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Abstract: Compact Advanced Satellite 500-4 (CAS500-4) is scheduled to be launched to collect high
spatial resolution data focusing on vegetation applications. To achieve this goal, accurate surface
reflectance retrieval through atmospheric correction is crucial. Therefore, a machine learning-based
atmospheric correction algorithm was developed to simulate atmospheric correction from a radiative
transfer model using Sentinel-2 data that have similar spectral characteristics as CAS500-4. The algorithm
was then evaluated mainly for forest areas. Utilizing the atmospheric correction parameters extracted
from Sentinel-2 and GEOKOMPSAT-2A (GK-2A), the atmospheric correction algorithm was developed
based on Random Forest and Light Gradient Boosting Machine (LGBM). Between the two machine
learning techniques, LGBM performed better when considering both accuracy and efficiency. Except
for one station, the results had a correlation coefficient of more than 0.91 and well-reflected temporal
variations of the Normalized Difference Vegetation Index (i.e., vegetation phenology). GK-2A provides
Aerosol Optical Depth (AOD) and water vapor, which are essential parameters for atmospheric
correction, but additional processing should be required in the future to mitigate the problem caused by
their many missing values. This study provided the basis for the atmospheric correction of CAS500-4
by developing a machine learning-based atmospheric correction simulation algorithm.
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Fig. 1. Sentinel-2 image covering the study area on April 7, 2022. The blue circles
represent four in-situ stations that measure bottom of atmosphere reflectance

(GBK, GCK, HC, HAWS1).
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Table 1. Specifications of the Soldan SD-500 sensor

Detector Element nght;ﬁ:gé?f dEIOde’
Detector List Rﬁ;grffg;ige’
Operating Temperature Range —35°C~50°C
Operating Humidity Range 0-100% RH
Cosine Response +5% (Zenith angle within 70°)
Field of view angle 180°
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Table 2. Central wavelength and bandwidth of SD-500, Sentinel-2 MSI, and CAS500-4 CAP-W sensors

SD-500 Sentinel-2 MSI CAS500-4 CAP-W
Band Central Wavelength | Bandwidth | Central Wavelength | Bandwidth | Central Wavelength | Bandwidth
(nm) (nm) (nm) (nm) (nm) (nm)
Blue 412 59 490 65 490 65
Green 560 42 560 35 560 35
Red 656 44 665 30 665 30
Red-edge - - 705, 740, 783 20,20, 10 705 15
Near infrared 850 100 842 115 842 115

Table 3. Height above canopy and selected days in the study period for each in-situ station

In-situ measurement GBK GCK HC HAWSI1
Height above canopy 20m Sm 10m Sm
2022.01.07 2022.01.07 2022.01.07 2022.01.07
2022.01.27 2022.01.12 2022.01.27 2022.01.17
2022.02.06 2022.01.17 2022.02.06 2022.02.06
2022.02.11 2022.01.27 2022.02.11 2022.02.11
2022.02.16 2022.02.06 2022.02.21 2022.02.16
2022.03.03 2022.02.11 2022.03.03 2022.02.21
2022.03.08 2022.02.16 2022.03.08 2022.03.03
2022.03.28 2022.03.03 2022.04.02 2022.03.08
2022.04.02 2022.03.08 2022.04.07 2022.03.28
2022.04.07 2022.03.28 2022.04.17 2022.04.02
2022.04.17 2022.04.02 2022.04.27 2022.04.07
2022.04.27 2022.04.07 2022.05.02 2022.04.17
2022.05.02 2022.04.17 2022.05.12 2022.04.27
2022.05.07 2022.04.27 2022.05.17 2022.05.02
Date 2022.05.12 2022.05.07 2022.06.01 2022.05.07
2022.05.17 2022.05.12 2022.06.11 2022.05.12
2022.05.27 2022.05.17 2022.09.24 2022.05.17
2022.06.01 2022.05.27 2022.09.29 2022.05.22
2022.06.11 2022.06.01 2022.10.19 2022.05.27
2022.09.19 2022.06.11 2022.12.23 2022.06.01
2022.09.24 2022.09.19 2022.12.28 2022.06.11
2022.10.19 2022.09.24 - 2022.06.21
2022.10.29 2022.10.19 - 2022.07.01
2022.12.08 2022.10.29 - 2022.09.09
2022.12.13 2022.12.08 - 2022.09.19
2022.12.18 2022.12.18 - 2022.09.24
2022.12.28 2022.12.28 - 2022.10.19
- - - 2022.10.29
- - - 2022.12.08
- - - 2022.12.13
FACHO. BE HYLH AL UAGOBUE SN2 T TE IUE A LA GE U8 28
& B HC) 273 A ek e B stol, vl ¥ Aol sl B 1059 ¢k A E dlolE
(HAWSD)R T4 o] 9t} 20221 59k0] Sentinel2 ) & F-E 5} th(Table 3). A/ 98 2 E751H GBK 9
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25} TH(Wilson, 2013).
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xa % TOA radiance — xb (1
1 +xc % (xa x TOA radiance — xb)

BOA reflectance =

21 (1)of| A Bottom of Atmosphere (BOA) reflectance+=
A3 HEAFZE S Top of Atmosphere (TOA) radiancet=
7)1 Aek BALS] =5 oJu| gttt xa (the inverse of the
transmittance) = tf) 7] 520 FEx}o] 33k oz g7\
7% stetnlE Fo A= AOD, SZA, VZA, WVl o3t
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Table 4. Atmospheric parameter range, interval, and
number of cases used for the look-up-table

Paramete Range Interval No. of case
SZA 0-70° 5° 15
VZA 0-30° 10° 4
RAA 0-180° 20° 10
WV 04 g/cm? 1 g/lem?

03 300-350 DU 50 DU 2
0,0.02, 0.04, 0.06, 0.08, 0.1,
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2 Aol A= B A Z (solar zenith angle, SZA),
A A Z(view zenith angle, VZA), A BF 9] Z(relative
azimuth angle, RAA), WV, O,, AOD, DEMZ- 3£ §3F 77}
7] whetu|Eof A i 7] 24 A=<l xa, xb,
2 BAAL RS Eofo] A}, o2 2
51 thH(Table 4). Py6Sol Z-8-E]+= aerosol type
2i0] o 2] 2fo] Sapel AR A4 Al
& 3o] 02| 2] ‘continental 2 A3} T}
2o Bastohy] 1A shekule o] el W
Sentinel-2 /4 ¥} -¢-2 2t tf 7] S = A Rk e
= KOMPSAT-3 §JA A tf7) A 2 ARE 21
qom, zt mpetu|eupe) AAkE = 79-0] 4= Table 4
ol YEF I TH(Jung et al.,, 2020). AODL} Zro] T 7] EA
of uX|= Ggol wf¢- F A--oll= e ghetulE o 1)
skof W2 7ol el AlAke askl o, dAy Hl
o W22 AODe| tisiA= o &5 1H4
£ 3 T (Lee et al, 2015). kA 24
1,008,00071 2] 72| Z=o] T3t H 1= )
235100 2 57)0] 22137} 2,

Y

il
==
U

N oo
5% rgi io rlo
¥ rlo ORI ork

ol
o

an
@ rlo

ofs

1

|

1y

N

r
H

=

N o
=T (1 ]

iyt
jf:3
il

w
N
Jr

AHERE DAL 7[AShS 23

7] 17 setn|Euck £ W] ol A
o] zxgto & F2 it et Ao A
ol - chFs}y] w 2o o L=E A
7] B2 stetulE gholl sigshA] o=
ojch. wpzhA|, Fof| AA|E|A] ¢k T 7]

o,
iy
O
N

DR
© o

)

I
o
o fo

B 1o
my
o N

-~
>,
o
e
=
2

=]

- 896 —



SHLYS I3t TPISES BRE BAHZDUI| 7|8 DA LT2AS Y U A5 ALY XIS 952

Table 5. Default settings of aerosol optical depth and water vapor for each month

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
AOD 0.1 0.1 02 | 02 | 03 | 04 | 04 | 03 | 02 | 02 | ol 0.1
WV[gemy] | 05 | 05 1 1 1 2 2 2 1 1 1 05
A gepul o] g B ol 2ARERE A RAAE 914 5 Ao 4] Fl50] 7hs S gte= A
7IRle ol AR S 2 4 QS Ui AZEO. 2 A 4= Qltk o] 9o & oA F 5ol
= AljkskeiTh o 7] B Mok o 7] BA Al Abo] T O 2= AOD, WV, O, A% H R 7} Qlet. whahbA]
o] v g 21l A7} 31 7] wiZell, 7] 74]’5?%0] B2 51 QFLofl Al F| 5ol L adt uletn|g g JQho] whatA]
Bo HUES Y ACR ENOnE ZAR Y R/ WHOR tyln e Sustec 2 WA
105 T A G B ARl 2 10A A Akl A3 L ) g el
Aol AEe AT e o AR H e o2 Agehe A0, o2 Bl 5 o]
Fof] 7]¥FS & Random Forest (RF)2} Light Gradient HA ulefu] g 2 A 12A A FH HIAFELFS] v
Boosting Machine (LGBM)©| T}, RF= F-2H9| 2 A el g & ot F HA S F AR sE el
SRS S UTEROR RG] A USS AN 8 Sl A 4
o2 tgel oAl A RN AL o3 Ak ole U

B4 74712 E0) DEMS SRTMO 25
Bagstel 319 S0 2% A0S A9 Bdvand ] 55 22 D900 Sncinel261219] Bt 2
Drigug, 2016). RFS] 8 3 542 oA A YRE AL 05300 DU ﬂxé 22 AT Kang etal, 2021).

o]9] ZYAZ HAsL7] flgt FAFe) Aotk - bl AODQ} WVi= GK2A ) AFEE2 5 E 359 4=
Elof A A2 YRS FE6to] FEAEHI A Zgstglon, %E«l Axe] S AA df7] B
(bagging) & &l AHE-SIL, B8 W4k YRS 219 28513l th(Fig. 2).
2 Agste] oAl AA Y-S & JShh(Abdi, 2020). GK2AZHE HE5 AOD ¥ WV Zhe 123} 2}
LGBM= SJA} A% Upofl 7|9 F1= 5 o] RES} A quality flag g 25 B-g-5ko] 2]t ghEhS 28
5 U5FA| T, bagging©] oHd boosting WH O & M-S SF3IT 0] % Sentinel-2 $4] T3 A|7E 0] H 2] 308 5
Edsts Hol 7H 2 EA4olth LGBM2 E2| 9]+ QH AR E WF HatetL, 1 o] $of = koF A&7
2 YA oo, B4 TP 2 P R EE A4 A 7t 2T Aoz o] FAF B o]-g-ske] it
5 2 Bilslo] 7031 E41Est ET|E AASH= 2|2 7] T S o] St Ayt HEL A
b 55} 1FALS A el al Q)T (Fan et al,, 2019). O] & & A& ] AR o] 2 aheiu| 7 Al S E A o
3 AEH Eg] 7uk B ARt o) & 07 &4 © A7t EAE olenR B Ao Sy
= = Qlet. 53] diFe] HlojEH & thF= |
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number of cases used for evaluation

Parameter Range Interval No. of case
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Table 7. Evaluation results of the RF atmospheric correction simulation model

Band number Atmospheric coefficient R? RMSE MAPE (%) MBE
xa 0.93 0.0142 14.8 -0.0028
Band 2 xb 0.95 0.9629 14.5 -0.2532
XC 0.99 0.0055 2.4 0.0003
xa 0.92 0.0114 143 -0.0021
Band 3 xb 0.95 0.6143 14.5 -0.1609
XC 0.99 0.0063 3.1 —0.0001
xa 0.92 0.0083 13.7 -0.0015
Band 4 xb 0.95 0.3543 14.5 -0.0921
Xc 0.99 0.0069 4.0 -0.0003
xa 0.92 0.0079 12.9 -0.0014
Band 5 xb 0.95 0.3015 14.4 -0.0781
Xc 0.99 0.0070 43 -0.0004
xa 0.92 0.0078 10.9 -0.0014
Band 8 xb 0.95 0.1950 144 -0.0493
XC 0.99 0.0066 49 -0.0006
Table 8. Evaluation results of the LGBM atmospheric correction simulation model
Band number Atmospheric coefficient R? RMSE MAPE (%) MBE
xa 0.90 0.0162 17.9 0.0021
Band 2 xb 0.93 1.1275 22.7 0.1629
XC 0.99 0.0068 2.6 -0.0004
xa 0.90 0.0110 16.1 0.0010
Band 3 xb 0.93 0.5994 21.1 0.0614
XC 0.99 0.0078 35 —0.0006
xa 091 0.0076 15.0 0.0005
Band 4 xb 0.93 0.3225 24.0 0.0222
Xc 0.99 0.0085 47 -0.0008
xa 091 0.0071 143 0.0004
Band 5 xb 0.93 0.2666 254 0.0154
Xc 0.99 0.0085 5.1 -0.0008
xa 0.91 0.0069 12.4 0.0003
Band 8 xb 0.93 0.1647 283 0.0050
XC 0.99 0.0079 5.8 -0.0009
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=
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Table 9. Comparison of the evaluation results against in-situ measurements by atmospheric correction algorithms (i.e.,
Sentinel-2 L2A, Sentinel-2 parameters based LGBM, and GK-2A parameters based LGBM)

. Sentinel-2 parameters based | GK-2A parameters based
Sentinel-2 L2A
In-situ Band number N LGBM LGBM
R RMSE R RMSE R RMSE
Band 2 0.99 0.008 0.98 0.011 0.73 0.039
Band 3 0.99 0.008 0.97 0.011 0.84 0.025
GBK 27
Band 4 0.99 0.007 0.98 0.010 0.95 0.015
Band 8 1.00 0.018 0.95 0.068 0.98 0.034
Band 2 0.96 0.007 0.75 0.011 0.56 0.047
Band 3 0.97 0.010 0.87 0.008 0.68 0.021
GCK 27
Band 4 0.87 0.011 0.69 0.012 0.61 0.012
Band 8 0.97 0.051 0.96 0.042 0.96 0.042
Band 2 0.94 0.018 0.84 0.029 0.45 0.063
He Band 3 51 0.90 0.021 0.88 0.031 0.33 0.056
Band 4 0.93 0.023 091 0.033 0.89 0.040
Band 8 0.95 0.033 0.93 0.059 0.94 0.059
Band 2 0.98 0.007 0.95 0.009 0.53 0.038
Band 3 0.96 0.007 0.95 0.011 0.68 0.026
HAWSI 30
Band 4 0.96 0.014 0.94 0.016 0.79 0.025
Band 8 0.99 0.016 0.98 0.041 0.98 0.043
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Fig. 3. Comparative assessment of three atmospheric correction algorithms (i.e., L2A, Sentinel-2 parameter-based
LGBM, and GK-2A parameter-based LGBM) using in-situ measurements. (a)-(c) Gwangneung broadleaved
forest (GBK), (d)~f) Gwangneung coniferous forest (GCK), (g)—(i) Hongcheon (HC), and (j)(I) National Institute
of Forest Science (HAWS1).
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