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ABSTRACT

Domestic coastal debris monitoring encounters challenges due to labor—intensive
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methods and limited survey scope. Consequently, research is utilizing remote sensing
techniques to enhance efficiency in data collection. However, standards for domestic

remote sensing based monitoring methods remain insufficient.

In this study, we

conducted a meta—analysis of 19 coastal debris monitoring studies utilizing drones and
other remote sensing devices. We analyzed data collection methods, collected data
information, monitoring target details, monitoring status, detection targets, and utilization

models. Based on our meta—analysis

results,

we proposed monitoring criteria,

recommended items, and performance standards for monitoring coastal debris using

drones.

Our findings define necessary conditions and standards for establishing

operational guidelines for coastal debris monitoring using drones. Furthermore, we
anticipate that incorporating foreign case analyses and field application results will
enable the development of national—level guidelines for coastal debris monitoring utilizing

remote sensing devices.

KEYWORDS : Coastal debris, Drone, Remote—Sensing, Monitoring Criteria, Meta—Analysis
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Potential Standardization
for Coastal Debris Monitoring Using Drones

FIGURE 1. Flow chart
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TABLE 1. Resources list
No Title Authors Publication Source Year Do<T:ument
ype
A Study on Correction of Drone Flight Path based on ) )
1 Coastal Image Data for Precise Data Acquisition of Kim et al Korean Insfilute of Information 2019 Conference
9 g ' Technology Proceedings
Coastal Waste
Development of the Real Time Marin Debris Detection Chung et KOREA Spatial Information Conference
2 : . 2019 i
System base on the Deep Leaning and Drone Image al. Society Proceedings
A Study on the Optimal Altitude and Speed of Drones Korean Institute of Information Conference
3 : . . Lee et al. 2020 i
improving Accuracy of Coastal Trash Collection Technology Proceedings
Automatic monitoring coastal debris standing—stock The Korean Society for marine c
! ) ) ! ! onference
4 using aerial survey and image segmentation model Song et al. Environment and Energy 2021 Proceedings
based on deep learning (KOSMEE)
5 Comparison of Cloud—based Image Classification Lee of al Korean Institute of Information 0021 Conference
Models for Coastal Trash Identification ' Technology Proceedings
Design of a drone image collecting and storing system : )
) : ! ) : Korean Institute of Information Conference
6  for Marine Litter collecnonA rrenaethod in Marine Protected  Lee et al. Technology 2021 Proceedings
Drone Image Data Augmentation and Label Matching The Institute of Electronics and Conference
7 . . Sung et al. : . 2022 i
for Beach Litter Detection Information Engineers Proceedings
8 A Study on Accuracy Improvement Method to Marine Do ef 4 Th%mgi%jﬁf:ﬁﬁ fg]er:]anne 2023 Conference
Debris Detection Using UAV and DETR Model ' o Proceedings
(KOSMEE)
9 Deep leaming—based marine debris detection and spatial Seo et al The Korean Geographical 2023 Conference
distribution visualization automation research using UAV ' Society Proceedings
The Application of Unmanned Aerial Photograpy Journal of the Korean Society
10 for Effective Monitoring of Marine Debris Jang et al of Marine Environment & Safet 2011 Journal
Study on Detection Technique for Coastal Debris by
" using Unmanned Aerial Vehicle Remote Sensing and Bak et al. Journal of the KIECS 2020 Journal
Object Detection Algorithm based on Deep Learning
1 A Coastal Garbage Momtonng System Using .Dronesland Choi et 4. Journallof Korean lSomet.y for 0021 Journal
Al Technologies: Focusing on the Case of Jeju Province Geospatial Information Science
13 A Study on Trash Recognition Rate and Drone Speed Jeong et al. Journa of KIIT 2021 Journal
14 On Drone Altitude and Trash Recognition Rate Lee et al. Journal of KIIT 2021 Journal
Comparative Evaluation of Cloud Image Classification
15 Models for Drone—based Coastal Waste Identification Lee et al. Jounal of KIIT 2022 Journal
16 Developmem of Manlne Debris Monitoring Methods Kim et al. Korean Journal of Remote 0022 Journal
Using Satellite and Drone Images Sensing
A Study on the Detection of Marine Debris in
17 Collection Blind Spots using Drones and a Method for ~ Ha et al. The Journal of Bigdata 2023 Journal
Matching Latitude and Longitude
Applicability Evaluation of Deep Learning—Based Object
18  Detection for Coastal Debris Monitoring: A Comparative  Bak et al. Korean J%ﬂgganf Remote 2023 Journal
Study ofYOLOV8 and RT-DETR 9
19 Ocean Knights Manual Ocean OSEAN, TEAM BOOSTER, 2021 Manual
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TABLE 2. Monitoring method analysis items and description

Category

Description

Authors

Author Information, Publication Year

Collection Method(Model)

Drone data collection types and usage models

Image Resolution

Resolution of the analysis images

Flight Altitude

Flight altitude during data collection

Spatial Resolution

Ground sampling distance

Sites List the names of the target sites
Range Drone flight survey length
Area Drone flight survey area
N. of Sites Total number of sites surveyed
Cycle Frequency of data collection (e.g., daily, weekly)
N. of Surveys How many times the same region was visited for data collection

Beach Categorization

Any categories or types assigned to the beaches surveyed
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TABLE 3. Monitoring result analysis items and description

Category Description
Authors Author information, Publication year
Type Analysis by distinguishing categories
Types Count of identified categories
o Spectral Coastal debris spectral analysis
Monitoring Status — — -
Distribution Coastal debris distribution analysis
Area Coastal debris distribution area analysis
Density Coastal debris density analysis
Detection
(Object / Analysis utilizing Deep—Learning for object detection or segmentation
Detection Segment)
Method

Detection Model

Information on the detection model used

UAS

Coastal debris monitoring system design
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U R dYs e WAl
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(Detection (Object/Segment)) &0l 2 s}
gtk g% 24 X (Detection Model)
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TABLE 4. Monitoring method analysis table

) Image ) Spatial N. of  Beach
Collection Method Fight ) ) N. of .
Authors (Mode) Re_solu Altitude Resoluti Sites Range Area Sites Cycle  Surv Categorizati
tion n eys on
Kim et al., _ _ _ _ _ _ _ _ _ _ _
2019

Chung et ) B B B B B B o B B
al., 2019, Field
Lee et d.,  Field(DJI Phantom 4 9 _ _ _ _ _ _ _

2020, Pro V2.0) 3m~10m Non—beach

Song et B B B B B B B B B
al., 2021. Coastal
Lee et d., . ) _ _ L _ _ _ _ _ _ _

2021, Crawling, Field Non—beach
Lee et d., _ _ _ _ _ _ _ _ _ _ _
2021.

Sung et ' B B B B _ _ . Sand,
al., 2022. Field Vegetation
Do et al., ) _ _ _ _ _ _ _ _ _

o023, Field Beach
Oebongsan Beach,
Seo et al., ' 512+5 _ Sachang Beach, _ _ _
2023. Field 12 0.83 Wonsando Beach, 4 once Beach
Jeodo Beach
Jang et Field(GAUI 1239+ B 30m*20m, ~ 600m’,
d, 201  XCOPTER-33X) 1210 0" Daegnang Beach  yoomuzom 200w | O 2 Sand
Bak et al., Field(DJI Mavic 2 608+6 15m 0.3~0. B 18.55m=*13. 1 one - Sand,
2020. Pro) 08 4 91m Vegetation
Jeju Kimnyeong
Choi et al., Field(KAU-SPUAV—2 1333+ 150m _ National Wind _ _ 1 once 1 Pebble,
2021. 020) 800 Power Testing and Sand
Research Center
Jeong et FieldDJI Phantom 4 1200+ 5 _ _ _ _ _ _
a.. 2021, Pro V2.0) 1200 3m~10m 1 once Non—beach
Lleeetd., FieldDJ Phantom 4 _ 9 _ _ _ _ _ N
o021, Pro V2.0) 3m~10m 1 once Non—beach
lee et d., . ' _ 3m~10m, _ Seonyudo Beach, _ _ _ Sand,
2022. Crawiing, Field 3m~5m Byeonsan Beach 2 onoe Pebble
Kim et al., . 2242 - _ Sand,
2092, Field(eBee X) o4 110m 78 Shinjado kit 1 month 8 Vegetation
Ha et a.,  Open Data(Al Hub), _ _ Korea Maritime & _ _ 1 oce Non—beach
2023. Field(DJI Mini 3 Pro) Ocean University (Tetrapod)
Field(DJI Mavic 2
Bak et al., _ " _ _ _ _ _ Pebble,
2023, Pro, DJI Phantom 4 5m~30m 20 once Sand
Pro)
Ocean
Knight., Field - 1m~30m - - 50m~100m - - - -

2021.
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Coastal Debris Monitoring Properties

FIGURE 2. Coastal debris monitoring properties
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27 B2 Aolel] thgk Anksh selo] ofx E 5t EES olg# At 2] wuy
i,owkAel wevt okl ASY WA wEel @ Ay wMmeltt  mudy A
X

tuk=an, w@)del dake] ofd #r|A ol (Monitoring Status) & 474 - oF$ T
ik 2287] el Wt wiAS 8l el ok A TN, 2 A o B A

:
& A% TUEY Welo] BT 0T o, WA B4 of, WE ¥4 ofipolr), of
gk, o GE F Y A0l 7P Tl ol

TABLE 5. Monitoring result analysis table

Monitoring Status Detection Method
Authors T -1 g L ¥ Detection
T 8 8 33 3 3 (Object / Detection Mode! UAS
s 8 = < Segment)
Kim et al., 2019. 0 CAMShift V
Mask R—CNN
Chung et al., 2019. Vv 4 S SeqNet V
Auto Vision
Lee et al., 2020. V 2 0 Amazon Rekognition
Custom Vision
Song et al., 2021. V 6 V V - -
Auto Vision
Lee et al., 2021. V 3 V 0 Amazon Rekognition
Custom Vision
Lee et al., 2021. V
Sung et al., 2022. 0 YOLOvS V
Do et al., 2023. 0 DETR
Seo et al., 2023. Vv 0 Grid R—CNN
Jang et al., 2011 Vv 12 Vv 0 Mophology Technique Vv
Bak et al., 2020. V 3 0 YOLOV3
Choi et al., 2021. V 4 0,8 VFNet
Custom Vision
Jeong et al., 2021. V 5 0 AutoML Vision
Custom Vision
Lee et al., 2021. V 5 0 AutoML Vision
Auto Vision
Lee et al., 2022. V 5 0 Amazon Rekognition
Custom Vision
U—Net
Kim et al., 2022. v 2 v 0, Deeplab V3+(ResNet50)
DeepLab V3+(Inception V3)
Ha et al., 2023. V 12 0 YOLO Vv
YOLOv8
Bak et al., 2023. V 11 0 RT-DETR

Ocean Knight., 2021. V V - -
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TABLE 6. Drone operation minimum standard conditions for coastal debris monitoring

[tem Description Recommendation Standard
Flight Altitude Flight Altitude Monitoring flight altitude Min 3m ~ Max 30m
Pixel Image Resolution Drone ongmal image resolytlon, _
Resolution after processing
GSD Spatial Resolution Spatial resolution / Image pixel About 1.0 cm/pixel
Site Distinguish between Monitoring area and whether the area is
: target site and beach/non—beach; Presentation of sea area Latitude, longitude, destination name
Information N .
target beach geological information
Survey Area, Survey Enter flight plan area on beaches over
Suwey Length, Survey Monitoring area, carry length, visit cycle 100m long, 20m mcrements along the
Information Frequency, coastline;
Visit Cycle Visits up to 2 months apart
Characteristics
Subject to Presenting the characteristics to be monitored; Debris over 2.5 cm;
Target Monitoring, Criteria Presentation of criteria for selection of 8 categories of national coastal waste
for Classification of properties monitoring standards
Characteristics
=2 ok 2] RUHY HA Fpow o3t Zow gakdr) onX| SdEE YR
FUHE 2§ Weks vehlle 35 Item) & oux|e} A7ky olmx|e] FHE 5 Elst
Aottt &5 A (Description) < #/g sk 7] S8l EEE B8l s 9 doly e A
ARE Yehd 7oz veRtd AE o] g3t 719k #A4E S8l ARESE A7) HRE B
vk A4 el o dWe A% AR A4 e A%
(Drone original image resolution)& %3l FUHY 38 3 dE0FE A ARE
Bolstoth. U™ 8 gek 4 g AN ofe] d2e et 2ey] RE 3

71% (Standard) <& WER2A Aol =7sb olE #Rlsy] Pl thdA2 f1A1¢} ol F, 8
2871 YUY AR 1 7N RUEY WMl T s Al RS Rtk

=9 ks olgsiglth e 7tE S AEE vkt FEE 22

et */‘31]71 TUHES 9% =8 28 F ab7] mizel sl o] gkt RuE" A4
& 7S vt 2oh thde o a3 HAE Sl i o5t o - AEE 9 F
o Hlt%* AL, oA S YE, FREIEEE A e Ak st wisie] e
Ak W =g SRkl e A27)7) &9 %ﬂb}ﬂ} sk 2] B Y Ad =
A2 siek 2d71E #5s] A% didE o A3 gk Ve AF RS SRS ¢ e
2 T8 gholnt & ATtelres wEREY 4 otk EHH%‘ iR G R R
e FE WY A% VIS #Ha 3meld H of, A} F71, W 3 AU 2 AT
o 30m= 2Mds3let. ol meh Rt g M= =7hslh 287 RUEP S RUEH

30m ©oJs} 1E2] FAA 2k 1em/pixel ©]s 7]
o] AL Aokstt} F7FAE 7)|FEe RUEY T3k
T3 Al HE nee] wt tgEA yepd Zlo] F7IE AT Ae wFET A ARE
v wlEREA] AifellA F3bel el vk At ol FEskd RUEE A2 Holy 39
woly} REFAL) AR CE un 248 9 71= 8 27 E o Qloh e ueFe sfiqk

d dF A T A4 IR et 2Y7] Atm R 7bsd Ao R dekEnh

5 Ag3sko] 100m )42l afjHelA 20m
e A FARhL, WETT)E 2708
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