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& Corning microHSI™ 425 SHARK %% oju#
& dAFdA AH F5FHAoHW, For]l= DIIA
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3 1 Corning microHSI™ 425 SHARK X832 o] A A=
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MB007-217] &2 &8 o] o]m]A]

I5

W&

400nm ~ 2,500nm
(N F2A A AeHE A ZF)

8nm °]3t (FWHM 7]15)

45071 M=

AA oA 1

7 A= (FA) 640 (=70 23l 71F)
A 7] 15 ym x 15 um
Az 23 A 25mm
A= 2N (£#) £/3.3
Zyqd &5 ol 125 Hz
tholuke] #1917 I6H E
AA A oF 3.0kg

71 (A 2A)

239cm x 12.4cm x 119cm (¢F 9.4in
x 49in x 4.7in)

2H Ag oF 30W
A A 12~16V DC
5 e W9 5°C ~ 40°C
B &% W9 0°C ~ 60°C
54 5= W9l 10~90% (A2 §1%)
T2 g Eol FH, FE "A, S gA 5
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2 B8 2PY QAAE T/ WA-BY AR 249 95 A9 Au
Environ Target Target . . Time Acquisition Frame Data Value Number thht thht
No D Location Location . S/N Exposure velocity altitude
ment area area zone | time (UTC) rate type type of bands
(m/s) (m)
st | H50 104
. Alaska, 1N, 64.844558, B 2022.08.22 Image _ .
1] Env_1 Council Us Ol_OOQOO 163°4235. | -163.709747 8 90:08:51 59 | 104.0 Hz | 9600 us Float radiance 450 3 40-60
006__visS 09" W
WIR hsi
Incheon zgiggg%g 3722097
) "N, 37.366936, 2022.10.24 Image .
2| Env_2 KOPRI Rep. of OI_OOQOO 196°38°44. | 126.645697 9 06:34:51 59 | 104.0 Hz | 9600 us Float radiance 450 3 40-50
Korea 000__visS 51°F
WIR.hsi
Grleat 202402031 62°1313.3
King 420100010 2"S -62.220367 2024.02.03 Image
3| Env_3 KGL09 Sepng OI_OOQOO 58°4624.4 | 58773456 -4 14:20:10 59 | 104.0 Hz | 9600 us Float radiance 450 ~2 60-80
Station, 000__visS LW
Antarctica | WIR.hsi
Grgﬁ 202402071 62°1327 2
King 730440010 2"S -62.224228 2024.02.07 Image
4| Env_4 KGL16 Sepng 01700(?00 58°47154 | 58787614 -4 17:40:50 59 52.0 Hz | 19200 us Float radiance 450 ~2 60-80
Station, 008__visS "W
Antarctica | WIR. hsi
Incheon Zgzégg(l)}g 37722097
) "N, 37.366936, 2024.07.11. Image .
5| Env_5 KOPRI Rep. of OI_OOQOO 196°38°44. | 126.645697 9 04:56:33 59 | 125.0 Hz | 8000 us Float radiance 450 10 100-120
Korea 000__visS 51°F
WIR.hsi
st | 50104
. Alaska, I"N, 64.844558, 2022.08.21 Image
= _ - -
6| A5_1 Council US Ol_OOQOO 163°4235. | 163709747 8 90:30:57 59 104.0 Hz | 9600 us Float radiance 450 3 40-60
000__visS 09" W
WIR.hsi
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X 38 ] 2EF 9AAE Solar geometry 2 EX 73 HH QoF
Environ Acquisition | Tim Tareet Solar Solar Solar
time e & Zenith | Elevation | Azimuth Solar position (geometry) Examples (weather condition & ground targets)
ment area o o o
(UTC) | zore (°) (°) (°)
2022.08.22
Env_1 20:08:5] 8 | Alaska | 60.54 29.46 131.32
2022.10.24
Env_2 06:34:51 9 | KOPRI | 52.02 37.98 199.54

_19_



2024.02.03

Env_3 14:20:10 -4 | KGLO9 | 49.02 40.93 35.48
2024.02.07

Env_ 4 17:40:59 4 | KGLI6 | 48.97 41.03 | 330.63
2024.07.11

Env_5 04.56:33 9 | KOPRL | 23.04 66.96 | 235.54

_20_




o

o|N

2022.08.21
20:30:57

-8 | Alaska | 59.00 31.00 | 136.70




O

193 A5E Ty 2BY QAR ETAY 28 B 2 F5W 9 AL
Ak BE AN(FTR Q2T W WA= AR A S A4 EH (BA)): 20221024

BE E9L2 F7F A7t FFo] SRE = AN (FEFH)olFAHeH, Felr] nAdZd
7IRke] vy S F3 I HAET
Corning AlAoA A8 HE A, 7|2FHSZ Dark Current AAE E3+ Digital

Number(DN) & ®AMS] & (Radiance) 2 W& A& A&3st9oH, dlv HLdS £33 Line

dmEe w4 o delHe 4uE A48 ARE 18928

i

oA F17] vl 71Hk GAF #H Al dAFNA A AL A gAS 23 &
AEE HPAE7 THHFJH, g AA FTHE 1= Group Eight Technology (G8T,

https://www.group8tech.com)A}e] Type 822 249 (24m x 3.6m) 67} A4 AFZ2o 58
285 A

67019 A4 TA(FHHA gA)ES VNIR-SWIR 949 WolA 283 Y& viaE BEax
£ AWt AE IHIA olE EF _‘-—7_@’3% NEAS AYILA F/HR7F A AAHEHA
o, ASDA} #337](Spectrometers) S E3 & 234 &P 3le] 5T WAl AHE HF

GST 6= ZA WALE EA: 12%(AWALE), 36%(ZHANS), 84% (W ALE ), Red, Green, Blue
X 29 L9 7} FIARAFEL Fr|9 &£ BEXE o 2-10m/s, 22+ 40-120m =
o] tvpeFdl wls ZAL WrgEy Qo ejFe 7% (Solar Elevation Angle), #H
\}
[e]

A A
A7+ (Solar Azimuth) & ©hsh dAF 374 Al BEAAdo] =H
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Data preprocessing (450 bands)

Noise removal:
MNF forward & inverse transform

GPS/IMU-based direct-georeferencing:
orthorectification

Image radiance extraction:
6 classes (targets) from 5 environments

:

Model construction for reflectance prediction

Linear regression for 450 bands:
Empirical line method (ELM)

Partial least square regression (PLSR)

Random forest regression (RF)

Gradient boosted regression (GB)

|

Radiance-to-reflectance conversion

Validation: accuracy assessment

ot
ol
o

1 44 ARY $8: xo= AA, S/AA BE L A BAY 59 dolga 1F

0 % 6719 BACERE ASH ZEPAYUAEE B9 84 wek Env_1 ~ Env_5%
A%4_ 12 FEHM, o/F ARE PSR VW 9F A4t 48 FAHAYS

O @ AAeE A wolz AA, /G, G4 W G8T A BF AW G PANE
@ A2 59 Rddg dolHA PHoR AYHUCH, BY A% £ 659 ASD ¥
%7 24 HolHE FRPOE Ug B

O @AM ASH 2EY GAAEE WMALE ol& /1% W CO, -OH, HO §¢ 4%
WA I AAE gl s AE WE & B(SNR)ZF Gore A7 wom, 53
34 BRAAE o HF FS(ol=) GFo] HS FEAAA Lhebd

O W A wolZ HRW AARL, FEF LIYLE BET 5 dE AN A
o] A
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} Minimum Noise Fraction (MNF) ¥ 3&

98

O MNF Az Aol we} gdAel dol
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3 4 MNF A Wit Mo A Q%%

=

o] B9 |aga ma| 3BT | @AS | SNR | R | 74 BH | A9 9] 9= A
ey =99 %0 goe | zae | qag | A% ERE 24 7)ol
Env__1] 267} |combined 2 33 9 9 53.72% 22.56%, 1.00%, 4.82%
Env_2| 257} |combined 3 32 12 12 52.85% 12.31%, 9.65%, 5.43%
Env_3| 237} |combined 2 25 4 6 24.01% 6.47%. 2.70%, 2.03%
Env_4| 2571 | combined 2 34 6 6 44.24% 16.39%, 8.66%. 4.61%
Env_5| 247} | combined 4 32 3 8 45.02% 11.28%, 8.20%. 6.12%
s 1| 2670 | combined 3 35 390 10 50.37% 12.12%, 8.57%. 5.65%

O Axel thd G4 dolelAl 6700 sl H 25~2771¢] MNF W=7t delEglom, o=
A& 45078 WME=2] oF 6% ol AYd MESES HA welE Ee 70%~75%%5 A
©)

Hetm, AR BEN o= AA 7+ HA A

1500 2000 500 100C 1500 2000
Wavelength J Wavelength

19 8 MNF Az - 93l & wol= A a3} oAl (image radiance in
VNIR-SWIR region)
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O GPS/IMU 7]1%te] Direct Georeferencing= %3] Pushbroom A4l g2t that FUsk x| g

SEE DI E

O Direct Georeferencing®4 < DEM/(Digital Elevation Model) 714¥Fe] X% %W HAS £g
& A AL % 3H(Orthorectification) . 4w ™, ol what A Al 718} sf=o] AAA L

AW A 9y vzl hsdte 3HE AT

O ¥ 342 Pushbroom ztelwith 71 EOPE % €3l Line-by-Line OrthorectificationsS 4=
gatRom, NAVEHAEA(UTM-WGS84) 718+ A3l 9% HA o] o]Fo]H

O B 7|He Fo7] ZTHZd gAE ZAE GNSS % #AAMNA(IMU)ZHEEH Ao 9%/
A AH(EZEAHLAS EOP) 9, AlA 9% BHA 23 Boresight angle % Lever-arm

offset& &7 ¥ 3t Direct Sensor Model& 7]¥to =2 3
O 53] Pushbroom #}Ql 27 F+xE& #ste &Y A1ZPH(Time stamp, UTM time) EZF
¥ ¥ %A 2 A (Time-Synchronized EOP)E AAsIF o, Z+ gl @92 A7 FYol

SRS TAH ARHoE G NHuYe FAAAE

N
-
9
o

7|5tR8H 7|5t 2@ F: UTM =24

13 9 Direct Georeferencing 7]1%¥+e] Orthorectification X2 23 oA 9 AH2022.10.24.
gl A" FAATE &5 EYAE

O AAE 3 = 7t dx 4 (Env_1 ~ Env_5) G4 WA &tz 1A 7H5e 670
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A -] AR E AHEHS P4 Ul Region of Interest (ROI
o] HAg @S 7IHte g2 F X(class) EEHN FE3 U+

2000 —Image_spectra_20220822_Alaska Avg_12%
1800 —Image_spectra_20220822_Alaska Avg_84%
—Image_spectra_20220822_Alaska Avg_Green
1600 —Image_spectra_20221024_KOPRI Avg_36%
Image_spectra_20221024_KOPRI Avg_84%
1400 Image_spectra_20221024 KOPRI Avg_Green
° —Image_spectra_20240203_KGL09 Avg_36%
E 1200 —Image_spectra_20240203_KGL09 Avg_84%
‘g 1000 —Image_spectra_20240203_KGL09 Avg_Red
2 Image_spectra_20240207_KGL16 Avg_36%
E 800 A Image_spectra_20240207_KGL16 Avg_84%

Image_spectra_20240207_KGL16 Avg_Green
—Image_spectra_20240711_KOPRI Avg_Green
—Image_spectra_20240711_KOPRI Avg_Red
—Image_spectra_20240711_KOPRI Avg_36%

A o
= =

) Bae 4%

gt o=

—Image_spectra_20220822_Alaska Avg_36%
—Image_spectra_20220822_Alaska Avg_Red
—Image_spectra_20220822_Alaska Avg_Blue
Image_spectra_20221024_KOPRI Avg_12%
Image_spectra_20221024_KOPRI Avg Red
Image_spectra_20221024_KOPRI Avg_Blue
—Image_spectra_20240203_KGL09 Avg_12%
Image_spectra_20240203_KGL09 Avg_Blue
—Image_spectra_20240203_KGL09 Avg_Green
Image_spectra_20240207_KGL16 Avg_12%
Image_spectra_20240207_KGL16 Avg_Blue
Image_spectra_20240207_KGL16 Avg_Red
—Image_spectra_20240711_KOPRI Avg_Blue
—Image_spectra_20240711_KOPRI Avg_12%
—Image_spectra_20240711_KOPRI Avg_84%

a9 10 = 233 A2 HYH FE3 67 94 A 155
o 2 T gd9e = A4, VNIR-SWIR )
o F=4¥ 671 A THe AS WAlE A EH 77 )
& 13k HlolEHAMCE 71 EUAS
o 7= dolelEs F 570 374 x 670 B4 x 4507 MERZ 74
H Gz fEYgAE PASIH, o]F WAl BHA Rd 4y E Sty oY AREE 8
2.9l EARA: vAlE HES 9% WA BAY Rd &3 AT H 2 AF
2.1. AL BAY Y £ 3
O AAHE T3 ¢ dAdNA +FE dHolHAS &85t F 459 vuiA BA rd S A
AR o ztzie] Rdle A Y HALS] L (Image Radiance) & A% WHAFE (Surface
Reflectance) 2 W33sL7] 93k oS 1B FYU(6F ASD #3327 &4 dolyH #HxH 7=
O A FlolH Tx: 5/ 87 x 67] EA x 4507) WE = 1350070 dolE TAE
O X9d =g AA:
- LR: W= =59 A9 3714, 45070 31914 74
- PLSR: g & 24 39 =24, 157 F4 & (latent components) &
- RF: EZ 4 10071, 4o] 15, HA AE 22 HAA
- GB: EE 4 10070, st<s5%& 0.1, 4eo] 52 AA
O A&H 37 7IvF Rd e dd:

1) Linear Regression (LR) - Esmpirical Line Method (ELM) 7]4}F

- 1F E49) 45 WAES 9 PAIE 2 AY BA 7HY
-7 s 5YA A7 AN =3
- 49 3 B4 94 W BAASE 98 9dste AFH 9



2 oA iy Z eliey =

i)

MBOE 2MEY A% BE bE

2) Partial Least Squares Regression (PLSR)
- A HolE ¢ teFAd A sAS 9% Ad 4 79 AF 34 7]
- A (BAR ) S (WAE) 2 3R HAdistele A W FE
- Cross-validation &3 24 A A+ 4 (1570, latent component) 27

- el 4 Fx fFASH AAG Ase 94 A

g

A

3) Random Forest Regression (RF)

- REXEH Agg%% g o] }ﬂl:l/i}\oi ) EE] 32
- B ¥ R 54 2 4548 A% 2dY J)s

nt
- S%7(A% Ed)E A

[e]
(Radiance) & 4507 WE=E &3] M@ E A¥ 3 Fste], RAASFE &35, olE <

o]o] AR = Fol AL3le] LR BYE HAHE vAe @S F4T & A=
O # A/ Ae LRe 71Vt eE & BAYAIF A& s 72 &4 (Env_1~Env_5) W
670 Fd 71 FH U2 FAFES AF vAE ko] el Ay I AXE EE5
Roemw, 71 AF 3 4 (formula) > T3 ko] H o
- Reflectance(band) = a; x Radiance(band) + b;
(; = 1~450 °13, a; = 71&7], by = AHL 27} bandol W3] AArE)

O 3AYe sl A" & 450708 BAGA ST B2 Excel 7|9He] WEg 2R AFEowH,

o2 o]gste] AZFE WAINE G4 72 FA vial W Bl Hgso] WAL o
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Equation |

B1_pred = -0.017191*B1 + -0.010795*B2 + -0.003251*B3 + 0.006198*B4 + 0.005370*B5 + 0.007740*B6 + 0.008849*B7 +
B2_pred = -0.017297*B1 + -0.010989*B2 + -0.003451*B3 + 0.005860*B4 + 0.005137*B5 + 0.007451*B6 + 0.008509*B7 +
B3_pred = -0.017389*B1 + -0.011155*B2 + -0.003619*B3 + 0.005561*B4 + 0,004928*B5 + 0.007183*B6 + 0.008188*B7 +
B4_pred = -0.017491*B1 + -0.011323*B2 + -0.003783*B3 + 0.005282*B4 + 0.004735*B5 + 0.006937*B6 + 0.007894*B7 +
BS_pred = -0.017597*B1 + -0.011490*B2 + -0.003945*B3 + 0.005023*B4 + 0.004557*B5 + 0.006715*B6 + 0.007631*B7 +
B6_pred = -0.017680*B1 + -0.011624*B2 + -0.004074*B3 + 0.004802*B4 + 0.004404*B5 + 0.006518*B6 + 0.007393*B7 +
B7_pred = -0.017788*B1 + -0.011792*B2 + -0.004236*B3 + 0.004545*B4 + 0.004227*B5 + 0.006296*B6 + 0.007128*B7 +
B8_pred = -0.017899*B1 + -0.011969*B2 + -0.004406*B3 + 0.004263*B4 + 0.004035*B5 + 0.006049*B6 + 0.006830*B7 +
B9 _pred = -0.018018*B1 + -0.012160*B2 + -0.004594*B3 + 0.003958*B4 + 0.003827*B5 + 0.005786*B6 + 0.006515*B7 +
B10_pred = -0.018105*B1 + -0.012301*B2 + -0.004729*B3 + 0.003723*B4 + 0.003664*B5 + 0.005577*B6 + 0.006262*B7 -
B11_pred = -0.018185*B1 + -0.012418*B2 + -0.004838*B3 + 0.003564*B4 + 0.003554*B5 + 0.005446*B6 + 0.006115*B7 -
B12_pred = -0.018218*B1 + -0.012461*B2 + -0.004875*B3 + 0.003528*B4 + 0.003528*B5 + 0.005426*B6 + 0.006105*B7 -
B13_pred = -0.018237*B1 + -0.012473*B2 + -0.004879*B3 + 0.003585*B4 + 0.003566*B5 + 0.005502*B6 + 0.006224*B7 -
B14 _pred = -0.018207*B1 + -0.012410*B2 + -0.004809*B3 + 0.003766*B4 + 0.003687*B5 + 0.005685*B6 + 0.006476*B7 -
B15_pred = -0.018158*B1 + -0.012314*B2 + -0.004707*B3 + 0.004024*B4 + 0.003862*B5 + 0.005945*B6 + 0.006830*B7 -
B16_pred = -0.018086*B1 + -0.012187*B2 + -0.004575*B3 + 0.004345*B4 + 0.004079*B5 + 0.006266*B6 + 0.007263*B7 -
B17_pred = -0.018011*B1 + -0.012055*82 + -0.004441*B3 + 0.004681*B4 + 0.004305*B5 + 0.006602*B6 + 0.007719*B7 -
B18_pred = -0.017926*B1 + -0.011920*B2 + -0.004307*B3 + 0.005010*B4 + 0.004526*B5 + 0.006929*B6 + 0.008164*B7 -
B19_pred = -0.017837*B1 + -0.011783*B2 + -0.004173*B3 + 0.005336*B4 + 0.004745*B5 + 0.007251*B6 + 0.008602*B7 -
B20_pred = -0.017756*B1 + -0.011660*B2 + -0.004053*B3 + 0.005634*B4 + 0.004945*B5 + 0.007547*B6 + 0.009006*B7 -

0921 mrad = .AATT7AETI*R1 o _NN1T1E20%AT o A NN2A20G*R2 . N ANCAAG*RA . NNANE122%RE L NANTANA*RE .+ N NNQICA*AT .

TR A

+

+ o+ o+ o+

19 11 5% LR 718 o5 34 Eg: 24 el s 4507 SHHS 71N A% BhALE

@ A" 894 g

E AR oAl PLSRS 283 JGAAH
A A (multicollinearity) A7} @A of @750z L 4+ gJd= thExF¢ A8 3

ZIHo 2 AHLE9S(Lim et al, 2019)

ZEF HolHE AF e 7 AdAAdo] vl§ =on g AAdo] AHEHRA Y AE 3
A EY(LR T) A& Al o= EAAA, 38T & 5AF 27 AT F e A=z ¢
7 1k S

H oA dto A PLSRS 4 (HAFS]| =, Radiance) @ &3 (WHALE, Reflectance) 7+9] &
B2 125 HY3ete ZFA A E(Latent Components) S A s, o] AEL 7|wto =g
A EdS FATOEN AH AF 2 dF AHHAHS FA FHRIGS

= 45070 571 ®HlolHAl E & Radiance YREE YHWHTZE, ZFH 2 H+ Reflectances & F

MEE st RIS A5

i)

PLSRe HZFA A AR S (Latent Components) FZ 1~207+A WA

Cross-validation 71%F A% FH7HRMSE, SAM 5)E 33t HZAH ) HAE =5 A
g 3lo] 28392 (15 = Latenet Components)

gt5¥ PLSR 298 A58 GAdd HEsle] WAl: gz HEs A

B ApIetel A RF+= 45070 ZE33 w9 WAL & (Radiance) & YHOoE F8&35he] b

A= (Reflectance) oS Rdl 2 L1253

AA #3(Env_1~Env_5)ZNA F5H o2 AMGHE /) 7I& ®4 FH29 B



O EE oWz 319 +A4 7Ivte=z dAER e, B /)4 (n__estimators=100), o) %
(max__depth=15) 5 XAASHGES Tl A9 F2 steldgzvgE 24T

O H%F S%E RF B9 AHgdtel 238 WAIE 94 AP0 7 F4 8 450 W
o MAEE A WH FAY

O GB R 7% 45070 WE MANEES 9 W5, Uy P7 WAEES BAoE
%2 Fastel A9g

O S8, EY 4 A 4ol F solnnerHE 2Ystel g BgEs 45e 23

(n__estimators=100, learning rate=0.1, max_ depth=5 & A 74)

0GB RUE oF Y 2AE RYUT PAL2(2AN UH BN HIUE e
9 AM) FGHOE ES S FAES AL FHUS
O F%% GB Hd /1M AR B AA FEE ¥ HAo) ghs N gHoz &

O 2d ds #H7h:
- 29 A% g7HRMSE, MAE )& &
Tz WA B BA AIAS AES] Y% 1A AEE FEg
Al
=

- 2AAZFRC HA A Hr-A=(2x1) &, d5F

fy
o,
o
v}
2
N
l-'II
o
s
4
o;?(:',
i
32
(o
)
o
rlr
ko

- Z AZE_1 dolge 2 RUS Agse Y5 o3 W G4 W 64 A =
(Class) €] WAE FAgS F23e], 4% vALE fiu] gud B 54 2 SAM 7|
A% ME WHE FATH22 AA)

O Rdeo AF Hrle a9 U ARE 3 FyFden, 2d 7 vy F4¢ &85
- RMSE (Root Mean Square Error):dlZztz AAZE 709 A7 AF 229 AF2

ol AL5E % FYEs} S o)

o]

- MAE (Mean Absolute Error):dlZzk= AAzF 7+ Ao %9 FHFolw, RMSES HAF

&b o] AHgt(outlier) ol @ w e N E
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- R? (Determination Coefficient) :Edo] AA] EA+S AWsles HEE 1o 7M7He5E A

ao] =90

e =]

- MAPE (Mean Absolute Percentage Error) : W& & Qo] HF9n], ©@9o F#3}HA
H W 7}
- Explained Variance(A W ¥ F4h): Edo] Hlolg e A4t

-
2 dolEe WEANS 4 TAFL ou(0 olad v Ay

- SAM (Spectral Angle Mapper, unit: radian/degree) : & AHEH} A& AHEY

7ve) b (Bt ©90), 09 FAESE AHEY FA4 S

n
RMSE: RMSE = \/% D (vi—yi)?
i

n

MAE: MAE=13 |y;—yil
i=1

R~2: R2=1 2V~ y’

Styi-9?

. 100 yi— y,
MAPE: MAPE = Zl| -
[=
SAM SAM = cos ™! <y: Y >
ylly]

O y i (=7 True value): zF A& A Zo e AA| Z3k(ground truth) &2 #ZH wkA}

% (Reflectance) : 43 =& AlAM 78t S T8 849 &

O 9i (al &%k, Predicted value): 8h5® WAEAY EP (LR, PLSR, CNN %)

o
A WA gk Bl AT B7ke o] w3 y i 2] AelE Ve R

O n (A= 7l Number of samples): A FH7lol ALLH = dlolg EQJE & (o : B E

£ x 873 239 %)

O y~ (HA=3k H+, Mean of true values): AA AS3He] H+#, vy~ = (1/n) X y i (R? A4k

Al 71E #Her 289 (49 Ve SAR))

O |y I g (MEl =71, Vector magnitude) : SAMoIA ALS=w AA] A~ EH WE 77
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&

S YUetd lly T= V(X y i) (2H9EH 7+ 71

Al

[

O y T yUAMEl WA, Dot product): SAM AlAtell A A=

B 7ol WA M Yge FANS HYsE W 388

O SAM %% (radian): SAME dF 2HEHy) A5 2"HEYH 7He] Z4x g ot
(radian) @92 xd3H, ol 0o 7M7MEFsE F ZHEHo]  {FAFSIH(spectral
similarity) = A= 2vstH, 19 7W7te4S EYAE 9y

X5 75 R Awt Hg AT AxE ¥ (13 Ax)
Model RMSE MAE R’ MAPE(%) | CXPlained 1 g unrirad)
Variance

LinearRegression 0.074 0.040 0.819 17.679 0.823 0.053

PLSRegression 0.052 0.037 0.930 20.043 0.930 0.090

RandomForest 0.077 0.060 0.842 26.418 0.843 0.099
Gradient Boosting 0.002 0.001 0.999 0.443 0.999 0.003

X6 FUH2E oA F e AHEHY AS WALE 7k AHEY % §AE (SAM, radian

9], 12 A %)

Class LR PLSR RF GB
12percent 0.010 0.144 0.174 0.002
3bpercent 0.015 0.047 0.047 0.001
84percent 0.006 0.015 0.021 0.002

Blue 0.043 0.037 0.094 0.002

Green 0.057 0.027 0.100 0.001

Red 0.029 0.020 0.034 0.000
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A8 SAM d& K| & H
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19 15 PLSREY 71¥k 67 S22 A Ha 2HEYH HZ(AS vs, dS): $JoA oldlE 9 4 12%, 36%, 84%: L% 4 Red,
Green, Blue (37} &S FEH: Visible(7FA %) /Near-Infrared (£ 4 2] ) /Shortwave-Infrared (&3} 2 2] ) )
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19 16 RF 29 719 67 S22 A d3d 2HEY v (ASF vs. dS): YoM ol 2 9F &E 12%, 36%, 84%: 5% & Red,
Green, Blue (37} A& FEH: Visible(7FA13%) /Near-Infrared (£ 4 2] ) /Shortwave-Infrared (23} 2 2] ) )
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19 17 GB 249 71wk 67 2 iy Ho AHEY HZ(AS vs, dF): YoM ofdlZ 9% &E 12%, 36%, 84%: 5% & Red,
Green, Blue (37} A FEH: Visible(7FA13%) /Near-Infrared (£ 4 2] ) /Shortwave-Infrared (2F 3} 2 2] ) )
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PLSR 84percent 0.221 0.203 33.318 0.123
PLSR Blue 0.151 0.137 78.866 0.084
PLSR Green 0.127 0.094 53.853 0.266
PLSR Red 0.266 0.257 104.014 0.124
Average 0.162 0.144 58.719 0.164

RF 12percent 0.124 0.107 91.129 0.281

RF 36percent 0.148 0.138 40.077 0.078

RF 84percent 0.060 0.055 8.121 0.022

RF Blue 0.079 0.068 46.002 0.132

RF Green 0.030 0.026 11.500 0.075

RF Red 0.026 0.022 13.705 0.039
Average 0.078 0.070 35.089 0.105
GB__smooth 12percent 0.051 0.042 35.925 0.183
GB__smooth 36percent 0.046 0.031 9.629 0.102
GB__smooth 84percent 0.016 0.014 2.250 0.016
GB__smooth Blue 0.022 0.018 15.099 0.053
GB__smooth Green 0.026 0.023 7.040 0.032
GB__smooth Red 0.022 0.017 11.768 0.037
Average 0.031 0.024 13.618 0.071
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19 18 LR, PLSR, RF, GB EA &xg& 671 S22 A Ha 2HEY v (AS vs, dS): SollA ofdlE 9% 4 12%, 36%, 84%:
Q2% 4 Red, Blue, Green (370 A F+&EH: Visible(7FA] %) /Near-Infrared (<% 2] ) /Shortwave-Infrared (¢t} 2] 2 ) )
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