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Abstract

In the field of remote sensing in Korea, starting in 2017, deep learning has begun to show efficient research
results compared to existing research methods. Currently, research is being conducted to apply deep learning
in almost all fields of remote sensing, from image preprocessing to applications. To analyze the research trend
of deep learning applied to the remote sensing field, Korean domestic journal papers, published until October
2021, related to deep learning applied to the remote sensing field were collected. Based on the collected 60
papers, research trend analysis was performed while focusing on deep learning network purpose, remote sensing
application field, and remote sensing image acquisition platform. In addition, open source data that can be
effectively used to build training data for performing deep learning were summarized in the paper. Through this
study, we presented the problems that need to be solved in order for deep learning to be established in the remote
sensing field. Moreover, we intended to provide help in finding research directions for researchers to apply deep
learning technology into the remote sensing field in the future.

Keywords : Remote Sensing, Deep Learning, Analysis of Research Trend, Image Acquisition Platform, Open
Source Data
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field by presentation year (investigated until October 2021)
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7IHE 285k B3k U EQA0A sh5o] =8 Fofl 2l
gt 7Y 7HEAE 007 eo] il AHE Fol o
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15ITH(He et al., 2016).
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& 1582 AAskaL Qiek AAE A 9] 739 G4 ol A1
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A B A (two-stage detector) A1} A7l 922t Asfxl
A719] A 2= vk A B (single-stage detector) W
A0 &2 Ul th(Park et al., 2019).

A WA el o] T "RHH-S B2 (classification)
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Proposal Network) & &8l A= gt} o] ThA S22 o]
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(Fully Connected Network) 50| 3£3}%]0] Qlt} o] =12 4
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AE AAok sk = T oA SR H]sf| Al4E 2Hgo]
SRFskaL Ake] Rlw7} grof Ae]j&er} etk Thido]
ZA)stcH(Bak et al., 2020).
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= FAlol aiske] AAEA] S Y=th(Lim and Do,
2021). o] &1E|&S 0] 83t= Y ELYIEL YOLO Alg| =
SSD (Single Shot multi Detection) 5-¢] %It} s U EL =
52 QR ojux 2 1A Alo|2e] T gYo g Bt
3ht}. o obelzo] 2t jelo] sl ejer =717} vle) A
A2 2e] T4 42 ol Eels wAle.s S of g
A Aol wlsl Hete "ol AR, AL et vl
w2 31 o] JLAjo] 7kt AP o] Qlth(Ha et al., 2021).

Hed YWEY A7t 73S #53HAA Retina-Net (Lin et
al., 2017), M2Det (Zhao et al., 2019) 53} 7-& ZA] Y ES
A5 T WA FA o &SRRt o] WA EA bt
HZ5HAL 52 o 52 A9=E 5T 4 A =HSlch
ofgoll Al A'd 2AF A} HAFA] HA-ollA] gol o8&
t3E29] o] TA 9 ) A ekx|ubH el Faster R-CNN}
YOLO Y| E¢|=0]| thsfj A=st3ick

3.2.1 0] &HA| EX|YH — Faster R—-CNN

Faster R-CNN U] E 9] 7= Fast R-CNNoj| A] ©E21gH Y| ES
32, 7]% Fast R-CNN Y EY T 9] X = o2 Al<5sld
A, ez A s Al AL Held 71eS 283 RPN
£ £3J Rol (Region of Interest) S A 4Fetch(Shin and Hong,
2018). Kim et al. (2019)¢] 2J5}H o]& E3) 7]£2] R-CNN,
Fast R-CNNoj H|s}| &7} 27|40 2 7| e Ze gels
4= kAl Aj&8l9itt) Fig. 7 Faster R-CNNoj|A] Rol& 2F
= 3] ot 1ol

Input Image s ox Output Image
regressor

Fig. 7. Architecture of Faster R-CNN network

Faster R-CNN9] & 2dl9] Fast R-CNNoj|A4] Rol pooling
& 0]8580] =5 FHAINE o1A8] G Aol A B2 Al
2ho] 4 5} BAHo] A%ieh. ol 72| Aaka 2]
Ho] CPUE ol-§-5to] 3%7] wfjiZof Wyst= A=, o]
37 Heldo] Hgslo] GPUS AMETITHA Srahitol
7hesleh 1418 A 0 2 Faster R-CNNoJJA] RPNS £9]
AL, RPN2- o] 717 Q1 CNN Heof| 4] 353 S4A| =

ol



Analysis of Deep Learning Research Trends Applied to Remote Sensing through Paper Review of Korean Domestic Journals

(feature map)E YL = o83t} o] TgoflA] YA A
(anchor box) 7}\el-& o]-8-3H=d], o= nle] Fold FejE 7t
2 AAMA S Tt} ofAurA T} Sliding window HHA] 0. &
ERAN =S FAsh A9 F-7eF YRS F55H ek
EARA =] B Faro| tisf o] 2Ye ssHA Hrk 54
A7} 14x14x5123}19), B Er20] AE 97 71t
W, 225 Rol2] 42 14x14x9, = 176477} Hth. oJ#8kA
o) Ao me EAAEE X gholl whet #iskA] ¢b7]
woll Alksl7|7F Hejseh o] A o= 2laf 2419 914
7} e, A0 A7]= WskA] ¢F7] wiiell Rol7l &

21 ehgo] - ek

3.2.2 T B EX]EN - YOLO (You Only Look Once)

71 RONN A2e] ehuzizo] Gely 7o) 241
W] WS ootk A AY] 458 Haz 5
sofoll Hgoplof HaT 32o] I3tk oleiat £
J21517] 91 Al 717 HelS 91 Ht uhe wel
[Hke] eb1e]&2] YOLOZ} 7HE =] ik Park et al., 2020).

YOLO &2 CVPR (Computer Vision and Pattern Recognition)
20160014 AGo g Wid Y EYA R, shte] AERA U
EYIE 3l e s S AE 7 Hlof| ASst= F
20| o oA HAR o] AAEA] dare|Eole) 1200 45
Y] AEHES YR HA, BA 71 whE S0 A
AFA E A= g7HREeke: SHAREYOLO 27| 5o 2
<= w50l Bl G4 A5 dEol dEthe ©Rol
=, ol= ¥714] A %F(spatial constraints) &= QI7H 74|
2 a2 =(gridmtet © shuhe] A AEskes Al
o] Q7] wiizolck. ol2fet *HAIKS sl dst] fls YOLO U
Efae AEA o2 7S Saf kel o, 2021 AR
714 YOLO<= VIF-E vA7HA] thefet wizdo] 7iefo] Qlck
2 =2oll4E YOLO HIER 9] AJx2l viof thsf 45t
L, viof|A] véoll o] 271712] W E W-8-& 1hs] Al
A}t Fig. 82 YOLO HIES]=9] 25 ehdith
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=
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N

Canv. Laye loyes  Comv.loysrs  Conv.loyen  Convlayess  Conn. layer Cosn. Layer
TaTnbds2 ) Tulxl28 Laladis ), IalaSiZ ) dadalon
Maxpoel Loyer  Moposl Layer  3x1:256 2dus12 aax1024 S 2301024
26242 2242 1x1x256 1 23x1024

151
33812 3:3x1024  Iux 102442
Moxpool Loyer  Maxpool Layer

Ga2a3 ix2a2

Fig. 8. Architecture of YOLO v1 network(Redmon et al., 2016)

YOLO®| CNN Fxi= iR wofollA] AHg-E=
GoogLeNet 2@} GAFSITE YOLO+= 24719 AEF
A A% (convolution layer)T} 2709 A ZATA Z(fully
connected layer) 2 LAJE|o] gt} o] JLRo|A] HE
FAASE Y o= 5SS FE5HL, AT
& 292 &7 v W (bounding box) o] #EE
oAl &gtch 2 ndo) 7P & Ao R, 59| wholzet
lo] 7] 9] A A Kl Fof Hlsj Thhehe = 553 o
o] H=7bwEths Hif BE g o] A4 AAIE
dojun g, o o] S oz} FAF AA 9
Al Htk= Holt} Fast R-CNN}F -2 wdl
FH AETA = A E X SR, okt EA17F ¢l vl
(background)o]] WHE T} 22 %-2-(noise)o] Qo™ T4
AR Ql43k= W, YOLO= ¢4 21g¢ mdle] &
i @ FE a3t 4= Qlok o 2= QoA o
b 37HA Aok vl kA Fer) vlolEE Faf 8
o2 28 P o] uhey vt o) A9 oS AT}

A= o] itk ol Fd Aol THEE Yol

il
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ol
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ox e
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59

S M gsto] JJMEY 27]9] YOLO vi W
J E ¢ = (backbone network) 2 VGG-16-2 |-+ ATt
V2 o] ¥ 2L Darknet-192 o]g-5t0] HAFAZL A7}
of 7} shehile] £-8 Yl ATE AU, o] S
B w2 S5 2 A% dEo] Hssbl Hgith 7HY
W3 va= ShEHE 7 B Eebskar, CSPDarknet-53
2w Y| E9) R o) §5te] Hlojo]e] 4o} shetu]g)
SO BEokal o2 Y EYAHT w2 S1r9) 20
e E Helrh

Mool pE oy i ox e oM rlo 2 o Uy O & ofw
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(instance segmentation) W5 = Z2)3tc}(Jeon ef al., 2020).
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(c) Semantic segmentation

Fig. 9. Comparison of scene classification, object detection,

and semantic segmentation (Kim ez al., 2019)

AlexNt, VGG 5 94pe] B50] 52 ojsle Zo]
& mue o2 Rt Hgtela gk 1 ol &
(segmentation) ] B2 X olu|z|2] z}+ &40 tja =

~2 Fel7 29} v
7} vl S83 8 AR 285}
(parameter) o] 7142} 41212
ZAAE 2] HEE oA H
of mixuf SQ1 AEGAS N 2l YAl Higt JEE P
of. ol 24 £ ol F2 0|85 = UIEHA FCN, SegNet,
U-Net 52 o]2|eh 2415 s dsh7] 918l Q15it(encoder) &
t] el (decoder) 25 7143 9lek. QlH o] FEAL o

24010 24, A8 ]2 Z1-8 convolution

1o N

o
et
4 o

2 3% 4 QA SH= Selek of BAolH Bl o))
L ARTASS I AREM AFO R T 2 F
o 91 YRS fA 4 ek clTElE TS oA
© Ao UL FelH, U YA 2 A0 2 v Eo|
b 2otk A 25| U2 A B Hoke] ¢ 5
7P ol ol 48 mHe o] &5 £k Lo 4 FollA 12
T2 23R QI U-Net .2, U-Net Belo] Y| £ 72
& Fig. 103} 2}
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input
image
tile

output
segmentation
map

== conv 3x3, RelLU
copy and crop
# max pool 2x2
4 up-conv 2x2
= cOnv 1x1

Fig. 10. Architecture of U-Net network (Ronneberger et al., 2015)

1o

Hdo0
%

o

U-Net:2- 2015 A ofst fLofoj| 4] Sju| 24 Ea-=
2 AokE FCN 7|4ke] meolr), Ajolsh
LA 22 JH 2 QS v 7Heeh
3l AATAL ool A 14 Fd= ol &7t BRI
= da] A8 ok (Lee and Lee, 2020). 2 &
tle} f 3 22 GgE o] glrk U-Neto] el
N 5 522 F3%0f Atk U-Net?] Q15T =
2 (contracting path) 2}l %= E2]H, 112} HEj o] o]u]x|
A3 e olnl A2 WHATIRA S FETT,
ol lngE A Th Ao Fel sl 8
2 (expanding path)2}= ©]&9] t]Fr
(Choi et al., 2020). U-Net-2 Q}=7d 20j| 4]
A= 2 B2 A48} skip connection 7]
Zofl E-85H] ZHH AAHEE AL
olthGhosh er al., 2018). Park(2020)-2- U-Net®
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AL S o] 8-dto] s on|X|E AYAsl= &3
AFsl(super-resolution) A=1of =2 o]-&-%| 1 lch Fig. 112
GAN W|=9]z10] 254 4Jo] chet Aolck

Discriminator
Fake
E Sample

Fig. 11. Architecture of GAN network

Yy
[

Training Sample

GANS gle] i3} 740] AJA#}(generator)2} w7}
(discriminator) 2 “FAJ%] o] Qlth. GANS AY/Ad A<} =7}
A Aol Wero R mule] S-S aarHs Aol
=
QUAJo] chat WEL SHe PO 2, AR
Loylgko & 30 2asit) T 0 2l Ak
A AR P 5 Gl 0] Aol S whgo] Ul B
w2} o) gk t52fo] AL AHAIRA SHs Alo] £ mule] A
% B3olt,

2014 o] 3= GAN 2H10] Gy 7|eo] F51tod
A, dAgtAEol o8l TRt AF 3=tk DCGAN
(Deep Convolutional Generative Adversarial Networks) &2
o] 7I&E7] Hofli= GANTE o832 745 5ol T4 &tk
= Ao EA stk AR EAE #E Al &+
Fardrofop ghzo] Qb Al o & o] 74 4= Qltk GAN =2dll
gk Goodfellow et al.(2014)0]] ©J8HH F melo Ao A
A= AAE 7100 5ol EQdstaL, A/dAtel wEAt
2o A 2to|7F HAYEE 79 TR0 ghEoll 2|94
o] A= wAI7E EAYRTAL AEsigie) o] AIE
DCGAN-> GANo|| CNN9| 7|48 g 53te] 453
olZojdl = QIlth(Radford ef al., 2016). TSt A]<42]
©. 2 GANO|| theh A+17F 3w o] Sh5abgol| A 7] GAN
o mlsf Aol aL, B 1IAL| on|X]E AT =
EBGAN (Energy Based Generative Adversarial Networks)
(Zhao et al,, 2016), THA2] 31458 QPgs} A7) e
= spectral normalization B A|otsto] oIAlke] 83519}
1459 o315 o] ZoftH SNGAN (Spectral Normalization
for Generative Adversarial Networks)(Miyato et al., 2018) 5
GAN Z&of gt 2]<5219] 1517} 213 % 3L ok

ox b ox 10 O flo mo r
oo o i
i‘_?i' U‘D’
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4. YZEAL EE Zofol
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WHEFO AP EANLLFE £ AT 1Y Y
Stk S BBAL 2L AATA Holel e A
olo] Yug A £ 7Hs Aol ol Busie A
eje] B33 5o HgstehPark er al, 200). AT
o149 Yol mee 7]¥ 22l NNt g7] 2D CNN, 3D

CNN, U-Net, SegNet, DeepLab, VGG-16, GoogLeNet &5
9] thefst W ES A7} o]- 8% th(Song and Kim, 2017; Lee
and Kim, 2019; Choi ef al., 2020; Lee and Lee, 2020; Won
et al., 2020; Kim et al., 2021; Lee et al., 2018; Lee and Lee,
2021). 224+ F7 EAE 0]-8-3k= 2D CNNZ} 32}49] A]
7+ EA2 0]8-3}= LSTM (Long Short Term Memory)
¢t 2DCBLSTMZ: #8510 7] Held Zellof] vl
Au| BB 5 Aee S w2319 ch(Kwak et al., 2019).
PCA (Principle Component Analysis) A {E45 2533 4
Aol A gste] ol Held welel A4S o), AR B
45 ONN 257 Zdapur} 32 Hokeg dehq, st
AZE A BEAZ 5 9oL BRI A7} QlSITH(Kwak
et al., 2019). TE3F SVM, ANN 59| 7|78+ 7]% 1} DNN
9] A5S v|ast A= 9182 H(Moon et al., 2020), SVM
3} GoogLeNet& 7] o] 85}0] LRE 435t AT 93
TH(Kim ef al., 2020). 0|2 FAL EAHEERE U5}
A5k, Z¥7ko] fAqtofl A o] -5 " REEo] Aoldt A
Selstgity. B EE 7o} fFARE 7S o835t 423
SR EA|uE ol H]s| Afiolll, FERGE
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fm oo g

Hr o ofd

el
o
&

(

(Kim et al., 2018; Choi et al., 2020; Kwak et al., 2019; Park
et al.,2019; Seong et al., 2021). A|RJo] =925 F45}
7] 918 Fe+F4T LIDAR /42 §4E8 oz, =
= ek o] Ao a1 S 355U (Cha et al., 2020).
AE A (Jeon et al., 2020)2} 28| (Seong et al., 2020), %
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ZZ| 9] oA EH] &2] AL(Kim er al., 2021) S T4 A
AZ BAISHE Zlo] Bol7] s, AlstnA sH Al
ol A= AsAret 2ol FEH] ok Tl =
SF3IAT. Jeon et al. (2020)°] ofsl] =3 AR 2] 7
SARGAIT REZR 2] OpendAHE A2 SAROCV*, TA R
2 2)(DEM: Digital Elevation Model), =& 45572] dlo]g
£ 27| Alo| A2 23hste] 747 ﬂloli"ﬂ gt Je
Y mdlS 34 7] B SAekx] A9E £ 26190t} Jeon ef
al(2020)2 SAR AR E 0|83k B fEF e =

3tk ek At E3F Thekst Ao AR B RS 23
53Tk Seong et al.(2020)°] _40]{ 28y LEek] A
TEHA MET} Qs DS o188l ehEst "efd =

9% 75870 W} gl A 8ot 729
2 SaEE St & o2 BE

FAAE ]85} X]EL 2 mAEA
=4S L= QA s Aol A= LCZ &oll
CNN B9 ol g3to] 9ot 7oAl dhe 58
25315 TH(Lee ef al., 2021). Y E IS 5=4sl0] Hotr=
FhAEE Aw 9)9ITk SegNetQl AT FE-2 ResNet 2 =
Aokl A& AL=E A PR = J9 HE o5+ (Liang
and Seo, 2021), W] A8 Aof| Tt A FRFE B0
2 GoogLeNet?] inception X257} ResNet2] residual 122
Zlsto] YEY A ASE 164712 AT WEHAE o]
83k AP (Lee et al,, 2020)7} 29It} = 7o) YEYIE &
afol ol $THo.ZH, 7129 A% Z7bol w2 EAE 2
5 5 A A SHlskglck, mutulgA A%

=

Climate Zone)+&-
B0 23l AL

1
'6‘
of A5 EOUE FUPES o gojo] EIE 2

H =35}= ¢55(Choi and Kim, 2021) = AT}

B QAHER AT B R R A
2k ol el sfebat 4 glgick AM o
lolele] Alzlo] djgt 27 ok EAs8 R 5ol 2

2ol 38700 AGH B 2 7120l Sl

5 %@5‘119} 2ol i%tilOIEH E}H“a‘ T
0" 71&0] ESAISIAY AR} 4] oAo| xgHE 7
%, 2hi HofE o] FAo] WS FAISE] ol A
o] Q1L Ao 2 AlmETh JAHE T HofoAs EX|uE L
F Aot tEo] thefet vlolE v SR8 A e
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2 7Hi."El'x|
AR o] Hefd& 483 A9 A 9
= A=A, s H7=EA, AFEA 5 =
AE EAY] X E HRE A7F 3 AE 2elsqlch
Aol = Mask R-CNN, SSD, YOLO S-2] €] ey
Y EY A7} F=2 AF8-E]9) 01}, U-Net, HRNetV2, ResNet =
25, olg AR o] g5t el YEY Eeholg
QslSiT. Held 7Ivte] AHE Q1A me
S 7|e Aol SSD YEHLE olgstel e
WET Yol BT % HEhd Z]9he) ONN el
295 Yok B2 stk Lee
et al., 2020). oJuj U EQ 7 0] AAtLE 3FARS Q5] CNN2OJ
backbone Y| E$]3 2 Mobilenet v2E- ©]-8-5}%cH(Sandler ef
al, 2018). ols} vl FAle] AT HeldS olgsiol 7t
B9 S 402 FEAE AL DR 4RY A0
Q1A1S: =35t = 1o Q1IthH(Kwon and Kim, 2019). 3|5 &=
Lo} A= Faster R-CNN=2- 0]-835}9 o, 7katel Al o] AHate
&2 el AV e, AAN =5 E 5 o
‘ﬁ%% A &3] 2 SH  oAES 584
22)517] 95t A= 8= ATh(Lim and Do, 2021).
L?—Oﬂlﬂ Haalel SegNetd} A& Q1 YOLOv2
£ olgsiol 5wzl Gob s st g
of Zalole) A HAE B 4E AT UlekShin
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o

Johe A= 98 L Qe = mgsh= 71|
FEIT}(Park et al., 2003). Z|olli= a3t dAtol He
=5 Aok A7 Wol £3EIL Slok 24k
Hlolel7l HdESo AUHA 3048 &
= Zl0] a5tk CNN 78] 23433t U] E9/=12] DRNet
(Dilated Residual Network)= #2138t ¢151(Choi et al., 2020)
= WA I3} FFAE Y-S o] &-sto] A=, &
= Ad Yo ¥z He] Holil shaete] F1HA 54
Hhego] 7hastek ol A e = Qs A¥ Aut HE4
2 =S A = S22 FelkSick CNNS o] 85t
T2 ZalASt k2 GAN Bdll 25 2-g-ako] A4
Z}of] DBPN (Deep Back Projection Network)E- o]-83%ith
(Choi ez al., 2020). 3l A-ollAl= 23l d3te] Agkel &4
S ARSI, E S 283 "l BEl ool &
TE= shgdolE 5 HHES Adtehe S UIERS A
THEE AR TRt Al o] FofRttk o5 F3ll ' 7
HHEch 2ol ot Aol apulae RS Bt
o] Hojd &35 2SS DRIkt Zall 3} olejo =
BB wobollA] thFgt At QI EA o R
CycleGANS- 2H-8-3F b5 shgtlolElAl 2t 7Rol
ek A7} JARUTH(Choi et al., 2020). Hed> SH5H|olE 7}
53 A9 et Aot = BATE A o] #AIE
s2st7] 218l e = oll A= CycleGANS: ©0]-8-5}0] 2.1
ME A SrsHlolEE 50k, F4S JrRke =N =
7HA BhgElolele = 28517 Q13 A ElS stk 4
2.2 CycleGANS o} §30] LHHE si5eo]ElS 4
Aotz 719 Held Aol SR shdolele] kg 3]
Ho 2 HekE A Qon R 27| Holel) $ET 9ol &
A€ SHIsieleh. B Cycle GANS 0] 8
o] Ak 78 wlo] ot A7} 213t
(Ku and Chung, 2018). 3l a1-of| A= 7]<& Cycle GANS]
A5 & RBITA T 7] AEA1E 145191 MS Cycle
GANS 7lgtelsic. ol SARe} Fstedo] Eehelo] sl
71222] Cycle GANT} Aj<b7]410] 44
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235k AL Q1%Itk(Baek and Yom, 2019). 35 Ao A=
DT A BE540 ARE 3 o]8-35to] PMI0 55
glofEj o] Alg3t s o Held el AAs T 914 D
S AV BEEE Abelo] 3 AlgE F8 PMI0 WS4k

=
%
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APAZ o0, MLPE o] ga}o] Th23ke] A
A|Fick 0] % LSTMS: o] g-3lo] A7k a4t
%k o)l %3}aL, Conditional VAES: 0|3}
17t SiAFE= 2L 30x30me] F7t =S 7}
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ik oFale 7] AeAlo]7] uhiel AlA| Aol AAH
slgdolHE Agablt FE Witk W% oS B
1E dole Yol 7FsshAck BAkel defdel 3
A9 ShlolEl 7k 212 79 Aukgro] £ gske 2 st
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Hepzo] AnE £5Y 4 9 202 wa

4.4 HEIEX]|

AV A= LAAL] 8 A Fofo|m, A= thE A
7loll #E5H %=
9 g H3E FA810] AFdAAs= Q1 ws 2| A=, A
A E SR BUER ol E8E= 7]so|th(Han et al,
2017). o]g= WshEA= A= thE Al7]o] F5H 9
Abg-o] F=2o]7] o] AIAE HlolEE A2 4= Sl
of gt} 7]&of W AtAtol] ofsl o] 8=HH CNNe| 7
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Table. 1. Comparison of deep learning research according to the remote sensing platforms

Platform Aircraft UAV Satellite
-Relatively much research
conducted

- Research mainly related to land- . . .
- Research mainly related to land- cover classification and object B Dlve.rse [fopics  eg, 1mage
Mai cover classification (urban and detection plass1ﬁ§at1.on, cloud detflzc?on,
ain icultural . i . image fusion, super resolution,

Research agricultural arcas) o - Diverse object detection targets surface temperature estimation,

Field - Afewresearchrelated tobuilding e.g, vehicles, vehicle license change detection, etc.
detection, data, augmentation, plate, coastal waste, forest fire .
ortho image generation, etc. hazard (wildfire, smoke, vehicle, B Many. studies such as change
building, person, grave), etc. detection conducted due to
’ ’ ’ easy accessibility of time-series
satellite images
. - Building training data using QA
) . M(.)St.ly using  self-generated band or UDM provided together
Training - Mainly using open source data training data with satellite images
Dataset‘ such as ISPRS labeling data, Direcﬂy generating ]abe]ing data X ol i based
Construction | digital map, GIS data, etc. from images downloaded from | ~USIM& acTial image-based open
infernet source labeling data by applying
transfer learning
- Different deep learning networks used according to the purpose of the study rather than the difference of the

Used Deep platforms -

Learning - Scene classification : 2D CNN, 3D CNN, SENet, Alexnet, GoogLeNet, ResNet

Network - Object detection : YOLO, MaskRCNN

- Semantic segmentation : SegNet, U-net, FC-DenseNet, HRNetV2, DeepLabV3+
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