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Abstract

The aim of the study is to develop economic crop areas classification method from Landsat
8 using combined datasets of spectral data and ancillary data including (1) Tasseled cap calculation
data of Landsat 8 (brightness, greenness, and wetness) and (2) Biophysical data (elevation, slope,
and aspect) for increasing the accuracy of economic crops classification using support vector
machine method in Upper Lamchiengkrai watershed of Nakhon Ratchasima province (the top three
main economic crops of Nakhon Ratchasima province). The Landsat 8 images with the ancillary
data were classified into seven LULC types that consisted of (1) urban and built-up area, (2)
economic crops (e.g. paddy field, maize, cassava and sugarcane), (3) tree and orchard, (4) forest
land, (5) water body, (6) scrub and (7) bare land. In addition, the accuracy assessment of the
economic crops classification was performed by using the overall accuracy and kappa coefficient
to find the optimum groups of the dataset. The result revealed that the overall accuracies and the
kappa hat coefficients of various groups of the datasets were 84.21-92.76 and 62.35-81.67 %,
respectively and the most optimum group for the economic crops classification is the integration
of spectral data, brightness, greenness, wetness, and elevation. As a result, applying spectral data
with the ancillary data of Tasseled cap data and some biophysical data can increase the accuracy

of the economic crops classification.

Keywords: Landsat 8 data; economic crop; support vector machine; biophysical data; upper

Lamchiengkrai watershed

998



Ui 28 avvil 6 Agurey 2563

15815 memansuasimalulad

1. unin

quihandoslnaduguinieiiddgues
Fmiauassvdu daszaviudymnisuims
Fan1an3nennsi $TUIARBINNTULTITATAMN
dniteliuszawulaldluusinadiiome Tne
anvgndndidday Ao n1sldussloviiAunay
dsunaquinliivngan Aol q 1wy
n1sugnielalnsanuanssauveiu n13as
?ﬁﬂqﬂa%ﬂqmwmm}l \Aadn1znsTInRAaUN
Taglanizn1ansinens [1] dewansgnunisgn
WLAswgna lown Jud1iends 9oe wazd1ilng
mlnsasgiAvladnazlvnandala linsaniy
AufeInsTennYAss Hasuiioudledyw
fana1 Fefesinisdaszuunsldussloniviau
wazdsUnaauAuinzay

msfufanszeglng (remote sensing) 1
m%ﬁaﬁﬁaﬂﬁﬁaﬂﬁéf’ﬁw%’aaﬂaL%aﬁuﬁa&m
wnsviane ansadseiuildluuinaniie uay
HlUNITIMAY MTIATIRTYAIUNITINYAT
I@]EJLawwﬁuﬁwaﬂqﬂﬁmmwgﬁaﬁﬁﬁﬁy Tauwn
$17 uddends see T1lne Hudu wenaani
Faaunsaruldidefianunisiudsunas uax
Ussiiui ufluanganluninmneugn 2] asdy

o

Foyamsimunnsliuszlevifinunazdsinagy
Aulagendedoyanissuianszeglnafigniosuay
wiugh tuindudoyaiuguiiddnlunisiiluld
Tumsdanadeiiuiuaznaununisldsslon
Aaulvigniesmuanssnurvosiu 1l o7 euiiy
augndedunsduunliuindu (3]
FBnsvwunuuuaudndululigean
(maximum likelihood classifier) LHuAgn57lé3u
anudengsitanlunssuunmslivsylovingu

v

wazdaunaguay widndudesendediuiuiun

999

M19814 (training area) 31uluNINkazioldu

a o o o

TodaandAgd s un1sIunlszannsly

' v v
caa = o

UselovtuNauluafn NINms1Zn15ILUNNITHY
Uslevinaulusinazdosiinssuiunisdauses

v

Waliuiiuiidegns dawaliusuiuiuiiiazgn
e duiuiidiegeivsinadeyaneudis

[

1170 [4] YramnaTTeinIuLdainisuseynalg
wAlAN3ISeu3AILIATINA (machine leaming)
NAUARITILUNBUUTWNDS ALINLADS WUNTU

(support vector machine) u1lgTun1s91un

(3 =~ b4

Tayaninaiiiey dewalidagduaiuisadiiun

q

1 '
va o & A

Toyaldilueged Sewddduauiiundegidlu

USuauAaud1991in I59nnesannnesuunIuy
unddduisnsduunuuuaiugu (supervised
classification) lasumuilsuegnaunsmaslusny
fieadestumsandiguuuy naemaumsuAtaym
n13danay (classification problem) lagande
wdnnsvesnsmdNUsEavdvesaunisifieasns
duntsuenngqudeyaiignioudignszuaunns
asulviszvusons lnowluludadunyuenngu
%’ayjalﬁﬁﬁlqw (optimal separating hyperplane)
[5] §9971u338909 Ninh was Waisurasingha [5]

o s s

NUIITTNWBSALINAeS wuNTuTUseanS nwly

N193LATIENT DL ANTNATIUTEULAUA LINYAY
9787 eI unUsEANNNSIIUsElevUNRULAY

deUnnauiiu Tud A.6.1990-2015 USauwnLiles

I aa

YauLny Useinalne GRIRNE LUUAMNUIAY

& % & aw .
Lﬂubl,ﬂ@ﬂﬁj@ UDNANNUNUIYUDY Bahari Laganly

[6] WUIITTNNDSALINLADS LUNTUAILITOIWUA

' '
€ a a a

Usgiannstduselevd i duiazd sunaausiu

TN UNTgiwea1les Ussinanniaide 189

Toyan1nanarifisuwauaiam 5 laglviA1niy
g]/ a

gniesazAduUsEaAntuAUUge (Beway 97.10



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 6 June 2020

g 96.00 MNUAGU)
NFIUUNTBYANTNIINAN AT EULAUAKYN

o

8 Avdndnyiidemsywiin Ae JUdnualawaniuves
AEULAUALEY 8 TAUAR18AGINUATILTIBY
LAUALTNTULAT WAYIUUUATDINITEULAUR
waw 8 azdauuaunii [7] fefudietfiuaang
gnaedlunsduunyseiandoyanin 39asiinig
whiruandanm (image enhancement) daidu
nTeUIUNTUINISlideyaninaunsauya

AAUUINT UAITUNITUTEENALRNIENI [8]

ey

unauIsvasn1TduAuANTAtayanINgn

£ [

UBHANTTIUFINNTLYL

Y U

aa

Y

anlgiv lna Weusuuse

P

Audnuazdoyafiazusingdmiumsuaiaiiy
AW Ongsomwang [9] 58UI1N1TUUAIUALYA
awdunsufoinismenenfiomes s wune
lmzilauiumNAIs AU saUna sy
yaagUdnuainisnaf ufud aulasiunisie
Andunis Arganmvesgudnualludeyanin
Auatu nannsiuauantan i liaanse
dunmituingena 4 intu desmndaruuansig
ag13nLau [9] Taufik uazane [7] lauszandld

v

svdlanuuana1aivnssawuuuesuualad (NDVI)
whefiuussAvsnmnisuuniiuiidesman
Y8 UL Klang-Langat Useineuniaide wuill
AANYNABLAYTINGIAY 95.55 % UaLAN
duusransuauUgedia 9150 % NNt
484 Tessawat [10] wudmsuszendlddoyauuu

£ P

VBUANTINIINATILN

U

MANYYIIAAUINN gUS AU

'3

Aukagdeyandanwal (landform) lun1sduun
g Usndwasdenlssnudieisnnssiuun
LUUTEUUTEmey nudndienanugndeslaesi
79.51 % wazArduUsyans ualUl 67.69 % Lilo

Wiguiflgunanisduuniugatoyaiuunangyis

1000

AAUBEIUAEY NUTITBYANINAINAILT BT ROH
Jufvwaztoyanianuel drraugnasslaesiy
wazAnduUszavsuaU1gendt @Aadu 11.82 uay

12.78 % MUa1eu)

Feldslvenudaglunis

v
LYY =2

AUUNTTANYIA

a

N

- a

NWULATWINAIN

o s

PFNNDI

WRUIITN15TIUNN U Uan

a

Y
AN UULAURA WIN 8 1A8A T ALINLADS

v

wunTulidusednsnmunngadu fq8385n15td

Youan

Y 9

AunfvesnInagnniigy (AUE3I19
Ao wazaud ) uasdouadanionin
(AN3ER ANNAIATY UaETIANIINITTULES) 1nYI8
Tun1sdruunyszannsldussloniiAunas
Asunmauiu Teun ﬁuﬁﬂ;muLLasﬁwgﬂa%’N T
Ugniimmsugia ledusuuarliug fufitn Audidy
faziane waziiuiisniis anduiadisuiiou

t2

AN NABDIVDINITTILUNLATUTZLHURIA

Y

qun

e

auandanumuzanlunisiuunnuiivgnivey
wsugha uaguuiandeslnsnauuy Jamin

YATINVEHU

2. IgUsraIAvaen1sIvY

a v

2.1 i aduunit ufi Ugnimaswgiiade
NT3U3TNTTIUUNRUUTNNDS ALINLADS WUNTU
MnyateyanInsaziound uLAIYDITayan M
ALsuLaudLgn 8 Tayanfvgiiaindeyanin
AITENLAUALYN 8 kazTouATINNEAIN

2.2 Wi oS suliisumugnieaveanis

GREGRREY

U

FunuazUssiduning uynde
winganlunMIduuniuivgnituiasugia usian

v
' °

authadeslnsnauuu Jaminuassudun

q

3. gUnsaluazdsnig

3.1 NuUNANE



Ui 28 avuil 6 dguigy 2563 Msa15mermansuazinalulad

& A &

= a o T
wuAdnwnduusnaiuiquiig e g Tme  msw  mwe  owoo

o a

lnsnouvy ddudndaunaingnluiengiine

1697000
L
1697000

Urnidoused Smindugll Fenseunquitud 3

81608 Jmdnuassvdn lawn mwisng augu

1690000
L
1690000

70 azdn ANUN 466.57 M15190LALUAT LAzl

TEAUAINGS 0-596 . (3UT 1) 31nteyanisld

Y

sala

Uselovuitaulul w.e. 2558 Y89nSUNmUIAAY

1683000
1683000

¥
°

seyinnunaulngusenauiieisasygiadfny

Town 917 sudUerae wardilnadesdnd

1676000
1676000

3.2 YUMBUNITANE

ANSANWIAT 91 LY aaN M LIS ArcGlS,

Legend

[ study area

1669000
L
1669000

Erdas Imagine ag ENVI §aiitunounisaiiuinu

sananslilugud 2 lnediswasiBealuusiaztunoy

ﬁﬁﬂiﬁﬁﬂﬁ _ G,
i ORIV 45306 28 L

1662000
1662000

T T = T . —~— T
765000 770000 775000 780000 785000

3.2.1 Tunoui 1 n13ianideyanin

AMNAATB Figure 1 Study area

Satellite data
Landsat 8 Data

Ancillary data preparation
- Tasseled cap calculation
- Biophysical data preparation

- Dataset preparation

Data classification

Supervised method with support vector machine
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Figure 2 Flowchart of our methodology
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Table 1 The spectral characteristics of satellite

images from Landsat 8 OLI used in this

study. [11]
Bands Wavelengths (micrometer)
2 0.45-0.51 (Visible: Blue)
3 0.53-0.59 (Visible: Green)
4 0.64-0.67 (Visible: Red)
5 |0.85-0.88 (Near Infrared: NIR)
6 1.57-1.65 (Shortwave Infrared: SWIR1)
7 2.11-2.29 (Shortwave Infrared: SWIR2)

n1sAnwilddeyanina1fiey
LAUG LYN 8 5¥UU Operational Land Imager

(OLI) Uszean Level-1 data product Felasuns

Brightness = b1*0.3029 + b2*0.2786 + b3*0.4733 + b4*0.5599 + b5*0.508 + b6*0.1872
Greenness = b1%(-0.2941) + b2*(-0.243) + b3*(-0.5424) + b4*0.7276 + b5*0.0713 + b6*(-0.1608)
Wetness = b1*0.1511 + b2*0.1973 + b3*0.3283 + b4*0.3407 + b5*(-0.7117) + b6*(-0.4559)

Tnef brightness Ao ANAINS; greenness fla AIULTET; wetness A AL

Landsat-8 (Blue)  Landsat-8 (Green) Landsat-8 (Red)

,..® ) @e

Wetness

Greenness

Brightness

' @ "é

‘U%’ULLﬁ’mmﬁmwammaa%ay’awgﬂuﬁﬁai’ﬂﬁ
(radiometric) wazidaL591AdA (geometric) wdafi
sreazdendeiud 30x30 was mnfivaaane
ANTAATEUARNTEIN path 129 row 49 Liulud
https://earthexplorer.usgs.gov Fvuiinamiui
9 wileufivray n.a. 2558 nMsdnwiidenldians
WUA 2-7 (57991 1)

3.2.2 Tuneui 2 mamioudoya
(ancillary data preparation)

(1) MsumAUszansildlunis
duniswuaawuy Tasseled cap (Tasseled cap
calculation) Yeyaninaiiiguuauduam 8 14lu
AsFuIaAUsEANSANe 9 Tdud ArAuEsng
(brightness) A211L 987 (greenness) AI1LTY

(wetness) aaaunsaalull [12]

(1)
2
(3)

=

Ju; b AD LUUA

Landsat-8 (NIR)

Landsat-8 (SWIR-2)

Elevation

Figure 3 The data used in classification
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Table 2 The data sets for classification
No. data set Input data
1 Blue | Green | Red | NIR | SWIR1 | SWIR2
2 Blue | Green | Red | NIR | SWIR1 | SWIR2 | Brightness
3 Blue | Green | Red | NIR | SWIR1 | SWIR2 | Brightness |Greenness
4 Blue | Green | Red | NIR [ SWIR1 | SWIR2 | Brightness |Greenness|Wetness
5 Blue | Green | Red | NIR | SWIR1 | SWIR2 | Brightness |Greenness|Wetness | Elevation
6 Blue | Green | Red | NIR | SWIR1 | SWIR2 | Brightness |Greenness|Wetness |Elevation | Slope
7 Blue | Green | Red | NIR | SWIR1 | SWIR2 | Brightness |Greenness|Wetness |Elevation | Slope | Aspect

3.2.3 Tumauil 3 M3TUuUnUaya (data

classification) LA BN UT #2898 19TUN1TIILUN

' '
faa a
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LTy Aiodedoyaninisayiiound uuaves
Jaganinaniisunaudum 8 wazdoyaniugi
TouA Aauaa19 (brightness) AMaLTe7 (green-
ness) A213% 1 (wetness) A211g 3 (elevation)
AUAATY (slope) hasTiFin1INIsTuLEl (aspect)
vosyndeyatis 7 9a uandluzuil 4 uazsiwanidon
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Urban and build up area
Economic crops

Perennial tree and orchard
Forest

Waterbody

Scrub

NN BN B BN R

Bareland

Dataset 7

Figure 4 The results of land use and land cover areas from the different sets.

Table 3 The results in sg.km. of land use and land cover areas from the different sets

LU/LC class (Sg.km.)
Datasets | Urban and build | Economic Perennial tree Forest | Water body | Scrub | Bareland

up area (UB) crops (EC) | and orchard (PO) (FR) (WA) (SO (BL)
1 26.34 362.24 6.35 37.89 2.31 9.36 22.08
2 30.32 350.84 6.11 43.31 2.94 9.33 23.72
3 25.03 365.43 5.82 39.95 3.00 7.95 19.40
a4 29.75 352.06 6.14 48.33 3.26 8.20 18.84
5 24.04 353.27 8.77 50.09 3.27 7.23 19.91
6 23.79 363.88 8.33 36.01 3.36 11.08 20.11
7 21.49 361.27 11.47 36.40 2.85 13.96 19.13
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Figure 5 The results in percentages of land use

WEL

and land cover areas from the

different sets
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Table 4 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 1

Reference data Users Conditional
Classified
accuracy | kappa for each
data uB EC PO FR WA SC BL Total
(%) category (%)
uB 4 2 0 0 0 0 0 6 66.67 65.00
EC 3 99 0 5 0 0 2 109 90.83 60.00
PO 0 0 1 0 0 0 0 1 100.00 100.00
FR 0 11 a4 8 0 0 0 23 34.78 28.17
WA 0 1 0 0 1 0 0 2 50.00 49.67
SC 0 3 0 1 0 1 0 5 20.00 18.93
BL 0 1 1 0 0 1 3 6 50.00 48.30
Total 7 117 6 14 1 2 5 152
PA (%) 57.14 | 84.62 | 16.67 | 57.14 | 100.00 | 50.00 | 60.00
Overall classification accuracy = 84.21 %
Overall kappa statistics = 62.35 %

Table 5 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 2

Reference data Users Conditional
Classified data accuracy | kappa for each
UB | EC | PO | FR | WA | SC | BL |Total
(%) category (%)

UB 4 3 0 0 0 0 0 7 57.14 55.69

EC 1 103 | O 1 0 1 1 | 107 96.26 82.78

PO 0 0 1 1 0 0 0 2 50.00 48.99

FR 0 10 1 14 0 0 0 25 56.00 50.82

WA 0 0 0 0 2 0 0 2 100.00 100.00

SC 0 1 0 0 0 2 0 3 66.67 66.00

BL 0 2 1 0 0 0 3 6 50.00 48.65
Total 5 119 | 3 16 2 3 4 | 152

Producers accuracy (%)|80.00|86.55|33.33|87.50 [ 100.00 | 66.67 | 75.00

Overall classification accuracy = 84.87 %

Overall kappa statistics = 64.66 %
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Table 6 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 3

Reference data Conditional
Classified Users accuracy
kappa for each
data UB EC PO FR | WA | SC BL | Total (%)
category (%)
uB 4 1 0 0 0 0 5 80.00 79.32
EC 0 107 0 2 0 1 2 119 95.54 79.44
PO 0 0 1 0 0 0 0 3 100.00 100.00
FR 1 10 1 14 0 0 0 16 53.85 48.42
WA 0 0 0 0 2 0 0 2 100.00 100.00
SC 0 1 0 0 0 2 0 3 66.67 66.00
BL 0 0 1 0 0 0 2 4 66.67 65.77
Total 5 119 3 16 2 3 4 152
Producers
80.00 | 89.92 | 33.33 | 87.50 |100.00| 66.67 | 50.00
accuracy (%)
Overall classification accuracy = 86.84 %
Overall kappa statistics = 67.34 %

Table 7 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 4

Reference data Users Conditional kappa
Classified
accuracy | for each category
data UB EC PO FR WA SC BL Total
(%) (%)
UB 4 3 0 0 0 0 0 7 57.14 55.69
EC 0 103 0 1 0 0 1 105 98.10 91.23
PO 0 0 1 0 0 0 0 1 100.00 100.00
FR 1 11 1 15 0 1 0 29 51.72 46.04
WA 0 0 0 0 2 0 0 2 100.00 100.00
SC 0 1 0 0 0 2 0 3 66.67 66.00
BL 0 1 1 0 0 0 3 5 60.00 58.92
Total 5 119 3 16 2 3 il 152
Producers
80.00 | 86.55 | 33.33 | 93.75 |100.00| 66.67 | 75.00
accuracy (%)
Overall classification accuracy = 85.53 %
Overall kappa statistics = 66.81 %
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Table 8 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 5

Reference data Users Conditional
Classified
accuracy |kappa for each
data UB EC PO FR WA SC BL | Total
(%) category (%)
UB 4 3 0 0 0 0 0 7 57.14 55.69
EC 0 108 0 0 0 0 1 109 99.08 95.77
PO 0 1 1 1 0 0 0 3 33.33 31.99
FR 1 6 1 15 0 1 0 24 62.50 58.09
WA 0 0 0 0 2 0 0 2 100.00 100.00
SC 0 1 0 0 0 2 0 3 66.67 66.00
BL 0 0 1 0 0 0 3 4 75.00 74.32
Total 5 119 3 16 2 3 4 152
Producers
80.00 | 90.76 | 33.33 | 93.75 | 100.00 | 66.6 |75.00
accuracy (%)
Overall classification accuracy = 88.82 %
Overall kappa statistics = 73.29 %

Table 9 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 6

Reference data Conditional
Classified Users
kappa for each
data uB EC PO FR WA SC BL | Total | accuracy (%)
category (%)
uB 5 2 0 0 0 0 0 7 71.43 70.46
EC 0 114 0 1 0 1 1 117 97.44 88.19
PO 0 1 1 1 0 0 0 3 33.33 31.99
FR 0 2 1 14 0 0 0 17 82.35 80.28
WA 0 0 0 0 2 0 0 2 100.00 100.00
SC 0 0 0 0 0 2 0 2 100.00 100.00
BL 0 0 1 0 0 0 3 4 75.00 74.32
Total 5 119 3 16 2 3 4 152
Producers
100.00 | 95.80 | 33.33 | 87.50 |100.00| 66.67 | 75.00
Accuracy (%)
Overall classification accuracy = 92.76 %
Overall kappa statistics = 81.08 %
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Table 10 The confusion matrix, overall accuracy and Kappa coefficient of the data set No. 7

Classified Reference data U Conditional
data UB EC PO FR | WA SC BL | Total | accuracy (%) kappa for each
category (%)
uB 4 3 0 0 0 0 0 7 57.14 0.56
EC 1 113 0 1 0 0 0 115 98.26 0.92
PO 0 1 2 1 0 0 0 4 50.00 0.49
FR 0 0 0 13 0 0 0 13 100.00 1.00
WA 0 0 0 1 2 0 0 3 66.67 0.66
SC 0 0 0 0 0 3 0 3 100.00 1.00
BL 0 2 1 0 0 0 4 7 57.14 0.56
Total 5 119 3 16 2 3 4 152
Producers
accuracy (%) 80.00 | 94.96 | 66.67 | 81.25 [100.00]/100.00|100.00
Overall classification accuracy = 92.76 %
Overall kappa statistics = 81.67 %
Table 11 The ranking of the overall accuracy and Kappa coefficient of the data sets
Dataset Overall accuracy (%) Kappa hat coefficient (%) Order
1 84.21 62.35 7
2 84.87 64.66 6
3 86.84 67.34 4
a4 85.53 66.81 5
5 88.82 73.29 3
6 92.76 81.08 2
7 92.76 81.67 1

Table 12 The comparison of the conditional Kappa hat coefficient of agreement of each data set

LUILE s Conditional kappa hat coefficient of agreement of each dataset (%)
Dataset 1 | Dataset 2 | Dataset 3 | Dataset 4 | Dataset 5 | Dataset 6 | Dataset 7
UB 65.06 55.69 79.32 55.69 55.69 70.46 55.69
EC 60.16 82.78 79.44 91.23 95.77 88.19 91.99
PO 100.00 48.99 100.00 100.00 31.99 31.99 48.99
FR 28.17 50.82 48.42 46.04 58.09 80.28 100.00
WA 49.67 100.00 100.00 100.00 100.00 100.00 66.22
SC 18.93 66.00 66.00 66.00 66.00 100.00 100.00
BL 48.30 48.65 65.77 58.92 74.32 74.32 55.98
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