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Abstract

Monitoring coastal ecosystem regarding the IUCN Red List of Threatened Species are essential. It was
reported that 11 of 70 mangrove species are at risk of extinction. Hyperspectral imagery, hundreds of narrow
spectral bands, has been effectively utilized to discriminate mangrove species. It is capable of delivering detailed
spectral reflectance of mangrove varieties—however, some confusion between Rhizophora mangroves (Rhizophora
mucronata and Rhizophora apiculata) still remains. This study aimed to classify mangrove species by utilizing a
clearer PRISMA hyperspectral image of the Talumpuk cape with less than 0.03% cloud coverage and a spectral
angle mapper (SAM) algorithm. Two sets of data were subsequently prepared 1) all spectral bands and 2) seven
spectral bands selected by a genetic algorithm. Overall accuracy and dependent sample t-tests were then
employed to evaluate the classification results of the two datasets, gaining 81.3% and 76.0%, respectively.
Statistical testing revealed that null hypothesis Ho: (0.7 — 0.6) = 0.1 was significantly rejected at 99.0% confident
level (p-value < 0.001). Despite comparable overall accuracies between the two datasets, it was evident that the
genetic algorithm helped reduce the confusion between the two Rhizophora species. This was supported by
improved producer and user accuracies. Itis anticipated that the capabilities of PRISMA satellite images have many

advantages in mangrove ecosystem monitoring.

Keywords : PRISMA hyperspectral imagery; remote sensing ; classification ; tropical mangrove species
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Figure 1 (a) The location of the Talumpuk cape, Pak Phanang District, Nakhon Si Thammarat Province, Thailand

(b) False color composite image of PRISMA hyperspectral data (Captured on 13 August 2022)
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Table 1 Main characteristics of the PRISMA Level 1 data, adapted from Vangi et al. (2021)

Feature Description
Inventory date/ Sun zenith angle 2022-08-13 08:52:39.85027/ 20.994°
Orbit altitude reference/ Swath 615 km/ 30 km
Available product Top-of-Atmosphere Spectral Radiance; Cloud mask; Sun-glint Mask;

Calibration and characterization data used; Classification Mask

Ground Sampling Distance Hyperspectral: 30 m; Panchromatic: 5 m

Spatial pixels Hyperspectral:1000; Panchromatic: 6000

Pixel size Hyperspectral: 30 x 30 ym; Panchromatic: 6.5 x 6.5 ym

Spectral range VNIR: 400-1010 nm (66 bands); SWIR: 920-2500 nm (173 bands)

PAN: 400-700 nm

Spectral width Heaandnvisamngy 12 nm
Spectral calibration accuracy +0.1 nm
Radiometric quantization 12 bits

Rdailinen 1 iflunnens Level 1 (Table 1) Inafiansaun® hyperspectral cubes (VNIR cube waz SWIR cube)
aniuasliuufifiasyaidinau (Radiometric correction) wazdFuufidayadunssainia (Atmospheric correction) fagl

LULA1a89 MODTRAN-4 a2 Fast Line of Sight Atmospheric Analysis of Spectral Hypercube (FLAASH) Tulilsunss

|
1 A

ENVI 5.6 (E-Contract No.E21-0076 dtyryniai 003/2564) (L3BHARRIS, 2021) Tnenaanlfunuailnaiu 164 doapau

' |
1 A

anuauglnaFuTanNALes PRISMA hyperspectral cubes a11491 239 499AAU (Carfora et al., 2022) T91G29ARY

MU 75 F9paugnAnaanuas i 1 lun1sa1uun (Table 2) a1n1isinnng de-streaking wavawnaiuniaenli

a

v
o

A o o . L o o a o \ o g o S .
\ei4ma9luLWIRa (Vertical striping) WianAMuaNAAAI NG e fivssLUNUNANFIUEN9BIULL World Geodetic
System 1984 (WGS84) suUiin UTM Zone 47 North a1n1iuin masking neuiidayanindingnisiiasizvianuin
Tuduneuselyl

Table 2 List of eliminated bands of the PRISMA Level 1 data.

Bands Description
64-66 (VNIR cube) No information
1-2 (SWIR cube)
1-2, 32 (VNIR cube) Higher noise levels

3,54, 79, 84-85, 104-111, 151-168 (SWIR cube)
22,42-53, 86-103, 169-173 (SWIR cube) Bad band list
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o
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164 daapauazldinsnuansAnisaziewidanan (Spectral reflectance profiles) (Figure 2)

30 Rhizophora mucronata (RM)
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)

= Avicennia alba (AA)

g 20 Bruguiera parviflora (BP)
)

=

7]

o

10

" " " " 1 " " " " 1 " " " " 1
500 1000 1500 2000
Wavelength (nm)

Figure 2 The stacked plot of average reflectance curves of five tropical mangrove species from

PRISMA hyperspectral image (164 stable bands ranging from 419 nm to 2335 nm)
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Table 3 The number of training and testing samples per species (1 dataset)

Mangroves Species Abbreviations Training Samples  Testing Samples
Rhizophora mucronata RM 38 29
Rhizophora apiculata RA 51 22
Avicennia marina AM 44 42
Avicennia alba AA 30 28
Bruguiera parviflora BP 38 29
Total 201 150

4. mrawuning lduouanasuiavuanaed PRISMA

wenldwoualnafusianunaes PRISMA 164 G99mauann 239 daeadnlu hyperspectral cubes (Carfora

et al., 2022) Ing/lsllaandaamaunNan e no information, higher noise levels kaz bad band list N1 M914a991n3

[%
o o

S ua1uu 75 da9aannas i 15 lunnsauwun (Table 2) assilunszusunisawunasdasn Muaualnm

=

Nuae 164 doepaudaniusadawunuuy SAM tnalddayanisaau (Training samples) (Table 3) utiel3vanun

=<

30 9m (@anld 4,725 faya) aeldiunisUiulalae ey intra-sample ananaiiuainnin (Spectral signature) 284

o

ugldthaneauluaeiuginaiulnedpdeyaudousanidanuanadualnaiuuansialiannias lunisdiuun

v
] o 1 o o

i qusinatndiayafaefinisguuuniaananAudusi (Stratified random sampling) (Wan et al., 2020) Ing144a3a

q
v v
'

nsaeuTitunviuuda (Data rotation) dutleudingsaneifiasuau 1 qa/seu (indvieunn 30 10) Tneld spectral
angle mapper classification lultsunsy ENVI 5.6 (L3HARRIS, 2021) Uarm39aaaLAIAIINgniedsicedayannaay
(Testing samples) (Table 3) AutelBanun 30 10 (4,500 Haya) Inaguilaudingnisnsaageunanisanuunanuay
1 19p/391 (g1iTamae 30 10) Lﬁ@‘l%uﬁ?smLﬁﬂummqunﬁmimmw (OA) mm%m&awmmuﬁﬁmmﬂﬁ@m
(Figure 3)

5. N129uBN IALNIAMABNTINAAWYEN PRISMA

NM3ARLABNTNAALLEY PRISMA lHanAnauiudosnaulfiilu 7 40enau Tnaimualiidengaaulnnivaes
PRISMA fiAannenamaulndiAeeaiugieadauaesnnenanaiienszuy Hyperion LHLA 499AA1 549 nm, 712 nm,
732 nm, 1034 nm, 1235 nm, 2073 nm, WA 2083 nm N1FANUANIINARBITBINTAALABNTIAAUNLUNZANATE
o ad & o ) ) = A _ 2 qgu %
TURBUATITNNUEN3TH (genetic algorithm, GA) Tunstinnsmagauauialasiulany 7 GaldAnArugniiesaasnig
AMUUNEIAA (Koedsin & Vaiphasa, 2013) Atiuluau3qaauaengdosnaunes PRISMA iAo u819AAY 546 nm,
709 nm, 729 nm, 1038 nm, 1240 nm, 2070 nm uaz 2086 nm N lsaniusaanuun SAM uazialfinanisifFauiiey

laifimanaides (Bias) Asnnuuadiayanisaan (auun 30 40) uardeyanaaey (auun 30 90) Tiduiayage
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WweaiuiunItinisauunAcsaina furisnnaes PRISMA 1491 164 199AA1 ANt Fauiiiaum Anpnugnies

TnusanvasdiayanaasuniaAunign (Figure 3)

Mangroves Species
Samples

7 spectral bands selected of
PRISMA hyperspectral cubes

Band 20 (VNIR) 546 nm T )
I
Band 38 (VNIR) 709 nm SAM c as§|f|cat|on o
using entire bands

|

I

I

I

|

: Training Samples Testing Samples

I

I

|

I
Band 40 (VNIR) 729 nm : ~ 1

I

I

|

|

I

|

|

1

I

I

I

I

(30 data sets) (30 data sets)

\ 4

~ )

Overall accuracy
(Method 1)

Band 13 (SWIR) 1038 nm
Band 32 (SWIR) 1240 nm
Band 116 (SWIR) 2070 nm
Band 118 (SWIR) 2086 nm

I

J SAM classification
;\ using selected bands )‘
v
Overall accuracy
(Method 2)

Comparisons the accuracy

Figure 3 Flow-chart of five mangrove species classification using the spectral angle mapper (SAM) algorithm

6. N1960799ADUNANITIIUN

HaN1FALUNLTEAY 5 AeufgniNIRIadeuANgNAediaslss iUl ss AN ENINTeIN1IRMLNAYE
wiBndANAaInALAREY (Confusion matrix) taelEn sufeuiausendnedioyanisaruun (Classified data) wazdiaya
#1984 (Reference data) (Koedsin & Vaiphasa, 2013; Congalton & Green, 2019) ANIUAINTINEDLNNANNARAARD

289N13 LN ARe ANEHNLsEANTuALLN (Kappa hat coefficient, K) Aag@nnish (1) (Carletta, 1996)
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PA)-PE)
= (1)
1-PE

Tnamualil PA) Rapnuianiluaiiusenaiesaasiayanisanuunuas PE) Aapauiianiluaai
aanAfosrasiioyadnags lned K uilsld 3 409 tsznaudien 1) K > 0.8 imnuasnndasiunin 2) 0.67 <K < 0.8 &
ANganAfesiulunane uay 3) K < 0.67 danudanadesiumi (Carletta, 1996) Tnanadninlinnugnsiesgegn
(Maximum of overall accuracy waz Maximum of kappa) a1nn1sauunéag SAM Tunstinislunuaidnmiusiaun
289 PRISMA UAZNIUNNEUAINIIARLABNTNAAUAINNZANALYNTNNWAAINANIPAUUNANENE (Figure 4)

7. NSNARABLN NADE

7.1 nsufreuieunielungu

HAANEQATINE289N199741N (A1 Overall accuracy Uag Kappa) A98IARauiniLL SAM Nanadnislguny
anlnaFNNIuNALeY PRISMA 41191 164 99AA1 WATN19AAABNTIAALLEY PRISMA 41191 7 199AAU QNTINN

o . d D e da s . v .

WhruineuAedtreenguitet19nEnsuAnuasuuULn#Afae dependent sample t-test AuunliiannfAgaunan Ho:
p1 = p2 (A ANUANGNY) wazannRgueed Ha: pa # p2 (FAdaauuans1e) Ineil Ho azgnufussile t> ty2 e
02 ARTZAUANNITANUN1ATAAN t uuy 2 nne HasAndassiiluaneiius (Wilkerson, 2008; Koedsin & Vaiphasa,
2013; Gerald, 2018)

7.2 nsufFeuniieussninNngu

HAANSAATINIIBINIIAUBNHeA[ LU LLY SAM Taan1sAniaandasnauaad PRISMA A1491U 7 109AAY
anidssignihsnFauauiuiauiinwluafneuieae linaaesdniaendaenduisnzanaes PRISMA 13
AU 9 Ta9maRAaeAT GA Taeldnsdlaunnlasiuloni 9 souAuFawUNLLL SAM (Muangkasem et al., 2022) 113t
Atnan1AuLNNeuaINITE LI UANATNE8Y PRISMA 41191 9 UAY 7 do9pauuniFauiiauAaaaedngy
o 1 d‘d ay o % a o 1 1
AeteiinisuanuasuuuLnisian dependent sample t-test tnafinvualianusgiuvan Ho: pa = p2 (Arlaidaans
WANFNY) wazaNNAgIuIes Hi: pn # p2 (AnANLANFNg) Tned Ho %gnﬂﬁmmﬁ@ t> to2 WD o2 ABTZALAINN

T UNADAAN T uuL 2 119 HesAndaszidlurneiius (Wilkerson, 2008: Koedsin & Vaiphasa, 2013:; Gerald, 2018)

HANISIAE

1. aan19auun ne gunsan lnasuiavina ey PRISMA

HANTTAN RN TN TN AR LA LALL NAFNTINNATEY PRISMA a7191 164 Ta4ARUIINALAIRLUNLLL SAM
Inelddayanisasu (iaunm 30 4a) wardeyanaaay (MIuum 30 ) WUINAINITIENTUAIANYNFIBsTALFIN

watresdiayanaaauatisanay 74.3 uazAranngniiaslagsan (OA) resdieyanaaaundauinigainiuiensy
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81.3 (Table 4) @aiflunislFuilgeAraaugniiesnasnisaruuniinaulifessy 0.6 Waauiunisauunlaglduoy
gidnmFuyiaunATes PRISMA a1uq1 170 499adu (OA $aaaz 80.7) (Muangkasem et al., 2022) (Table 5)

2. HANNTAUKN AEIN12AMIABNTINAALYEY PRISMA

o A 1 Aﬂl 4 U = o o O 1 dl Y @ 1 dl A
HansAnAeNTIAAWTBsayanwttaaafied PRISMA gnaniaatuiutsinauliidu 7 deanaulnaiaen
AALNATNUD PRISMA NdANE19AALINAAENALITINARUI8SNIWENYANITARNIZLL Hyperion ANRANNINAASS

s GA lunsdiniamagavawialasTuland 7 TelfiA1Anugnfiesaain1sa uuNgegAIINFIaILLN SAM (Koedsin

o =

& Vaiphasa, 2013) Wistiaslddayanisasuuazdeyanaseuiilugmnsiuivdeyanldaruunlueuideaiannls

a

3

' '
a

AUNATUTIMNATRY PRISMA A1101 164 T09AAUnLdLHNa 1 PRISMA LiNe 7 a9maudalssnatfotmanus1daaui
546 nm, 709 nm, 729 nm, 1038 nm, 1240 nm, 2070 nm Uaz 2086 nm a1 SAM WidAugnéiadiaasaniadayes

fayannaniFenas 65.9 uazArAugniedinasnaedayanaaauNiANNTigaegfisasas 76.0 (Table 4)

Table 4 Overall accuracy (OA) and Kappa hat coefficient (Kappa) were compared for species classification

between the case of 164 spectral bands and 7 spectral bands of PRISMA hyperspectral data.

Overall accuracy (%) Kappa hat coefficient
Statistics 164 spectral bands 7 spectral bands 164 spectral bands 7 spectral bands
Minimum 67.3 (23" dataset) ~ 60.7 (27" dataset) 0.6 (23” dataset) 0.5 (27" dataset)
Maximum 81.3 (29" dataset) ~ 76.0 (22" dataset) 0.8 (29" dataset) 0.7 (22" dataset)
Average 74.3 65.9 0.7 0.6
Standard Deviation 3.3 2.9 0.0 0.0

Table 5 Overall accuracy (OA) and Kappa hat coefficient (Kappa) were compared for species classification

between the case of 170 spectral bands and 164 spectral bands of PRISMA hyperspectral data.

Overall accuracy (%) Kappa hat coefficient
Statistics 170 spectral bands 164 spectral bands 170 spectral bands 164 spectral bands
Minimum 62.7 (28" dataset”)  67.3 (23" dataset) 0.5 (28" dataset’) 0.6 (23" dataset)
Maximum 80.7 (8" dataset*) ~ 81.3 (29" dataset) 0.8 (8" dataset) 0.8 (29" dataset)
Average 72.9 74.3 0.7 0.7
Standard Deviation 4.3 3.3 0.1 0.0

Note : * Mangrove samples used for image classification in research article from Muangkasem et al. (2022) (30 datasets in total)
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3. HANITAUUNAINE

HANNIRILUNLAZINYINGAYINAA ALARD AN ZN TN LTNANNTAuLNEIgA A NFAR LWn SAM Taalduny
AUNAFUINNATBY PRISMA 164 199AA1 (Table 6) WaLAMABNTMAAULBY PRISMA 7 929a@s (Table 7) wWuq1AN
Aaugnsiasinasananasanfaaasr 81.3 lwbenas 76.0 LladnaengAaLlnaFNa99 PRISMA Tuariue1onau
In&iAgaiy 7 d99AAuIeININENEANLNENTZUL Hyperion Usenaufaedieaau 549 nm, 712 nm, 732 nm, 1034 nm,
1235 nm, 2073 nm, kaz 2083 nm (Koedsin & Vaiphasa, 2013) ﬁdﬁﬁ’]mmgﬂﬁmﬁ@m@ﬁ@ﬂm 5.3 1NnIuluAang

1 % o o . A ¥ v A Al v a o . | '
gavsiuinan e lulnn Funananauazios (Figure 4) AsdbudanazldgdaesaaunlnalAe iy Hyperion WAAMNLANGNS
V119511 spectral range andiagalaiadailnaiasas PRISMA uaz Hyperion assiasfiansaunlifanisi@enlddosnau
NRUNIZHINTBATNAININATLAT A NUAINUAEN T BARUENFNTU (Vangi et al., 2021; Lassalle et al., 2023)

[3 a o a d” di v o 1 d{' d' | o { 2 V6 v Y a a

ANALBENTBINANIIRLUNTATIH B T WINTARUNRANFNTU TneA1AdHgNfieevEliuasuani
wun N wle Muoudul nasuianuates PRISMA aenelsfinnuunninnisAnaentaaaanaed PRISMA Waa e
7 199PAU Us2NaUAQEIANENIAAY 546 nm, 709 nm, 729 nm, 1038 nm, 1240 nm, 2070 nm WAL 2086 Nm NLINAY
arnnsauenANuansaeInataduininisludneanainsiuinanielulunglénanau (Figure 5) wagadiuilgasn

% ¥ a 26 & = ° & a & | ANae o o .
ANgNAstesiAnLazEldnsiin sauunineneludnivnaIesnalutd1ATy (Table 7) INgNzANWANGNNLENOL
Wndraalsiad walsiuesduazaniureslutaeauiedsnalngnraiuAin1sasienlugesaane 350 nm 99 700 nm
sauvisunuallnaTy NIR waz SWIR (Manjunath, 2013, as cited in Prasad & Gnanappazham, 2014) 1agl 7 AWl
depauinliauunaisiaisnsausnldianalnanis (Rhizophora spp.) asnainiuliusdslumunzandrvduauuniv
Tnanslulugy Eﬂ’uLLammLL@xﬁqﬁﬁﬂﬂnmﬂﬁuﬂﬁmﬁmﬁum@Lﬁmmmnaquﬂmﬁum@ﬁ\‘im&’@u (Environmental

dl o Ao KX a 1 o 1 o rd‘ v o 1 o
stressors) ANsznuiLgININRTAIHNasiaANLLsmureanaFussndaneiugnldsunithmaaueanainiu
FoENNENLANLNEIN (Zhang et al., 2014, Flores-de-Santiago et al., 2016, as cited in Lassalle et al., 2023)

Table 6 The confusion matrix (a) user’s and producer’s accuracy of entire band combination (OA = 81.3%)

Ground truth (Pixels) User’s accuracy Producer’s accuracy

RM RA  AM AA BP Total (%) (%)
= RM 24 11 0 1 3 39 61.5 82.8
g RA 3 7 0 0 2 12 58.3 31.8
é AM 0 2 42 0 2 46 91.3 100.0
'}% AA 2 0 0 27 0 29 93.1 96.4
9% BP 0 2 0 0 22 24 91.7 75.9
(@]

Total 29 22 42 28 29 150

RM = Rhizophora mucronata, RA = Rhizophora apiculata, AM = Avicennia marina, AA = Avicennia alba, BP = Bruguiera parviflora
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Table 7 The confusion matrix (b) user's and producer’s accuracy of the 7 spectral-band combination (OA = 76.0%)

Ground truth (Pixels) User’s accuracy Producer’s accuracy
RM RA AM AA BP Total (%) (%)

= RM 15 5 0 1 3 24 62.5 51.7
?_‘3:: RA 6 12 0 0 2 20 60.0 54.5
§ AM 0 3 42 0 2 47 89.4 100.0
% AA 2 1 0 25 2 30 83.3 89.3
% BP 6 1 0 2 20 29 69.0 69.0
O

Total 29 22 42 28 29 150

RM = Rhizophora mucronata, RA = Rhizophora apiculata, AM = Avicennia marina, AA = Avicennia alba,

BP = Bruguiera parviflora

4. AANTUATISRLFEUTEILN12 A UBANNATIA

ﬁﬁquﬂﬁ@wmmif%LLuﬂ'ﬂwwL@umnmﬂ%uauaLﬂﬂmi?uﬁwmmm PRISMA uaznsAnLaendanan
fmnzandiuau 7 daenau qﬂﬁﬂmwﬁﬂmﬁﬁum’mLLﬁmrfhxwwdfmﬁﬂL@ﬁﬂm@anQNﬁQQQﬁqﬁqa dependent sample
t-test Hanmagauagldnfiesanumguvan Ho: (0.7 -0.6) = 0.1 fasfumnudeiatas 99.0 (p-value < 0.001)
(Table 8) Anflunsdudulddnnissruunimeiaudssuauanasuimuaes PRISMA 41uau 164 daanawliing

A 4 ' A o o ] P
ﬂ’]i“Vlﬂ@@\'ﬁ/]llﬂ'J’WNQﬂﬁ]@\?@J\?ﬂQ’]ﬂ’]ish]LLDU@Lﬂﬂﬁ]?N“’WH')u 7 DWNARY
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927000

628000 630000 632000 634000 628000 630000 632000 634000

0051 2 3 4 0051 2 3 4
- Kilometers - Kilometers

(a) (b)

Rhizophora mucronata (RM)
. Rhizophora apiculata (RR)
. Avicennia marina (AM)
. Avicennia alba (ABR) N

Bruguiera parviflora (BP)

Figure 4 (a) The classified image using the entire band combination with 164 spectral bands (OA = 81.3%)

(b) The classified image using the 7 spectral-band combination (OA = 76.0%)
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Figure 5 Mangrove species classification using the seven selected spectral bands increases the accuracy of

detecting the Rhizophora apiculata (RA) class more than all spectral bands. (From this experiment)

Table 8 The statistical comparisons to evaluate the average overall accuracy of two different spectral datasets

t-test statistic Degrees of Freedom
Accuracy Assessment p-value
(Confidence interval 99%) (DF)
Overall Accuracy 14.0 29 0.000
Kappa hat coefficient 13.8 29 0.000
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5. NANITATISFL FEITEI1IN 179 M BAN NAT A 2e I NN 2 T uaUALNAT PRISMA 411491 170 was 164 199AAY

AANgNFaeTedn1sakLn i eaulng 1A uunLLIL SAM $nufuuauaninAFuraaees PRISMA
§119 170 T29AAUAININLA ”ﬂﬁﬁu‘w’ﬁ%ﬁﬁ@u (Muangkasem et al., 2022) LAy 164 ﬂqqmﬁluﬁﬂmnglmmﬁﬁﬂf@ﬂ
‘L‘lﬁmLLl?muLﬁﬂ‘ummLLmnrfmaéwdfmmmﬁwmﬂ@imﬁfmﬂwﬁw dependent sample t-test tng/lLadNsgaTIn04
miﬁmmnﬁ”\mm 30 observations Han1IAdaLATLdBaNTUANNAFUUAN Ho: (0.7 -0.7) = 0 fierfuAuEasiu
%a81az 99.0 (p-value > 0.001) (Table 9) AstiugulAd1n19aUUNFLIFIILLN SAM FanALkaLaNATNEaY PRISMA
&9t 170 F29AAw (Muangkasem et al., 2022) Wirannamaaesiilsidanuunnsineeenifiloddoydledeutunis
WunuaLlnmiuaes PRISMA 41wt 164 Gaaman aendlsfinnumniudnnissuuntnaneiausian PRISMA 164 daanau
1ﬁﬂaﬂuqnﬁ@qqqqm@g’ﬁ”ﬁ@ﬂaz 81.3 (Table 5) Immmmﬂ%‘uﬂgqmmmgn’m’@uﬁﬁ”ﬂﬁ”@fam: 0.6 eifiauiunis

A1uUNfag PRISMA 170 daepduil inanugniesgagaviniufesas 80.7 (Muangkasem et al., 2022) (Table 5)

Table 9 The statistical comparisons to evaluate the average overall accuracy of two different spectral datasets

t-test statistic Degrees of Freedom
Accuracy Assessment p-value
(Confidence interval 99%) (DF)
Overall Accuracy -1.3 29 0.209
Kappa hat coefficient -1.2 29 0.251

k%

6. N@ﬂ’?ﬁ"?m5"7;‘/’7/%7_1?‘517_][,ﬁ£li_lﬂ’75‘”*3’)“14/’7‘VI’Nﬂﬁﬁﬁ‘é’”d’?\‘m’l?Z?LLﬂUﬂLﬂﬂﬁlﬁ\lﬁl@ﬂ PRISMA 411491 9 uas 7 ﬁqqmﬁu

a o A

AANYNABTasnIsauunT g BauaInuAs NN luAT NauTas Muangkasem et al. (2022) dlisn

al

AUUN SAM FauLLnUALLINATNE8Y PRISMA A1uau 9 dasadulnaAnidanunainas GA lunstiauialasluloni 9
Lmzmmmmmmmmmmmimiu‘l}ﬂmfﬁ%@ﬂm 99.0 NARWSHANEUBINITANUUNAINATT (30 observations) gn
inmL'LﬁﬁmL‘ﬁﬁ‘umwmem'mﬁwdwmmﬁmmmjmﬁqmjwEq’fm dependent sample t-test TLNAANTEATINEIDINT
Sruunanneniddeiiiliunuaiinasizes PRISMA 41uau 7 daepan ANNKUANNINAAUATUINUIASANNAFIUNAN
Ho: (0.7 - 0.6) = 0.1 isxfuAnuidesfisasas 99.0 (p-value < 0.001) (Table 10) Aaiflunsdiuguliannisarwunth
BEAUEEFIS LN SAM S ULaLAINAFNT89 PRISMA 41191 9 Toamau (Muangkasem et al., 2022) #inann3
NAfeRRANHLANANsetneihiad Aryiile enunsldunuainasuaes PRISMA 41uau 7 daepauiilsznaufag

mmmm’%u 546 nm, 709 nm, 729 nm, 1038 nm, 1240 nm, 2070 nm Waz 2086 nm
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Table 10 The statistical comparisons to evaluate the average overall accuracy of two different spectral datasets

t-test statistic Degrees of Freedom
Accuracy Assessment p-value
(Confidence interval 99%) (DF)
Overall Accuracy 101 29 0.000
Kappa hat coefficient 10.2 29 0.000

AATUUANIGIAE
mmﬁnmm@uﬂixam%nwwm@qfﬂ@mﬂﬁwdwmqyﬁﬁu PRISMA (Hyperspectral cubes) Inalddqeaauianan
164 TNAAUNUINAINITDA BN T18LaU 5 awﬁuﬁ:Lﬁuiﬁfaﬂ'Nqﬂﬁ@\ﬁ?@ﬂ@z 81.3 (OA = 81.3%, Kappa = 0.8)

¥ o o

@g"lummsﬁmmgmmmLﬂuﬁmﬁumamumm‘?ﬁmwm USGS (Anderson, 1976) T94aAARBIALEANITINLUN

Ao P g g = o ' a \ o & A Aoy -
@’lﬂ\‘i’]u')'ﬂﬁﬂuwuvmﬂﬂmﬂmﬂu (ﬂ’]“ﬁ’mL@uUiLQMLLM@uqu3JV!ﬂ) LL@zﬂqﬁqﬂL@uLﬂm?ﬂuWuWﬂuj Vlh"ﬂ'ﬂﬁ;lj@imﬂfa‘a‘

anlnpfasuunuazliiripaugnsiesinesanninndtiasay 80.0 (Vaiphasa et al., 2006; Koedsin & Vaiphasa, 2013;

¥ v
o

Kumar et al., 2019; Hati et al., 2021; Li et al., 2021; Muangkasem et al., 2022) MuvnanuLauallnafuees PRISMA
WiRe e 7 ﬂqu?{uﬂaxﬂ@u%qmm’mmfmfﬁ'u 546 nm, 709 nm, 729 nm, 1038 nm, 1240 nm, 2070 nm LLaL 2086 nm
IﬂﬁlﬁmLaﬂﬂﬂj"}\‘iﬂgu‘ﬁlﬁﬂ%ﬁmﬂﬂ%ﬂgulﬂ’gﬁﬁ\ifmﬁmﬂLﬂﬂmﬁ‘/u"ﬂ‘ﬂ\‘m’]wﬁ’mﬁ’]flLﬁ?;l&liti_l‘i_l Hyperion A1nNaN1INAa8Y
$aei33 GA luaunalaslulaad 7 GelfirnAnnugniiassasnissuungegeienas 92.0 (Koedsin & Vaiphasa, 2013)
WUTINN2aAR UL LALLINATNTEY PRISMA BntmatiadanandlalEfuamvinfunan1sfne it (Koedsin &
Vaiphasa, 2013) LwimN@‘lﬁmmwgﬂﬁmmmﬂwﬁﬂLLuﬂm%ﬂf@mmmﬁﬂ”ﬁ@ﬂm 76.0 (OA = 76.0%, Kappa = 0.7)
athdlafmuidiesnadadniafuussnu wauazsutlizinansasdimaiiefivdieyanaguns amiAduiaaden
nagauLlszAnsnnnnsauuntasauannwdedng isirasnaiiias PRISMA ‘Emﬂ%’m@mmmmﬁﬁmﬁuﬁ
W.A. 2554 (Koedsin & Vaiphasa, 2013) LL@zf‘fmm@ﬁw’f?’%ﬁqmﬁqLﬁ@ﬂ%ﬂﬂgwmmiéwLLuﬂWuﬁlﬁﬂwm’mmu 5 gneg
Ty AN Lﬁmﬁmﬁﬂ%ﬁ’ﬁﬂgaimﬂﬂ%mLﬂﬂm?@mﬂmmﬁwﬁ'ﬁ spectral range AUANFANNTY (551919 EO-1 Hyperion
way PRISMA) (Vangi et al., 2021)Tmﬂ°ﬂq\m?{umm PRISMA ﬁqnﬁmLﬁ@ﬂmmﬁummﬁ&i@mﬁﬁLLunTmmﬂmﬁn@ﬂﬂ
arneanalnenelulugWdaausnniu (Figure 5) SetaenlfudgeparugniesestiuazAaugnieseuan
m‘ﬂima‘ﬁﬁLLunImmq”L‘uL@“mﬁﬁyumjwﬁﬁmﬁqﬁﬂ; (Table 7) aqmmm@mmmzﬁ“wmuﬁm?&umanﬁﬂifmimmq
mamﬂﬁuﬁﬁfumimwdwrTuLLmﬂﬂﬂqwﬁﬂummmummm@quwn (Vaiphasa et al., 2006) 98 D4T281aAAN
z{umumnmﬂLs‘ﬁumLﬂnm%mmiﬁma‘immqﬁﬁﬁnwmméﬁmﬂﬁﬁumn (Vaiphasa et al., 2007b) ilnsanngnanan
PRISMA lugnunids 709 nm, 729 nm wag 1240 nm a1aduiusiuAinisaziausasinenidluaniiunaliinana
Tmm\ﬂ‘uLéﬂ‘ﬂﬁrﬁhmimﬁ@uﬁLLmﬂm"mmnﬂmmimmﬂﬂmjﬂﬂwfﬁmL@uimmfawwumumﬂﬂﬁu NIR (mmmfmﬁu

700 nm 919 900 nm) (Selamat et al., 2020) Tagl 3 T2I9AAULDY PRISMA 419HUHANNENIAAUATALNANIIAALADN
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2 1ARIAELAINGD GA Nld[uunthaeauanieutsinnenadlulssmalne laun gaalnmain 717416 nm uas
1263+23 nm 183dayalaledalnaianieluielfifnstunaduuntanean 16 aarufinundinanielulug

uazTnan1sludnsanetficauanailuriprugniadinasantszunnifasay 80.0 (Vaiphasa et al., 2007b)

o aa

&uiunan1sRuun e uAINIadE AN WATINaUW (Muangkasem et al., 2022) tae 14 Tudinyanin

' ] '
o A o a

Astreana1ied PRISMA Gaaiuiinn wiiliadun 11 wownax 2564 (Cloud coverage 5a81ay 6.04) WU

APLABNTINAALUTRY PRISMA Waa 9 199Aaw MAwA 99AAU 434 nm, 500 nm, 614 nm, 876 nm, 1163 nm, 1726 nm,

2052 nm, 2086 nm WAL 2214 nm ang@lnaiuyianam 170 daepaulaaldng GA lunsdinismesauauialasiulaun 9

1=y

FANALFAUUNLLL SAM Az liiAIAINYNARI18INNIILUNGIgARENsREas 81.9 (OA = 81.9%, Kappa = 0.8) It

U
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