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Abstract: Since the release of Meta’s Segment Anything Model (SAM), a large-scale vision transformer
generation model with rapid image segmentation capabilities, several studies have been conducted to apply
this technology in various fields. In this study, we aimed to investigate the applicability of SAM for water
bodies detection and extraction using the QGIS Geo-SAM plugin, which enables the use of SAM with
satellite imagery. The experimental data consisted of Compact Advanced Satellite 500 (CAS500)-1 images.
The results obtained by applying SAM to these data were compared with manually digitized water objects,
Open Street Map (OSM), and water body data from the National Geographic Information Institute (NGII)-
based hydrological digital map. The mean Intersection over Union (mIoU) calculated for all features
extracted using SAM and these three-comparison data were 0.7490, 0.5905, and 0.4921, respectively. For
features commonly appeared or extracted in all datasets, the results were 0.9189, 0.8779, and 0.7715,
respectively. Based on analysis of the spatial consistency between SAM results and other comparison data,
SAM showed limitations in detecting small-scale or poorly defined streams but provided meaningful
segmentation results for water body classification.

Keywords: CAS500-1, Geo-SAM, mloU, OSM, Validation

208 Metaol 4 A48 4 22 7158 ABE AR BF B8 A4 BDS LE )%, ol T
& 2ofoll A o] & -5t = A7} o] R0l A 1 Ut o] Aol A= A B/ A= Segmeﬂt Anything
Model (SAM)& AF&8 4= Q1= QGIS &8 7191 Geo-SAME AR&-5fo] 24| 214 BFA] 2} &0 st SAM
9] A-2AS AL HaA} ottt Ad thA A7 = =& 94 (Compact Advanced Satellite 500, CAS500-1)
FAE ARSI o A 1T SAME 4 8310] 92 ATE 2L U GAroz Ry Suelon
AZet =4 AA) A&, Open Street Map (OSM)9] -4 A4&, ST EA| 2 B Q9| -4 $=2] 2| &9} v] w5}
AT SAM A 2] ¥} H| Wt} A= 5 o] &-oto] F2H B AHE dF oz AL AAAAE Y i
A9/ 9] B4 YEFY = mean Intersection over Union (mIoU)2 242} 0.7490, 0.5905, 0.4921 = Lt

Received: June 11,2024
Revised: June 22,2024
Accepted: August 5, 2024
Published: August 31, 2024

Corresponding author:
Kiwon Lee
E-mail: kilee@hansung.ac.kr

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2024 Korean Society of Remote Sensing

https://www.kjrs.org

343


https://orcid.org/0000-0002-8586-4750
https://orcid.org/0000-0002-8586-4750
https://creativecommons.org/licenses/by-nc/4.0/
https://www.kjrs.org

Korean Journal of Remote Sensing 2024, 40(4), 343-350

KJRS

Bta, 4 R0 A 5o YehAY
0.7715% YEFGTH SAMS -85t A}l ot vl w A}7 99 &

79 54 AAE ol A BY 948 Uehfnz 24 47 85
T 9ee Stk

ZF0: ZLEA, Geo-SAM, mloU, OSM, HZ

1. M2
2 A GAL AEA A, 715 2480 B4A o], a2l
Zﬂ HUEHE A T, B E T A9 2 715 13k 0563'*—
9—1—9]-01-—‘: ©] % 8 5}th(Pietrucha-Urbanik and Rak, 2023). 3 &-5}11
A& PA JEE B4 YUY, 59 A8 94 8 Hooh &
m%%ﬂﬂEOOZ.]Hﬁ%ﬁ%ﬂﬂﬂﬂ%ﬂﬂﬂeﬂ%
248 A3 B1E Tt A7k AW Uk An and Rui
202y THEE A4 dlol 1 B 1AW 5 259 Ao
71} A BH S o231 37, Ozdemir et al. (2024)2 9143 H| ] E
242 59 50 50] 0 499 FUES Al ol
oA 7k Slet s SelA 914 HolHe] F4

=

r{o

—~

Meta Al= 20231 0] et Zopof A B o] 37} b5 212 §l
ol AHEA7} ZEILE (prompt)E 53l A 9] vFAH (mask)E
A 4= QlE zero-shot = few-shot 7|52 A|5-0F= Segment
Anything Model (SAM) A] A 8]-& HF 5} Th(Kirillov et al., 2023).
SAMZ 19 135t 7] 9] 942 28510 109 7) o] 9f mpA A= o]
F0]7 Segment Anything 1 Billion (SA-1B) G|o|E] A|[EE 7|HIo.2
SHEIglE o] AIATE TLAT A4S T B RS 99 55}
= ARE ¥ A 9] Vision Transformer (ViT) A4 X & (foundation
model) 2, Image encoder, Prompt encoder, Mask decoder2] Al 7}-4]
T4 34 & o]F0{ A QJt}. o] 7] A] Image encoder@} Prompt encoder
L A7 obang AE) 99 U8 BAoIH 30 598 239
L 7|53 AR A Q7S TR D E S B 7]52 4g)3it)
o]#5lt 7] 52 58 -2 F EHE e O & Mask decoder= AM&-A}7}
Qo B Bt 2, U2 PAol 54 A9 A 3
2 e} e 7RG ohATE Ao Aol

webA] A GA 9 A FE52 HH 28 St of 7 Fofoj| A
SAME 83137 S 712 479 A8 977} A= ek
Carraro etal. 0232 | 29 & A 834 5 Lol ] e
Bty =0 npA T 0] ot AL 519 17, Mazurowski et al. (2023)
& 9= G EA0lA sAMe] EHQ}‘% E%EE ;dlﬂ WA H] }

Am{mm

344

<9 AA o disf Akt
s
=)

A= ‘}E%lﬂ}i 0.9189, 0.8779,

3 2, sAMol A=
ofu] Q= A2 Ho]

Yang et al. (2024)2} Giannakis et al. (2024)2 2tz ] g jd &4
BAS} cloFe $80) 21724 A28 0| 83}0] BT (craten))
9719} 7]t Qe 2250 4o o samo] a4l
Hol & 4 QUthal shith. ¢4 HAt A = SAM O] g0 Hj5f| 7}
% kgt A7} o] F0] X A T}, Osco et al. (2023) th-85F F4F
g Eo] sl Asete TEXES -85t A EA5HHA 94
% A 2] ZLofol| A SAM O] 7Fs/d T A A & A AR | T Eg
Wu and Osco (2023)= 27F A E A& Y5t 58 go|HggE &
aoto] SAME 488 4= 9l = 1to]d 17| A] (Python package) S &
H3FA, Yan etal. (2023)2 SAMOJA] 335} AT g7 AL o] o
(Synthetic Aperture Rader, SAR) Oq/}]'g ALt Aol | Bd ¢
G52 48T A0S WL AFE ST
SHH, Al ELA 0] 2.2 71 3-8 5of Zhang etal. (2023)2 =% ZUH
1 entinel-2 4J-E A-8-510] SAME AHE-SH G 24| 2HE
7152 535l A5 A9Ys)al 91 0™, Ren et al. (2023)
Hopofl A £ 2% Al Soll 914 B2 o183 SAMO|
£ A S 5 T Moghimi et al. (2024) 7 59 €4
Sl SAM= A g-5lH A SAMO| 39| 2d aLe|Eof H| Sl
S} Uk YR Holi Auh koA o BAIE A48t
At Gui et al. (2024)-2 SAMO]| A|F5}= zero-shot 7]5°] ThsH
HlolElo} AAS| A A7 B2 S 0188 A A 4T F
83t 7|&2 HAT Aolakal oA} D, Ren et al. (2024)2 SAM
o A A= 5 A&ote 45 IF AAlof s 2 4L =5 Y
= Q17] W0 fine-tuning®] ¥ 9 5Ft}L AT 7] A fine-tuning
< SAMO| A|F-5k= ViT L& of| AREAZ A 28 A= 5 F75kaL
M= St5AI7]E 1S QufRith ViT 2E-2 Z5E H|H Folo
A 9 FEE A 257 Y3l Transformer 25 ARE-dh= RS
Ju] gt} Xue et al. (2024)2 SAM 2] Image encoder©f| A A|-5-5H=
ViT H o] 3] fine-tuning 2| 2] 235 A 5HH A Hd A7 o] 74
Fieof Gk v 4= UL 5HGIEE SAMZ ViT R 22 Q15 &
£9] 27], 5L i 7 W49 7}4=o]l whet ViT-B (base), ViT-L
(large), ViT-H (huge)o} 22 Al 74 73 2. & F-E5}aL 3.
3HH, Zhao etal. (20232 918 G4 AH= O] SAMES ARE S = =
QGIS Z# 19 (plugin) Geo-SAM= 7i&ato] F7)5t . 182

oZi w2 rlo 210 ol
o oI:o [o1°

Lo

https://doi.org/10.7780/kjrs.2024.40.4.2



Application of Geo-Segment Anything Model (SAM) Scheme to Water Body Segmentation: An Experiment Study Using CAS500-1 Images

KJRS

2 A AT T o] ATANHE Geo-SAMS AHE3}0] 4
A A GA 9} & W 0 2 A SAMO] H-84& RALS] B 1A} o
ek SAMS 94 B 715 A5G F BH0.2 4w o] Al
A= 4 41 ol RS- 7] A7) @4golnt AAH H RS
2] 5}7] Y3t B (segmentation)S 52 (extraction)?] 7f g0 2
Spatol sgatalet. AgolAE EA) 4207 5 A|o] w3t
+= A9 AAo1A I, AP AR E+= o] X H 2] E 9/ (Compact
Advanced Satellite 500, CAS500-1) G4 AF&5}3itt o] YA =+
W Aol o) B2 AREE 2m # DT I FEA)
2l2 B Eel] 919 S8 EIT = A4olch 122 SAM A
9% 59 22 70 A 52 obHol 238 A9 B840 &
o1 4 SIk o) 428 ol 87 HelTHAERE WE §HOR 2L
QA7 A]0j0] TE A2 41 20] 47 471X .0} Open Street Map
(0SM)2) 7] A58 Bafo] 2 B9} 22 BE v 2
29 A58 HUlots g AFE-E= A H2] mean Intersection over
Union (mloU)& AAtste] 33t A =g FF4 2= &elskal 1
IS EA skl

2. g+ 3H

2.1, A7 U

o] Ao A= QGISY] &8 121 Geo-SAM (Zhao et al., 2023)2 0]
2510] SAM A& FH 5L T Geo-SAME Fig. 13} 0] Image
encodingT} Interactive segmentation®] T+ F-20 & LA Ht.

Image encoding= SAMOJ| A A &-ot= 7|53 242 9TE +3
Stk F/dol A= o Hvk e HH A SAMO] A A2 7hs-5t A
B FRoE M AR EY EAS FE6 A%ote S
A 23ttt Interactive segmentationOf| A= Qo] A EXJo] &5
JF AR E ol-gsto] HAI oty Fel = A &2 it

SAM A2 gHtA 0 2 A5 02 AEAT TELE S 5
ti3tg A 27} 7ks5hH, o] 2|3k Al 2 Yste 54 AA 5 A1 3

g 59 5 Qlrh W42 ZOIE (point), BFA (box), B]AE (text)

A Xtz

Image Encoding Interactive Segmentation

Remote Sensing Image Prompt

Encoder Lightweight Polygon
Mask

PachIPatchZ Patch3 Valid |, Shapefile

Mask with Segmented

Load
Features

Save

Features Feature
Files

Fig. 1. Geo-SAM image encoding, segmentation parts, and general
processing procedure (slightly modified from Zhao et al., 2023).
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Fig. 2. The workflow using Geo-SAM and accuracy assessment.
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Table 1. Applied data sets

128.314354, 128.847299,
36.065402 36.065402

128.314354, 128.847299,
36.060596 36.060596

Fig. 3. The study area with geographic location on the base map of
OSM.
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SHAA O A Y BEAFHE L 5 AEE OSM A= E HFA =
& ARSI 22 A9 9] ground truthi= Fig. 4(b)°]l, OSMO]| A 5

Data type File type File name Acquisition date
Geofiff C1_20220514014526_06354_00229639 2022-05-14
CAS500-1 GeoTiff (€1_20220514014526_06354_00209319 2022-05-14
GeoTiff C1_20220528015911_06567_00120394 2022-05-28
GeoTiff C1_20220528015911_06567_00097539 2022-05-28
Ground Truth Shapefile Manually Digitized Water Mask 2022:05-14
2022-05-28
OSM Shapefile QuickOSM Plugin (Parameter-water) 2024-05-22
NG Shapefile N3A_E0010001 (Water Bodies Boundary) 2024-02-13
Shapefile N3A_E0052114 (Lakes, Puddles, Ponds, Reservoirs) 2024-02-13

NGlII: National Geographic Information Institute of Korea.
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Fig. 4. Water bodies in the study area: (a) water bodies by Geo-SAM
overlayed on open street map (OSM), (b) manually digitized water

objects as ground truth, (c) water bodies extracted from OSM, and (d)
water bodies in the NGII digital map.
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Table 2. mloU with all features

mloU Geo-SAM Ground Truth OSM NGlI

Geo-SAM 1.0000 0.7490 0.5905 0.4921
Ground Truth 0.7490 1.0000 0.6484 0.6091
0NV 0.5905 0.6484 1.0000 0.5060
NGlI 0.4921 0.6091 0.5060 1.0000
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Table 3. mloU with overlapped features

mioU Geo-SAM Ground Truth OSM NGlI

Geo-SAM 1.0000 0.9189 0.8779 0.7715
Ground Truth 0.9189 1.0000 0.9347 0.8527
0N 0.8779 0.9347 1.0000 0.8047
NGlI 0.7715 0.8527 0.8047 1.0000

A3}t A3, Geo-SAMI} ground truth®] mloU %4O| Table 22} 301 4
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Fig. 5. Accuracy assessment: (a) ground truth subtracted by Geo-SAM
results and (b) vice versa.
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Fig. 6. Accuracy assessment: (a) OSM water bodies residual subtracted
by Geo-SAM results and (b) vice versa.
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N
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(b)
Fig. 7. Accuracy assessment: (a) NGl residual subtracted by Geo-SAM
results and (b) vice versa.
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Fig. 8. A portion of the study area that provides a detailed representation of the research findings: (a) part of the study area shown on the NAVER

map, (b) water bodies segmented by Geo-SAM resullts, (c) ground truth, (d) water body features extracted from OSM, and (e) water body features in
NGII digital map.
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