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— Human—-Computer Interactive(HCI

=

LearningOl2t  Active/Reinforcement/Online Learning 7|&&
o101 ALEAtR} AFEIF MSEE2 FSIHM =ZFHo| 58 DBE F5ste 7|WHe. Erot

TFHE2Z, J|AEE ZEsS MAstes oM AFEIE ARBXOIA olF MERIEIE @2 2E
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0242 dlolEfof it stE2 M F3stod zA5te| DBE FaEAMI|&el M52 #oistst D
TEo| 25t A7k =g FAstE 2 A= obs 371K ™S HX HCI Learning OEU_’_F—IE%
7H ket

(1) 24 oy AMdSEY ok dolg =8 2 Fo Ja FF L2F e AMdET M|
CCTVERH AMAZIcZ2 == e P4 T Rolojst & OlojlHE MEstn =Z st
AElE ZEu7] fIshM F2 & =) FE(Key image frame extraction) Y1E|ES 7HLE
RGB 2 7|8t HZE, At¥A(Image differencing), Scene Classification & 7H& MEtsh A|SZHA
=% (Spatio-temporal Feature)2 MEstL F2 AN Z s FEHot= L2(E2 7Hetet

(2) Held 7|dh JaEMme =& MA AAIZE s 2 "ot gnE(E ek HAMEA FofollA
7 =2 2MM 5SS Hol= Convolutional Neural Networks, Recurrent Neural Networks & E2id
Z18ke] 2H FMHMAE MAF. =& L12|E(Stochastic Gradient Descent, Genetic Algorithm
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ZMstE Held 7|8 JAEME S dAE
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DE "ot Aot 5 ol F AM2EIF SHAXI(Al: 50%)2Ct 2 L4k Hlo|eE FE510d ALEAt A
HE2 Zolstl ALBAIE LelFE YEAMES 0|85t RHE st&stk= Active Learning, (L) &4
ZHo| MetstA oS5 Zaet B e o 58 Aalol| ths ARESAE J1EXIE gEst] RE S
Moz stEohk= Reinforcement Learning, (CH ZAM#Z CCTV FAOM EAMSIIXL sk
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Sea, HAE, A 5 ABADL YUsHE OIS AHSoE ZM U &SI NTSHE W
Web-Crawling 7|&S E83l3 7|Zo| “HMeE HFwe-Het "E*ilﬁ%ééi el
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- HAMez S8 F Uc IH7IE et EAZS JHLSH] fsiME FLiESE ot 2t s 2|
oM Hee sASIo] cieket Y ofrdg et AR Mgxdg EESkE Aol e
JoonOh Seo ws& HEAUS fleh sl HAEHEE 25t IHAH AlZbolM JHEE ZIsg
B35t sfel AlEezo| 7|s0|ds flgt Jtudes sl el

— S JoonOh Seo W= HAMEofe| MAMl Meta S5HFE euls| salstan] ZI2sh QI
HEIE EFstn AS(T 12). Y st} &%9| Heng Li Fe M IT 2 ASsh THEA,
AMEA 2ofel oiriolod, X[&Ael A U= University of Michigane| SangHyun Lee
Hes AMIZMA REZ 9 AS oM, AMIZAMA MAM EAM Sofof|A MAZCl M| =
ARRZ MI|IXMel siel MEI AES Sl MY EUF Ms L HIHE JisHE "Hotetn
ZHHZE &3 JtsE 7I&2 Jee

SangHyun Lee 11 <= University of Michigan

O 12, JoonOh Seo 29| Q1A Y ELF.

2 ozl THZSeIT A

- ofpMoIX}l X|MS WHE University of Texas at Austin(Carlos Caldas 1), Texas A&M

) )

University(Youngjib Ham =), Queensland University of Technology(Herbert Biggs 1<),
National University of Singapore(Bon—-Gang Hwang 1<)t ZMzSHFE s I oz
X|AM& W= o= Construction Industry Institute, Center for Transportation Research, & &
Sustainable Built Environment National Research Centre2t Cl=2| IM3SATE FHIHOH,
University of Michigan(Jinwoo Kim SANIIE ZLUXSE IXHEHHERKIE HF1

wE 22 5d St IFMSIHEFE Sol & 162 SCI(E)/SSCle =HAMYs=Xx ==

i
- 2EAFHMAX  JoonOh Seo IF= HK  PolyUdl MESHHAM ASCHStm(EFEA W),

AMCHstuw (ZEfE %), University of Michigan(SangHyun Lee 1), University of South
Australia(Seungjun Ahn W ==)2f IHSSHTE i Tast ZEo| /US.

O AT BSATY|T L SSATHYARY AM-HT 5

25U T77|2 Hong Kong Polytechnic Universitye ZAMEO0HES 2 FX)oAM 2018AT QS AMA

isf =91 10912 &K MAMS ATS tefez 53] A742tE dYste QS MFEote=el
F

H-index citations(MAl  12l), Citations per paper(MA 42)olM Zr=&atst Milgs Hel

_Z’I_



2P AXIIE A%= Building and Real Estate &ofoll= AM T 2 X8t AMdZZAHA 2
2 AlSE0|Md, FAEM TlH AMdZ2ZMA MIEAM EEE MA 2 FF § 2 A7 TS
st iMAZS ZHE HAFEE o Efe. 59l 2 AZeh MAEC M Heng Li 5= ADIE
74A 43 Al(Smart Construction Laboratory)2 X E5t Q20{, & 200 o|Ate| ZMAMYEtEX| =2
AR AT} g =228 15,6497, h-index 69, i10-index 211(Google Scholar 7|&)s =AM &t

SSAHAFHXL JoonOh Seo W AMEZZAMA ZHEHZ 2 A|S2o|M, AMIZAA MANM g
okdd 2AM Foke| MEIJIR #AM eriel  AFIME FEStHAM xHZ 54 S¢
SCI(E)/SSCI/SCOPUSE =& 30H, =A|stedt® 2374 59 AFMIE =M on| 2017H/20184
IMAMEEEX] 5= MARRIRY, 2014 University of Michigan Z|9% &d=&, 20154 o=
Construction Industry Institute =95 StE=i AR M™EE. &35, & ATFLMe dHalr|s &
sttel ST Cyber—Physical Simulation 7|& 7H&hE &3l 0l= KineticaLabset 7|&0|d HIE
SN, HA SEHY|He 2F HHHEES Adstn RJA0{(http://kineticalabs.com/) & AF7H

d=Eo| AldEto] 2 =320| 2 A,

Matistn A-dSEATA MEHA2 ALl 2 AMSHEE DALY CCTV 7HH 2HAXIS

P1354-E Outdoor 6LCH), © g HMeMFMH2HFlir TG 750D 1cd), GPS-FtHzl =&}
Folatz7|(DJ Inspire 1 V2 10, K-mapper X4 1), FAMAEMT|s 7jet2 Me{H FE{(Intel Core i7
3.4GHz, GeForce GTX1080 Ti 11GB % Intel Xeon Gold 6150 2.7GHz, GeForce Titan Xp),
gl0| M AJHL{(Faro Focus M70)& E /st US.

- ESH MEO/HK PolyU Wf ZAMEEZEI AFElol ExE M5t HEIE HIHe=z &E5H0]
O:

T ol E2et HAEHE HES &HEE

TE x| 28T B3 FH| e off
= = s s » 3 = =13
MEH 3565 4275, 4295 loje A Al=a0]M oAtY HIASE 2009 Of gE
RETRIERE-STEEN ’
oAl DE pE ZYE Jjee | o DAY HAIE 1004 Cf sty
MBoATA L s
oSt O ksl —
HK PolyU ZN742 Flet AT 5o o DA HATE 509 Cf &
3 3 AT 2 HI| starg| e o )
M2t 358 3015, 401 o SlAbS|o| ZEHH| ]
2! Mlojut
REERIRERZES TR
3]0/l = ™ . AHA Tl gt
CIE&{3|2Al _ .
HK PolyU Multi-medi FHESAIE
oly! ulti-media . AEHBA FH| =15
Communication Center
o NMSEE DAL CCTV ZHH 2t
o XMeo|M7tH 2}
MEH 355 Metr|so| AlddstAd AS e GPS-7tH|2} EHEF 2olakaT| she
j_lgal/\lo:‘__rl,él /él%—{/él = =E2Eo-—o =Eo (=T B o =
Al S Al = == = —
=2 o MHZFEH
o 20| ATH L
HK Pol mar nstruction
oU Smart Constiuction | o) s o waista 2E |« TAleF HAZE 100] of st
Laboratory
A MEUH/HK PolyU W AMSZE | ity &2 sAletd HS - &y
M= == Hv|eel AMeE Hurlsel MHsH AS - =L
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ol HMHE HEE DB-free FuEM7(=2 JHE=c I8 138 Z2M, MR

SE=3 Human-Computer Interactive Learning 2 12| 5 7HE

&& Hio|E X5
ME U Labeling

HCI Learning 7| &}

% Ak E Ad EI:-II E!-g

= dEE0f — — = @
Web- Crawlmg t& DB HYuENTH s Cyber-Physical Si;nulatlon st& DB
I 1

i
Segmentatlun 7|4H Cross-
X}= Labeling Oversampling Simulation

HAAEH
s= 0| 0] X] Rendering

[1-3] S E Cyber-Physical Simulation ¥ 2|5 7h'

O [1-1] AM#ZE 2kE8 Human—Computer Interactive Learning 21125 7H gt

AMBE 5FE3 Human—Computer Interactive Learning YIEIS2 AlE2XIRt HFEJI AMSEtES
TUSIHAM =Ho| 58 DBE TEohk= ZIH2=R, Active Learning(EFE{ZF ol 55t Zxlol| cHsH
NE=S ootste A E= AFEIIE EE olEst HAE AZAPE BEFHSE A)
Reinforcement Learning(A=stA| oSt Z1let FX=tstA olEst Zoo s E+=E ct2H Fof
DElol M52 =07k= A), Online Leaming(81&0llA AL2XI7F 2M 510X} 5= Aol CHE Clo|HE
2 F HHlolEstE H)2Z FAE.

1. Active Learning, Reinforcement Learning, Online Learning S Y424 Z[HF Human—-Computer
Interactive Learning €X2|& Z=AF & 24

e 7|=29| Human—-Computer Interactive Learning €12|&S 75| fsiM & &6, €21, ==
S Clo| XI2E #=7 U EAME 1 AT Active Learning, Reinforcement Learning, Online
Learning®| 37IX| ME Z12|EeZ 2FE ¢ AAD LD2|FEH XMSH LIS ofeliet 3.

H
ol
o>

— Active Learning: CHEXQI HEX Semi—supervised Learning) 7Y & stLiol|o], $E2 &5
Hole = 7I& folo|st Ho|EHE MMz MESID sH55101 24 RHIS Msg FHIM¥Mo=z
=

T

Z|tfst5l= o}E(Chung 2018, ZZI2 2 2019). &2 HEO|Z(Information Theory)ollA A}

_24_



£ Alttstod &HE ololEoll st 2El o

O &AMl =2 HolEE M MEHEHSettles 2010). 0I& &
HO|E{E &&E AHelsbels 2 Falol ofd ‘Rodg A Hig Alrbels A FAle|
Hio|E{H|0| A(Database, DB) T+%0| 7}s%&. Active Learning2 & Q
DB #&0| ZRst A|ZtT 32 z[A5l61HAM RH Ms2 zOister = S,
— Reinforcement Learning: AFEIZI HE5HA o &8t Zniel 22X eS| o £8 Zzlo| Chsh
2 A(Reward)2 Ct2H Fof REC| M52 FIMoZ HUstst= 7|H(Francois—Lavet et al.

L

2018). Reinforcement Learning2 ¢ XHAgent), &t (Environment), Z2&HReward), 2tElf(State),

—

o
S (Action)2 2 FoiE. HHRHZE)7}F FoiZl & (Ho|E)ollAM Cltst AS(oF)2 Fdst
O ol thsh HEANHEET)S 2202 Xl AEj(oF/HEt #&)E Ustsk= && DBE
758 59|, IMENM 2olM= ZHIo| S8 Zij(H 2 wFE= Zihol st diolee s
Sololz g T2 AISE.
— Online Learning: Active Learning@Zt OIZWIX|Z2 HIX|E && 7|¥ F 3slLtolod, AN Al

ClolEolA  &t& CloIHE MAEo=2A4 Algztdo] zZH3E DB 75 ¥ =2H s&5sS
Tl &h(Dekel 2008, Kim and Chi 2017). &, HIO|EHE =Xz X2|-&&5t7| =20 H|K L,
=4 S Zo| AEZ HolHE EAMst= o Aghet HEo=Z  Self-training2t Co-training
271X 2ol U0, Self-training2 1702l ZHo| o Fst Z3 & 4lz(do| Jt& =2
HoleE st&stH 4 M58 =0{7k= ZI¥ & (Yarowsky 1995). BHH Co-training2 0{2{ 7i2|
S SAlof| sEstd O olF ZoE dHu-# {20l Self-training
7|0l Hlsi odatEol Bert DB #F ¥ 2 5o o =2 M52 22(Blum and Mitchell
1998).

oy x
H
n}
@

1=
ol
2
x
)
vy]
i
4l
Hi
olr
N

o QMM ZAlSH ATE EffjZ 2 A RE o MEst Human—Computer Interactive Learning 12|52
2 12[E2 (1) Unlabeled HlolE{e| =AM HIL (2) &4 HOlEH MH
O

14) )
Labeling, (3) E2ld 7|8t JA&42MRE MdHA % stEe2 FHE0], A8 HFUHE2 cisdt

- (1) Unlabeled Hlo|E2o] E&AlM mIL: 2 chA= Active Learning?l AZIHo=2 Unlabeled
st& ololE{ol Cist = of SAMHE "otstes Zol =X olE s A HH
MEZ(Random Sampling)2 &3 & Unlabeled O|0|X| C|ole &
=&

= <)EI (=]
olo|x| Hlolefoll BHE A ol DUE M8 oAl MRS AN F 2
C|

El =/ — - == — -
olg|X|of cHet MEZn|el B2 MEet 07|AM AEZLJ} =ct= A2 HE'd ZEHo| o|o|X|o
LiEfCE 24X o] Tt IXE metsty| ofEches A2 2ololst, "2 AE=ZIJ} Hote A2
ZEo| HIE Mg 5+ ASS LIEM

(1) Unlabeled H]O|E{2] 224 7} (2) & OOl 442 Y Labeling

Unlabeled Data

Model Testing on . Uncertainty Evaluation L Uncertainty Ranking
Unlabeled Data (Entropy) and Data Selection
e —
Unlabeled Data
- Human-Computer

@ Model Training Labeled Data Interaction
(Manual Labeling)

12

o
Y.

(3) Held 7|U SYEMRZE E4 A

o

Labeled Data

H1

12 14. Human—-Computer Interactive Learning ¥12|1& =AM
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- (2) && dlole] MA % Labeling: 2 THilel ZItE ECfz ZUe| ZsAIM(AEZT S £§)0|
71 =2 o|o|X| Hlole NZHE MAStD, AFESAH= “Labellmg” &ZEQ{E ALS5t0{ MHE
St58& O|olX| CIo|e2| Labeling ZEE Fl(aZ 15). O[o|X| 1&Y Labeling ZHS
Fdlste O g 2 2829 AlZto] @FE. o] s S8l 2ol 7t& o FsH7| o242 HlolEE
Mot M S e 2ZM Labeling 22 = Aststl REol M5S =2 ¢

a8 15. Labellmg &=

2 Labeling® o|o|X| H|O|E{&
ol M= Convolutional
£ MdAR3aY 16). 59,

=

- (3) Hald Jl¥ SMEMRY M o B 2 chiel SX
7.

= =
s2510] el J|HF PAHEAMOOS My

In

Il

Neural Network, Recurrent Neural Network & =2 Held HE<LA
i RS &5&5H7| 2l Stochastic Gradient D

st escent F|& 3 AW2|ES 0|SsI¥L 13 &
100HH2| at5E8 Asst

o

[ ||. Elr
Mlil‘ll'
lﬁlﬂ'f
|nput feature
(d0x52)
(3hxda) (1RE2d)  (14x20) (Fx 1)
Convolutional Neural Network
a8 16, el v HARARY MAE
3. MEA #zolMel M5 AE ¥ ZB
- g dne[Ee Mg AMFHA EHA AIEsIFn, O 23 B HET 93.0%= MuEs| =2
Mol datEsmdol saE. 28 172 olo|x| clolEol N HAXigel REI XS 2AE
Al ofAlo|d, ZAT|Lf HEZEZOQ| Cist A|ZA SM(E], MA JlstEy 2xE )2 XL
Aoz MZso= oAsle e 2 4 US
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DB #& A2A|ZPE AMHEM Random Learning
| fI3iA 1,8307H2| &H& olo|X| HO|E7I RTF=HU20
Human—-Computer Interactive Learning €12|&5S

o, olof] ALEE A
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0.8
0.6
0.4
0.2
0
L B S SN B P .
—HCI_learning ——Random_learning
(a)
1
0.8
0.6
0.4
0.2
0
R B T B P R P
—HCI_average HCI_excavator HCI_dump_truck
—Random_average Random_excavator Random_dump_truck

(b)

Qf &
AMHE PA OlolE Web—Crawling €12|E2 ZAFEZI QU YAO|EoM ARESXIZE @5t
HoleHH& Xs2z x5t &8 DBE T55ts 7|t.'=12§, (1) HdZ2oF 7|= 7|
Web-Crawling &112|&, (2) Noise HO|H ZEHEHZ L2[EF, (3) G4k ool S 54 CtLstE

2|8t Cross—Oversampling EHAIZ M E (38 19).

(1) Web-Crawling (2) Noise G[0]E| ZE{Z (3) Cross-Oversampling
—— 25 2 D
i | Keyword Dictionary | 1 1 , i i
! 11 |Image Segmentation | ! ! :
! 1 - P :
I Pl i 1| Object Extraction | !
i Analysis HTML Pages | | | P Jeet Baene i
1 1 1 1 U
[ i |Pixel-wise Foreground| L_} -
i l o Extractiog ! : - Database
I b . b ! | ! Development
i V\%e hScrfplng P I | | Image Combination | !
! echnology Pl ' 1| withBackground | |
1 1 1 1 1 ]
1 1 1 1 1 ]
i I 1 | Automatic Labeling | | !
! Image Collection 1 | H i
e ¢ R S
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. Web-Crawling ¥T2|E =A}F & 24

Web—Crawling Z112|& 7HZS 2l ofH|X AT =2, & AFE2 28, 821, =& S L2
ANEE EAMSH0] 7|E9 P4 HolH Web-Crawling C’E*I'_EIE% ZALE. O Z3, Hypertext Markup
Language(HTML) HO|X| &~ 3 FA mtd(Parsing), CIOIEl XMZEe| 37(X| MF L12[FE2=E

SR8 & YYD LDEISY KM LSS okfet 2

00

- HTML H|o|X|] M¥ Z BEAM: HTML2 & HO|X|E MM f& 2oje st S/RZM tHFE22| ¥
HO|X|E0| HTMLE TF8iE. HTMLS 2Xt37|, 2Xt2, ZAMA T2 2Ao0|S(5lo|HE 3T)
S ¢ Holxle] 2E ™MEE Fxsisto meteh w2lM Y HOo|X| oA flsk= HIolEHE
Asez FE5P| M= HTMLE MEstD 2M5= 2d g s3lsof &

- oA A MESE HTMLS 59| ZXfHolzl 8 £ JUS. EXEE 9o

J J\ =

2|(parse tree, EZ Zt2| A E E2| *+x=Z2

- HlolH X% HTML Hlo|X| oz F&ot 2t Hlo[8 2| URLE EMHE {sts HlolH

mu
4>
i}
o
)

|3t ZId 2o 7|/ E 7|8 Web-Crawling ¥12|F
= AF=30| Hgtst Web-Crawling &112|&5S
=2 E AMH FF, @ HTML Ho[X| Ats ME 2 2AM @ Web Scraping
TechnologyE &&%t Y, @ L&t HolH Ats TR FM=E0, tHAE MEWES ctat

7H et
Dokstm 0|8 TeiE

- @ HM FI/E AN FF: QU HM Al FALO|Eo| AHst= F| =0l w2t A4 Aot of
CHS. olof w2t 2 AFZXI2 MasterFormat, UniFormat & CHEMQ AMIAI EEE2FAAE
Eli2 AMdEoF I& ool Aol =AztEl F[/IE ALY . =
HESE, AMdZEHof st F|¥E AMHES LiE, ZAd332 E ‘earthwork’, ‘earthwork
construction’, ‘earthmoving construction’ &} 20| st ztdol| st S20E 7|HE AR

tetoz24 JHE Z3ol Chist ciEFe| Clo|[HE QIEuolM ZHME £ JUAEE HE 2).

AMEH|e] A Chfst M=2Ho| ofst P4 Ho[eHE &5 2IsiA Volvo excavator’,

‘Kubota excavator’, ‘Komatsu excavator’, ‘JCB excavator’, ‘Caterpillar excavator &2} Z0]|

HMZEAIYEE 7920 ZMS(E 3). 0|F Soll BEAIOIEO|AM Cist P4 HO|HE ZHMe

=
il ﬂ%ﬁgi%ﬂ@lﬂﬁoﬁgwm%%wlﬂ—“

&
mo of
-
Hh
ol
8
ojo
é

E 2. AMSE A4 7= A
EZAt =X 3A O3 A
earthwork reinforcement construction curtain wall installation
earthwork construction framing construction curtain wall progress
earthmoving construction frame construction curtain wall worker

3. M HA FIIE AR,

SEEZ 247 20
Ashok Layland dump truck Caterpillar excavator XCMG loader
Ford dump truck Komatsu excavator SANY loader
GMC dump truck Volvo excavator Sandvik loader
Mercedes Benz dump truck Kubota excavator Doosan loader
Chevy dump truck JCB excavator Komatsu loader
- @ HTML Hlo|x| Xt& MY = &AM: g 3 Z2{(Web Crawler)7t 21EUl FALO[Eol| DoflA F+Het
ZA F|9j== oladsiol HMe Fash HA HIl HTML Ho|x|e| URLE AHEQ= AM#stm




iv jscontroller= Q?Rseh data-ri="9" class="rg bx rg di rg el ivg-i
ed="@ahUKEw] 1ARVSE4pKHVEMAUAOMWhIKARWCQ" data-row="2" siyle=
th: 275px; heipht: 227px; padding-top: @px; padding-bottom: @px;”

¥ ¢a jshame="h5RGPd" href="/imgres?imgurl=https%3A%2F%2Fccmodels . com®2Fwp-
content®2Fuploads¥2F2016%2F ..
ahwcaka*’ra e,—aaﬁ'h wixt7h

+71

;“"vSE4gUHth#'iﬂﬂlrIKAKJCQ&iEct=WP:&Lact=
:str.hmovimouseout:str.hmou" class=
275px; height: 185px; left: dpx;

nsc;#nﬂr' sty
rgb(255, 255,
div class="THL21 i J
img id="ugglraBgCFOYLIM:" src="data:image/jpeg;basesd, fO07..
QBERAEREAREQBERAEREAREQD/ /Z™ jsaction="lpad:str.tbn” class="rg ic
rg i" alt="caterpillar excavatorH [HER DIOIA] 2420 style="width:
275px; height: 183px; margin-left: @px; margin-right: @px; margin-top:
1px;~ data-atf="1 == §a

div class="rg iimbg 1e0a&nbsp; *&nbsp; 667 Sdiv:

iga
k<3 class="1 f vic isr-rtc a-no-hover-decoration™ href=
cemodels . com/shop/187-cat-349F] -hydraulic-excavator-brass/" Jsact
mouseaver: maYysc jmousedown :QEDpme j focus : QEDpme; " rel="noopensr
_blank">._-</a

‘rg_meta notranslate”
'irc. rmdm” ».< div
11800b° >< fdiv

$iozz 5 1
def url from uDDglElDbjECl’. )
url_lmq = "https://wwW.google.co.kr/search?q="+object_s+"&source=Inmsstbr=ischisa=Xived=0ahUREw] CkqWorcThARNRMA4XHWEGER0C AT

browser.get (url_img)
time.sleep(3)
elem = browser.find element by tag_name ("body")
no = 100
while no:
elem.send keys (Keys.PAGE_DOWN)
time.sleep(l)
no == 1

browser.find element_by_xpath("//input[Bclass='ksb' and Bid='smb']").click()

number = 200
while number:
elem.send kevs (Keys.PAGE_DOWN)
time.sleep(l)
number -= 1
html = browser.page_source
goup = BeautifulSoup (html, 'htmlSlib')
return soup

##save
def save 1mg[objacr. f url, count):
name = "Goo + ohject £+ " " + stmcna )-zfill(4)

folder =

change_dir = os.path:join(folder, filename)
try:
with urllib.request:urlopen(url) as o, \
open (change_dir, 'wh') as &:
fiwrite(u.zread())
'INFO: Downloaded ' + name + ".jpg")

print ('ERROR: Failed to download ' + name + ".3pg")

- @ & ool At o NMEe URLS ENHE G4 Ho|lHE #ste E.’_F% AEoll MEst=

e, ol #2 =ty

[l

=
HloH 2F goul HE W22 UK US.

Noise ClIO|E| EE(Y A2|F 74

Web-Crawling 12|52 Sl BAOIEAAM FEEsH FE== L5 Noise HIO|E{(0A:
BAYITE JIYE AMEZ ST HEZEY JM0| sREe EF Ev AdATl otd
Hiolefz7t == d9)E ZHske Lin2lES g 2 Li2[E2 @ Image
Segmentation(0[0|X| &%) 7|8t AtS Labeling, @ ZHA-tid ACHA dH[g 7|8t s P4 ol

ez TN
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- ® Image Segmentation 7[HF XIF Labeling: ¥4 HO[EHE A 2 Eests 7|HoZM
Ct=2zb Zo| 3ctAlz T=E(ad 22). A &, Downsampling Bl P4+ dlolg W £H
T9o| HH(pixel) HHEZS &Holll= ZHXtolod, Hlole F7|= ZH0|HM <LIXYE &4AS
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= UAEF T8 592F Zo| CsV Eel2 XM s 2ol PythonollM E35t= Pandas, Numpy
59| ¢ dlolg F=stoll Eolet W7|XE &Esto] YL2[F Lol &2
ImagelD LabelNam XMin XMax YMin YMax [imagelD LabelNam Conf XMin XMax YMin YMax
rame_0000jpg panel 0641667 0683854 0034259 0213889 |frame_0000)pg  panel 0 0642708 0685938 0.031481 0212963
|frdme_UDUi.jpg panel 0646354 0689583 0037037 0239815 |frame_0001jpg  panel 0 0646875 0692188 0.027778 0.242593
|frame_UDUE.Jpg panel 0645833 0690625 0034259 0269444 |frame_0002jpg  panel 0 0.646354 0691667 0.030556 0278704
frame_0003jpg panel 0641667 0684896 0053356 0.299074 |.‘rafne_lC=C'0§.jpg panel 0 0644792 0.685417 0.060185 0.300926
frame_0004jpg panel 0636979 0678125 0076852 0327778 |frame_0004)pg  panel 0 0638021 0678125 0.076852 0.325
frame_0005jpg panel 0633333 0667188 0.100926 0.349074 |frame_0005jpg  panel 0 0630729 0667188 0.094444 0352778
frame_0006jpg panel 0629167 0655729 0124074 0368519 |Fran1e_0ClL‘-E-.jpg panel 0 0629688 0.654167 0.132407 0.378704
frame_0007jpg panel 0626042 0650521 0.14537 0393519 |frame_0007jpg panel 0 0627604 0.644271 015 0407407
|frame_0008,Jpg panel 0624479 0646875 0173148 0424074 !El'amE_IJ'GC'E._;pg panel 0 0622917 0644792 0172222 04719444
frame_0009jpg panel 0618229 0649479 0192593 0.44537 frame_0009jpg panel 0 061875 0645833 0.192593 0437037
frame_0010jpg panel 0615104 0649470 0222222 0473148 frame_0010jpg panel 0 0613542 0.647917 0219444 044537
GroundTruth Tracking Result
8 59, My ool XZEe| oAl
3. MY, 0|y dlolH AHA I 2| du2|F ML
o ST MEHEE XNS2E2 FESIL HUME XAs2z2 M5 flhME oA Mdeh Y I
HEYE HOolHE &dsseto| JHsstes AAlstn seaelstes 2ol 522, 0|5 fIsiAM H|EH
QA ool (YA, olo|x)et M HOo|E{(CSV Hlole Helz XMEE ZE A 2 XH)E
HAASIE 2E|st= tHEXMCl FAMEA dhHol PASCAL VOC, ImageNet, ActivityNet, TensorRecord,

o ClofEl Zte| BAE

Z3HeHad 60).
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201806268_Zonel_Loading_005653.jpg~</filename>

dth> 1280 </width>
ight>720</helght>
pth>3</depth>

O 60. MY, H|MY olo|E A L Z2| ofAl.

4. ABX} 2lE{H| 0

o EUZF0| Mol ZE MMM 2H XAPEE ASAHHEZE|AL, YR 22X S)7tF =helst,
AM 3 Ao|ZEHS T = ULE ALEAL QHHOIAE JiWstR 2, FHAE22 I8 611 Zo|
ALESAL QlE{ oA FHMEE AMEN

o ALBAL QHHO|AE 225101 HEEE F4b Ho[Eet 7St HEF ASHE Xtz FA 212|F0|
AR = HHE2 clat 28, HA, 894 H2E o{FE ALSAL elHH oAl AFE FZ(Loop)
U2 FO| AAs2 2 X510 ARZAIE HZESH A4 HO|EHE MHEZERE FAE olF, dZEE
A4 HoleE &JAstn O ZIE DBl =HME. 2ot FHAHEe=Z, J|E DB-free
AMEMT|=(Web—Crawling ¥ CPS IE[F)Z =tEE AMEOF EEZEES HCI Learning3
288 A oid JA Cloleo| HEsto siE sz EstE ZHZ HESIstI SRR,
ZIAMEl, U™ S HiM EAMo Zest MEE FEE oX|Hez, olF MMM Xs 24
Yuz[E A5t MMM Fe XE F MMM FHEeedzg2 EEstH, AHZE LEE MY
2 ZEo| w2t AFEAF 2lE{Ho|Ao| CHA| HFZESI] ALZXPo|AH MAM XS B ZIE
AlZtslsto HS g

(3) User Interface

Ay e

T A - HY HEEE I F BM LB E /

i 44 i

] HE HE e i

([ zael

T ee— T e

=Z20% ol8

grresenss ey proe e e N2 OELH

gloje{ ¢izc | | EM Ha BH7| | - -

i 05 =4 2% 27| video || text |/image

NZ 0l

s o] M RyT— Cf| | E{ Hj| O] A

el I jideo | text |/image

J8 61. AMSAF QlEH oA FHEE.

o 53|, zZIdst IsdFfeE sl Z2MEZ| AMd|AQl S E(GitHub)2t E& Z(Trello)E

0|85ty MEmiat, HK PolyU 77l 72 ARE Z20Y ~AE 75t HYEHE 62).
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= 8F %t Result Y22 API EndPoint, HI0|E{#] 0|~ FH|

B DB-free / construction P o o

= Desaiption £

<) Code LI Pull requests Acneg Projects Sacurdy naghts Settrgs
P mister = F1 Dot Gotofile  Add e~ 4 Code -

=
- = " - ‘
I:sj_ BERESTE ARES -
-
= = .
E] - I
. o e o3 B P
02 62, Y IS e S E(GitHub)2l EZ Z(Trello) 012 OflAl.

o Jlgkst ALZX} QEHO|AE TH EZEEAN=(Frontend)2t B4 =(Backend)2 FAE. ZEEJdC=&=
E mo|xle| zolotz, HIAE, OB S AF%XMIHI Moz LEEcs FE0(11, WidE=Ex=
HOolE{H|o|AE XMEstD H|oIEE =dst= & & HO|X[e MM dojLts ZZMAE Lah
TEEAEE gst7] sl A= TypeSoript, g3 =  Next.js?t React.js, 2ER
2lo|E22|= ant.designg AlE3 o], O oAl 8 631 ZS. #HAEE Jjg Al Aol&
TypeScript, Zel 3= Express.js& A2 204, Object-relational Mapping(ORM)2 TypeORM,
DB<& PostSQL olZHIAl2  JsonWebToken, APIEHA2 Representational State Transfer(Rest)2

T React, { useContext, useState, createRef } from “react”; { NextPage } From “next”™;
t Container from “../../components/Container”; Container from *../components/Contalner®;
{ Input, Button, Radio, Divider, Uploaa, Progress } from “anta”; { uselontext, useEffect, useState } ¥rom "resct”;
t { InboxOutlined } from "gant-design/icons"; { AppContext } fr flibfcontext™;
{ Applontext } from " ./lib/cantext™; { useRouter } from "next/router”;
{ bytesToEasy, parseCookies, Api, errHandler } from *,./../lib/utils";
{ colors } fra /o flib/theme”; Api,
{ useRouter } m "mext/router”; errHandler,
t Loading from "../../companents/Loading™; usefagination,
{ Construction, constructions, resources, Video } from "../../lib/types”; isoToEasy,
{ GetServerSideProps, MextPage } from "next”; isoTokst,
TextArea } = Input; mergeQueryString,
{ Dragger } = Upload; } from ", /libfutils";
t { User, UserState } from "../lib/ty
int Props { { LoadingPage } ./components/Loading™;
 string; { Card, Button, P3 1, Empty, Popconfirm, Input } from "antd";
{ Salect } “rom
in ace Uploadingvideo { AccountMpdal, RejectModal, Badge } from “../components/Accounts™;
ing: booclean; t { Option } = Select;
o¥: Video;
name: string; const TtemsPerPage = 1
size: number; / ond unit const AccountsPage: =() =
type: string; t router = useR
percent: number; canst { me, appMessage } = t{AppContext);
cor [users, setUsers] = e<User[3>([1);
O3 63. ZEEU=(Frontend) T4 Oi[A].
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"reflect-metadata™;

t { Entity, Column, OneToOne } from “typeorm®;

T express from TexpressT; . /Analysis®;
t { createConnection } from "typeorm"; “, fCommon;
t cors fron

t path f

t users fr Jfroutersfusers”; = Video extends Common {
t auth fro froutersfauth™;

part admin from Y. /frouters/admin®;

1 "/ routers/uploa

"./frouters/anal

Amiddlewar

flogger™;

express.static{path.join{_ dirname, “public*)));

» users);

, @uth);
» admin);
s upload);

ig", analysis);

HICIZ &HtE T2IZ|s

8 64. WAl =(Backend) T4 ofA],
Md™el g Ssi HE dolHE HEE d|[¥E dolHs ZHAE  oolEHolA 2|
A|AEl(Relational DataBase Management System, RDBMS)S &3l 2z2|gh. +&lE M& Hole=
3lel(User), A4t HEH|0|E (Video), 2A & M (Analysis), 4 ZZ}(Analysis Result)2 TAE. Zt
TA 240 XNEE = ClolEof e ME MHE2 E 202 &3,

20. ol zz2[E 2gt 74 22 2F % M Hlolg.

ETRESEY
24 24 X% oolgf
5/ 2l (User) MY, HY T, Mas S slevte e
of o MIEIEIOIE{ (Video) | 8%, @aF Zol, 2 path =

5 1 © 5 A (Analysis) A M EFS E (Video)2F AFSXEZE XA SH date| A=, MY,
L N e

24 A A|I-ET A2, 3833 X, 24 Z 3l (Analysis Result) &
24 Z3}(Analysis Result) | QY& = Aol MMM MY ZZ A, A2l id gt &

ALAL QIE{H O|A(http://sitevision.snu.ac.kr) & EHH: 02 65= ALRAE MF7| AMIZZAMA

—
Eftale] ZYES ALRSIIAL ST YAOIE ZIOQIA| LiEHH= 5tpQl E5|, JHwWsE fALO|EQ
HE3YS ol HA3FE ot FUE, EfES PC 52 ZHIY J|7[0ME ALSE = U=
AFEAF Zlats AMZZNA EEE| ZAES Hes
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http://sitevision.snu.ac.kr
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Site Vision

Site Vision2
2id ¢ixio| MitkdS

AL

=M slAE2| - & 10U 27

HEEZ Hx| olAl(1)

22 AHEHE g3 ofal(1)
0| :54.1%
S0 120201 108 178

20201007 EZAL
Ho @ 20201007 EZA
20| : 4868.3635=

LI 12020 108 072

O3 65. AFEXAF 2 E{H 0| A(http://sitevision.snu.ac.kr) & =HH.

Sos d2C W BN o4 M4F siE(33 66) 13 663 ZO| AIBA} 2ASl: SHA
YURCET 24 ol ffe A U HBS MEY + US. ST YRSHH, U
7 2 o

=y x|
FEAZHE M™E olF, BAM 9FstIAL stk MMM MEO St SB(ESAL =23
otsAh o A el (AMZH|, Z2AXL, XA )2 MEfE
ot EA
8
Click Or Dvag.
ik
i p—
dealipt
_m_‘"‘._ Ez4 azzsa EEHETH
! = R T

z
fo
k>
x

21
o
2

I 66. P4 H2E o
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O3 69. =M i TAof oigh Mk ZM A JS oAl

B idieTime B idleTime
B loadTime B loadTime
B travelTime B travelTime
B unloadTime B unloadTime

O 70. AME dad 24 2 S oAl
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F 22 MEJtel HEER MAM BAMG
(Stel: x)
AL HEFAH AFA] AL
oto|c] S =ESNEL, gij; ; ;j j; jiilﬁa
(id) (startTime) (endTime) _ _ , _
(idleTime) (travelTime) (loadTime)
1 548 828 6 34 240
2 831 1,120 2 41 246
3 1,117 1,379 13 46 203
4 1,533 1,781 30 218
5 1,783 2,090 42 42 223
6 2,092 2,380 25 43 220
7 2,622 2,911 16 38 235
8 3,052 3,357 24 34 247
9 3,358 3,683 37 49 239
10 3,683 4,003 32 45 243
11 4,142 4,406 35 227
12 4,406 4,718 2 60 250
13 4,718 4,917 1 27 170
23 HEEH| MMM Xz 24 L12|E Ad ZI(1)
(=h2f: =)
=xA2t | EmAZ H| & AHR] | HHl ALE] R 5 T 2abxt
ofolc| - = - A2t AlZk Azt
, (start (end FEAMZE | FEHAIZE | AXIAIZE
(id) Time) Time) (idle (travel (load z z z
Time) Time) Time) Score Score Score
1 550 830 6.33 33.33 240.67 | -0.599 | -0.839 0.613
2 830.33 1,116 1.67 40 244.33 | -0.839 0.016 0.718
3 1,116.33 1,378 13 46 203 | -0.255 0.786 | -0.462
4 1,534.67 | 1,782.67 0 30.33 218 | -0.925| -1.223| -0.034
5 1,783 | 2,089.67 39.67 39.67 221 1.119 | -0.026 0.052
6 2,000 | 2,378.67 26.33 43 219.67 0.432 0.401 0.014
7 2,622.33 | 2,911.67 16 38 235.67 | -0.100 | -0.240 0.471
8 3,052.67 | 3,356.67 25.33 33 246 0.380 | -0.881 0.766
9 3,357 3,682 37.33 49 239 0.999 1.170 0.566
10 3,682.33 | 4,001.67 65.67 41.67 201 2.459 0.231 -0.519
11 4,142.33 4,406 0 37.33 226.67 | -0.925| -0.326 0.214
12 4,406.33 4,718 1 58.33 24533 | -0.873 2.366 0.746
13 4,718.33 | 4,917.33 1 28.67 109 | -0.873 | -1.436| -3.145
g - - 17.95 39.87 219.18 | - - -
EEHXL - - 19.41 7.80 35.03 | - - -
Hex 88.35% 77.34% 89.54% 80.16% Total: 83.85%
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me loadTime [ unicadTime

250

200

150

100

50

i] I
18 2 34 4= £ i 8= gt il 115 122 138 2
O 72 HEEHo| MMM Xt 2M LT2|E AMd ZHIH2)

o (2) ZIAHXI] MMM Xs 2M: &AXIe| MAM Xs 2AM Al MEIF EMZHE 24) O] 2AM=
A =HA|ZHDuration)2 92.66%2| MEEZE HF OO, RFEAIZI2 79.82%, O|SA|ZH2 75.43%,
MX|A|ZH2 87.18%2 Metrot T&£E. Z-M4+ HstE 8% &4 ZN(MEFZ2E 95%, Z-Score:
1.96), 2t 2A(ID: 2, ID= &Y $F AlO|E2S 2o|E)oMe= MAX[A|ZEH 3HM ZA(ID: 3)dA=
FHAIZE 4w ZA(ID: 4)0lM= 0| SA|ZH0| Ofakx|of| sHEtst= Z-Score #fol =&E (% 25, OH
73). O|& Sall ZIA|Zt0] Ho| A= AAD} et =A(ID: 2, 3, 4)ollM ZHA|ZI0| CIE 2o
Hiall AlZtO| EO| &QRE O|RfE JaEMZ Sdf mter = Uon], M HZE oML 5
MARE = &Y 20| atEof Hesh ZAIZI0] E0{E AWAS =l

E 24, MEIe| B=SAF HARHAHFER ZH|=HY) MMM BAMZE
(EFRl: %)
S&A|ZE | E|ZAZL H] A ALY HEA AFR] A AN

, (start (end _ FHEAIZ O|=A|Zt A x| A|ZF

(id) , , (Duration) o . . o
Time) Time) (idleTime) (travelTime) | (installationTime)
1 9:45:25 9:46:35 70 10 20 40
2 9:46:36 9:48:46 130 10 20 100
3 9:48:47 9:53:07 260 200 10 50
4 9:53:10 9:55:20 130 10 50 70
5 9:55:21 9:56:51 90 35 15 30
6 9:56:51 9:57:51 60 15 10 35
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BT | HHYM e wE ) ols ) A
ofolr| ZrAA|ZE AlZE AlZE A2t
(id) (Duration) | F&FAIZE | olSAlZk MR A2 z- z- Z-
(idleTime) | (travelTime) | (installationTime) | Score | Score | Score
1 78.00 13.34 18.00 46.67 -0.516 -0.157 -0.551
2 131.67 15.67 12.33 108.67 -0.488 -0.537 2.054
3 296.00 235.33 13.00 47.67 2.225 | —0.492 -0.506
4 133.67 15.33 58.38 65.00 -0.492 2.216 0.287
5 102.67 37.00 12.33 53.33 | -0.224 | -0.537 | -0.246
6 63.33 14.33 13.00 36.00 -0.504 -0.492 -1.038
=y - 17.95 39.87 219.18 | - - -
E=HX} - 19.41 7.80 35.08 | - - -
vSE-1 92.66% 79.82% 75.43% 87.18% Total: 80.81%
B dcTme I raveiTims [l cfeciveWork Time

[}
o

1!
okl
[EN)

O 73 AAAtel dikd Ats 24 Lu2E A ADH(2).

o-o

(3) XMel Matd Xs M Axje| MMM Xs BA 2ot MEJF BAZHE 26) HH] 24
A AAAIZE2 02.25%, CIAAIZHiftTime)2 91.14%, MX|A|ZF2 81.24%2| MEEI} E&EH(E
27, 8 74). -84 HstE &8%t A AIN(AIEFZE 95%, Z-Score: 1.96), YA Wi 62
g Mx| =H Alo|20|M Z-ScoreE EIok= OlaxlE TEEX 2ZS. sSHXlgh dah f 1A

of QIAFAIZHZ-Score: -1.562), 4t o]

ajgde| MX|IA|ZHZ-Score: -1.525)2F 3 mjd H o
MX|A|ZHZ-Score: 1.594)0| O|Atx| Z|=o| ZFst ZHo=z mehE A A FaA=2 E2els)
§

= A s =
1ot 3 mjde2 ol U MALZTIF WHton|, 4H mjdol F9 MX F Aelgol LHstod
APAlZiol XHdEl Aoz selE. 55|, 4 midel Fe 24 Zuet of=J oldR=Z
gel=len], 13t 3H mjd2 o|x|7t ofd He=z =eold. ofd w2t dFn 552 S42
Hhdsto] A2l 77he of=7| ME(MAl A=2[FZ2E 90%, chireh)er EeIt ASS 2felet
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E 26, eIt wY MMy 2zl
(22l =)
ofo|c| SEA[Zt E[ZA[Z} A £AFH
(id) (startTime) (endTime) QI2kA[ZH(IiftTime) A x| A ZH(installationTime)
1 0 233 124 110
2 272 607 119 217
3 649 1,059 34 377
4 1,065 1,406 51 291
5 1,456 1,779 115 209
6 1,798 2,159 118 243
27, mdel MMM Xts 2AM L2|E AME ZI(1)
(etel: %)
s RS .
ofo[r| SEAIZ E|ZA| 2} STIINED AR QIAA[ZE | MX|A[ZH
(id) (startTime) | (endTime) . , o Z-Score | Z-Score
(liftTime) (installationTime)
1 0 272 131.33 140.67 0.813 = 525
2 272.67 650.67 122.67 256 0.626 0.274
3 651.33 1,066 21.33 229.33 -1.562 -0.142
4 1,066.67 1,456 49.33 340.67 -0.957 1.594
5 1,456.67 1,798 116 226 0.482 -0.194
6 1,798.67 2,157.33 121.33 238 0.597 -0.00694
g9 - - 93.67 238.45 -
FEHEA - - 46.31 64.12 -
Hatr 92.25% 91.14% 81.24% Total: 86.19%
fitime N instaliationTime

a8 74, oid 9|
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= o| A M o Alsd A
(EEHES)
Y LT Er i M B i T s O O B
ofolc| FTRAMZE | FEAZE | ARIAZE A2t A2t A2t
. (start (end ,
(id) Time) Time) (idle (travel (load zZ- Z- zZ-
Time) Time) Time) Score Score Score

1 123.8 266.9 21.9 10.2 109.3 -0.762 -0.143 0.173

2 169.3 422 1 121.6 8.8 122.6 1.186 -0.356 0.371

3 314.3 542 .2 115.7 9.2 98.4 1.070 -0.290 0.010

4 470.0 694.7 91.4 11.2 122.2 0.595 -0.004 0.366

5 864.0 1,164.5 69.9 24.0 201.8 0.176 1.874 1.554

6 1,033.8 1,042.2 4.3 4.2 0.0 -1.107 -1.031 -1.458

7 1,117.6 1,308.3 72.0 13.0 105.8 0.216 0.267 0.121

8 1,348.7 1,352.1 0.9 2.6 0.0 -1.173 -1.258 -1.458

9 1,349 1 1,352.7 1.6 2.1 0.0 -1.159 -1.339 -1.458

10 1,368.5 1,547.9 47.2 11.7 117.6 -0.268 0.077 0.296

11 1,419.6 | 1,717.8 153.7 12.3 132.6 1.813 0.165 0.521

12 1,613.4 | 1,887.2 138.4 16.1 119.4 1.513 0.715 0.324

13 1,719.7 | 1,724.5 2.0 2.9 0.0 -1.152 -1.214 -1.458

14 1,966.3 2,144 .4 46.2 13.9 118.1 -0.288 0.399 0.305

15 2,214.8 | 2,486.9 27.2 25.8 217.7 -0.659 2.138 1.791

=Ry - - 60.9 11.2 97.7 - - -

EEHXL - - 51.2 6.8 67 - - -

- Z2X=3AL NAVER 1784 ZAMEEe| AFE Mx| =g JA(10%e &&5& ClolE, 10,800&2]
HIAE Hole)Zt The Hong Kong Polytechnic University Innovation Tower Z4A & 3 AH1 0%k
st5& dlolE, 8,820%2| E|AE H0|E)2 &35t0d Zx3AIe MM BAMS TdE 7|&0d=
AR 1HE oMoz METSI MISIHE ZHob 22l ol AEAle] MAMs SA
BEMstEs dI2|Es M8 JHE EAX Dol w2l FFEAIZHH[AMAN) O] SA|ZHEMYAR),
ZAAIZHM M) SS AFS22 MEsIen], ol 2oz Molsto ZAtel s FEof
2 Bt EFHALE ALe olEIX|Z2 Zojol| wmet ZF dE fEel SAHAX o|MXE MEE
O|Atx|= AlZ|FZHE 90%(z—score: 1.28) 7Z|ZES=z2 273592, 24 ZHI NAVER 1784
AMEHFe| A2 4 Dol Z=AXL The Hong Kong Polytechnic University Innovation Tower
AMSIFe FA 1, 4, 5 Do ZHXIL o|MX[E 7S meteh A Al MM BAM A=
E¥ 29, 301 &2

HE 29, HAUXte| MAM XtEs 24 dL2|E AE ZIH(NAVER 1784 AMEHE.
(¢l =)
H & A HEA AR N Abx] o ol= Afol
ofole) | SEMHHTNH T o oot | ormaz | HENE L N | oz | aiz

, (start (end = < 7 | (Effective

(id) Time) Time) (idle (travel - 7= Z- Z-

Time) Time) , Score Score Score
Time)

1 0 300 107.0 23.0 158.0 1.24 -1.12 -1.37

2 0 1,080 63.0 237.0 513.0 0.12 1.38 0.54

3 0 600 14.0 119.0 400.0 -1.183 0.01 -0.07

4 0 1,080 51.0 205.0 702.0 -0.19 1.01 1.56

5 600 1,080 17.0 55.0 303.0 -1.083 -0.74 -0.59

6 480 1,080 98.0 73.0 402.0 1.01 -0.53 -0.06

o - - 58.3 118.7 413.0 - - -
E PN - - 39.2 85.7 184.9 - - -




E 30. AR MMM Xz 24 n2|E A ZAINHK PolyU Innovation Tower A& A,
(el =)
H[AH ALK HEAY AFXS ALK
SaAzt | EEAlz SEE L S fiﬁr A I
otolc| [EAZE | o|BAlZE | CFTT AlZH Al 2t AlZt
(id) (start {end (idle | PR o 7 z-
Time) Time) , , Work
Time) Time) , Score Score Score
Time)

1 0 294 294 -0.89 -0.78 1.82

2 15 235 220 -0.89 -0.78 1.17

3 22 294 86 66 120 -0.19 1.88 0.30

4 294 294 0 1.52 -0.78 -0.74

5 294 294 0 1.52 -0.78 -0.74

6 77 242 123 27 15 0.11 -0.30 -0.61

7 0 109 56 19 34 -0.44 -0.02 -0.45

8 136 198 19 43 0 -0.74 0.95 -0.74

oo - - 109.0 19.4 85.4 - - -

EZHA - - 121.8 24.8 114.8 - - -

- Ofz+E AL o|= CPMC Van Ness Campus CHEHER ZAMdSEE JdMS &38e M=z, FEst
das HES 21 oY ol I M| Aol LT Xz S ChE Zdo| dls| MAtdo] W
Aoz metE . olof wat, siE AlZiche| HAF oolEf(10%e| &&& ClolEf, 69,120%e| HAE
clolef)oll CHEH MAM BEAZ Zdlg s ZSEs &8stol mid Dol w2 QIA|ZE
MXIANZEE XAS22 MYEIen, 0|8 ZRCe=Z Holsto] midel dE [y w2l AE
AlZtel "Rnl EFHALE ALE ZIE &8sto] AE[77ZF 90%(z-score: 1.28)8 7|FES=R
O|&x|E 2FoIF2n, 24 A3 o|MxE Z= mjd2 ID 322 metE. Pl AN 24
Zue ¥ 313 22

I 3. midel MAM Xt 24 dnz|E A Zoh
(ECHES
SEAIZE | EEAIZL 44 elet A x|
OP(iOdI)EI (§tart (gnd Ol QkA|Z} M| A|ZH Azt Az
Time) Time) (lift Time) | (installation Time) | Z~Score Z-Score
1 200.0 1,446.7 52.0 1,194.7 0.557 0.935
2 1,447.3 2,458.0 46.7 964.0 0.309 0.163
3 2,458.7 3,189.3 80.0 650.7 1.857 -0.885
4 3,190.0 4,368.7 18.7 1,160.0 -0.990 0.819
5 4,369.3 5,449.3 24.0 1,056.0 -0.743 0.471
6 5,450.0 6,484.7 24.0 1,010.7 -0.743 0.319
7 6,485.4 6,890.7 34.7 370.7 -0.248 -1.822
o - - 40.0 915.2 - -
EZ=HA - - 21.5 298.8 - -
3. EYE &8 Mudx=H £E
« (1) CCTV Mx| Hd=H T&F

- 2| HAAMEES $HSIHA, HMFHZFO| CCTVE Mxlg mf ¢y Jisst AR J|&H
HetxzAg stelst =2 CCTV ZHM2 WELIAE FH5t0] AS™MEE 7 o |- Z4=35s
AMEZT0| Bolete FMXIRH dickes MAFC ARXAIMLE Jtol=ztel glo] JHel ZEmt
X|&lofl e|&=stol CCTVvE MxR|stD QUS. olet 2 FHHEl HESf3 75 dale MYUSZ,
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1. CCTV ZHHzt HERA F5HS ¢, A4 2dA 2 Fulo| |70 gt S5zt olsirt

35}t

e

2. CCTV ZiHi2t U ERF F52 <lof, = =& & A=of ofet g 7ol AMEE netol

Z 25t
3. AX[=El CCTV et Fol wE Ftmzt W ES TS| =i Coverage(EY 7ts @el)oll st
=40| Hsict

4. Ftm 2t /%[, geboll et do 2UEEE Solists F2 ¢l tiet 240 ZR3scf

5. FtH2IE MAlst= Ao w2l #Hstst= HE2 z(Aster 2Tl Aotk (0. 2T AME,
ST AIME, QA MM E, 2 HTY, olsTY, o E)
Hefx=AH
EtEtM 6. 7tH 2l 78 2 ciof wE H|E8S =MalE Heol ot
o+
7. 7HH 2l Y E I AMEd A 270 olxl= 22 2] = EMS ZTE{sol gt
8. MFOIM FtH2IZF B2 £ U= M 3ol wE MX| Jts XIE D2sof Stct
9. ZiH ezttt =3ztErx| 72t HAMS &S=Alo] CiE2 FHEA /o o§| HdEs we=X oFEE
stol sl ofstrt
10. &Xf FiHZF HERK T AlA"H 725 dhal2 AEXe| Jiel A3 XAl o=t
11, Z& X[Aof| w2l 7zt EQIE Mxe 2% AAM 72 WE3A CoverageZt ofAtz}
ol EEfX|AHL £ ZEUEZ X0 Ho|X| %= BRE ULt
- 22 Zt s=olM HMAlskE ol EfShIlol cisiod of|(1d), ol 2(0M)el SHEe=z
o] 11702 2ol ofst ME=AF Z3nf "HA 0.9727H0| =&EH. J§, 2M ==
Metkzzde s ARXPDL MZskE sEte] MUdxTAS HRESin] EfEM ZAF Zils S EX
90%=E THEEH
- Bt =AF ZoE 2E8ste] &F FiE HERT 50 g2 = Ue TEH 2HEg =55
35X Do AMH= FiHE Ry, O, A, ¢eE on|sind, SXer= 72t HERIA
Mss z#Zdiskst?| 218t Coverage z|0ish, H|E z|astE oolgh HMetx=zde HAMTHES
MXIIsTFAAMEE AR oF, Ms33 71508, Hole &4 Jisoif) ez Heolgt
Heolo| e et ZYW2 ofgf(4 2-6)2f €3, MIIM =z = OITHTZE FHHEEDE A
(i, )0l oo ZHEZ MX|H=XE MU, €, S HA (ig,45)7F 02 Z=2 AXI (iy,5,)0l
Mx|El Fh2te]  Coverageol — EEEEXE LEHH.  w,; HEs o fIA (4,7)
S7H-92tM (Spatial-contextual) ELEE LIEN = 7FEX[0|nd, UP2 ZiH 2l =7IE 2|ofgt
c= HIBHTE, FHHEIE /IA| (i,5)0 Hxg 22 23 H|&S 2o|stH, CR2 AdsEe

=
izt W EI7E =tEsiol k= # A Coverage MsS 2folg. EdH Mx[JtsTdo| ztet
Mefz=dg HWEHH= by, py. d; BT AlEE2 JHEAE] ofFet disg 7ks0iF, HolH

A bs0iRE My

ij

Op>
i
i

_73_



o

w

*

*e.

1151017275

max Y,

i15,0;

(A

0

ZimH 2F Y]

min UP¥Y )Y, T T PP Tijg" Cij

| =H(

2l3 2| Coverage =

E

2.

<+

i

0

i

0
4 3. ZtH2t HERI A 4

PRI

ke wp = oY Y,
i15,0; 62131912272 w’z]z T OR* w”

J

1

J

i

0

%4 Coverage

UPY Y, Zazijg +3 ), E%je*cij < Budgets

4.

<r

J

i

0

J

i

0

25%9 = b*p;"dy; for Vi

0
T4 6. FtH2te] H X7t

T (%

=
o

e

Ho
i

=HE ID

ARO[ A 7 el

ol
ﬂ

o
~
ol

Hinl

ol
L,
u}

7ol

i
ol
ol

0{0
<

it sictel

Zofl
=

ttof o

5

O|x, ALSAt

2| AdFoict o2 e FHmH 2t

2 ofoll cCHsH

- .
"2 Ymcs

—_

oK
™
0
o

-

<0

IH

N
ki
ol
ol
o

i
Hl

- EZ2AL

ol

oju
MO

H

—
Tod
L

ofl

el

xp?'ediction

Ae=)
ST

LH

St

<)

0§ KA
o= 63.64%(E 34

™ 67.40%<

tol A2

as

f

£ 10lM %

b

k=1
oF

TA|

=
=

7t 2Mgtez L50ol o

b7
=

M
A

IH

ar

H

=

g 2o,

Zi= 71.16%2]

M
A

IH

i — X -y
groundtruth prediction
=1 — abs( )

Accuracy

xgmundtmth

=
T
Ir
IH

=
=)

t

x:no':X

A Xlod 2
=

YEE, 47| o

34.

i
ar

ol
Kl

I

7l dd

I

, B

r
w}

Bz

275t

375t
63.64%

ELE

25t

25t

2,452=

=

2,363.1

11CH
15CY

H
o

_74_



HE 35. §ZES Motd FAMgLdm Aot
(chel: X)
HE7F BNt 2 EMu
= X} X il}x-i Al i—::x-l oA ilpc-l E_::X-I CIa
ohoiey | 25| X% Fam T s Tmn | 5F | ¥ ag L o
(id) ™ TS S NET NE ™ T S
(start | (end A|ZE Az} AlZH Alzt A|ZH A|ZH
. . , (start (end ,
Time) | Time) (idle (travel | (load . . (idle (travel | (load
, _ , Time) | Time) , , _
Time) | Time) | Time) Time) | Time) | Time)
1 123 265 22.5 9.5 110 123.8 266.9 21.9 10.2 109.3
2 168 423 122 10 123 169.3 422 1 121.6 8.8 122.6
3 314 540 116.5 11 98.5 314.3 542.2 115.7 9.2 98.4
4 470 695 91.5 11 122.5 470.0 694.7 91.4 11.2 122.2
5 863 1,055 72.5 13 106.5 864.0 | 1,164.5 69.9 24.0 201.8
6 1,118 1,295 47.5 12.5 117.5] 1,033.8 | 1,042.2 4.3 4.2 0.0
7 1,368 1,668 154 10.5 135( 1,117.6 | 1,308.3 72.0 13.0 105.8
8 1,419 1,694 140 15 120 || 1,348.7 | 1,352.1 0.9 2.6 0.0
9 1,613 1,793 46.5 146 117.51 1,349.1 | 1,352.7 1.6 2.1 0.0
10 1,966 2,200 80 22.5 131.5) 1,368.5 | 1,547.9 47.2 11.7 117.6
11 2,215 2,575 225 17.5 118 1,419.6 | 1,717.8 153.7 12.3 132.6
12 1,613.4 | 1,887.2 138.4 16.1 119.4
13 1,719.7 | 1,724.5 2.0 2.9 0.0
14 - 1,966.3 | 2,144.4 46.2 13.9 118.1
15 2,214.8 | 2,486.9 27.2 25.8 217.7
xate _ 80.41% | 66.24% | 63.64% | 74.35%
Total: 71.16%
E 36. HEEH| YN X3 BN LE[F AYW 1L
(el =)
HI AN | BEY M | AN ex =3 AbR
STAZ | Bl ZAIZt =
ofol | = == . AlZb AlZH AlZH
. (start (end TEAZE | FEAIZE | ARIA[ZE
(id) Time) Time) (idle (travel (load Z- Z- Z-
Time) Time) Time) Score Score Score
1 123.8 266.9 21.9 10.2 109.3 -0.762 -0.143 0.173
2 169.3 422 1 121.6 8.8 122.6 1.186 -0.356 0.371
3 314.3 542.2 115.7 9.2 98.4 1.070 -0.290 0.010
4 470.0 694.7 91.4 11.2 122.2 0.595 -0.004 0.366
5 864.0 1,164.5 69.9 24.0 201.8 0.176 1.874 1.554
6 1,033.8 1,042.2 4.3 4.2 0.0 -1.107 -1.031 -1.458
7 1,117.6 1,308.3 72.0 13.0 105.8 0.216 0.267 0.121
8 1,348.7 1,352.1 0.9 2.6 0.0 -1.173 -1.258 -1.458
9 1,349 1 1,352.7 1.6 2.1 0.0 -1.159 -1.339 -1.458
10 1,368.5 1,547.9 47.2 11.7 117.6 -0.268 0.077 0.296
11 1,419.6 1,717.8 153.7 12.3 132.6 1.813 0.165 0.521
12 1,613.4 1,887.2 138.4 16.1 119.4 1.513 0.715 0.324
13 1,719.7 1,724.5 2.0 2.9 0.0 -1.152 -1.214 -1.458
14 1,966.3 2,144 .4 46.2 13.9 118.1 -0.288 0.399 0.305
15 2,214.8 2,486.9 27.2 25.8 217.7 -0.659 2.138 1.791
g - - 60.9 11.2 97.7 - - -
E=HX} - - 51.2 6.8 67 - - -
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- ZESAE ESARRF OIEIIXZ A 78 285101 ZEE0| As2Z2 EA s MMHdES MEIIDL
2AMS MAMMI HWwslo] METE Holeh HER ool cish ZAXte| AMEAZ X5 2
ZIE 100%(F 37), MMM X5 BM Zils 73.84%2 MET(E 38)2 20{ T 86.92%2
EE MEDII EEE. E 39 ZAXIe MMM XiE EAM AUE HolF

E 37. RAX AMEAE XS B ADHAFE AMR|)
24 b ztdetg 7Y £ | ZHAXIF FAE A2t | FolE EAXl £ | EfIXl AMIIAZKEIATH)
HE7H 2Mat 7 1,080% 6 7
Do ZEMgt 7 1,080% 6 7
XNaT - - 100%
I 38. YA MMM EMgE d|lw Zaf
(2hel: X)
27 M oo 2AMZE
I Ly H] =l s
Al AR AY AFE
M A Y AR - MMA | YMA =
= X} §|xl-
Cl XK= S = X} X}
o}(ol) | AlZt AlZt = < °L = °F =
i . A AlZ .
D | (stat | (eng | BE | ol | Az | AH | AH L ee | gz | w2
Time) | Time) | Azt | Alzb | (Effec | (Start | (end b Nop b A7k | (Effec
(idle (travel | —tive Time) | Time) (idle (travel | —tive
Time) | Time) Work Time) | Time) Work
Time) Time)
1 0 300 89.0 30.0 150.0 0 300 107.0 23.0 158.0
2 0 1,080 62.0 157.0 498.0 0 1,080 63.0 237.0 513.0
3 0 600 11.0 59.0 354.0 0 600 14.0 119.0 400.0
4 0 1,080 50.0 155.0 574.0 0 1,080 51.0 205.0 702.0
5 600 1,080 16.0 25.0 289.0 600 1,080 17.0 55.0 303.0
6 480 1,080 80.0 64.0 401.0 480 1,080 98.0 73.0 402.0
) - 86.69% | 42.95% | 91.88%
e -
Total: 73.84%
¥ 39. HYUXte MAM Xz BA 2dD2|E AW Z3f
(ehel: X)
H| A A HEA LA M AN o= ol = xtod
SEAIZ | B[ &AIZ o = o=
oto|cC| _ AlZE AlzZE AlZE
(i) (start (end FEAZE | olsAlZE | FAAZE 7 7 7
Time) Time) (idle (travel (Effective
, , i Score Score Score
Time) Time) WorkTime)

1 0 300 107.0 23.0 158.0 1.24 -1.12 -1.37

2 0 1,080 63.0 237.0 513.0 0.12 1.38 0.54

3 0 600 14.0 119.0 400.0 -1.13 0.01 -0.07

4 0 1,080 51.0 205.0 702.0 -0.19 1.01 1.56

5 600 1,080 17.0 55.0 303.0 -1.03 -0.74 -0.59

6 480 1,080 98.0 73.0 402.0 1.01 -0.53 -0.06

g4 - - 58.3 118.7 413.0 - - -
HEFEHXL - - 39.2 85.7 184.9 - - -
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- o3 AE flel & I&FT oEUIXIZ EEEO| As2Z2 A MaMnL MEJLE 2AS
MAME 4 78 S5 Hlwsi] HMEEE "HIlE HEYE SAe ZHEFE s 24 ZAns
100%(E 40), MMM X5 24 ZAIbs 54.52%2 MET(E 41)8 20| B 77.26%2 Z2E
Mg E stEeh ¥ 42 oY oIk 3 MX|of st MMM Xts BA ZAoE Moeh

T 40, Y AMdEAZT Xt 24 Aot
= A g MR aidel ofd Mxjof &2F Azt ol MR
27+ 2Mat 6,128.0% 7
28 2o 6,690.7% 7
Hete - - 100%
Z 41, 0 dod BEAMGHH D Ao
(chel: =)
MEI Mgk 2ol BMZE
A ]
=Xt E| A+ =X} E| A&}
ofo[r{ e I3 A x| °e= 18 A x|
. Alzt Alzt ol ok = Alzt Azt olgt =
(id) - Al - Al
(start (end AlZH _ (start (end A7t _
Time) Time) (lift (|n.stall Time) Time) (lift (mgtall
Tincl ation Hie ation
Time) Time)

1 194.7 1,438.7 70.7 1,173.3 200.0 1,446.7 52.0 1,194.7

2 1,439.5 2,454 .2 56.0 958.7 1,447.5 2,458.2 46.7 964.0

3 2,454.9 3,193.5 85.3 653.3 2,458.9 3,193.6 80.0 654.7

4 3,193.9 4,372.6 32.0 1,146.7 3,194.0 4,.343.4 18.7 1,130.7

5 4,373.0 5,453.0 24.0 1,056.0 4,343.8 5,447 .8 53.3 1,050.7

6 5,453.3 6,488.0 50.7 984.0 5,448 .1 6,485.4 29.3 1,008.0

7 6,488.4 6,941.8 82.7 370.7 6,485.8 6,893.8 37.3 370.7

) 54.63% 63.83% 51.47%

etz
Total: 54.52%
42, el MMM Xt BAM dne|Ed M ZI
(chel: =)
A LHE o|ok Al X
ol A
S XA 2+ E| ZrA| 24 °
o (start (nd | SITAIZE | axlAZE ) )
: Time) Time) (lift (installation
Time) Time) Score Score
1 200.0 1,446.7 52.0 1,194.7 0.338 0.967
2 1,447.5 2,458.2 46.7 964.0 0.069 0.182
3 2,458.9 3,193.6 80.0 654.7 1.755 -0.871
4 3,194.0 4.343.4 18.7 1,130.7 -1.348 0.749
5 4,343.8 5,447.8 53.3 1,050.7 0.403 0.477
6 5,448 .1 6,485.4 29.3 1,008.0 -0.811 0.332
7 6,485.8 6,893.8 37.3 370.7 -0.406 -1.837
o - - 45.3 910.5 - -
EZHX} - - 19.8 293.9 - -
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- Iz =2oilL o™m. o = P}
Ziesto| =elE.
F 43, 7| MAN BA MEtT o}
HET EZAL Z=3A OfZtS Al o
AM=-AZ EA gt 63.64% 100.00% 100.00% 87.88%
Mo EAMZE 71.16% 73.84% 54.52% 66.51%
Ho 67.40% 86.92% 77.26% 77.19%
o (2) MMM X &M L1 (E EAHE EM 2 M
- ESAL 7|= LDE|ER HEZEH 7Zio] EHCOZ 2t uxpyt eMS mf MZ2 IDE §0{5t0d
olAMlE|l = HIEE™HS 7| AN HIEZEH| =HC| BJIstE I AUAUS. ol E0{, 18 811}
Zo| & ool HEE="H FZFHe=z sl MZE uXHE o FHo| #ZoX HIZEHe| DI}
HAE= WS &eler = AS(ID Switch 2H|). O|2 Qs AMECt B2 o HEZEZH0| lAE .
Mz = =]

- gl HZEZo| thstod HCI Learnings 7+ AlA[St CPS DBE &Zstd HIZEB S Hr}
Hepstr| clalgt = JEF A LYne|FS JiMe. O Zof HZEZHD ATV AMEAH
s BAM ZIE 100%(E 44), MMM XtE M AIE 97.50%(FE 45)7HK| &atsto] R
SAE2 ESA 2M HELE 98.75% /7K = (F 46). I 472 TAAHl MM 2M ALE
LHEH
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E 44, YEEZ, 2AY| AMIQY RS 24 2ok A3
A HZEy £ | ZEZo| FUE A2t | HZE3o M F | P=ZEFY, 47| AMXAH
METL Mgt 11CH 2,452% 25t 275t
22 =M Bk 2450.9% 25t 275t
e _ - - 100%
I 45 HelE HEZES Mad 2AgL W Aot
(chel: =)
HMEIF 2AM gt ool FEAg
| gt JUPNES, H ek M AFE
otolc| Sz E|ZF | A | YA SZ E|Z | MME | AN
_ Al Z+ Azt Azt Azt
(id) (start (end L=k =3l AbXF (start (end (=21 =3l Abxt
Time) | Time) | AlZt A2k AlZb || Time) | Time) | AlZt A|ZH AlZH
(idle | (travel | (load (idle | (travel | (load
Time) | Time) | Time) Time) | Time) | Time)
1 123 265 22.5 9.5 110.0 123.8 265.2 21.9 10.2 109.3
2 168 423 | 122.0 10.0 | 123.0( 169.3| 4222 121.6 88| 1226
3 314 540 116.5 11.0 98.5 314.3 537.5 115.7 9.2 98.4
4 470 695 91.5 11.0 122.5 470.0 694.7 91.4 11.2 122.2
5 863 1,055 72.5 13.0 106.5 864.0 | 1054.8 72.0 13.0 105.8
6 1,118 1,295 47.5 12.5 1175 1117.6 | 12941 47.2 1.7 117.6
7 1,368 1,668 154.0 10.5 135.0| 1368.5| 1667.1 153.7 12.3 132.6
8 1,419 | 1,694 | 140.0 15.0 | 120.0 1419.6 | 1693.4 | 138.4 16.1 119.4
9 1,613 1,793 46.5 146.0 117.5| 1613.4 | 1791.6 46.2 13.9 118.1
10 1,966 2,200 80.0 22.5 131.5| 1966.3 | 2199.7 79.7 23.1 130.6
11 2215 | 2,575 | 2250 17.5| 118.0| 2214.8 | 25746 | 2242 18.4 | 117.4
Mae ~ 99.45% | 99.27% | 91.83% | 99.44%
Total: 97.50%
H 46, HZEY Mo L2 F M = Het EAE.
A = EMu MMM EMZL I dEx
Het ™ 63.64% 71.16% 67.40%
Hel = 100% 97.50% 98.75%
Hegr SME 36.36% 26.34% 31.35%
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|H
[m
I
1o
g;
>

(=) =
(Etel: =)
PN HEA] AFA A AFA
_ ngl_l-_l |_I'<§|_I'—| JI_I' _Ic_>|__l-¢:;r _7|<_3c|.>| é’l-i[.
SEANZ | EEAMA
ofo|c| A2t Azt Az
(id) iﬁig #ﬁs) RFAZ | FYAIZH | MR | 5 7- 7-
(idle (travel (load Score Score Score
Time) Time) Time)

1 123.8 265.2 21.9 10.2 109.3 -1.434 —-0.788 -0.863

2 169.3 422.2 121.6 8.8 122.6 0.372 -1.142 0.512

3 314.3 537.5 115.7 9.2 98.4 0.265 -1.032 -1.999

4 470.0 694.7 91.4 11.2 1222 -0.176|  -0.556 0.475

5 864.0 1,054.8 72.0 13.0 105.8 -0.528 -0.104 -1.226

6 1,117.6 1,294 1 47.2 11.7 117.6 -0.976 —-0.422 —-0.007

7 1,368.5 1,667.1 1563.7 12.3 132.6 0.953 —-0.275 1.554

8 1,419.6 1,693.4 138.4 16.1 119.4 0.675 0.640 0.185

9 1,613.4 1,791.6 46.2 13.9 118.1 -0.994 0.115 0.050

10 1,966.3 2,199.7 79.7 23.1 130.6 -0.387 2.361 1.347

11 2,214.8 2,574.6 224.2 18.4 117.4 2.229 1.201 -0.028

g - - 101.07 13.43 117.62 - - -
HEFEHEA - - 55.21 410 9.64 - - -

- =4 A, MMM XMojeele2 =&E HEZESO IDE 7, 10, 1100 7 HIEZH2 AXPAIZH
foM PEESe FaAlZinl ARIAIZEL 118 HESSS RFAIZI0l O[MAE JIF HoE BAE.
MFl @ae sels I, 7w WEesol A iz HEseisol slsl Axel slDH 2w
AlZtol =2F. 108 HIZEH2 4AXgE Qs 2471 Xl FAs(7tx2l Alzho| e
HIZEHo| d|sf 2 AlZto| ZF2of, olz ¢lsf ckE =AMl 11H HIEIEH WI|(FF)
AlZto] ZolEE &elEt 0|8 Sofl ESA UMM Ats 24 L12|50] d3HeZ Het=AZS
stolgt

- BE3AE 7|E0= AYAte| dMH/m|YMY WSS US| fs) FstsH(Optical Flow)S
=S S(49% F1). SHAIZE oA ZE Z2 fAXIOM Zdsts ZAtel S HEE
eS| SAMetol eAZE A0 FHE AAXe| JHZMZE H|S(Aspect Ratio)ol #st o FItE
DeslEE YTEIES NME. JIME 2DAAZE ool MURE EAM FHE oE
o ots B2 (qg

O3 83. Aspect Ratio2} Optical Flows &-&3

- =3 J|ZolE BEBA AW B ATH Mol HsHAMEH 4AN 2MS Susou AR
ZEBAL HFOIME HFR M ofd HIT MxL} 2IE EMM Se iUt Aol
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E 49, EetFE ZAX oM EAMGEd|D Ao}
(el =)
ME7F Mgt o BN

H] e A AFE] H] A PUPNE

HALA | M A = MAN | MAA -

=X} P2 = X} b8

oholel | T3 | A 52| o | A
(id) (start (end TR ols Al (start (end | TFA Ol SAl Al
Time) | Time) AlZE AlZH (Effec Time) | Time) 24 2t (Effec

(idle (travel | —tive (idle (travel | —tive

Time) | Time) | Work Time) | Time) | Work

Time) Time)
1 0 300 89.0 30.0 150.0 0 300 107.0 23.0 158.0
2 0 1,080 62.0 157.0 498.0 0 1,080 63.0 237.0 518.0
71 3 0 600 11.0 59.0 354.0 0 600 14.0 119.0 400.0
f—l 4 0 1,080 50.0 155.0 574.0 0 1,080 51.0 205.0 702.0
/E 5 600 1,080 16.0 25.0 289.0 600 1,080 17.0 55.0 303.0
| 6 480 1,080 80.0 64.0 401.0 480 1,080 98.0 73.0 402.0
;&L - 86.69% | 42.95% | 91.88%
= B Total: 73.84%
1 0 1,140 10.0 316.0 813.0 0 1,140 9.0 303.0 828.0
2 0 780 27.0 273.0 479.0 0 780 20.0 357.0 403.0
3 0 1,320 28.0 201.0 | 1,091.0 0 1,320 23.0 199.0 | 1,098.0
4 0 1,320 6.0 178.0 | 1,135.0 0 1,320 7.0 181.0| 1,132.0
5 0 1,140 0.0 344.0 795.0 0 1,140 0.0 445.0 695.0
6 120 1,080 53.0 1983.0 714.0 120 1,080 24.0 281.0 655.0
i 7 240 960 173.0 138.0 409.0 240 960 157.0 202.0 361.0
x:i 8 360 1,140 114.0 215.0 451.0 360 1,140 122.0 262.0 396.0
’_‘E4 9 120 240 0.0 120.0 0.0 120 240 0.0 120.0 0.0
A 10 240 600 0.0 334.0 26.0 240 600 0.0 347.0 13.0
11 240 300 0.0 60.0 0.0 240 300 0.0 60.0 0.0
12 1,200 1,260 0.0 18.0 42.0 1,200 1,260 0.0 18.0 42.0
13 600 1,200 0.0 472.0 128 600 1,200 0.0 475.0 125.0
14 1,200 1,320 0.0 120.0 0.0 1,200 1,320 0.0 120.0 0.0
g - 89.90% | 86.77% | 91.73%
= B Total: 89.47%
1 0 1,140 665.0 1083.0 312.0 0 1,140 640.0 179.0 260.0
o 2 0 1,140 482.0 200.0 458.0 0 1,140 407.0 217.0 516.0
5 3 0 1,140 658.0 90.0 392.0 0 1,140 562.0 90.0 488.0
_Lllzl 4 0 780 241.0 1583.0 385.0 0 780 178.0 239.0 363.0
EP 5 900 1,080 0.0 180.0 0.0 900 1,080 0.0 180.0 0.0
B g - 93.62% | 86.10% | 89.08%
= B Total: 89.60%
& Total: 84.30%
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E 50. YA oM d2[F VM = HEE FE.
AM =A™ Mg MY BAGt "o e
ek M 100% 73.84% 86.92%
Hel & 100% 84.30% 92.15%
HEr sHME - 10.46% 5.23%
E 51. ZYAtel MMM X5 24 2dnz2|E 2t 230
(291 %)
HIAAA | HEY AR A A ex o= Aol
ofojcy | SEMH N EHFNH L oo | oimaiz | FENE L a@ | Nz | Az
, (start (end T < " | (Effective
(id) ) . (idle (travel zZ- zZ- zZ-
Time) Time) , , Work
Time) Time) ) Score Score Score
Time)

1 0 300 107.0 23.0 158.0 1.24 -1.12 -1.37

2 0 1,080 63.0 237.0 513.0 0.12 1.38 0.54
5 | 3 0 600 14.0 119.0 400.0 -1.13 0.01 -0.07
|4 0 1,080 51.0 205.0 702.0 -0.19 1.01 1.56
J
A | 5 600 1,080 17.0 55.0 303.0 -1.03 -0.74 -0.59
A6 480 1,080 98.0 73.0 402.0 1.01 -0.53 -0.06

g 58.3 118.7 413.0 - - -
EZHR 39.2 85.7 184.9 - - -

1 0 1,140 9.0 303.0 828.0 -0.34 0.45 1.02

2 0 780 20.0 357.0 403.0 -0.12 0.85 -0.02

3 0 1,320 23.0 199.0 1098.0 -0.06 -0.30 1.67

4 0 1,320 7.0 181.0 1132.0 -0.38 -0.43 1.76

5 0 1,140 0.0 445.0 695.0 -0.52 1.49 0.69

6 120 1,080 24.0 281.0 655.0 -0.04 0.29 0.60
L7 240 960 157.0 202.0 361.0 2.65 -0.28 -0.12
S| 8 360 1,140 122.0 262.0 396.0 1.94 0.15 -0.04
% 9 120 240 0.0 120.0 0.0 -0.52 -0.88 -1.00

10 240 600 0.0 347.0 13.0 -0.52 0.77 -0.97

11 240 300 0.0 60.0 0.0 -0.52 ~1.31 -1.00

12 1,200 1,260 0.0 18.0 42.0 -0.52 ~1.62 -0.90

13 600 1,200 0.0 475.0 125.0 -0.52 1.70 -0.70

14 1,200 1,320 0.0 120.0 0.0 -0.52 -0.88 -1.00

g 25.9 240.7 410.6 - - -
EZHA 49.5 137.5 410.6 - - -

1 0 1,140 640.0 179.0 260.0 1.06 -0.04 -0.31
S22 0 1,140 407.0 217.0 516.0 0.19 0.63 0.91
3| 3 0 1,140 562.0 90.0 488.0 0.77 ~1.60 0.78
=R 0 780 178.0 239.0 363.0 -0.67 1.02 0.18
EP 5 900 1,080 0.0 180.0 0.0 -1.34 ~0.01 -1.56
= =y 357.4 181.0 325.4 - - -

EZHA 266.5 56.9 208.8 - - -

- ZAXe| FA, HH|L A t= P2l £ Aol ofst &dEFo| D™= gho| ofd. OHEZE &
xtolatol Chol Mol Rlplg QESol Sl HO= OlAXE EHEE £ glof, EIT UjolA
MAMoz 2AsHz AlZho| CHE ZfAXjol| Hls| H2S FRE olaxz AMA¥E Ut o|lf=z
FEAIZIZE o|BAIZH2 HHZ H|mAM Z ZIg o|Mx|2 MME ZIfe| o E EH, MAYM
Majeoloz TEE ZIXlel HP M2 AMx Al 5, 7, 8, 132 IDE 1A Exjel Ho=z
EME ANz, E2 Mo ES 7, 8 ZUXP| clE EAXISo| dHls MAtMel xds o
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O Zo VY EEL MeEEs 96.80%7F EEEULH, FHEE HEH AL HHEFE A2
100.0%, Mot Xts 24 ZI= 93.60%2 =TS =23 AMsH Zote & 52-55% &3
H b2. mid AMAAHE X5 24 A
24 Mx mjdel ol Mxlof &2F A7 o] A=
eIt M 7 6,128.0% 7
o 2MZt 7 6,118.7% 7
ez - - 100%
F 53, HetE oY MMM BAMgfdHlw Ao
(2Hel: )
M7t Bt =d =4
“l M AFE 1 R
ot AR A AR
of | % | EE A s2 | EZ A7
o | AlFE A Eoeler) Dop | SA ] A A A | eler | D0 ) S
(o) | (Start | (end | AjZ | AlZk (nsta | 12 (start | (end | AlZk | AlZk (nsta | 12
Time) | Time) | (idle | (ift ) (swing || Time) | Time) | (idle | (lift ) (swing
Time) | Time) ”?tlon Time) Time) | Time) Ilelltlon Time)
Time) Time)
1 194.7 | 800.0 | 194.7 | 70.7 | 524.0 6.0 200.0| 793.3| 200.0| 60.0| 530.0 6.0
2 |1,438.7 | 2,186.7 | 638.7 | 56.0 | 681.3 10.7 || 1,446.7 | 2,180.0 | 653.3 | 50.0 | 681.3 8.7
3 | 24533 |2,746.7 | 266.7 | 853 | 198.7 9.3 2,457.3 | 27427 | 277.3| 80.0| 198.7 8.3
4 37192039173 | 4453 | 32.0| 674.7 18.7 || 3,192.0 | 3,912.0 | 449.3 | 27.7| 688.0| 16.0
5 | 4,370.7 | 4909.3 | 453.3 | 24.0| 488.0 26.7 | 4,341.3 | 4,898.7 | 4293 | 23.0| 4853 | 21.7
6 | 5450.7 | 5,944.0 | 541.3 | 50.7 | 432.0 10.7 | 5,445.3 | 5,938.7 | 546.7 | 49.7 | 4533 | 10.7
7 | 6,485.3 | 6,768.0 | 541.3 | 827 | 186.7 13.3 ] 6,482.7 | 6,768.0 | 544.0 | 80.0| 231.7| 15.0
g ) - 97.61% | 92.16% | 95.33% | 89.29%
= Total: 93.60%
E 54, WY MM LD2[E M T HEE FME.
7N FlY BN MA EMZL ¥F MYE
ek ™ 100% 54.52% 77.26%
Het & 100% 93.60% 96.80%
HaT SAE - 39.08% 19.54%
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E 55, mjdel MAM Xtz BAM Ln2[E Eet 2o
(el =)
HHY ALY A LHE
s Bz N M| 25 ol ok =E| =4
ofolc] | AlZt | Al R R T B I kL PN S RPN T S PN EL:
(i) | (stat | (end | Az | AZbo o] A z- Z- zZ- Z-
Time) | Time) (idle (lift Siar (swing | score | Score | Score | Score
Time) Time) ) Time)
Time)
1 200.0 793.3 200.0 52.0 537.3 40| —-1.526 0.337 0.356 | -1.190
2 1,446.7 | 2,180.0 653.3 46.7 681.3 5.3 1.323 0.067 1.096 | -0.952
3 2,457.3 | 2,742.7 277.3 80.0 | 198.7 6.7 | -1.040 | 1.754 | -1.383 | -0.714
4 3,192.0 | 3,912.0 449.3 18.7 688.0 13.3 0.041 | —1.349 1.130 0.476
B 4,341.3 | 4,898.7 429.3 53.3 485.3 18.7 | —0.085 0.405 0.089 1.427
6 5,445.3 | 5,938.7 546.7 29.3 453.3 10.7 0.652 | -0.810 | —-0.075 0.000
7 6,482.7 | 6,768.0 544 .0 37.3 232.0 16.0 0.636 | —-0.405 | -1.212 0.952
g - - 442.86 | 45.33 | 468.00 | 10.67 - - - -
EZHEXt - - 159.12 19.76 | 194.71 5.60 - - - -

- MMM Keleelez T&EE oY IDE 2, 3, 50|0{ 58 Efd2 ZAEZAIZE 3 ofdE2 QIkAIZH
5 m{d2 SFAIZI0] O|MRIE JHAl Zdez EAME. MA=z 2¢H didel A< Ct2 mjidEo| sl
Z5AIZo| Hlnd Q) ZFooi, 3H mjdel F Mx| i X2 o|Sste FERIt ChE
mfdsof vl 3= AAS. 5 midel A MR o|F midmtel AL siEo| AlZio| 24
22 3ol Fof =FAIZ0| X|odEE= A2 Eelgh ol Sl DIEIIKZ ofdsAte] MArM
Az BEM ADP|ESE ABHo=z Helxglge aold £ Ay

- ZEXNoz, J|Ee ZTE MMM Xs 24 L2|Fo| xefst 2MAEE Eelstn ol JHdstod

& 24 =ZHo M5 M. O Zot ERES Hgcs Het = ESAIM 31.35%,
ZESAAM 5.23%, OFZHSALOIAM 19.54% Z7Iend, It W 18.71% HAME. FA| X2l
Zat= ol ZE 561 ES.
HE 56, MO EAM Het & et A}
Hetr EZAt 2XE3A oLz At o
AMdEAdE Mgt 100% 100% 100% 100%
Mok B g 97.50% 84.30% 93.60% 91.80%
o 98.75% 92.15% 96.80% 95.90%
Het M " 67.40% 86.92% 77.26% 77.19%
Hetr gAM s 31.35% 5.23% 19.54% 18.71%
2. MMM M HE EY Y EUE AMBE TR XA}
« (1) 334 AlEaolM =Hl 5

- B oot SER SHE MAM 20% A2 £2AIZF 20% THES olojstof, MAN S MES
metsty| s ok MEoOIAM  metE o|Ax|of mE MMM XNijeols MASK| ©Ib F9|
MMM S d|Wsks AlgRlolMds F3E Alglo|Md2 2Isl Simphony. NET ZZ2IM=2 &-&35}01
AHAMO| Ho{E 33YH HPZZHAE ZHESIHZ. Simphony.NET2 University of Alberta2|
Simaan AbouRizk E2fAt2b Danny Hajjar 2HALZF ZHEESE Visual Basictt C# Z2I2iY 0 7|8t
Algeold Z2Ofez, HES HiX|E AFEH st AlZHoM =zEsS FEE 5+ AUs
RACIEHOIA(OE 87). OolE &s hFEEel M =do| st ZHYo| Jhssiod,
Symphony.NET2 Cikst 8HEA 7|sk M3E. 2+ 330 st AlEe|old 2E2 chgat 20|

TEEUS.




. Untitled - Simphony.NET 46

File Edit Model Simulstion Results View Help
J;-va B X» i vB§ e
730 ot ot O i
[ PERT Template
5[ Range Estimating
~ Grid "
GridSize 25.25
ScaleFactor 1
ShowGrid False
ShowHulers False
SnapToGrid True
v Inputs
Enabled True
Inifialization (EuE
MatrixSize 0o
MaxDate
4 4 r v Scenariol * MaxTime +Infinity
= RunCount 1
Trace Debug Erors Seed 0
Enabled = All Categories . Save Prin Copy StartDate 2021-10-14
TimneUnit Minute
VectorSize 0
+ Reports
Casts (Report)
Emissions (Report}
Statistics (Report)
~ Statistics
TerminationTime {Statistic)
TotalCosts (Statistic)
v ORa
(Mame) Scenariol
Description
(Name)
The name of the scenario,
Ready o | D)
12 87. Simphony.NETS| #& OfA|
- ESAL HIE=Ho 2old REHE EITS AMIATOZ MYSIPon], AMIAHD ZE
A ES Astoten ZREH AQAIZEE2 AXMEo Zo{EE HIZE™ $of H[ESIEER AN
=49 J|EE2 EZF 2t Fojgt HEZEZHo £=2 XME old w2t ESA ikl
AlZeoldE 2ls HEZExHZ ZHo iz Zsigien], ZEHZ oA(HZEE X —
ARTFAL 22| 0|F — MAF 7| — MX — E|&)= 138 881 5. AIZH 02 MA =AS
OlR2|5ten A=t HEES 2 Aijgloz &3
> - 7 - —p - | 3
dump in dump travel dumpidle load Counter3 dump out

O 88. ESAL HAtM AlEEoldE fig ZHE oAl

- BEBAR ATH Mx|, H2 M|, 23|E Ee

fo MK

—
ol MAME EAME Qi e ITEZIAIE
n

I
i)
R
|0
HU
0
1o
Aok

=]
2|E EM - FUBE).

worker in formwark rebar concree Counterl worker out

O 89. EXSAL ity A[Zo]dS flet 22T OfAl
- OdSAE AEE ©Ed Hx =ME 7|ES

S s
Adrdgez Hog = U M
S

ojuf ufgel HMx|

o
AlZHAIEellolMdel ZHupighez Helxol ol flsf mide =Yool Mz JHx(2E
A —

RHAl > BE — ol

= 7K
z2 mg 1S HxskeE o 2L

EBA 2ME J|ESZ 2YY 30
I2SE ZElE & AlZHAIB#olMe

o
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4 P — —> —> —> (% P—PQP

panel in panel bandage panel lift installation hook swing Counterl panel out

- Algeo|d ZHHE2 Folzs AMXIYHo|l JHEZEY S oiR2sted 2E s AlZbs HEREE
Rleislol MAMS AR SI2iZtS oo Clotst HBET & PR 27 AT WA} 2 MM
=L A = — = = — - -
HiolEfe] SME Hthe £ AUs MUEEXE 238 MURES (Fxd, =gl 2y Jts4o|
——— > = N -
JtE =2 gHe=E EHE, oo w2l 2t Z3Bof|l thEt AlSHlolM AHYE (Fkgh, 2L,
BRI HEslo e B5Y PANe g2 MARS 21 28
- EBAR MMM FMl24 M Mol ot glamss MHANE sigom Hmes
23 (travel)(21.9, 224.2, 101.07), S&(idle)(8.8, 23.1, 13.43), AtxHload)(98.4, 132.6,
117.62) 5 ¢gde ohele ‘= MMM XMales HH = AlEzold ZEo| UM
O|MX|E Mgt dlolefel =gk, =High, s 28e FHMe=zE, §ZEZ 2Y(21.9,
138.4, 81.78), =&(8.8, 16.1, 11.74), &&K98.4, 122.6, 114.16)2 5 IHE
AslE i o T =
ABeolME 4u3 ZuE BF S¢ HEemoz EHE. 18 01D 2ol MAM Asjes
HH = iy zdes sdsi=0 Zest G=ZE=o| It 9.325CHolAM 7.206EH 2 2.119CHEHE
Zasigon], ZEMOZ MAMO| 29.41% BHAME
Statistics Report Statistics Report
Date: 2021-03-30 Date: 2021.08-30
Project: odsl .y i Projecs oo : When summazed acioss 2 mean value repoted for & statisti ’
Sl S R W st oot ol s, e e ot & i b B | scomo: S R o o e o . 8 o . o e i
Runs Al Runs (o 100) maximum alus rapored f the maxmam of the means of each n.and sofodh | (o AR Rues o100 mesimm veug repored s the maximum o he means of each un; and so ot
Waiting Files il e
Eleme e n o
fan S e mEm TR S e o omon " lengntomn kT
dumpin 0000 0000 0.000 000 ooon| | mumpm 0.000 0000 0o 0.000
dump ot :.Eff_' 0689 10929 101421 Nall dumy out 0533 8706 6917 Haly
J8 91, ESAL A 24 M/F AN AT AlSHold A}
- SXRSAE M AdeZnE #3283 s AFE HXI(formwork)(1133.8, 2375.3, 1508.3),
HZ M=R|(rebar)(1149.4, 2557.5, 1618.1), E3EIE E}(concrete)(602.4, 1068.4, 776.4)&!.
=R = = = = = - =
chels 2ol Maled My Fol elawat 2t Ae tusts AUx WSl olxE MM
1 - _ = - —_ _ -
Clolee =gt =g, EoisS &€8siUen, HFEE MX|(1133.8, 1960.8, 1394.7), HEZ
AMX[(1149.4, 2252.3, 1150.4), Z3Z|E EM(602.4, 1068.4, 744.0)2 == U=z
ZdEXMo=z 7 929 Zo| ¥ ZALQAIZH0| 4650.96800A 3938.313222 712.655«
Ztaoto{ Mol 18.10% SFatE
Statistics Report Statistics Report
Date: 2021-12-31 Date: 2021-12-31
Project: Modl Nots: When sumvmaiized across all wuns, the mean vlie fepored for 3 statistc is he mean ofthe | | Fro1oct Model Hote: When summaized across all uns, the mean value repoted for a stalitc s the mean of the
Scenario: Scenario3 means of each run: the minimum value reported is the minimum of the means of each run; the | [ Scenario: Scenario3 means of each run; the minimum value reported is the minimum of the means of each run; the
Run: All Runs (of 100) maximum value reported is the maximum of the means of each run: and so forth Run: All Runs (of 100) maximum value reported is the maximum of the means of each run; and so forth.
Non-Intrinsic Statistics Non-Intrinsic Statistics
Element Mean  Standard Observaton  Minimum  Maximum | |Element Mean  Standard Observation  Minimum  Maximum
Name Value  Deviation Count Value Value | |Name Value  Deviation Count Value Value
Scenario3 (Termination Time) [AB0960) 5067 100000 4528035 4921092 | [Seenard (Temination Time) (3T %6418 100000 3874823 4003041
concrete (InterArivalTime) = {5406 1292 100.000 10716 18279 | | concrete (nterarivarTime) ~ea% 0445 100.000 53800 7778
formwork (InterArmivalTime) 0.000 0.000 100.000 0.000 0.000 | |formwork (InterArrivalTime) 0.000 0.000 100.000 0.000 0.000
rebar (InterArrivalTime) 9279 0430 100.000 8.066 10.146 rebar (InterArrivalTime) 3808 0124 100.000 3514 4.058
J8 92, EXSAF Mot BM M/3 Mot gatE AlSeo[Md Ao
- O43AE MelZ2nz5E o dHiies i@ Z%(bandage)(200, 653, 443), 2lk(ift)(19,
80, 45), AMx[(installation)(199, 688, 468), Azl =73 (hook swing)(4, 19, 11)0o| Ci|=
!

ZTZAlet ofE7Ix|2 o|AtX|E MAS Hlo|E{E #8350 ML HAH =2
B o ZZ%(200, 547, 408), °12K19, 53, 40), Ax|(199, 688, 468), =2l
=7(4, 16, 9)& g AlE2old Zzt, T8 931 Zo| g 17§ &R0 22== AlZHo]
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7.988F0lM 6.480F2 2 1.499F ZtA-510

AH AL

O -

SEALE]

o o[-

40| 18.80%

Date: 2021-10-13
Project: Modz!
Scenario: Scenariod
Run; All Runs (of 100)

Statistics Report

Note: When summarized across all runs. the mean value reported for a
statistic is the mean of the means of each rn, the minimum value
reported is the minimum of the means of each run: the maximum value
reported is the maximum of the means of each run. and o forth

Statistics Report

Date: 2021-10-13
Project: Model
Scenario: Scenario3
Run: All Runs (of 100)

Note: When summarized across all runs, the mean valuz reported for a
statistic s the mean of the means of each run; the minimum value
reported is the minimum of the means of each run; the maximum value
reported 1s the maximum of the means of each un. and so forth

Waiting Files

Waiting Files

Element Average Standard Maximum Current Average Element Average Standard  Maximum Current Average

Name Length  Deviation Length Length  Wait Time Name Length  Deviation Length Length ~ Wait Time

panel in 0.000 0.000 0.000 0.000 0.000 panel in 0.000 0.000 0.000 0.000 0.000

panel out i 0,567 9372 9372 Nal panel out eyt 0.541 1797 6449 NaN

O 93. OtdsA dikd B4 H/5 ditd Sz AlSEold Za
- Qorstol  Musie, MMM Maleol MHE Sd HM MAME2 E3AolM  29.41%,
=2X3AOIA 18.10%, DHASAIOIA 18.80% &SI, W 22.10%2 44 dikd s
2Ql(E 57). Ol 2 oi7o| MAN 20% BA SEES UHER
H 57. MM SHAE AlZE| 0] AT
ESAL EZSA otzS AL g

MAEM SkM T 29.41% 18.10% 18.80% 22.10%

o FIHSR AL oM EEE LY Malel(E4 2o odx) g HMAY i =22 & F
U Y Aol eae-2el 2FAAE Mee ZEzAL 2 MUY, SSHd Sl SAets
HFA A2ES Soll, 24 BN S AMdXHe R Qo wde = s ofyx|et T E MLk
Mol eAasE A6, ofo tigh olF Jise eSS utetsto] HEISIUS(E 58-60). oflE
HEE Jjwet BYES S MToEM IR O|AXE Fols wete 1olsn 3o
MAME B £ TS REE
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