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¥ See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, 1-2 (2018).

19 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, 1-2 (2018).
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20 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, 1-2 (2018).

21 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, 1-2 (2018).

22 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 5 (2018).

23 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things , 2-3 (2018).
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24 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 3 (2018).

25 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 3 (2018).

26 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 4 (2018).
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27 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 3 (2018).

28 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 3 (2018).
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29 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 5 (2018).
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30 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of

Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 2 (2018).

* See Cheng S., Raghavan N., Gu J., Mathew S. and Pecht M. G., Physics-of-Failure Approach to PHM.

In Prognostics and Health Management of Electronics: Fundamentals, Machine Learning, and

the Internet of Things, at 61 (2018).

2 See Cheng S., Raghavan N., Gu J., Mathew S. and Pecht M. G., Physics-of-Failure Approach to PHM.

In Prognostics and Health Management of  Electronics: Fundamentals, Machine Learning, and

the Internet of Things , 75-76(2018).
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33 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things , 6-7 (2018).

34 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 7 (2018).
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> See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of

Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 8 (2018).
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*® See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 10 (2018).
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%7 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of

Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 13 (2018).
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*® See Cheng S., Raghavan N., Gu J., Mathew S. and Pecht M. G., Physics-of-Failure Approach to PHM.
In Prognostics and Health Management of Electronics: Fundamentals, Machine Learning, and
the Internet of Things , 78-79 (2018).

¥ see Cheng S., Raghavan N., Gu J., Mathew S. and Pecht M. G., Physics-of-Failure Approach to PHM.
In Prognostics and Health Management of  Electronics: Fundamentals, Machine Learning, and
the Internet of Things , 80-81(2018).
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0 See , Dasgupta, A., Doraiswami, R.,Azarian, M.,Osterman, M.,Mathew, S., and Pecht, M., The Use of
"Canaries" for Adaptive Health Management of Electronic Systems, Semantic Scholar website,
https://www.semanticscholar.org/paper/The-Use-of-%22Canaries%22-for-Adaptive-Health-of-D
asgupta-Doraiswami/a4432cal13259a963f47be5eb45157a0e3d90a6c3 (last visited Dec. 8, 2020).

* See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 14 (2018).

2 see Cheng S., Raghavan N., Gu J., Mathew S. and Pecht M. G., Physics-of-Failure Approach to PHM.
In Prognostics and Health Management of  Electronics: Fundamentals, Machine Learning, and
the Internet of Things , at 79 (2018).
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Figure 4. Canary fuse with cracked glass housing.
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43 See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things , at 14 (2018).
* See , Dasgupta, A., Doraiswami, R.,Azarian, M.,Osterman, M.,Mathew, S., and Pecht, M., The Use of

"Canaries" for Adaptive Health Management of Electronic Systems, Semantic Scholar website,
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https://www.semanticscholar.org/paper/The-Use-of-%22Canaries%22-for-Adaptive-Health-of-D
asgupta-Doraiswami/ad4432cal13259a963f47be5eb45157a0e3d90a6c3 (last visited Dec. 8, 2020).

45 See Ramakrishnan, A,, Syrus, T., and Pecht, M., Electronic hardware reliability.In: Avionics
Handbook, 2281-2315. Boca Raton, FL, USA: CRC Press (2000).

® See Cheng S., Raghavan N., Gu J., Mathew S. and Pecht M. G., Physics-of-Failure Approach to PHM.
In Prognostics and Health Management of Electronics: Fundamentals, Machine Learning, and
the Internet of Things, at 77 (2018).

* See Cheng S., Raghavan N., Gu J., Mathew S. and Pecht M. G., Physics-of-Failure Approach to PHM.
In Prognostics and Health Management of  Electronics: Fundamentals, Machine Learning, and
the Internet of Things , 78-79 (2018).
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® See Cheng S., Raghavan N., Gu J., Mathew S. and Pecht M. G., Physics-of-Failure Approach to PHM.
In Prognostics and Health Management of  Electronics: Fundamentals, Machine Learning, and
the Internet of Things , at 79 (2018).

43



B* TR ER IR R EASFBER

B EEY TR &

EREZ S

~h 33

2w ¥ '}/H\F’ 'f
=
-9

¥ 2 2 % (Machine Learning) i# & *&
Eo

Sk FY R

(training dataset) ¥ & ¢ & F¥cli > ¥ 3%
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wEF

IzZ"f'—"rﬁ =
wﬂ”&ﬁ”ﬁww*( AR

Fier % 2227

FiL5E B2

Fl ﬁii\‘ np—-:gnl ,
ﬁL I"} Jib ° l/lJ'liL"
Y {j\> 2 ,ll ﬁ ‘} g:

IJ} [T;“:‘k ’I—;p )

PR PR AL 5 Bt (accuracy)e AT B F Y HEh Ry

%7 % ¥t(diagnostic system based on ML technique) >
RE AR it
dataset) » p # & ¢ X

2-9) -

£ 5 R

\ (detecting failure patterns in the training

6748 B % F 5.2 r.;g}‘;Tlﬁfiqﬁ‘ﬁ:(Feature)49 (FER)

## (Data)

)

CEAE]

(Study the problem)

A

MR ESTRNE
{Irain ML algorithm)

PEE £

(Analyze errors)

n

21 % (Deploy)

i
(Satisfied)

LT
(Evaluat
ion)

B 2-9 A BF Y ety
(AL Xk : 2= 3 %:Fp Kang M and Jameson, N. J., 2018)

AL
(Unsatisfied)

g

* See Kang M and Jameson, N. J., Machine Learning :Fundations. In Prognostics and Health

Management of Electronics: Fundamentals, Machine Learning, and the Internet of Things,

85-86 (2018).
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Walsm & 5 & 7%’* - B’ E %«’» N 7%«‘,{(,5@ Lo
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reinforcement learning) % 4 <% o ¥ MFFER L FY
(online learning) & # =t 32 (batch Iearning)%’;tfﬁ%‘f ¥
v & Y = sz(learn incrementally) » & 2 2 2 T i §
U H AT A B AT A BRI T 0 o & RS
Rl RUF R ? s a2 2 FE BB (detect patterns in

the training data and build a predictive model)>®

ERF A BEEY RIRIZIFRRAE FRE 6

EEEEYY RERESFY /ﬁ-n/f"r’"'ﬁ e
¢ AEATR PR Kk 0 L5 HR# (labels,) > 4 3 E L )
PR Y E Ak iR ET ) LA - Bk enb
FITVERHE IR Ao BN ERE)
SRR B HATRE S SRR SRS D7
TS KiR o)

0 see Kang M and Jameson, N. J., Machine Learning :Fundations. In Prognostics and Health

Management of Electronics: Fundamentals, Machine Learning, and the Internet of Things,

85-86 (2018).
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(3L % /& : Kang M and Jameson, N. J., 2018)

¥y - B it"]év'ﬂ’ﬁ.lifﬁ‘tﬁ%?” E i AER P R
Bold o Bdc C S Bl R Y 2 AR E TRV R

KIFRBEEZ ol ¥ 2 6
( Remaining useful life, RUL)

Bpe gz =

7 *
N AR WEHRE > bl B
=

(regression) i3] >

(éi'%] 2—11) o g;lléﬁﬁﬁi
B T AR TR R R R o

wr_r;‘\
By

i

3 __W"ff}'é":—","l

F

%

By rﬂ*& (logistic
51

o

regression)¥ FEp|- TR A VB E A

See Kang M and Jameson, N. J., Machine Learning :Fundations. In Prognostics and Health

Management of Electronics: Fundamentals, Machine Learning, and the Internet of Things , at
86 (2018).
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B 2-11 2w B4 772 3" T SRR R & 2 #1403 &
(F#L %k : Kang M and Jameson, N. J., 2018)

2. RERFSBREY ZRIERAZ FRRE FeE L
B CREAEY IR OVRTHE AT NS
P E_ Az (unlabeled) o fpxfRIERIY @ * & T EH
%L

§ i & ik A ¥ (clustering) fr il b TR A 1 %

3
%

("% & > dimensionality reduction) » & ¥ ¢ AR 2% 3
B % 4 B (anomaly detection) ~ £ ¥ & ¥ ip| (outlier

detection) o B Z T AL E ¥ hx § b+ AR ¥ o
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4l  Feature |

S AH FAzRET F &b iR R TR
B ¥ (TR RP(REE 2-12) o

M2-12 M EERZVRTGEY I ¥ REBH|F i
(F#L %% : Kang M and Jameson, N. J., 2018)

3. TERSBERY BRI
Y i 7%\5? #WE ﬁﬂ; %Ag 3 Eﬁi«fr’ii,?ﬁ ’ «fl] H
RS R EROTHREF VR J R B F

/?.J{;l‘i 752“? Wenb| 3+ o gt ﬁ*'kﬂzﬁﬁj\’]‘ﬁ/? | % %o

> See Kang M and Jameson, N. J., Machine Learning :Fundations. In Prognostics and Health
Management of Electronics: Fundamentals, Machine Learning, and the Internet of Things,

86-88 (2018).
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FLOPREY TR IR LSBT AR
B A PP E (G4 B A R E o ARTR B
RE (bl f FTH) HEA ST AR E
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W e TR AR & 45 BRI Bn F R
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> See Kang M and Jameson, N. J., Machine Learning :Fundations. In Prognostics and Health
Management of Electronics: Fundamentals, Machine Learning, and the Internet of Things, at
88 (2018).

>* See Kang M and Jameson, N. J., Machine Learning :Fundations. In Prognostics and Health
Management of Electronics: Fundamentals, Machine Learning, and the Internet of Things, at
88 (2018).

>>See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of

Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 16 (2018).
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v * B B -+ S8 fo 590 Dbt (Time, frequency,
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<" en on Pattern establishment Unsu, i
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degradation status) learning e. g, classification)
e || AT e
> *HETH {Remaining =
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W 2-13 B4V TR LRI R

(FH %k . 2273 WFp Pecht M. G. and Kang M, 2018)
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*® See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 23 (2018).

>’ See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 23 (2018).
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% See Kang M and Jameson, N. J., Machine Learning :Fundations. In Prognostics and Health
Management of Electronics: Fundamentals, Machine Learning, and the Internet of Things,
88-89 (2018).

*° See Kang M and Jameson, N. J., Machine Learning :Fundations. In Prognostics and Health
Management of Electronics: Fundamentals, Machine Learning, and the Internet of Things,
88-89 (2018).
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FuaE
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] !
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DEFINITION } MODELS)
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B AHEFRE
(HISTORICAL DATABASE &
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Bl 2-14 =RIEPI24F &2 5|3
(T %Xk 225 3% p Kown, D., 2016)

*%See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 23 (2018).
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F RREAARE:
BREH G edy R S FR R R DS A I F
PALEMNBAN BN A PR CE XA SR g
EEO PR RLT S TR cRRRE R AEE R
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®1 see Oh Hyunseok, Azarian H. Michael, Cheng Shunfeng, and Pecht M. G., Sensor Systems for PHM.

In Prognostics and Health Management of Electronics: Fundamentals, Machine Learning, and the
Internet of Things , at 39 (2018).

see Oh Hyunseok, Azarian H. Michael, Cheng Shunfeng, and Pecht M. G., Sensor Systems for PHM.
In Prognostics and Health Management of Electronics: Fundamentals, Machine Learning, and the
Internet of Things , 39-40 (2018).

62

56



FLRZAFBERARBT BRBEIMFRZ B THEUL A7

W TG R PR SUEE R o s FRAE PRI AT BB E K Sep

B RPNt o E - R iR R o e FE

BRI RPIE A TR R R L ST
* %

BB ST M S AfoT

T
T
ER

FERREBLAATER
ARy TR
- B # (Parameters to be monitored)
s PEREASLABHEHERE
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>« PHHEA MBS A& A LEER
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ol % 8
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A 4 « TH#(Availability)
HEREREAXB 24

AR ERSERPE AT N T R EEFEGER 2-15)7

o

B 2-15 BRI B X SLEHEER
(% : 277 ##p Oh Hyunseok, Azarian H. Michael, Cheng
Shunfeng, and Pecht M. G., Sensor Systems for PHM., 2018)

Fﬁg 4’/\},@,\‘ /E'J % ,}: I‘J‘Llriﬁ‘z Z_ —‘-‘,;’ }E,) I_TI—% & ;}éﬁ‘l :
1. gt (Accuracy) * RIE B2 EF BERF FRTER -
2. B ATR (Sensitivity) : @5 AR EE ~ PRI > TR Y A

# (slope of the calibration curve) % it o

% see Oh Hyunseok, Azarian H. Michael, Cheng Shunfeng, and Pecht M. G., Sensor Systems for PHM.

In Prognostics and Health Management of Electronics: Fundamentals, Machine Learning, and the
Internet of Things , 46-47(2018).

* see Oh Hyunseok, Azarian H. Michael, Cheng Shunfeng, and Pecht M. G., Sensor Systems for PHM.
In Prognostics and Health Management of Electronics: Fundamentals, Machine Learning, and the
Internet of Things , at48(2018).
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9. & JuP% [ (Response time): & il & $Hp Ty » (¥ N5 T iE §
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® see Oh Hyunseok, Azarian H. Michael, Cheng Shunfeng, and Pecht M. G., Sensor Systems for PHM.
In Prognostics and Health Management of Electronics: Fundamentals, Machine Learning, and the

Internet of Things , 59-60(2018).
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% See Pecht M. G. and Kang M., Introduction to PHM. In Prognostics and Health Management of
Electronics: Fundamentals, Machine Learning, and the Internet of Things, at 26 (2018).
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P2 GRS b Mok g2 BPEE T e SRRk 8

=

s T3gpr ik | (Predictive Maintenance)2. i & & W &3t > FE |
agR o TR HTIOE AN E L ARy A R
ER R FADT RN R G RERETY

PFd MEZTMAFEFT AR S LK E LSS E o PFo
enp R (P) 0 BRI 4 b S P
r e (F) g4 Dok il o 22 FRET S Fpd : pF
i o #%d i ad b4 B G P-FRVIE - B BEEY FTH5%
B r R FE R B TR RN 0§ BN PR Y g R R AR
(P) & % # & (;£H® 2-18)° o

% see Shetty, R. B., Predictive Maintenance in the loT Era.In Prognostics and Health Management of

Electronics: Fundamentals, Machine Learning, and the Internet of Things , at 592(2018).
see Shetty, R. B., Predictive Maintenance in the loT Era.In Prognostics and Health
Management of Electronics: Fundamentals, Machine Learning, and the Internet of Things , at
592(2018).
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e
:
i

BEHE

Over

maintenance

Optimum maintenance

Under
maintenance

B 2-18 iR P-FE&RFAEFRI R
(FH kiR : 225 %9 Shetty, R. B., 2018)
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% 23 Bt BRI FEFERALAE S BAEpEEEZ T Y

BRI ERE | qFREaE

¥+ ¢ (Feature) ] .
(preventive) (predictive)

FF = & 4 (Low capital ®
cost)

SE1 2 (3 3% 2P (Flexible ®
maintenance periodicity)

£ 4 ¢ 3 8P (Increased P PY
life-cycles)

it (TS o A
&2t | (Optimized maintenance o
(Pros) | activities and cost)

BORE B o

(Decreased downtime)

E(R)Efo A 1 AR
(Decreased parts and ®
labor costs)

ElH T w(R)ERE G °
(Optimized spare parts)

Erwbd A
% )(Invasive » causing o
incidental damage)

PR UERERT
(Cons) | (Increased investment in ®
diagnostic equipment)

¥4 o

(Labor-intensive)

(FF %k ¢ 27 % d3%p Shetty, R. B., 2018)
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FOFRFP HNEAF B ERERIFRBTET BB
3 - FWERAFBEREERITRBIB? A S

FRB RIS ¢ p 1937 2 2F 5 1R AL17.2 B %5455
Bt {op # 4 FiE & 4551 | (Guide for Inspection of Elevators,
Escalators,and Moving Walks) 3 4 fri5 7 sk st & B & 7 fe fdsf
PRADAFENZRXRAHEE Z P RRE R FZ BEXA

PERBAFENT B FIRPBERAELERIRATD - P
ZEE: A

pxiﬂ 51 iF * »+ B '} ¥ (Elevators)~ p &+ {# f5-(Escalators) %2 p #
A f7iE (MovingWalks) £ X % 2. RGP 2 PiEARR o g B
et 5 & T2t b RE 67 R R B S IcH & Rl (This
Guide is intended to assist qualified inspectorsperforming routine
inspections and witnessing periodic and acceptance inspections and
tests.)® o F P Tamehd s HAA R AT X REARAD TR
BRIV T RERA RAEREY BETRZ
A AR REBfoE kI S Ha(lt is recognized that
inspectors will not be able to accomplish all the inspection
procedures specified in this Guide, during each inspection.
Qualified inspectors have the knowledge and experience to
recognize potential deficiencies and to focus the inspection in

those areas.) s "° o

FREHP BER "E"Ef g3 2R —]“E‘«?’ml‘*di ] 2T
R R E AR R BIBHRLRITS § F R R

69 see American Society of Mechanical Engineers, ASME A17.2Guide for Inspection of Elevators,
Escalators, and Moving Walks(2014) at 1.

70 Id.

65



B TFERE BRI RPIR SRS BERFRYF 2277

2 BER AR R F I A E LT S 4

R R B R & B IR 2 P Ap B ATH L B B BT A
RS J{E‘T@ # dNew York City Department of Buildings,

NYCDOB)K 7 &= # 4~ B " X & ¢ L H i (Elevator Unit) » B ¥ 11 T

e
L S BERA PR CH AR AR R AR

AP RP WREEEGE L PHMRFHFITL 21

2. FARAMAA PRI A FE LA NERETRATE 0 R
BT RTERFE 2R T L ] 3 FE&R R (pilot
programs)'r X EFRERTET

259 2 H2R (Building Codes) ® 30 % 8 "3 % # % %“J‘;

% Yu(Elevatorsand Conveying Systems):™ 7 8 "% 3K i & fg‘? LRSS

o X T HHED LT ZH e 29T 5 EF A (New York

City Housing Authority, NYCHA) ~ &= %3 /' I# & (New York City Fire

Department, FDNY)2 B 32X i 2 F X 1T M %A ~ip Bl .9_]%\4 €

Fpchritded 2 AR 4R A BT AR RGN AT -RE D

K Mk e 7 22 ARINYC DOB)Y 3 itk 2 Rl

- RSP R Y DEHR A L P R R B R

FTREL2RABFEZIRABRIRFT €2 TA172 A8

B rp B A T Adpdl ) oA F D ATE AR ER

BoLEFE R Y BT PlE > L ATR 'E X A & % % (modernized

elevators/devices)~j= )& 311w el ¥ eI A B IFE 2 H

2¢%iﬁ£$%@%~%%&?*%ﬁ§»%EW$\iﬁ%

71 Id.
72 Id.
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BrERPE ST RERE AR CFEY - FACE-F
u§ %}'4_1;'&,}%5“730

LV E AR AR ERG ? 3 N e
(- ) %P % (Periodic inspections) : d = 7 = A ik H %
% ﬁk‘fﬁ(contracted inspection agency) °
S)3 HERMEARARB I EAF T ALY
2 # et /8 14 Hf (approved agencies licensed by the NYC
Department of Buildings)7¥32 4 % -
L1#EMaRE(Ctl) | A2 FeFx &1 1p 3
12 7 31 p 2z B&7 (2% 2R57) - BR/Fx
RS aat R 2120 X poeT o X fee it 2. P42
60 X N B R IE 2T R o

2.3 EHa R (Cat-3) T p K2 pAE 3 EHALR
EM AR Al N I
3.5 # Rl (Cat5) 1 p X2 pAA 5 8EF 1

PR

T (M Ifrd REFT) o
SR BEe P FE AR ¥ E 5B R R B2 B2
HERH T o
1853 # f = ¥ = = g ey o 7 (Otis Elevator Company) » B &
AR ARG 200 HMBERE 0 F Y20 BAIER o ZLPTHE
B ATRT # &2 2@ &7 B3 8 %% T % %(Remote
Elevator Monitoring System, REM) > 2 30 3§88 "3 %k & XX~ o
Pl RFRITT S ERRBEDN TN A E AL 3 B2 T
o RB RS ST R E G R RFE RN T - HFiE A

73 see Vyas H., New York City Lift & Escalator Regulatory Landscape, New York City Department of
Buildings(2016), https://www1.nyc.gov/assets/buildings/pdf/singapore_presentation.pdf (last
visited Aug. 8, 2019).
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B*RIRE R RABIRCEAPBERG R X 22F]

% K "'PB*:%E;#;? PXREAESBRY AR o B LN
LRI ABIRE VY SR RS ARBEXE TR
FIEE VT B RZE R o tiRiEd R F F1 L2 REIRS

b3 H R T 1Y ;{ﬁ“ doig s B X B E B % 3t (Remote

(not a real-time system) o 5 7 & < 'L R &
FEZFE T RE SEIFEP HF L X (transparency) ~ A $id
i3 (proactive communication) % g jp| {4 %&£ (Predictive Maintenance)z
B R ZoPBYFEITOtisONE #5555 -T 2 » H 30 § & cng i
FIREREZIH -PEEFYV 2 FERIIREE R EXKE R ’;‘T‘%‘L A
B Rk 2P JRIAZ B EARThE BT AR
V%%&%Qﬁyﬁagmﬁ—A”oéw%ﬁ%ﬂ%a%ﬁ%%ﬁ
FTALZ e E P ROIRIE 0 BERXRAE R ek BB E

(AccelerometersSensors) BT L TR L o P 2R T

74 [EEIEE > H 91-92 o

75 [EIFTEE > H 92 -

76 see Otis Elevator Company Rolls Out loT System, Smart Cities Connect, Produced by TechConnect
https://smartcitiesconnect.org/otis-elevator-company-rolls-out-iot-system/ (last visited Aug. 8,
2019).

7 see Otis Launches "Otis ONE" loT Service Solution for the World’s Largest Elevator Service Network,
Otis Elevator Company website,
https://www.otis.com/en/us/about/news-and-media/press-releases/otis_launches_otis_one_iot

_service_solution_worlds_largest_elevator_service_network.aspx (last visited Aug. 8, 2019).
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- (Azure Cloud) » & ¥ HjirA B 2 p 12 A ¥ UEE R A F R £V K
FERF AL

b BB R AR WTAEBIEE . J B R |
B %P1 K(rope testers)BlE & 2 B T2 PAREE G YR o p AR D
B Pt TR FEAT BT B 8B 2RI E e 8 B8
BV MR R RS A AR NT B E R d s dpiE L 30

9%%@2lﬂﬁof@ﬁ?ﬂ??*%ﬁ?%%?@ﬁ%@’iE

Rz Angekioagz {3770

<4y

55
,ﬁ
w
=
i
o
f
$

78 see Otis Elevator Company Rolls Out loT System, Smart Cities Connect, Produced by TechConnect
https://smartcitiesconnect.org/otis-elevator-company-rolls-out-iot-system/ (last visited Aug. 8,
2019).

7 see Nippon Otis Advances Innovative Camera-Based Elevator Rope Inspection System, Otis Elevator
Company Website,
https://www.otis.com/en/us/about/news-and-media/press-releases/nippon_otis_advances_inn

ovative_camera_based_elevator_rope_inspection_system.aspx (last visited Aug. 8, 2019).
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BT RS

Line sensor

camera
Elevator I r
controller HUB

Hoisting
Elevator position l e machine
Al/Bluetooth®
Software

iz (<

| AAA

Video Analysis
recording application
application

Bluetooth® is registered trademark of SIG, INC.

B 2-19 B* e EHirend 2882 P 4 b
(% : 0tis Elevator Company, 2017)
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F o ORHERS BER A SRITRERT A A
BN R T skl & CEN/TCL0SCL [ g il § & 1 (%] o 4
TR E AP B 'E X A (Building hoists)4p B R (354 2-4)- H 1 & p
FoRTHERBRLEFE N AL B AR DR A SIRER 3
T VAR RRIPRIPFEMEFTBERAG AR A2 M ERE
F AmHERAF AR GHRE
1 %) & a1
CEN/TC10/ 2 3 g o PR A B "% $%(Lifts and service lifts)
WG 1
CEN/TC10/ |#% % I3 B "% % 2> /4 (Improvement of safety of
WG 10 e
existing lifts)
CEN/TC10/ | # B X 3= %22 e 3 B *% % & (Vertical lifting
WG 13 . . .
appliance with enclosed carrier)
CENVCEC;O/ A B {4-fop B 4 {7 if (Escalators and moving walks)
CEN/TC10/ | 7 # & & f- & =¥ 41 4| (Data logging and remote
WG4
control)
CEN\/{/EC;O/ W 17 4p B B 3Z (Fire related issues)
CEN/TC10/ | # #7455 A Ap A B ¥ 12 i@ * B % ¥ (Accessibility
WG 7
to lifts for persons including persons with disability)
CEN/TC10/ | * ** & A A chil 8 " -2 T 5 (Stairlifts and
WG 8
vertical platforms for the disabled)
CEN/TC10 . . .
V(/G 9 / 4L 304 R 5% M (Inclined lifts)

(KRR : %R }5<,2019)
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- 28 EYEE AR X 2FELIBETATL

1910 & A5 A 2 gl 4 27 > Z 2B e p &2

A REF 2 - 0 L 23kFHF 52,000 5 2R 1 o £ I 2016 E K EL
PARL hEEH L5 88 RF A P ASRET LA 2400

Wz ? o & ﬁ?%ﬁlOﬂkﬂ%%/Q'fﬂﬁﬁﬁé@ﬁ

oo FIRIH L R B33 2050 & » 22 h = Az = A v BAG
A

BT o 3Z O F AT R b AR Y AT L o I TR A 4

F
AR A B IR ST
HATREBRTASTIBME 2P & T RES 8 Y e
BomEgRs AR B RE T AT L 24 )
PR A ADIREE 110 FNB R p B BT T
WH 2007 % > Sl i FRRERRRR DA RF Np L -
gt IR RESE B BT R BRI AT RRERE L
BOERRTRE R T PR R B E Y L RYGER 2:20)-
L F ek = I I SR RN N AR LTS AR
FE RN BLECBRRCFROBER BRI RE GARERFT (FH
2-21) o ER-FORTEFE R 2 P T o p g TR0 0 ¢ e
BEIEF T BT FRRAREF B AR

80 See Altoros Systems, KONE Monitors 1.1M Elevators and Escalators with IBM Bluemix and Watson
loT, Altoros Systems Website,
https://www.altoros.com/blog/kone-monitors-1-1m-elevators-and-escalators-with-ibm-bluemix-
and-watson-iot/(last visited Aug. 10, 2019).

81 Id.

82 Id.
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KONE API Big Picture Q1 2017 oe

3rd Party solutions
using KONE AP|

Cloud APIs *
Other 3rd party

Monitoring
apillcanons prors

———t———
Availability schedule
not announced yet
v

———

Avaiability schedule

|
[SIUT @I not announced yet |
systems v : I
o Site APIs Z 5 t |
> |
: |

a o8

INIWIOYNVIN IdV d

Solutions for Solutions
KONE field for KONE
technician customer

Humidity and air

i ressure
Lighting & G

p Temperature

Doors opening b range

and closing

% Speed
Noise level =)

10) Mileage and

Abnormal drive time

stops

W Vibration

Load
® miscalibration

W 221 B BRAMBEANGFTHFEIRFT 2 BEFTART
(% & : Altoros Systems, 2019)
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¥ 34 i 2 @ (Schindler Group) 7 R34 B K2 B 2
@&#% FIRAEBTE O ABUPPARERRE > HERT #5%
< ¥ (Edge Computing Device) ~ 4~ B 3 T (IoT platform) 2 38 % %
g el 4 T ALIE R Al B () 2-22)

See Isaacs D., Hu C. McBride M., Zhang M. Liu C.,and Geng L.,Connected Elevators Testbed,
Schindler Group(2018) at 16.
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Q Solution Overview: Connected Elevators Solution Based on EC

s a -2 —( )
(XN paag— T - e
=
I
T
] Edge
(] | , 1oT platform Remote O&M system
(1] Computing
== Device
I Opportunity: the Edge Compute / Gateway Platform
Elevator &
Sensor
Based on Linux Local Real-time Edge-Cloud Orchestration
Container... Pre-analysis Big Data Analysis

Filter invalid information to

Private App locally deployed Fast fault warnings, predictive

save bandwidth )
: maintenance

W22 6858 5mpes 28802 BERGEATHT 56
(%% : Isaacset al. , 2018)
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ERERBRRES A EEERF RS

BRBERE AR p FREES NI A Ra o R ARk
%ﬁ%ﬁ%ﬁﬁﬁsw’xﬁa%aiﬁﬁ&agﬁi s T E
WAppl FREGTA RGN e w A B et et e o P 53
& FLOPESZ 6fﬂkﬁ’ﬂﬁﬁ“ﬁ16&ﬁ”§ﬂ“%’39ﬁm

AT By » gEarARkAEg m Fv“%éfjﬁiﬁ%f@ﬁ%:eﬁ“ °
FAAFWZ p P AL AL 40T FHREAS A
A EXGFARE L0 BALE R CEFFT RS RE S TR A
RATREFSRETPBE A3
B LB 0 THBRS Y EFHD
Flm FFF BT UHBEHAop e FIERIERE R
SR RN RE TR AUEREERF L SFY oG A KD

22 VY] Dol 1 + g
R

PRSI A NREFIEP I ERAEE L2 P BEF RE hawted
@3’7860

4o ﬂmwﬁﬂﬁw@lﬁﬁlfﬁ.ﬁ AP
v o SRR ARV gy Hd A Besldzen, ¥ P W O AP
5 ﬂﬁ%ﬁm P R fRAN - R BB AHEL S B
WM B ERREV RO T AFRINEFFREARL cmETF LR
?ﬁﬁ%%’ﬁmﬁﬁlﬁﬁ&W?%4&ﬁﬁiﬁ@”o

AFED B TETHELAT 24 0 FF Y PR
(permanent diagnostics and 24/7 equipment monitoring) ~ p ¥ B %

TR REPF A & 1 # & ¥ (proactive responses upon self-detection of

84see Altoros Systems, KONE Monitors 1.1M Elevators and Escalators with IBM Bluemix and Watson
loT, Altoros Systems Website,
https://www.altoros.com/blog/kone-monitors-1-1m-elevators-and-escalators-with-ibm-bluemix-
and-watson-iot/(last visited Aug. 10, 2019).

85 Id.

86 Id.

87 Id.
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issues) % g F# {4 3K & 7P T (preventive 'health checks' through our
Service & Diagnostic Center)®® > i B "% 2% % =d-! f BRI E
B-229%% -
$‘B$¢ﬁ%ﬂ%a%ﬁ%ﬁwﬁﬁ%?ﬁﬁ
PR AR A E RS L] A AFRAG A
Iraig g P REFE AP E AT i frid 1= Hk %/%@?@ PES T
A2 0ER T EAS 2T AR EIRA G KA A
S U VRN R B N R S TR %0 o

)‘Pt

He o AR ERAERII L EA R a5 ET
y uﬁigigrlﬁﬁﬁﬁﬁﬁtw¢$nmr§ i3 @ R R
ook Ten® 2t - L H T e hredr e J i3 3
EoTRFRFALBREHwoEF TR v%4%$4@%iﬁ
B - AR TR LIBEAFS 28 AFS T HR%E
[

8 see Schindler Direct, Schindler Management Ltd. Website,

https://www.schindler.com/com/internet/en/mobility-solutions/aftercare/services/schindler-re
mote-monitoring.html#button(last visited Aug. 10, 2019).
¥ see Schindler Remote Monitoring™ A proactive approach to problem solving,
https://www.schindler.com/content/ae/internet/en/modernization/_jcr_content/contentPar/do
whnloadlist/downloadList/51_1496229683248.download.asset.51_1496229683248/schindler-rem
ote-monitoring-brochure.pdf(last visited Aug. 10, 2019)..

P 5N ABERES . HABTEUNOLEET (e-Gov) 7ESHZLENS -
https://elaws.e-gov.go.jp/search/elawsSearch/elaws_search/Isg0500/detail/325AC0000000201_
20160901_428AC0000000072/0?revindex=6&lawld=325AC0000000201 ( f{&BLREHFE] ¢ 2019
F12H3H) -

TEIH HA TR SR A E 1981 AR AP BEIRE A %M SIS IRE B RS 3
&5 1 Kz &k H ARSI AR AR E - 2 F5aIlhHALEE - <2018 it
HATEEHSERIFERES > » H 90 BIx#ESREgHs
https://ws.ndc.gov.tw/Download.ashx?u=LzZAwMS9hZG1pbmlzdHIhdG9yLzEwL3JIbGZpbGUvNjkz
Mi8zMjEyNS8yOGNKMWIOZCOSYTYZLTQ4AYTALY}VjZS0zYjIxMjEWNTQ3NDIucGRM&n=MjAxOOW5t

OeZveearuabuC5wZGY%3D&icon=..pdf (EZ{ZELRANEE] - 201948 HS5H) -
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Rt <4 2008 #37 2k AIEP LG E ik AIREZ
GRS NlRARRAEATRIBELEEY B A F A
ZhoaFERREY BEHE R EE 2 AT B R A
MEFZAR RAFZRAUSFRBPEHE L ARG F L
M ZFE > 32016 £ 2 1 FF TR Tyl (B
%®ﬁ”¢ﬁ%§ﬂK%¢éﬁ#Pﬁﬁ%ﬁﬁ‘;?ﬂ‘%
AR AGFEFRFAFE LA ERBERFaERE TP
@zg%iﬁ@ﬂwﬁwﬂﬂ%&%ﬁﬁiﬁ SF S
LAR—=F == « pHEBEEZNE ) 2203 B3 BEX
%%%%ﬁiﬁﬁﬁ‘ﬁﬁﬂ&ﬁﬁﬁﬁﬁﬁ' 2Ry
2. 255

BT BN R AEE AT O A B ERR LR
TR A R
L. F%EJhéﬁ)%&ﬁﬂéiﬂfa%ﬂjméﬁﬁ% "\@

TR EREEY I &R YT AT IR RES

Hw o

2. TRAEH(BIRER): LIpBEFRF R L= F 2 Eqpd o
EREG  HFFHF L CABREITHILTE T BV A &R
-

I~
%%’é‘ﬁﬁﬂ&ﬂ%%ﬁ%ﬂ% AT TN ) A=
BIOESE ) K- EUREE AN B/ - R
El o

PR ETEAART L R— 9 —15 o (RSP ER - EIREOLEN  —IEETEAR AR
I L RX—¥ —}e4quk  https://www.n-elekyo.or.jp/instructions/maintenance.html ( &5Z7% %k
FefEf 2019412 H3 H) -

PHEELRBEGETE 0 2016 T FFEMO MU 2 GREHICE T 2468 ) He 0% ELKE
AHEE ¢ https://www.mlit.go.jp/report/press/house05_hh_000607.html ( & BEEIHFR] © 2019
HF7HI5H) o

HSEE B EETH 20167 TL X— ¥ — {757 - SREBEERGE | EOEEES
https://www.mlit.go.jp/common/001133330.pdf ( &1&ELEIAFM © 2019 EE 7H15H) -
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2 25 P 2BMEREFRBTIEHBEAP

k] W & 57
B Fatchi B i
(]2 4 72

BT D /B &k

(18 Faizak 2 2
[Ik p & Fap chid 47
(J2& ()

s (¥ 07 )

IR s gs [ e i 38 A5 s 148 Rmﬂiﬁfl’l’ﬁ&
[lptag 7 25k e[ ]3]E % f
HERNE

Xhtedn (FH:0O2)

Ol 3 & 8400 408 A LRl & R
(12 fin B chst 4R bt f (D430
I 4 R /B B LI fade bt fi
O @bk BT 35 B8 4
(18 & ()

4

TR AP

kg (Y 00 )

()& Ao 7 % R ~ (75 pF A 2 fods = #c
[/ B ol B =< 3k
[J# & ()

(ki : 2 g 8Fp P AE2 T A2hH T2UR—¥
— T AR EBFEEZHT , 0 2016)
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AX¥ERAP B ERE EBIFR T E T

B%ﬂ“”%é# "“%ﬁ%ﬁﬂﬁﬁﬂi%%@?%
B R A 1 9§r ﬁi,tt BB ERERIET 5o T T o
P A BE K E R RI B ATIRAR o

ERAFBHERE mﬁﬂﬁﬁﬁﬁﬁﬁiﬁﬁ

B kAL AL Y o) 2-23 Tm e F LSBT
BREZELEAS BERE S ) BHRY ) DR ELEE ~
BEINESP o R EFNERRL T KB
AR AREpRETE AP o

Lol R EERTELEE AR RN R R
BRIFA B A FRAF 2 TR A BB RT
Ao BT RE RN EEEATRIcR ARSI E > FRME
PAEMAE > TR BB o ok B R 2 R PR T L
JRAR P o e 1 ARER 1 Ao iR (AR E R -
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Equipment problem reports, Control center

supplementary data, measurement data

Contact center | Difa center Measurement dm)

¥

E"a"ag ‘al| :

Remote monitoring,

diagnostics, control

q---

Supol o g Back-office support
nE upplementary -
Remote equipment - Pnrt hfﬁ “W"’“‘F.J
intelligent problem data Inspection/repair planning )

diagnostics unit ~ Inventory planning

\r{?ﬂn{h'iwal

instructions
4

FEEN :
1ER i Service restoration support ) Technical
LT 2

support
BINEEDR <
Inspection/service, emergency response
Customer building

Work instructions

_ Service center

Automatic part retrieval ) Parts center

Bl 2-23 2 AF BERF Bl A n2 e

(% & : Yamashitaet al.,2017)
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e

FERTRALTEAHTRN M TRA S T e

- CEFABRIRFEE2 TAL72 8% - § HRYfop B X 7
AR ARAFRAFI 2 ARG L FERIRAESHEE
ﬁﬂ%#H%$%A4Jﬁﬁiwﬁm*oiﬁiiﬁiﬁﬂﬁ
HANRAE AR AE w&%%ﬁﬂ L
Ty RERAF RALERES PFEFTRIRAE LR @
frio sk 2 WAk o

S BRFRERFZAL B F R AR U 2 RIS Rep TR
B s IR RI B » P Bk 24 [ FEFF T RS
%‘*%ﬁ*ﬁ’ﬁi*ﬁﬁﬂ%ﬁﬁﬁ\%4\a%@ﬁ%é
BEFTRILAGHPE FRATEF I PN ARE BB 2
FARETREMEG P P2 FAABTAINEERE
FOLRTH R R A R B R R o

- B R RF L ADE I K ERIERL

BRERZ FEFFEFLLNFTR B RESE T KA E

BAZLERFLEFHEFAApLET A FRAERZRE

FzZ A RREE
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