E

Bkt AR BRI GBS e FF AR R R T & 3
DE e N2 > REBFAER L S WERR AT AR A0

FAMPER L A mRLT e Z P HE  FAFESTFNERSTE

Bl E ehr o TR iR “'T}i R 2R a/.w_?\?\;% T REE S %ﬁiﬁ'_%ﬂl,l e
}%"‘%"’Jﬁi- 109-01-SED02 % 4 & &Ffﬁizi‘—"#;ﬁ'?{‘ SHEE R KRR

~%%%$$iﬁ’%ﬁﬁﬁﬁ‘%ﬁwﬁ:éﬁ&%:%%@%ﬁﬁaaﬁwa

g

FEREREN AP § RETEY okl F 0 P R 2 R
Edp e 1 d  §# 2 B BB R ETER VIR E
FRENEFRFEFARIL c FREFGAIMEL S XA RAFEERER L
Boo WAERAFTE R A RIERH S % o

P H £4£1109-02-STRO1 #7 21 &% CCTV ¢ Al By d w4

P e Rk SR ARBPIFFE D B TERFE P A F A iy e s Ik
RERFPF AP faf g RERI S0 1% 2 w%y 2010 RBH

CCTV - d g i¢ * CCTV ¢ wxPip s s Al e % @ dp
LT WA B A TR 24 Pl LS 2
& L4 109-02-SHC02 A7 & v f g 7 ﬁf%%§Wﬁ:éﬁ%&ﬁﬁ§%:

SRR AP E S & i%};],‘ﬁ\'r‘:ﬁ i N ’321'}:\’}5 A ;ifa%r;:].%}w,’if}a\’ﬁ LR

“vm!

PPRRAT 0 e RPIE BT EREK A o BEAAE N PRI A T E T PRl
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BoR O FOR e T

Fo% AlOTEHFETRAP M FESRLS1IZ 2R 2 74
AEGERBPN AT B N ERL 2 ML s BFEEAEE Y22
PERER ALY AR AT 2 A BRF TR ISR 2

TR YEREATE XFRE

221 AR ¥R RTR 22 v

Ry a £2 4 3 £ (Intelligent building dictionary, 2007) 2 = & > *73} &2 A
(Intelligent Building) » % & & & fa v > 2 > g d& B g # ’Jﬁ i p bR g 4
Pprmie B Fid@saga- a4 o L*:m,fﬁ—ixam;}iﬁzr Fobe bR R
BHE S RS ET RN R R KA A R R R
FE L A(EHLEEEF 5 2019) ¢

ARFEEATE N F R BT S f\IE#F]Jf%(S}'%%'Léﬁ" S 2016) 0 A A A
TEPRA P A B AARTLAE 2P LI P AL B AN AR
RAGEEAD 28 RF S ERE ikﬁ\‘&a’“lf?%ri‘ﬁ. |FTeb o3ty = xR 29 HE
FIP R

I & HMR—11 FHRRP LRI~ 12 GRBY IR 13 GRABN 2L

1.4 1 SUH 7882 @iF o
2. FMAMEZ 21 BE PR BB 22 B (F IP)TEH ~23 R Rk -
24 B 25 2E Mo

3. RS 31 AMELAAE R 32 KHREARRE 33 BT 2.

4 XFEFW—41 FAFE A2 *%eil FI8 43 BRFIL 44 @FFIL o

5. %2 X =51 BN AHAN52 Bk AAN53 B RS54 TAR KR N55 P

Bh~56 Bd F® 57 5T F A 8 ¥ & Fed kB

l“‘b

6. b?fﬂ 6.1 Eb/}i—'z‘l‘?%ﬁa 6.2 Hl_—./}g’? * %563 Fg{,% ;:j? ~ 6.4
7. fﬁ;%'gpi 7.1 ;LFXF—‘E&"

S I

Ho B2 2 8 2 A ARRIP L SRR SR B BAL K S
PHRAAS BRI PEFFFUE NS FEIHCLAZ > SEAL 2N 2556
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AloT kR ipBAZa % > R

oo kg 16 &[] Tk R

; AR RRERAR T FEIF AL
TS xRS -

Bk £ R %4%}31 i L ,\‘((W 1% 88 F"é%-%: ’ 2019)EJ 4 %

R EZ A4 ¢ (American Intelligent Building Institute, AIBI) —
JRA®Z-FEEREe BRI Z 0 2
B ey BRE

’J;]pﬁ‘ \"TL%

R AT B M AR AR A F Ao

Z o~k L opd it aE B ¢ (Continental Automated Buildings Association, CABA) — 3% iz
NE e IR AFER S A A IR GELEE S ;{targiﬁl_ N R R

A E 2 A B ®(The European I