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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
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Hafde] Z7ko] Hi= 913 A %5(AlL Artificial Intelligence)
2 1940t o]l Mcculoch and Pitts (1943)0]] ]3] A& 4~ 7l%l
Moz, Afeidold AR s A4S 158 Tz
AT =N HFEE Sl AP HollA] FASh= ot 3t
F7l5& W E o S-S 85kt g% Qe Als
FEE QI A S R RS s 714 S W)
, 9)7]ofl+= 7| Al &k<5(machine learning)o] Z3FE|ch 7] A 8k
ofek FREE 24 Hoio] A SEFE et <)
0] 3 o=, 1970ATh 215452 A22] 43719} 3t
FTt SEAIEE o] Al7]oll= g Eokollrt 71AIst
o] 7kl 45 A A4 QY W ReE =
59 olg] A= ARHARl Ae& AT A
IAc) 013 LeCun et al.(1998)°] 2J3 CNN (Convolution
Neural Network) & 9] A] %21 LeNeto] 7= 11, 27]%F A
ol whef sh5o] Aapt Adoldt AbdS Edl &, A 27]
3712 A-8-5to] Held e ek oM AdS Rl Algk &
=1} 7] A (RBM: Restricted Boltzmann Machines) 20| 7
e ¢{ck(Hinton, 2009). 2 AFE55 7|8k 2 A7 29
o] FEHT] AJZFSFA, AIAY BEo o5 Hedo®
W7t 25d7hA] o]ofA|aL gk

Helgolgt 421 A g e dirls 5 shuel s Als
= 75t WHEC R Al AEA TR E7ITH(Song
and Kim, 2017). ZAoll= st=g|olo] 714 AR QIgh
AAZ1E SEAAE, 2ol Held o] das 38 Al et
&= sk=go], HloEAlat Wix|ul=L(benchmark), &are]Z
(algorithm)o] W gto] whe} Jel|d o] M HE o] & ¢lrk 2012
WARE geldo] AarE vl RopolA] Hio) d5<
A S 9] ATAET diE IT 719 E A4 o5& 7
SAFCH, Aol e v fofol =3hE|A] ¢hat ok
G foFm A8-0] £-F HE7tal Qlrk s A A
2~(RISS: Research Information Sharing Service)ol| 4] 2019
W 27 55 =S e R RIFAS, 7ASE,
Hed9] 719EE o8-8 AME 2} A3A TS 5,521
H, 71As52 2,939, Held- 2,11289] =o] S
2 2RIsHRlaL, 2015ARE 2016W7H] = 345 =
600%, 71AIE+G = 176%, Held-2 316%2] S7HE B2
Ath(Park, 2020). olH F7HAIE HY o UMW 229
ol Haldol ALgshs ) oj%s dao] ack 2
7] el CHi7} CUDAS thg 4= Sl 1E7lto] o]
£ 7531t st o] 911t 0] & Theano} TensorFlow
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Fig. 1. Number of deep learning papers in the remote sensing

field by presentation year (investigated until October 2021)
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[ AE Z83le] deyd mulo] thE glolg & Q148 THe
ZH glolE 9] S =8+ dlo|E] £7)(data augmentation)
7V Agshck B HEYTNA o] 4 Sl
g3t o] 1EAE 008 gEo] K AHE B o

AVEES 2ol o @] YEQ|T AlS) £wo] FRARS 7o
dropout 7|55 ©]-8-5FTk

AlexNetZ A]Zro 2 ILSVRCO|A GoogLeNet, VGG,
ResNet -5-9] thefelh Hal 5o REEE|Qle}. melof ¥t -
7} AR 0 2 SElgA, F)EnT Yehe st B L)
w2 weSo] 545190tk 20154 ILSVRCO]|A] ResNet2]
HHE o) Aol mEo] Zo] Zojx|H mEle] o] AalE=
A FHE, F2 52 Bl o] 85T o= gradient
vanishing BA|% 913 mEle] 5H50] 2 o]Foix]x] 9] 1]
F1), ResNetof| A= skip connection T=415}0] o] EAIE
Stk o8 £l 3.57%9] o2 &S AL 4 U, o
AP oflE &4l 5% R ol el 2 gyl Qlok 71
B9k ofje} o] Zofo] uet Qatao] Z7tek A
sl28l7] 18] bottlencek 25 #8510} 414E Tes
SFATHHe et al., 2016).
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(feature map) S YEZLe = o] &Itk o] IFollA] AHtA
(anchor box) 7}\d-& ©]-§-5F=H], o]i= w]2] ol FEE 7+
A AARAS Btk oA utA 7} Sliding window B0 &2
A =S FAste A ek AAIE F55HA| Hrk
A 0] m= Fapof| ds o] WS A Hek 54
A7} 14x14x51224 9, YA A4 92 7R
T, 5% Rolo] 2= 14x14%9, 5 1764717} ). Y7{dks
o AR 2= SR =] AU ghol wheh HsHA] 7] o
woll Atsl|17F Hefsiet ol Aoz sl 419 914
7 el e, YA A7) WSHA] ¢b7] wiel Rol7F &

ebd gt go] o9 2k

r

A Lm

3.2.2 Tl e X - YOLO (You Only Look Once)

7] R-CNN A Q9] garejgo] "ejd 7[5ke] AAEA]
HHE0 WS ol B, AARE A7 £5 A= 5t
= ool Agslrloll= 5T F2o] i o]zt &A1
= i dstr] sl AAItel 77k A9 S 917t Bk whE He
o 7]8ke] eka1e]&¢] YOLOZ} 7l ek Park et al., 2020).

YOLO 241.2-CVPR (Computer Vision and Pattern Recognition)
20160014 A5o 2 dhe EYAR, she] AEFA U
EQAE 3l o] eI ZHAE o Hlof| oS35t
29] T oA FRIR o) A |HA] date}Eolt) 129 45
Ze Yo A& E e, GA| 71 whE &0 4
AgA Y E A2 F7Hgke) sEAREYOLO 27| 2dle- 2
< EAE0] 2o Y A dEel dsthe Tl
=], ol 57HA] AlK(spatial constraints) O 2 213} A4
2 12| (gridyieh o Shute] BAIRLS AETHEE AA
o] Q7] wolc}. olelst aAHS S5 $18) YOLO v
EQae AEA 0 2 7S Faf skl e, 20219 # A
77] YOLOE vIRE] vazl] chekat vzo] Ajklo] 9ick
2 = Ro) 4 YOLO HEgLe] AlZel vio| ofjs) 241}
L, vieA véaol] o] 27|71A] WA &S 7hHe] Alssiar
A} ghet Fig. 82 YOLO Y EA.] 25 vrehdch
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Fig. 8. Architecture of YOLO v1 network(Redmon et al., 2016)
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lo] 7128] A etA] el Sof| v 7heheh & oh53} o
o] w7t mETh= Hip BE o Bo] Y4 HAE
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(c) Semantic segmentation

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

and semantic segmentation (Kim et al., 2019)

1

N

meE

AlexNt, VGG 5 A9 B 2o &2 0]85|L 2o
& mHe ojn|2a Bat] AgelA] ebrk 1 ol HE
(segmentation) 2] =42 YE olu|z]|e] 7} F}io| sl =

A5 FESL AA 9 RS £t 2oz AR
shit, sl BUEE st

7§ a5t @ A= 283
(parameten) ] 7m0} LS SAdt= F& 7L glon

2 AR 91X FRE G Bk 1 oheh sy malE
of mhxjat 391 AAFAZ o3 91x10] that PRE e

-1 o v
t}. oJn| 27 2lof| =& o] §-E]i= Y| E9| 2] FCN, SegNet,
U-Net 52 o83t 241 & el d3sl7] I38f Q1 (encoder) &

o) se|(decoder) T22 7M1 Qlek. QlaEo] FE AL o

AFo] 2} 8 =A4%ko 24, AL W] 2 Z-& convolution
& a0 4 QA SH Aolek o] RN o] olg
cAATASE N AERAAZLE st 24 T
o 917 AR E AT 4 ok DT ARHE FaA u
° o] A4S Se, 4 AT 2L AU R S
S TAolh 2AbE 25T 9] ofu] 27 1t ope] Q1T %
7V o) o] &5 BEl ou| 2] 13 Fof Ad FoflA] 12
FL A3 Qs U-Net© 2, U-Net 2o} W[ E9]3 72
= Fig. 103} 2k
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Fig. 10. Architecture of U-Net network (Ronneberger et al., 2015)
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AR A g AL AH 2 JARS BE} 715 AH o 7 Q)
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e A= ol-&sto] A= on|XE At sl
AFsl(super-resolution) G110 =2 o]-8-%F| 11 lch Fig. 112
GAN Y| E|=9] 2540 tfgh Aoty

Discriminator
Fake
E Sample

Fig. 11. Architecture of GAN network
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20144 o] %2 GAN welo] JAHyA 7)) ZEuron
A, AAREol ofsl] thekRt A7 3= itk DCGAN
(Deep Convolutional Generative Adversarial Networks) &2
o] 7ihE]7] Hofli= GANRH o] &3S -9 5ol £ gt
© ARl EAEHE B dAke AL ) QA 1
aitofo} 8}450] QA0 2 o] 4 Itk GAN Bl
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I DCGAN-S GANO|| CNN¢| 7|2 Hl 55t A5
o|LZofdl 4= 92lth(Radford et al., 2016). T3t 2|47
© 2 GANe| thgt A7} 4238 % o] eh3abgoll A 7]E GAN
of sl QFgAola, § 18] oluxE AT Q=
EBGAN (Energy Based Generative Adversarial Networks)
(Zhao et al., 2016), FEA] 55 M3} Al7]= WS
= spectral normalization B2 A|Qtslo] HIAke] g-8351e}
5+459] oFY3LE o] Lof\H SNGAN (Spectral Normalization
for Generative Adversarial Networks)(Miyato et al., 2018) &
GAN =elof] o3t 2]<&2]Q1 A7} g ar Qlek
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I, FTAVLIE 2 AR HelEl We X

S3b7] 22 A1 T Aol Slol HSIE A
B2 Aglslth(Park et al., 2001). AL
HELe 712 29] CNNZ}F §H7 2D CNN, 3D
CNN, U-Net, SegNet, DeepLab , VGG-16, GoogLeNets
9] thoFst Y EL A7} o] 8% TH(Song and Kim, 2017; Lee
and Kim, 2019; Choi et al., 2020; Lee and Lee, 2020; Won
et al., 2020; Kim et al., 2021; Lee et al., 2018; Lee and Lee,
2021). 22H 37 5L 01481 2D CNN} 321-919] A]
7+ EAS: 0]&3}+= LSTM (Long Short Term Memory)
2Rt 2DCBLSTM S A-8-51o] 7] Hejd Kdlof| sy
L BEXuE R R Ao E &5 th(Kwak ef al., 2019).
PCA (Principle Component Analysis) A {&4A5 2534
ol A-gsto] o] & Held mdof 485 o, dYdS &
43 CNN &7 Aoy & Aees UehlglaL, o<
AITE Al SEAIZ 4= QL3S 2R1EE A7 AUITH(Kwak
et al., 2019). I3F SVM, ANN 5-9] 7|45t 7|53} DNN
9] A-S v|wdt A= U ew(Moon ef al., 2020), SVM
I} GoogLeNet2 97| 0|83t 275 3T A= U
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77| 9] oA EH] &2] AL(Kim er al, 2021) S T4 A
A s, wAstaL A} sk i

A2 gA3HE Hlo] B 9
aato] A, AHEAI} 2ol E3EH grol G R X

5FRAT: Jeon et al. (2020)°] ofsf = H AT A O] -
SAR%AHT} BE2 2] OpendAFS 77 SARAAL, 22| ®1
X E(DEM: Digital Elevation Model), =& 4572 do]g]
£ 27| Alolaz xetske] Z4zko] Alo| 2o it He
§ s sh5AIR & pAEA] AaHE E=ES13ITk Jeon er
al(2020)2- SAR A= 5 0|83t B=6f sfEF A= 4=
Yot sfg At EgF et Ao|A R SR RE

SF3ITE. Seong et al(2020)0] ofsl +3E FFHA A=
FEEA NETF Qs DS o184l ehg3t Jeld 2
S FEEHA HETL Qe D8l 285k, 5=
£ s = SISt & thE BF d4t2= LCZ (Local
Climate Zone)#-FAAIE ©]-8-5Fo] AW =9 =ADH
A& T AT Uk S ATl A= LCZ 2ol
CNN =elg- o]-g-5to] Aot th-goAlo] tiet /=
T35t th(Lee et al., 2021). YIE/|FE 445t Hoes
AT AFE ISIch SegNetQl A FE-S ResNet O & T
Asko] 4% HIEE QM Aekn & 9o A% AT (Liang
and Seo, 2021), W &Fe] 1A Q Aof Yot A5 EZE 52 °
2 GoogLeNet?] inception 51} ResNet2] residual 42
E3hsto] HIEAAY AT 164712 AT HERAE o]
&3 99 (Lee et al., 2020)7} QUL = 7o HEQAE &
oo ol gato 2a, 7|29 A% 2740 12 2AE 92
519171 A ek gFAbE AL SholaloiT) mutelu Al Ak
o gste] ST EIE FALES o] §3tol Hel= 3
S 3h0] 715 PointNet & 9] 17A/2J2] 21419 4
1S B5351= A95(Choi and Kim, 2021)%= 1%tk

I QAR QAT B AT B

gk ] ois) siole 4 sk s HeR
1)) ofet B4} ok EATE 5] 7
Foll Al Rloket et 15 7|Zo] 2
81 Pk of e o) o] 24l o)
o 7be] k0] 24l A9l S]]
S A1} Rlcka skt 4 Sl whelo] A4le)
. FERA9L 2ol Shelolele] 2has 314
MSAL ATAke] 21 jzlo] E9E
tlo]E o] Fdof| dehdE FAI51] of & Al
© 2 AtrErh GAEF EololAs EXTER
T} BlEo] vt HlolE 7t § ?E 28 A
A& sk Ad A5 B2 7} dlolg|7} 7k ey

J

1:

o ﬂJlO

o>
S

i

o O
i)

=

i
oo
)
iis)

)
1o
e

o o
OH

30
i fr L

> on 2

OEEOH

at

(S
2
2]

Hu

o 2 o o B 2 Hor &
N
s

>_w_ OE o
%o A
Ji‘l

o 4
}1& ~
o nE r
ohl

4
rfl pac

360

o) g reol 71 HolelE $UTE & 3¢ BAnrt
FAY) AT 4o 7H5 e A0 ALREk oloke
o] dole] §3H29-2 Teldel TS 4e) B 2.2
2 21g3}o] ol BE A7 Ladt Ro. gha,

4.2 A x|

BAGA] Held & 48 el 49 G4 vhol 2415
£ 0, sl 171 BB, AR 5 S 0] %
o BAY BAS BEE A7 SUE AL SISk

Toll= Mask R-CNN, SSD, YOLO 5] Z44eH] Hajy
A7} F=2 AFEE|Q) o1, U-Net, HRNetV2, ResNet =
, ojul @4 ato] olg sk Hehd Y= et olg
olatadt "y 7]uke] AlepiE 914] ma
ik Rl SSD WISSIE ol gotel % o
5 9912 AT F Hed 7o) ONN 2ueES A
ol AT E BT T HIE B/ S BACH Lee
et al., 2020). o] Y E 9] AArEE BFAFRS Q|5 CNNO
backbone H|E$]3 2 Mobilenet v2E- ©]-8-5}%cH(Sandler ef
al., 2018). o]e} ]2k 7‘1]4 = Hed 019“0}01 Eds
o] ol AHFoR 2EoHE A BRZ BRY (el
Q14}& 43 = 0] 9I31ck(Kwon and Kim, 2019). 3=

o] 4]+= Faster R-CNN=2- 0]-8-5}% o, 7FikQl 4| o] Aot
AFS 910 AR IR, AN 23 UHE 5 e
Ne e Agelsich AURANEY 29 B e 5aA
2 g5 98t A4t= A= cH(Lim and Do, 2021).
i Aol A= RSl SegNet o =<l YOLOV2
2 ojgelo] 5 megte] Hehe HE Saoiich 2 e
of Zafole] A% YAIE KR 438 A= SIeHShin
and Hong, 2018). ©] ﬂ?% E3l NASAo|A] Qlgof o5 A
ofgt Ziefole] o] e50] tfet 25 Ao 7153, 2
NS4 8 YIS ol R Ao 2 Berslirh
Sleid 719 A A7 B 4] 27hE ks, of

TSR olgolol 2SSl e

4m 1m

l‘

e
=

_‘ v

oporEn%_\ﬂr{n:_r_&ozi
flo ¥2
N UlO

ool [‘-{D

L o ok

[e]

7 ﬂE‘Z] HOFC’WL AeFe] Mo QAT 2 Aol M A
AZE 3145 A7 7hsfof SHE R BA] Aet=ot oA U E

H2L U S} FaT 802 AEn O A4S
B et 4w

3 ool Al 2348t 477} ok oy



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

o>‘

Jol= ABALE GAHS AT JAFe 7 Wglsl = 7
Ftch(Park et al., 2003). —4301]% Za st Aol
%8 A3l o wol &=
45 dolelt THEE ARA 3L 4L A%
= Ao] ZQ3}ck CNN 7]4ke] 284St Y| EL =21 DRNet
(Dilated Residual Network)-2- A|QFet ¢15-(Choi et al., 2020)
= B A AT ]%‘3}@1 Y= 7], 2
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N m\j

Z}of] DBPN (Deep Back PI‘O_]ecthIl Network)—— o] 8314
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shaofe] PAE HEgste] sh5o] 7hs s Hth(Zhang et al.,
2019). ol+= 71& Spax7 |t S| 7 3 A 7|9k Hshe
A 71HollA o] A 7 ol & & AUSE& QniRick.
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22| B4 433t d-(Heo et al.,
2020), Landsat 8 /33 714749] 7144 dolelE A o]&-
5lo] DNN 7[Rke 2 2 3H &=5 AFE3E A4(Kim ef al,
2020)2k SAR G4yt o 422 DNNoj| o}
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S B4 w2 28 9 AR ES 595k9cHChoi er
al., 2020; Lee and Lee, 2020; Song et al., 2020). Imagenet 2.
2 APdshEE glolElE o8-8k fine tuning ¥4S& A%
Kompsat-3A9]4d G/J-& o]gato] mElE <5414, CNN 7]
HkO] DeepLab Rel5- o]-§3t oJnE 4] 2eh #afsto] &
A B2 A5 = Sl tH(Rhee et al.,2018). B A1 EH
FE sl 98l FEFe EXTEL(Kim ef al., 2021)
=2 EuroSAT EX|1]E o]E & &-83517]%= 3}3ith(o e
al., 2019). Landsat QA MH=EE o]g-3}o] TRRRE 1535
3 PlanetScope 7|4t TLEEHA|E =343}9%.2 1, Deeplab-v3
Jjte] onjEd RelNe JuelEes Tgalsitt
(Seong et al., 2020). GAN 7]419] %3 AFS}HChoi et al., 2020)
U oAl G4 3 8-H(Choi et al., 2020)& 5=35h= A
= AERict 1 9] WSl (Song et al., 2019; Song et al.,
2020; Seong et al., 2021), =53 E2(Kim et al., 2020), A|3E

25 A& (Kim et al., 2020) 5ol Hel'd 7[Ho] 2857
Foick $1994dS 283 deld Aol AHE-H dlolE
Fto] A4 E-dolEE FEH3eH,; GIS HlolH
AR 7IREe 2 LSl 2pils] oo]E|(ISPRS &-5At
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7| A Eeto] 71535k Mask R-CNN2: H-25}9ic) 2.5
oy HelS A83t At th SYEQie) s
&S ol8st FAHA ale] St mAlX] 671 Sl
2 522 255 a1y} dizo]ckSong and Kim, 2017).
71 9)of gFARzlo] GANS -85t A&, 33 G4 sh5tl
S 237] Y8t AL (Choi et al., 2020)2} 35 2}o]
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=Tt 9)¢Itk(Shin et al., 2020).
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2020, AHE SIS1R (32, A7), A AR, AL PR B
(Chung et al., 2020), 2HE-E-F(Kim ef al., 2018; Choi et al.,
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57| 95t THxE 2 85} cHLee ef al., 2019). 71|

£ olgsto] ZYE ZIPE Yo IS HR 5= A
T Y= ATHKim ef al., 2018; Kim et al., 2019). FAo|
obd GIS Hlo|H & o]-&-ao] ejofd Exsf =74 3 e
P Al A7) Adshr] f1gh Aot B3 X8 Qlch(Heo et
al., 2020). 23, A geld 71HE §A4 283 AR,
Mobilenet-SSD@} U-Net2: o|8-3}0] =274 Bx] AJAE

2 7t S9E(Ha et al., 2021)2}F MMS (Mobile Mapping
System) 7|5t @ Z A A H|o]E| & 0]-8-510] SegNetT} ResNet
= 2Rt deld 7Nk ek o] HE 9H(Liang and
Seo, 2021)7} =24 =itk E oh2 MMS Ak2E 2835 1+

= Ag 2709} et AulE o]§ste] == ou|R &
ST T NS EP 2 NS a0k A7) 5

) ¥} 91Tk (Choi and Kim, 2021).

QA AS T B2 Hefstel BT ZH, HE AN
7h 7K1 Gl Sl utet SR G} Dok vt
T 4= ik A B9 5 Aol TRt JAL W2
F12 A5 5 b AHOR Q3 EAE E L sk
B9k 22 @7} ol AT S JAolt G4
28] 9 QG REE BE AGS EESH) FSA, m
o] THAE 58 cme] 2 MHAE 4 F5o0) 7151}
of2l 0 2 QI8 | £ Bgtolt B R At Ax g
A] Bofoll 272 9 o] §-8 242 Shelstelk. et op)
e} 35} QAR ofL] 2} LIDAR 42 - H9)4 4%

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 | ~Diverse topics eg, image
Mai cover classification (urban and detection glas51ﬁcfat19n, cloud det?cgon,
ain agricultural areas . ) . image fusion, super resolution,

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

Field - Afew.researchrelatedtobullchng 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
Mostly  using  self-generated - Building training da}ta using QA
. . L. band or UDM provided together
Training - Mainly using open source data | training data with satellite images
Dataset such as ISPRS labeling data, | Directly generating labeling data . ol based
Construction | digital map, GIS data, etc. from images downloaded from | ~US"E acra 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 o

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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