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o+ (Artificial Neural Network, ANN)9] FE|E 714
o, AJHAL] Agto 2 YEYIE FAT Q5 FH(eD)o] g5 Boll AlHAS]

A AI71E oA A, A4 318 58E 7HlE Z20l=

QXM uPH(Error Back Propagation Algorithm)& &-83F tf% HAEE
(Multi-layer Perceptron)°] thH2IQl QI 3AIHT vh 2ol H2yd & a1g]&9] 7]
Z7} HE o802 2

AAYS 3A JF3(Input layer), 24935 (Hidden layer), £83(Output

StEfo1 9] ?i* S X 47‘*9} 7IE«1 Zofl et 2959 7t wokl= A4l

e 257 9% ASUHAL AN GBS Aels
2 e, £YSL BE Yy Y e ol ETe AN,
3he Holakso] Mg 3lo] ZAZol sk T4

FASL AR k0] AAHEE BEBE Sh FHOR o]Foi YES
2 710, ol @AJo] de] BEHolX Yo 714 wejt g

UHNMOZ QI Z{0| n7ff Y 2, n7ie Y EE 718 5 2t e B 2HLE EYLE O JIER|
E 71X IL YO AALO U2, 2t =0 MNBE= 7HEXle HELEE BN HEOZ x7|0| 2HE
= k58 AXIBN ZXSE oS &OE 28E

0| S HE HIMHEIRE AIRSIH, IEXOZ sigmoid function0] ARREIH, E2{H0)| A= tanh,
ReLUSEPEO Molgeot =2 288
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£X: Mathieu Hé

© Backied Input Cell

7 nputCelt

& noisy Input Cell

@ rHicdencell

@ provantistic Hidden et
@ spiing Hidden Cell
@ oupurcen

@ waten input output cett
@ recurrent Cott

@ wemorycen

. Different Memory Cell
Q Kernel

@ convolution or Poal

Markowv Chain (MC)

Generative Adversarial Network (GAN)

[T& 2-14] 0|0 S2l0fl 2 ASHFY

Hapfield Network (HN)  Boltzmann Maching (BM) - Restrictod BM(RBMA)

A mostly complete chart of

Neural Networks .......

12016 Fioder van Veen - sximovinatitute.org.

Perceptron {P) Feed Forward (FF)  Radial Basis Network (R8F)

Leng / Short Term Memaory {LSTM)  Gated Recurrent Unit (GRU)
" . P

Recurrent Neural Network (RNN)

Auto Encoder (AE)

Sparse AE (SAE)

AE(VAE) ising AE (DAE)

Deop Beliof Netwark (DBN)

Deconvolutional Network (ON)  Deep ConvolutionalInverse Graphics Network (GCIGN)

Liquid State Machine (LSM) - Extreme Learning Machine (ELM) Eche State Network (ESN)

Kohonen Netwark (KN) - SupportVector Machine (VM) Neural Turing Machine (NTM)

AR

O

=
T

ie. (2018). Neural Networks—A New Model for “The Kind of Pro
blem a City Is.” https://www.thenatureofcities.com/2018/04/29/neural-net

works—new- model-kind-problem-city/(ZdA4Y: 2020.07.01.)
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» dY(Deep Learning) 22 A1} A

- G442 19804 Fukushima(1980)& HEjZ 7Hdte Ql3A14 7|8t 7| Asks
daE|E Ao R i 27| dAEES 548 AR50 BAIR IA7E ATt
7} 200040] &0 AT F55E7] A1ZF

- ASAIA Eﬂ*(DNN)— éFL Z}O“kﬂ?ﬂﬂ Bolo] &8k Recurrent Neural Network,
5A17% (Convoultional Neural Network, CNN) 52

- PHBUFYCNNS Z2 AR P2 o] 9t QBAGYOR 22 G4 4]
0] ZG 0, SBUFYRNN)L 24, A, B4 5 AAL F1E Relsp] §iof 2
o]

- DNNE tSHAEZ(Multi-layer perceptron)¥ TR 2 @ & A w12

=& 7bto g sk&E Y, 54 AR H(Stochastic Gradient Descent)S &
sfol 71FAE AT

- 7SR 734 AL Aw(tt+1) = Aw,(t )+n E e 5= 9loH, ne

o
i)Y

E(Learning rate)& 9Ju|s}H, = v]-&3skp (Cost function)& 9=|gt

42) t15418Y (Deep Neural Network, DNN)2 7|Z9| Q13MZYD OFFZHX|Z Input layer, Hidden layer,
Output layer2 T EH, 26t HIME 2 (non-linear relationship)2] ZH0| 7Hs58t

43) Hidden layer & 24L-E0| 47t Z716t0 mat, I 2 21t 283 overfitting) 01#+2 s1Z517| $Iot0]
Dropoutit Z2 7|HS 288t
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A1 73 (Convolutional Neural Network, CNN) 718 9 sh5-912]

B S 5t JEZ Q] 7o E CNN 7]Ho] &85r, < CNNS
ast-R CNN449), Faster-R CNN45), Mask-R CNN46) =-9] t}oFsl &
g mdl5o] A gx] A A 2R yyoA] E8E T S

ERE

1o & ox
b
5
)

&l
- o3 RUEE 7|Hto & st Holof Intelligence A|AEI O & 8510 AOLE
A", AEA U] HASE AL, ol AlAH 5 TR o2 S8

- 71& ASAEEG(ANN) B4 HoE oA B4 JH

- Convolution ZHolX= G4 HolH 9] EA& FE5te 22 tofEldf 7+ 4
9] A AEES AR 42 Tttt oofst E4S PdER kAlSsh,
Pooling I4oAE Convolution Layer2%E F2 EAHES F£5}0]
Convolution Layer?] Z7|§ £°l= d¥= 35, Convolution} Pooling
75 9] ¥HE-S F-f CNNQJ 8h5o] o] Foj 2= HHAl¢]

Input Image Convolution + Pooling Convolution + Pooling
Relu Relu
.

Output
Prediction

Fully
Connected

Fully
Connected

[O1& 2-15] gHEFAZA(Convolutional Neural Network, CNN) k& 2174 0f|A|

£X: Gopalakrishnan, Kasthurirangan, et al. (2017). Deep Convolutional Neural Networks
with transfer learning for computer vision-based data—-driven pavement distress
detection. Construction and Building Materials, 157, 324.

44) Girshick, Ross. (2015). Fast r—cnn. Proceedings of the IEEE international conference on computer vision.
2015-12. 1440-1448.

45) Ren, Shaoging, et al. (2017). Faster r—cnn: Towards real-time object detection with region proposal
networks. /EEFE transactions on pattern analysis and machine intelligence. 39(6). 1137-1149.

46) He, Kaiming, et al. (2017). Mask r-cnn. Proceedings of the IEEE international conference on
computer vision. 2017-10. 2980-2988.
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= ZITE| H|M(Computer Vision, CV) 202} E2id 7|&9| ML 315t
* #AFF v]H(Computer Vision) & 7Hd
- ZFE HIA 71e2 7Y Wato] 234 ofm[A7t Y E Y 33 REE FE Y

M 212 Wb, 22 Gl $94))
23491 olu| o] HHE FEI ARE 714S T

142200041t So] Qe ol w2 thiti Plolelet el BAls
Sk voFE 0 2 s on, F2 A A8, B, 27,
4 502 S8, oI 1 MU, BAG. JYHS, 142

O

=‘:é

)

b
o,

Lorle

pacs

lo

fru

o

o

fr
oy

olrt

(0]

H

19

ol

ol

o
ro,
N
%
i
il
e
é
JZi
jﬁ
=l
%0,
lo
2w
Iy
ofo
¢
X,

i
N
o,
=

I
oX,

tlo
oy T
N
ol
I
éf’z
N
o
T,
-,
j,e
o
b 9
i
X
m{>‘n
Y
K
o>
i)
QL
rir
=
oX,
M IN
1%
(HU)
N
U
-
Mr |
it

9

- 7FEY(Gartner)Al+= 20204 10 Ag7|a EL=E Q17
= 27HAN 9] FARE AAsH, IZPEA AR FHE
A7 S =Y AFEC|Y A, &EA] B0l &
T8RS x4

ofN
o>,
=
[
=}
il
(M o

N
i
o e 2

2
oj
ot
ok
o |n

=
[m
QL
X,
)
il
e e
i,
i)
rlr

I

lo o o

» g A8 o)d F4HY /1Y

- 200049 Z5719) QAelol Bk 7] W AL FFE HACY) RokRA
=S40 WHsigon, 485t BAA Egel] Foi F5) dnel AR 4
ol 2ol HUL

47) U101 KjAlEtnt I HE(Computer Vision).
https://terms.naver.com/entry.nhn?docld=8631158&cid=42346&categoryld=42346(ZA: 2020.07.01.)

48) 7}EL{(Gartnen)2| 100 Mz} 7|2 E-EE T 202 7|58 YHAE 0 HMAIEH (EX: Gartner.
Top 10 Strategic Technology Trends for 2020. https://www.gartner.com/en/publications/top-
tech—trends—2020(Z412!:2020.07.01.))
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- Fefd o] oJuA] A 7|2 F2 27 % A 4Ho] A W] 7%t

(Feature Extraction)

e 5o AA 2] g 339G W

ojp

ol
)
o/
Nl

o
et
<
NF
o
T
"

Tor
—_
o

]

S ER DEEE

A=

e}
o

i

A7l

[e]
-

- Iy g o] IAAE 71

A Ve A

o]

g

- 20104 o]& g4

A 28

9|

ol

- JEd 7leol A-8dol wet dloly dAE gt 53¢

58] AR o

O
=

t‘[l.

o, 939l 49

=
=

o] Hlgo] Zof

= He

Z

ZFujs wigk}

714t9] Fast, Faster-R CNN

&2 CNNEZ
1

gtd2d 7]

_<|)_’|
A B’

=
=

A

K

ZZEZ(Platform)

o
&2

R

YOLO, Detectron

1
T

7|Rko 25

gl
2=

o), 718502 58

S

% (Pre-trained) 292 A&

A=, 2, 2

1.
7

5}49)

FEH== AE
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- 59|, Y=mEoplAe B X-ra
5= flsted "ed 7Rk ojujz

g
Cob
of,
of,
oX
e
Ix
=
o
of
oz
e
1z
r [©)
A=)
of
oX
Eh
>

1912] 9FA(Optogram) A 4 S5 Gl ot
st o, o] 7|& 3t oAES] B A

- 72(Google)2 CNN 7
2EZ
of thet LAE A A AL Y50

=9 Zokst 4= 9 ]

- FY QJAO] E(Lunit INSIGHT)&= HAZ oW FH9t e & AT E ol & 7l
o]
AR

getr g sl

[ 2-16] lunit Insight AZEY|0{ (CXR, MMG)
Z£X: Lunit insight. https://insight.lunit.io/(ZAA4Y: 2020.07.01.)

o 7.9 3T

55
RN LThEES 50

- 2" E tigkue] a2 Jeld 7t A 24 71de
o4 o e AlLEE st o' FZAdol oAl

2]

49) COCO. What is COCO?. http://cocodataset.org/#home(Z@AY: 2020.07.01.)

50) Gulshan, Varun, et al. (2016). Development and validation of a deep learning algorithm for
detection of diabetic retinopathy in retinal fundus photographs. Jama, 316(22), 2402-2410.

51) Lunit insight. https://insight.lunit.io/(ZA1: 2020.07.01.)
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- FEAFUACIEE CCTV F/40IA dg=Ee AAIRE 4= B8d 714 244 4
% 71%% 3l 220l e AE A -4 - ERE 5 e AL (IntelliVIX)
A A2 HARDERE oy, 54 AR (A0, F1AL PR

%)Oﬂ "413& IXez FF 40 She Aot A AlaE 5 2195

~
—
rlr
N,
or
ofl
g
Q.
A
I JZ:
O
O
O
—
<
>
E
>..
= o
N,
N
(o]
)
(o]
N
O
o
=
(@}
~
D
N,
1o
X
L,
o
of
:Ocl',‘

* A5 &opA CCTV I FEE E8oto] ieT2 oS & Alo]

o
- JAolelE B8 ste] Ael 71% sl m20) X, AAA, Y 59 BEF
o

o & A|AHS F|E54)55)56)

52) Esteva, Andre, et al. (2017). Dermatologist-level classification of skin cancer with deep neural
networks. Nature, 542(7639), 115-118.

53) IntelliVIX= ZU =2 $t= QU IS A(KISAUA X[5& CCTVEMQ| 45 Q151 H=9| CPNI 215S
SIfotH 7|=gS oIgdton, A2 20183 HASASELIM 2EH

54) Zhang, Junbo, et al. (2018). Predicting citywide crowd flows using deep spatio—temporal residual
networks. Artificial Intelligence, 259, 147-166.

55) Huang, He, Qifeng Tang, and Zhen Liu. (2013). Adaptive correction forecasting approach for urban
traffic flow based on fuzzy-mean clustering and advanced neural network. Journal of Aoplied
Mathematics, 2013. 1-7.

56) Huang, Wenhao, et al. (2014). Deep architecture for traffic flow prediction: deep belief networks
with multitask learning. /EEE Transactions on Intelligent Transportation Systems, 15(5),
2191-2201.
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| CCTV BueRs A MRS WAL AAS] S4YE R, Y

A AL 918 AL oS3 A28 A
A A =3 =3 o 7drs7)
Object Detection and Segmentation
=
b
R
e sk
Video Stream Image Frames Object Detection using Mask R-CNN Model
Prep: g |
Overhead Contact Point Recognition
.. &> l:*
1 B e AL
Perspective Transform Structured Data
Object’s
Behavioral Feature || —
Extraction
L
Structured Data Object Tracking and Indexing Feature Extraction Final Dataset for Analysis
il T : . .
FiFREY - e Useful
W A % - = Information
B oo 2 0 i ! - = & = sesss and EELEL
PPRE Analysis i% b i .. e
e ) i L7 & - mem = = Knowledge
S et 1] -3 —
Clustering An-lysls Decision Tree and Rule Analysis Decision-maker

(22 2-17] CCTV BARE 7|tto| K12 % B3xto| SXI9) EAS 915t HlOJE 75 ¥

24 AAH

£X: Noh, Byeongjoon, et al. (2020). Vision-Based Potential Pedestrian Risk Analysis on
Unsignalized Crosswalk Using Data Mining Techniaues. Avolied Sciences, 10(3), 1057.

» AZEAZA Bopold FAHRE B AAS AR AL A B1hE BA

rulo
_?_l'l
2

S ejgoly A2 71y

@ARGERANAE GHRA 7]e] Al
A 17 5ol 283159

PAEAL 5o} FEAN 2L 4G Y

v = =
MeE AEche Vs AT

57) Noh, Byeongjoon, et al. (2020). Vision-Based Potential Pedestrian Risk Analysis on Unsignalized
Crosswalk Using Data Mining Techniques. Applied Sciences, 10(3), 1057.
58) ®XIAUE|IEZM. AIHZ0F. http://www.gntsolution.com/offering/land.php(ZAL: 2020.07.01.)
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- gE2HPicterra)olAE AFYAoIU UAVLE XA = olu] XS &35t Al
£ 7|Hto 2 BXsto] Eo|H S WAste] /N 2= A A Tt 5 AutE &
£olo] &= &-g-sta1A} §60)

- S AR SEAYRE AAVIA Y A LEiuEkAlibaba)et e sto] "1
I"S Fsto] Al 7142 94 92 A G Ao B
A AHS AR &8 £61)

i

[T 2-18] ZEZfel AI7[EI] 218 Y [28 2-19] Y2|HiHtel {8

Sy A|AH SEBA A AAH

£X: Picterra. https://picterra.ch/(AMY:  &X: Tectok. http://tectok.com/2018/
2020.07.01.) 07/19/22902/(44: 2020.07.01.)

* CNNZ 7[99} Fast, Faster-R CNN 53 22 thfet 24| ©A] RdS 7|02 oF
YOLO, Detectron 53} Z+-2 ZZ(Platform) 2.2 TSI Q. om, A, A=, 9
2t A& 5 olv| g5 X (pre-trained)d ¥ &7 o]n]A] Hlo|HE A|562)

59) |0 A, http://urbanbase.github.io(ZA4: 2020.07.01.)

60) Picterra. https://picterra.ch/(ZdA: 2020.07.01.)

61) Tectok. http://tectok.com/2018/07/19/22902/(ZAA4: 2020.07.01.)

62) COCO. What is COCO?. http://cocodataset.org/#home(ZAY: 2020.07.01.)
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¢ Tensorflow

- Tensorflows= F-2(Google)Atoll A A|5-35H= Python”|8t €2]d &4 7]
X, thFet glolgutold, 71Agks, Held ZEse] tiet A7t st

- GPU-CPU 7]Hlo.& glolg E22¢ JIE S AAg 2dS FHHA A|Zs)
3k 4= 919 ™, Tensorflow Qo= Caffe2, PyTorch®} 22 SE 50| &-gH63)

* YOLO

- YOLO(You Only Look Once)= o|u]Z] W Z4A| gA]of] Eskd dajyd ZEZ 7]
£ R CNN A€ 1E=9] A4l &0t #AE o7& 7jAst o, st HE

A=27 gF Aol £4 & ¥ bounding box 4, Ed4 EFE %

Final detections

Class probability map

[33 2-20] YOLO 2ol x| x| 21y

ZX: Joseph Redmon, et al. You Only Look Once: Unified, Real-Time Object Detection.
https://www.arxiv—-vanity.com/papers/1506.02640/(ZA: 2020.07.01.)

* Detectron 2

- Detectron 2 platform-< Facebook Al Research (FAIR, H|o]AE QIF A 5A
A7} A 2oHe Caffe2 718t B8 Q1932 w43] bounding boxBE|9] 74

A ©A] B o2} Human Keypoint ¥ Surface, Panopic Segmentation % Tf
& B A3 9= AT

63) Tensorflowi= E2id 20| 0t E2{dS & 5 Wi dliF= 2L

39(auri



[ 2-21] Detectron2 7|82| Panopic segmentation Z}

£X: Github. https://aithub.com/facebookresearch/detectron2(ZA4: 2020.07.01.)
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= ZAFE HIH(CV) 7|2 3

- GAelA ekt

B ofg} ERE F15alA WA

Fom, g8 7leol A

1341 2§ gAY 101 MAIHYGEA)

-

77}

1219 #2-

[e]

ol gAY UEA) #-&

I 22 AT A gt

StaL oA

=]
R

- A Y oA oA A Al

AEA

3}

& jot

242 S| T eiA]

2]£0& Naive Bayes?t MST(Minimum

A

=
=

Spanning Tree)

T, T

2](Minimum Spannig Tree)g}il 3]

A E

(H1-8)

4

|

o

£

= B2 So1M 7HE 25 (Bdge) ¥l-8(2o)7t 2

DGEL

]
=

o

B0 20O

<

A XS

ZRIT B

;S

BFEl

al

64) B JREE. (2006). LG H DESEM ERNDA

258 Architectural Institute of Japan, 121, 123-128.
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- ATRE AR G 69 A Aoluh W7HE 743 914 971 whe] Color
Featured] £%, YHALIAL, ZHIEAI0) B 201419 BAL 9lout, o|o 28 2
AZ ALt o 70% HES) JHES Ui U4

Th—T A HRREAELY JN—7 B SRREANENS
1345 1 A2 RS e IS S 6 PR T #51018

Step 1

REH

EENE

Step 2
i3k Naive Bayes

NSTHis 5 &)
EREGLOHZIET IV
1 i

Step 3

1
|
|
|
|
|

NN
[A67% 60231 | (A'G3Y G:9Ta) | (A:B5K G:784)

) | (A:38 Gie3) | (ACG5Y G4 | (AISI% G:09%)

N il ‘o
Step 4 i 1 .
O H f
55 R AROBH
: i
H
i
?? ﬂ L&
o ey | v | v | v sed | o aw oo e e | s
[ 2-22] ASE TIAIE QA T2 HA(Z), JH7E Q1A HEZAN ()

£X: B JREE . (2006). BEEEH > DEBEEHERODHFEICEIT R
NAZHBNZ & BHZ ZABOE DA, Architectural Institute of Japan, 121, 125.

65) MST Y2IES 0S5 LSS 0[R5H= T 5 715 RGB & Lab 4 71| 2 0P} M TS &
A0 oS A MSTE IS CIZ, 1 HOH0| 2 $22 Tetios g 184 sigton] 2 2y

20| tHahA Navie BayesZ T8 2 TAMo| S127kS 7|02 2+ 20| S2|QIX| OHHX|S T

) 42
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- FBARE B ABY ST S FE5taL 9] Hrwet o] weh LR E =
Yt 2o] met PR GAR TS AT FHE A4 otLA ks S A

A5 AL A Y2 S| AR IHS AFAste] HA5T} FAA 52 P Bixvt
GAEZ(uni-modal)®t tHa-E-2E(multi-modal)9] FEiZ gl o] E}Eﬂl et
£ AE 5851 AFFHE FETC0E TATT SAESHA S

- BAB(@] Btole Ae B SIAEIHNA Ed(modal)o] shel we
A, HEAT e Aeole BEo] 271 HES A4, BUAE 5 S5 FH
Ao 227t 2= e 29

1o, o

S gHlol met W] Aot FEHE HE S8t S|AEIHWAS Eo] # A
NEA AE FEohe WEREZ TE0] 54 A F 2| ASFHE F7d51] 90%
ou Aoes IR

@ BER b IZERR ) BHER

[T 2-23] XIS YEofl e B 3} S|AETH DS (modal) Hat

EX: 2 JREE. (2007). MEEEN S OERIELEFIRI & EIF2HICFE T 283
BRES ORI L FEEYEIC & 5 2BFIBIENRESE. Architectural
Institute of Japan, 611, 102.

66) & JR#E. (2007). fZeEEH H ORBIEFHIB & BiRZHICBI T 2K PESHOMIRIL L FEEFIC
& B2BEAIBEDREEE. Architectural Institute of Japan, 611, 99-105.

43(auri



- A%E G4 TEAYE 58 A5Fe A4 A7
- QI7to] YL ANBHE el SE3to] I TRAYT AL BT DFE 3
B QASHIA SH S AN, G4 ANIAONA A HolelE A% 3
o §BH AHE AgIlo] AFBEFE AIA AL
- 7% P QAR P A2HE S o 5 B Fehe] ol sl
2] e FEE S A LSS A28 A=Ao] kol

67) M

=
=

N

7Ho] AR 2+ § 1:1/\]7134. AFE ) Zbolgle = 71x] 9] BE 0 & U}i-o] thEglo
AT/ EA S F2I61 AFE AT 5 e 7R S AlA

& e

A% E

o] m A

B-10

Input
Images l,

[4.0645¢-033; | [87606¢-107 | [0.001764: | [0.00010107: | [9.615
1.0205e-034; 12417e-084; | 1.6986e-014; | 2.0
4.0315¢-046] 4.026e-009] | 1.1929e-011]

B-16

2 | [1.582e-017; [ 4608e-015:
0.99753; 523 2.3247e-039;
0.001755) 1957e-010] | 1.4369¢-035]

A%E

oA | e

Hinton

Images

kel o x o o [¢] x o o

(18 2-24] A58 2T HE(), NFUS 0|83 HSZF 94 ZIHEh

EX: HSS. (2003). LIXIZ 0J0|X| ZRHAS S5t 2SSERS] AIZH QIXeiof
26t 17 QINICHBEL Tht:

2. (2003). LXE O|0|X| Z2M|YS S HSFEN 2 AIZA] QIR0 et it QIMIChEn sk A

=
S =
—g—§||‘ |- =] fAI—o}' |h:E'

)44
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« 2 mE9l 7] AF Q4l0] Wag EAH B56

- 71E YoM AEE AAE TEotke EX A (Feature Point)E FE0k= S A4

- B & Aol G4 454 Gradient EEEAHE7] Hal] HF € JX)E
HFiok= SIFT(Scale Invariant Feature Transform) ¢ 8|&S £33 24 %]

(Local Patch)oll sl E4 HE 3 F=

[23 2-25] HOt7|HOZ FEE EXH

EXN: HAF 2. (2016). HE| Q] 7|dt 72 Q1Mo LR EXE 25, The Journal of Korean Institute
of Communications and Information Sciences, 41(3), 326.

ook
ok
Jr
=
o)
19
=
L e
g
e,
-
:I:‘;
o
H
of
o
-,
o
vl
il
N
(.
b
EPT
fol
L
)
o

Qtetlom, Azt B4, &4 %%H "ﬂ 7HX & E-870)
68) HIAIG 2|. (2016). HE| I 7|8t 48 QA0 QS EXNAM 23 The Journal of Korean Institute of

Communications and Information Sciences, 41(3), 317-327.

69) Karsli, Fevzi, et al. (2016). Automatic building extraction from very high-resolution image and
LiDAR data with SVM algorithm. Arabian Journal of Geosciences, 9(14), 1-12.

70) Cai, Wei, et al. (2019). Research on image processing of intelligent building environment based on
recognition technology. Journal of Visual Communication and Image Representation, 61, 141-148.
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[0 2-26] &35 O|0|X|ZL2E| HES QMGH= 2PY

£X: Karsli, Fevzi, et al. (2016). Automatic building extraction
from very high-resolution image and LiDAR data with
SVM algorithm. Arabian Journal of Geosciences, 9(14), 6.

(32 2-27) $3% OIDIXIZSE HSS AN U JVURAE 55

Ex: Cai, Wei, et al. (2019). Research on image processing of intelligent building environment based
on recognition technoloay. Journal of Visual Communication and Image Reoresentation, 61, 146.
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T Gl vehds A, M, A3 (Texture)S E8oto] AR EYFEE
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AQtste], FF & o FE H UL W= 3l 712 L

- line segment detector(LSD) ¥1g|&5< <
(A2, m1%- 21 A 5)= AAsI] 2234 EAARE Aty
HEo| 3 9 AL AR, 8- ol E
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- oJu|X|9] AT} W7 BRI K-means SEAHY 41

g3k A AR E S sle] A5AY] B3t 2L 9% aQlef It E4L 74

[ 2-28] LSD L12|F 7|Hto| A= £ BX| Z2AA

£X: Talebi, Mehdi, Abbas Vafaei, and Amirhassan Monadjemi. (2018). Vision
-based entrance detection in outdoor scenes. Multimedia Tools ana
Applications, 77(20), 26221.

71) Talebi, Mehdi, Abbas Vafaei, and Amirhassan Monadjemi. (2018). Vision-based entrance
detection in outdoor scenes. Multimedia Tools and Applications, 77(20), 26219-26238.
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- S5 9 LS VIR R Y ¢alElES 28510 o|u]A] Y high-level &
BAEE FE51L, o5 7Nt g AEo #2414 ske AlAES At

- U A, JH HE 53 Z2 o|v]A| AA|oA B 715 high-level SHFRE

£ 9890, 549 22 A] deld 2do| o Computer Vision 7] 7]3ke]
A2 39S Bo 9

- FE2H EJAHEE 7Ho g gy 24 F 519l Fully Connected Networks
&8st g Ao E&ol=t, ol= FF FYFEE 7|HIe R TA|9] 2D A&
FAoll 2 719E

eeBee

m'

[T2 2-29] 2 AN HASH= HE T Q4 2Ky

£X: Armagan, Anil, et al. (2017). Accurate Camera Registration in Urban
Environments Using High-Level Feature Matching. roceedings of Britisf
Machine Vision Conference . 2017-9. 2.

72) Armagan, Anil, et al. (2017). Accurate Camera Registration in Urban Environments Using
High-Level Feature Matching. Proceedings of British Machine Vision Conference. 2017-9. 1-12.
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- A-KAZE E4 3% 4152 A0S & 5 = AE 949l 84 (Textureless
Elements)E ©A|5= 37404 Hold 452 Hol, sZH&E Y Z%)9} A |910]

[ 2-30] 22 ZRIE F2URL 4 Zut

£X: Seong, H., etal. (2018). Image—based 3D Building Reconstruction
Using A-KAZE Feature Extraction Algorithm. Proceedings of the
Intemational  Symposium on  Automation and Robotics in
Construction, 35, IAARC Publications, 2018. 3.

73) Seong, H., et al. (2018). Image-based 3D Building Reconstruction Using A-KAZE Feature
Extraction Algorithm. Proceedings of the International Symposium on Automation and Robotics in
Construction, 35, IAARC Fublications, 2018. 1-5.
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A% A 9] MAAHHSV), H AZ7](Roughness) 52 EFF K.
E, g latex painting, &4, ZZAE 5 F 107149 A%

Y rulru
L

- BERolE gofst 7AISs darg]E(Decision tree, SVM, Discriminant
analysis, K-nearest neighbours)?] €& o &2 i3t H|wEAS
=3

80% of Extract : —| Material reflectance Machine learning:
| (e e
database Roughness —] Roughness — Classifier n e
Training
Validation
20% of Extract : r--e| Material reflectance fro==+rressee -
building . Material reflectance Best .\[alﬂ_lﬁl
matesisls | HSV values g HSV values  feeesessessses * pecogmition " recoguition

results

database Roughness ... N T e IA— »  model

(22 2-31] 745 X QIMIZ SI3t DAY DY S U BIAE T2NA

£X: Yuan, Liang, Jingjing Guo, and Qian Wang. (2020). Automatic classification
of common building materials from 3D terrestrial laser scan data.
Automation in Construction, 110, 103017.

« CNN 7|8t AZE 9Jui g 4 A1 @779)

- 7

B4, AP IAH ZHOE A G4 ARELS EF T 5 Y 71E G4
PSSR 54 ONN 222 B83t] A% oato] trehtt Wal(Ag, 2%, 2

= 3 U)ol O AAES A S A

- CNN 7]819] GAMAEHL YOLO ZEL 883519 on A& AH o]
o] EAS e+ A&, BA o|u]X] 52 A T5A1A

74) Yuan, Liang, Jingjing Guo, and Qian Wang. (2020). Automatic classification of common building
materials from 3D terrestrial laser scan data. Automation in Construction, 110, 103017.

75) O|g%t 2. (2020). O|O|X| &30 ZQISH CNN 7|8t AS QA H SIEYEEMSIS|I=2X], 24(3),
341-348.
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[12! 2-34] YOLOE 0|83t 742 Q1A Z3}
EXi: RE1T 9. (2019). YOLO Paid 7|¢iS 0123 E27tujzt &4 L 242 2% 2
AE AAY SRZRERL S SASSE =2, 27(1), 304.
ZAYNE F2F W) FA B3t A7)
- A5E 9 Y0l 2FEE Fre HERS BRI AT SHeE HEd &
@ 5 Rl AlexNetZ 88519 Flojehge &3 HeEA] Bds /e
- AL SFold VIS B30 HE o A sk v B A dAgke S 2
AEE ¥ JHE *’137}

[23 2-35] 2@ £210IF 7|HS SEH = HE KT
EX1:0j0j12! 21 (2018). HE{'dS 018%t Yo 7|He| 232|E 7= U2 HA|. 232
E&3| =23, 30(1), 96.
78) 004121 21. (2018). HeidS 0188t & 7[Hte| 232|E 7AS U2 §X|. 232|Esk| ==F, 30(1), 91-99
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[23! 2-36] Google Street view G40 22E| MAIE2S EMX[5H= 2™

£7%: No, Wonjun, and David Lee. (2018). A Deep Learning—Based Braille Blocks Detection System
from Street View Images for the Visually Impaired. 31st KKHTCNN Symposium on Civil
Engineering. Kyoto University.

79) AES HE=T2, 3 & SS30 tio 11702 HIXZ LYE E7IHELE 2Y £, QIEY HERNE S5l
3605 &Rl0]| 7hs&

80) No, Wonjun, and David Lee. (2018). A Deep Learning-Based Braille Blocks Detection System from
Street View Images for the Visually Impaired. 37st KKHTCNN Symposium on Civil Engineering.
Kyoto University.
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£X: Seiferling, lan, et al. (2017). Green streets— Quantifying and
mapping urban trees with street-level imagery and computer
vision. Landscape and Urban Planning, 165, 95.

- EAol§ AL 915 WiHAOE AL GIS B4 ofd B4 Hlo]eE Jute.
B Y BR 20ES A 850l EA8A 082 BRI A2 Agtste] A
2] FAH(Street view)S 7|HH0 2 A3loll FUSH £29] EA|E LS Fof
81) Seiferling, lan, et al. (2017). Green streets— Quantifying and mapping urban trees with street
-level imagery and computer vision. Landscape and Urban Planning, 165, 93-101.
82) Li, Xiaojiang, Chuanrong Zhang, and Weidong Li. (2017). Building block level urban land-use

information retrieval based on Google Street View images. G/Science & Remote Sensing, 54(6),
819-835.
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AEE § A 2R 1E BAE] g2 EF k] N HAZHALBGIS A
Ao A3 ZEALE B AN T EATE Solo RO WEL
A

AlFste EAE AFE BA | 5 AlLE2 BdRt Aok 95.63% = HE
ALEE Y

Fig. 2. Positive street sign identifications by ebject detection model.

Requested X - axis offset X - axis offset
azimuth (degrees) (px)

Requested
coordinates

(T8 2-38] 0f2] Z0fM ZA[HL| Q1A X BRIt 7St AlAH

£X: Campbell, Andrew, Alan Both, and Qian Chayn Sun. (2019). Detecting
and mapping traffic signs from Google Street View images using deep
learning and GIS. Computers, Environment and Urban Systems, 77,
101350.

Campbell, Andrew, Alan Both, and Qian Chayn Sun. (2019). Detecting and mapping traffic signs

from Google Street View images using deep learning and GIS. Computers, Environment and
Urban Systems, 77, 101350.
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result) (object detection result)
Fig. 2 — A recognition resull example from the 17 scene

{semantic segmentation result)

{object detection result)
Fiz. 3 — A recognition resull example Fom the 2 scene

(semantic segmentation result) (object detection result)
Fig 4 — A recognition resull example from the 3% scene

Pedestrian

[12! 2-39] Street view 0]O]X| 7|4t9] QoL H7}IE I8t 2| EFX| Za}

£7X: Kantavat, Pittipol, et al. (2019). Transportation Mobility Factor Extraction
Using Image Recognition Techniques. First International Conference on
Smart Technology & Urban Develooment(STUD), 2019-12.

84) Kantavat, Pittipol, et al. (2019). Transportation Mobility Factor Extraction Using Image Recognition
Technigues. First International Conference on Smart Technology & Urban Development(STUD), 2019-12.
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- 7I284E 3ot 84 A 9 EF5E7] Yol 243 (Vanishing Point) 214
o] 72 G0l A YefE 4845 AET 5 9l

- W9, 85, 78 5 o BARN 7Rzt sk dSe AUt ER 50 8
&5 Ad

- Gating Mechanism3} Holistic Loss Function= &-85}0] 25 FAoZHE
general visual cue®} surface normal JEE AZ3t multi-scale convolutional
featureE 7|FtC = Hej\d HEYT HdZ o5

Input Image .....1a) Plane Segmentation

(c) Quad Planes

(b) Plane Rectification

(13! 2-40] 0|OX] L A4HS 2IAIGH| £

ro

Hy

£X: Zeng, Zhiliang, et al. (2020). Deep Recognition of Vanishing—Point-Constrained Building
Planes in Urban Street Views. |IEEE Transactions on Image Processing, 29, 5914.

85) Zeng, Zhiliang, et al. (2020). Deep Recognition of Vanishing—Point-Constrained Building Planes in
Urban Street Views. /EEE Transactions on Image Processing, 29, 5912-5923.

86) M|Ctot= AARIS [ SD H#=21t plane segmentation S 25610 2L Halst SEfQ| 0[0|X| L AMH
2 QB 3
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Ground truth - Before rectification After rectification

[T 2-41] HIRtSh= WHES 22510] M 32 TAISS HE LTS BXISH 2

£X: Zeng, Zhiliang, et al. (2020). Deep Recognition of Vanishing-Point-Constrained Building
Planes in Urban Street Views. /EEE Transactions on Image Processing, 29, 5919.
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« ol 7] o] 4] A5 Hol S BET AFE TAE FHolE A 7587

- AYR oINS B A2E YUARES 25k Jeid 2D FEel 45O
& ol 2 (Labeling3H T4 B3} A%E SMIE dojg JES agdos
TESE A28 Aty

- AS5E AR 54 metst] flste] AE5E d¥s FA5HL e TlolE 4=
Feotes HEE AASen, s FolE"YE  fIst  Semantic
Segmentation 7| % 5149l SegNet & &8sl o & AE A+ v
(background)°]l tish lolEd=

g F2A, B A5E9 £0], A5=9] S0 g2 e s JHE

23519901, CMP H|o|E]H|o] AQ] o]m] ]| E E-L5188)

i

87) 7R 9. (2019). H2id 7| O|0IX| XI5 20I=YS B3 4152 LME HI0JE ME 75 7|2 e, ot
1E5te| =2 8-HEA. 35(12). 43-53.

88) CMP Ll|O|E{ H]|O|A O|O|X|2t IALE 0|0|X|Q| 7|H Q1A St52 RIot0] T MIAIQ| T2 T A|Q TS 715 A}
UM 2TsH MM O|0IXIE 20|38t O[0|X| Hloje MEY (EX: CMP Facade Database.
http://cmp.felk.cvut.cz/~tylecr1/facade/(ZA4: 2020.07.01.))
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Y71 WY A E & B A 22 BIM H|olE o] A

- YT AR AF5E o|n|A| 2} A 2T E(Geocode)E 7IRECE 7} &2 o|H]|A|
4 AL EX(YH A2 5)S FE3to] TA| F129 BIM (Building Information

OpenStreetMap (OSM) Z3H&-Z &85t &5 EJ=9] w4

- AZE oju|x] U OSMO.ZEE FESF EYAHES 7|ulo 2 LA ©hojo] BIM H
O[FH|o| A 53

= AAEE 7|0 2 TA] Y A/dAE(Soft-story buildings) = T4 4
EFoHL, A A dAofA] o] H(Abnormal) AES &% 0 & 1jeto] 75

ATLANTIC CITY CITY
ame

74 asmsn;

hipp

Resﬂ ntial

buildingDescription

address. 55 5 HALEIGH AVE, ATLANTIC CITY.NJ

lat
yearBuit fo20
id

Resnet50/152 InceptionV/3/v4

/
/
automatic MexNet VGG

Results Analysis

[ 2-43] 0|0|X| & OSM7|4t2] FEA| Th9{2] BIM H|O[E{H|O]A 75 1t

&X: Yu, Qian, et al. (2019). Building Information Modeling and Classification by
Visual Learning At A City Scale. arXiv. 4.

89) Yu, Qian, et al. (2019). Building Information Modeling and Classification by Visual Learning At A
City Scale. arXiv. 1-7.
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H ASE9] olu|R] EFAELL AP F5H HEE HlolEHo|AF B85t
=

Division Sub Division Code
Facade X. Y, Entrance, Window, Stair, Peak, Dent, Tilting, Absence: 1, Adjacent:
Elements Open, Fixture, Etc. 2, Presence: 3
Defect Crack, Chipping, Missing part, Scaling, Abrasion, Matrix (area and amount)
Factors Glossy, Soiling, Efflorescence, Joint, Chemical,

Staining, Moisture, Biological, ete.

ample of Input Data Sample of

[ 2-44] AZZ 2/ 0|0|X| Q14| & C|O|E{H|0]A 7= 2PY
£7X: Lee, Jaeseob, et al. (2016). A Method for Data-mining of Defects on Building

Facade Elements. /nternational Journal of Smart Horme, 10(12), 101.

90) DeGol, Joseph, Mani Golparvar-Fard, and Derek Hoiem. (2016). Geometry-informed material
recognition. Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition,
2016-6. 1554-1562.
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- FERHREZTeIRAE 7IREe R g B4 F oFQl Auto-encoder 71 7]t
9] Fully Automatic Interpretation with Deep Learning (FAIDL) 29 &-&
5to] =A] WY A&} background, parcel boundarys £535k= A|AH] A9k

- S Atok= AIARS geo-stetreo mapping (GSM) 718 & E-8sto] 25749 2
¥} oju]x]9] 3D WY REFG7HA] -39t
FF EAAA A A 9] HlolEH|o| A 52 B3 EXHE|Y] e N B A

-
ok gAY HE 5o B8k o

Test area FAIDL + SM 3D building model

[23 2-45] &357 0[0|X] 7|9te] EA| HEE 27 ¥ 3D DY A|AH

£X: Masouleh, Mehdi Khoshboresh, and Saeid Sadeghian. (2019).
Deep learning—based method for reconstructing three—dimension
al building cadastre models from aerial images. Journal of Appliea
Remote Sensing, 13(2), 1.

91) Masouleh, Mehdi Khoshboresh, and Saeid Sadeghian. (2019). Deep learning-based method for
reconstructing three—dimensional building cadastre models from aerial images. Journal of Applied
Remote Sensing, 13(2), 1.
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S A2 JEE mefely] fEide &4

Y S04 Hel 7o) wEAl R
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