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Land monitoring involves systematically understanding changes in land use, leveraging spatial information such as satellite
imagery and aerial photographs. Recently, the integration of deep learning technologies, notably object detection and semantic
segmentation, into land monitoring has spurred active research. This study developed a web service to facilitate such integrations,
allowing users to analyze aerial and drone images using CNN models. The web service architecture comprises Al, WEB/WAS,
and DB servers and employs three primary deep learning models: DeepLab V3, YOLO, and Rotated Mask R-CNN. Specifically,
YOLO offers rapid detection capabilities, Rotated Mask R-CNN excels in detecting rotated objects, while DeepLab V3 provides
pixel-wise image classification. The performance of these models fluctuates depending on the quantity and quality of the training
data. Anticipated to be integrated into the LX Corporation's operational network and the Land-XI system, this service is expected

to enhance the accuracy and efficiency of land monitoring.
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<Figure 1> Configuration Diagram of the System

2.1. AT A4

Al AW T8 st gy 2o digh
& sk= Zlo)th. o] A= Python 7|%ke] $!
Flask® 5% %}l Flask= AFE2Fe] 2%
Ay, g o wE 2 BAS A
ApgALol| Al HEERSL

el EokellA= biF-iEe] Bdlo] Pythono &2 785
of qit} w3k dlojy &4, 7w, 2ejal Y dFel 2

o
T =2
=gy
S 3

s

o N

SR
my, 2 o

Hojo |u
e e >



Development of Deep Learning—based Land Monitoring Web Service

23 dlo|B 2] 5% Python 7oA FHEA A&d
t}. o]z}t o] &, Flask®} Python $H74S 7|Hto =2 al&=
Al A¥= ded e fFAd3 S8 Aste
ATHT].

2.2 WEB/WAS A1

WEB/WAS A H = AR&2F Al QIE H| o] 25 A&-a}H,
Al 4 DB A1 ¢}9] d53 @3t o] AH= Java 7|9t
o] 9EL ZHYYAL! Spring BootZ T E AT
Spring Booti= IoC(Inversion of Control)$} AOP(Aspect-
Oriented Programming)9} 722 X219 sl 7]
N L EEEDERE S EE R RPN B

e FAANTH, AR OB BE 1Y AFEE xS
At} LI FEI)o REI}E o 2= FES A4
sak 4= u15].
2.3 DB A1H]

dolglro]~ Fe]o] a¥AS =ol7] 98] ¥71% DB

ol 4] JPA(Java Persistence APDE E=Y3IATt JPAE

ORM(Object Relational Mapping) 715< 3

Model 2449} vlo]Efu|o] 2 7he] ujj<] =

t} oolgfgh 7]% Hiel JNEAE £33 SQL HEE A

A A4 48 glo], Java FY 29t HAEE €

1 e w02 2qls 3 d 4= Qlrh ti$ol, JPAS] API
= TS dlolgwle] 2 ko] mpo]go] S A sk,

°1i sl dlolewle] 29 HHAdR R 5 gIrH14].

=
29

2.4 Wf-915-8 A7

o
|
HI
3

o
ES
D
=

N fo
o
OE1
&
>
=
I
o
o

W ool FE A% wssh PRl 9% 2
RIS 9ede Fol Al vielsta, 1 AN A7
Yo FHSE AAYS THGE ol A7E 13
she Aol T Ged Rase ARstgon, A
M Fo wde AFHoR Adetn 4§t

A WAE, Agel ARAL 543 o BRE 919

277

DeepLab V3E AHE-aFGIH o] RElE: G4 E8o] 5314
o o], G zF FAlo] of = WFol| £ah=A FH st

A ek

T AR, & | g3 AAE AR gx]57]
21381 YOLO(You Only Look Once) =4S A e a}it). o]
2do AAs sl Huk A~70Ee] wWE A 7F Yol tleksk
A& FAste= 5ol Uk

Al AR, 3]dE AAG B3e Jeje] AAEAE 9
&) Rotated Mask R-CNN& A B3}t o]= 7]&2] Mask
R-CNN& 7|¥ho. 2 st A, 31de A Ass st
3+ B d ol

o] = 7ﬂ A 7((4)

=]
ExUes 73

dE52 474 aid 54 7Y, =

2
o &3 q&s Ik

39 FF ¥ AAQA S HER
?f@gﬂgb}, YOLO% e A ER 2T F 7 a2
Toll A v vpas S FES SO S5 of

=
TE BUHHLS A4 9 344 waE Axte s
gletalE 2Hejolth YOLOY e A &%= 2, 3
A, =2 483 e kst A9 Aol AATE X
of A3tsltt 53], 2ol $14 FgelAe] HslE A

Ao 2 g#X3t= d 3o YOLOE dE &84

284 YOLOE 2 2149 g4 5o] "ol 4= 9l
om, M2 HA= HAY EA ZtmollA o] AA X of
HEs A5 1A &kaL glofof

A

% 2OHFe G99 54 A e, A9 A
mo RE AL el ilﬂﬂ
7]% o w Jo
A5l 2
Mask R-CNN<= 7] .‘l 2
3] sdE AA Y P FEo A B
715 9148 98AH B
A Ao 7ol 58] fr-&shri13].

Rotated Mask R-CNN-> =T ERYE oA Hojt 45
Xﬂ S}L = x};ﬁg 7].;]3 9}1;]. j_aﬂz]u]. o]aﬁ C-)]
A eteE B kol mEY T4 dloje e} I

T
ot
)
N
N
K
ol
ol
_n
Lr_“d il

>

ol
m[o il



278 In—Hak Kong - Dong—Hoon Jeong - Gu—Ha Jeong

~ -~ -

E__;s

AAE Zo] Daslths =70] )

<Figure 2> 41 YOLO % Rotated Mask R-CNN %2
S o) g3le] FFIN A AR H|LEEAE =23
Ag HolFErh YOLO B vhe Bh2 Fej= A

Z T-83} 1 Rotated Mask R-CNN-& v}&-1j vk~ Bl o}
el on| &2 238 Faste] 7+ A A
FEOE T A%E e
3.3 DeepLab V3
DeepLab V3= 974 w38 9¢ god Eddoly, 7}
G gdo] oW Fhe| arele] &sh=A] o Fah= o 53t
& o] 9t ASPP(Atrous Spatial Pyramid Pooling)™= ©] &
de] Fo 5w, thtd 2AYY ARE A7) 9
d A2 tE deold v&S 7H HEFAS FA9
ARE-gETE WA, 713 CNN 725 33 3ol A&
FEetal, L thsol FE=E Ayl ASPPE A-&-5t
v Al LRl E) V‘:‘ w2~ AE wHET2]
TE RUHYS 84 W3t mA] 3, 2 Ajsfel 2
& 82ES xlé oR Aﬂo} A8 gEolth
ol¥ 5ol F8stA AHE 5
Aom, TA] W 52, %‘ﬁ Fd ZUEE, A @
£ 7HA AL Sk H/Hod”'o] =
ToR HYT S dHow ARet] IR WEtE
AN = 7k skt

!
o) mule 53]tk 2AYe) A AS A}

(
T
of
-

fo
i rir
> o

T

1 poh el

i A
ﬂ =
g
ox oo,
ol
-

oo

ﬂll

Y

o

L
L)

i ox

o ©
N
ol

Y
X,
1
e
oft
25
X,
()
o
"
N
—_
iy
rO
jﬁu’ 5

Vv
2
ol
rir
o
o
O
oS
5
58
<
W
~
=
_Il'ﬂ'. rlO HE

o

>t
il
f
L
FN
e
o,
IR
o2

N ox T

i, o
1 o2

: EXM% el A= zj%, —.—7‘(} 3

Z e SgaR FET

2 B0 i

o,
TS <Figure 4> DeepLab V
d3t 2020 9] 574 A 9] 7
T A3E HoFE 9
o]uj o=z _A,] Ao W3
& 20181 7} 2020L191
tehyo] ARl A
O_E_Zi: o]_;/lH oﬂ)\]-# ‘:E
of ATt E& 3
E =N
<Figure 5> 4]+ DeepLab V3 7]HFo 2 20181 3} 2020
o ) AR =, ol A EAG Ao GFYY
BA5AY. Ao =y wol A AR Walsis
= 2 FAHAT 2 7] Aol AA|E Gl
ol FalEo] $ATAL) o) FTYRe 2
] fq-?: XJ/\].og/\L_@q HE x%zsLo }_4 gfﬂ: =4 E_o]
Lok olel @ oxbg S Axse] 9 3
7HAQ1 A 24 sidko] Hasirhal ddhech

Lo OH

jg o2 ¥
o_\>_“ OR iag
o ox
o re =
rot
it gj
™ AR o
o N
o> i

ﬂJFﬂ
w

E
oty
o o
>

“1
9]
G

Adol} 7] Ex

i -{11
r&

o 2 ©
(M
=)

1o s
]
_{
X2,
v

(E
o
e o
iU’
N
o M
Job )y
o o
me o -

1
M

)

=

=]
R
L
Ry
T:
as

H N >z e o



Development of Deep Learning—based Land Monitoring Web Service 279

Class Name Building Parking lot Roads Street trees Rice field Field Forest Bare ground Non-target area

L
Code of Class 10 20 30 40 50 60 70 80 100
Segmented Pixels 130,042 o] 0 0 165,682 18,153 12,120 0 722,579

<Figure 3> Land Cover Classification Using DeepLab V3. Left: (Original image. Right: Inferred Segmentation Image)

<Figure 4> Analysis of Land Cover Changes Using DeepLab V3. (Top left: Image of 2018. Top right: Image of 2020.
Bottom left Detected changes in buildings. Bottom right: Detected changes in roads)
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<Figure 5> Analysis of land cover changes using DeepLab V3 Based on Mixed Trrain Images. (Top left: Image of
2018. Top right: Image of 2020. Bottom center: Detected changes in buildings)
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<Table 1> A= Edo| Tt g<5AR0 st AR E
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mAP(mean Average Precision)?} AccuracyS A8l
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2L T ol -

<Table 1> Comparison of Deep Learning Model Configurations for Image Analysis

Rotated Mask R—CNN YOLO v3 DeepLab V3
Result Type Instance Segmentation Object Detection Semantic Segmentation
Tile Size 410 x 410 1024 x 1024 512 x 512
Number of Classes 2h 4 8%
Number of Objects 16,438 3,400,000 -
Training(Images) 3,027 154,549 13,520
Validation(Images) 1,911 121,777 1,690
Testing(Images) - 118,847 -
Evaluation Metrics mAP(0.50) mAP(0.75) Accuracy(0.91)
Data Format COoCo YOLO Segmentation Mask

Note: 1) Building, Greenhouse

2) Building (roof type), Building (rooftop type), Greenhouse (white), Greenhouse (black)
3) Building, Parking lot, Road, Street tree, Rice field, Field, Forest, Bare ground.
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Predicted

Positive Negative
TP FN
(True Positive) (False Negative)

FP ™
(False Positive) (True Negative)

Positive

Actual

Negative

TP

Precision = TP+ FP €))
TP
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TP+ TN )
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Accuracy =
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Delete) 715
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1.Building Object Detection

2 Land Cover Classification

1. Data retrieval: GET

2 Data registration: POST

1. Information Retrieval: GET

2 Information Registration: POST

<Table 4>9 A= 1 Au)~ 20 7)59 Ana} APl =
FE t)at AAARE JeRY An| o] 8441} &

e 9lal RESTful of7|dA% 7uom %Age;m.
3.Land Cover Change Detection 3.Data Edit: PUT 3 Information Edit: PUT RESTful 0}7]@?1% }- 2 X] 6]:7(4 :F-Zi 1 Z.| ]—%Oﬂ EH??_]_—
4.Data removal: DELETE 4. Information Removal: DELETE URL O\ﬂE;j——?_]_E—% %/1\:1 vg—i ?—/\éﬂcﬂ 9;1]\‘:]' Q]JEE?_E%
Agel ok {3 HIEJEES AT T T HITP
<Figure 6> User—Centric Service Overview (HyperText Transfer Protocol) Method Z B3 Ao i)
<Table 3> Summary of Server Configurations and Key Features
Server Framework Programming Hardware Specifications Key Features Libraries
Type Language
.. PowerEdge R750 .
Al Flask, Miniforge Python (32Core, 512GB, A100 80GB) Deep Learning Inference Tensorflow, PyTorch
WEB/WAS | Spring boot Java Virtualized PowerFlex R640 User Interface, Maven, IPA, ISP,
(6C 16GB) Business Logic Vue,js, Tomcat
ore,
DB PostgreSQL SQL Data Storage PostgreSQL
<Table 4> Main API Endpoints of AI Web Service
Service Category | Method Endpoint Description Required Parameters
/building-detection Object Detection based on Rotated Mask R-CNN, YOLO| image: analysis target
Service POST /change-detection Land Cover Classification based on DeepLab V3 1magelz before change
image2: after change
/land-cover-classification Land Cover Change Detection based on DeepLab V3 | image: analysis target
/datas Retrieving a list of available data -
GET /datas/{seq} Viewing detailed content of specific data seq
. seq
/datas/{dataseq}/files/{seq} Downloading data files dataseq
Data POST /datas Adding new data entries -
PUT /datas/{seq} Updating existing data entries seq
/datas/{seq} Removing data entries seq
DELETE . seq
/datas/{dataseq}/files/ {seq} Removing data files dataseq
/trends Retrieving a list of current trends
GET /trends/ {seq} Viewing detailed content of specific trends seq
. oo seq
/trends/ {trendseq}/files/ {seq} Downloading thumbnail images for trends rendseq:
Trend POST /trends Adding new trend entries -
PUT /trends/ {seq} Updating existing trend entries seq
/trends/{seq} Removing trend entries seq
DELETE . oo seq
/trends/ {trendseq }/files/ {seq} Removing thumbnail images for trends rendseq

Note: In the table below,

‘seq” denotes sequence, ‘dataseq’ denotes data sequence, and ‘trendseq’ denotes trend sequence.
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<Figure 7> Al—based Land Monitoring Service Implementation Architecture
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