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ABSTRACT

The purpose of this study is to help you get an assessment of
unmanned flatland photographs. And learning algorithms to help you visualize and
map soil salinity. Drive the RGB camera setup to get the recording value of the Red,
Green, Blue wavelengths to learn about the calculation of the electric charge caused
by the salt from the soil. He comes from a 2nd source, which is the surface (depth 0
anyway) and this laser (depth 30), which gives you a spacing per size 5, 25, 50, and 100
that haven't yet. Efficiency was evaluated by matte metal with a general linear model.
In addition, the support vector machine, the results of the ground-surface conductivity
measurement (0 depth forward) measurement study, will help the 25 wavelength
ground-distance vector machine to provide good retrospective values. The most This
will make the failure coefficient (R?) equal to 0.561 and RMSE equal to 16.698. The
best comparison result was compared with the coefficient of decision (R?) of 0.448 and

RMSE of 1.588.

Research shows that the use of images from UAVs at low prices or
prices that everyone can afford. It can be used to inspect, evaluate and survey the

area that is expected to be a preliminary saline soil area.

Keyword : unmanned aerial vehicle (UAV), saline soil, electrical conductivity, ground

sampling distance (GSD)
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7-14 Yu @uegiuemuFuresiu) mntuiaifudignssuiunanahliiivesiu vief
Buninen Electrical conductivity (EQ) (nsumunfinu nsznsaanumsuazannsal, 2564)

I iadnnanfuvesiu 3B inanuAuvesiiuiinasds uiideuiulaemaly geain
aududuresmuduiitals Suinagldnisunluiivesiu Electrical conductivity (Ec)
viheauituiudy wlwudewns (ds/m) amsuliihwesduiiadaldaniuinainnis
azansunT duRaf811 Electrical conductivity at saturation extract (Ece) il 25 paA"
waua uldussdiuliunanndotazdnsnavesnaslufunenisiasgivlalaznananves
fiy (NIUMSNEINTEIE NTENTININLINIFITHT AUAzAWINDY, 2564) YaymnvediSuuuiiy
fio Tninensuazissnudiuaun duuies tegausulmdutiogiulden Banndosdings
Usuliidutlegdu vesdoyavess wazfnmun1nUdsundawesiuiluiufivuialng s
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agalsimalugasliAd A undnsldnnsdrneszerlnalaiiazBunindreain
Ao vseusinsyinmanenseniAaInenaeuliaudy (Unmanned aerial vehicle,
UAV) Idgminanusggndlunisldaugusingg esnlfauasndendaiuiiuaginalige
Lﬁ'aﬂmﬂmmmLﬁuﬁauuamwmaiﬁnmﬁa IININBNUNSANIY (A wAIUSS, 2561) 19
VAV undestlioddaludssnadanamiefiuiuesiumiou wazinsldnmdisan
VAV dwmsunissuisveslnaldaulddnialunaieanv wu msasaTauuulivhaneiie
MunekandnvesntudiUrrdaege5insa (Selvargj et al., 2020) nstdamatsain UAV
Afwuiresvesdyyiamaledewinnin 100 Yesdmain danazidenunidudivey
(Hyperspectral imaging system) WATAMNENERINAUTEY 1NUTEINUUSUIUAIANULANUDS
fu (Hu et al, 2019) n1sldnana1891n UAV 7 fiwwisadsosdyuin ¢ Yaedynin
Usgnaumiggudundu dudi@en gudune wazgrudunsusalng iudu (Multispectral
imaging system) 11AT193UAIANTIUTDILUANHN (Bendig et al., 2019)

(Zhang and Zhao 2019) ¥ns@AnwANLLANTBIAUdINaIdsRDNSIaSAUlALAY
NSHARNYAIETYAINANENY Hyperspectral finamandestuiinaimuu UAV amedneain
A1ITien Sentinel-2A lagnnslaainisagyiounas wavan1sdrlndnludu (EC) 1Tu
nsdmeslunisAneinnuidnvesiudwaldonenisiasyivlanagnisnaniiy @$i
WUUSaBITEaNNISaAnesfia NNy wazvhnsUsufiuuseavsnnuesnuudiasidag R-

v saa o

squared (R?) Han1sANwINUINToyanIna1e RGB wag Near infrared IAuduiusfafiu
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MA et al. (2020) ¥1015AN®INITHUA s ULUAIVDIAIIULAUVDIAUDE 1L U LAY
< ¥ o 1 = =3 & o [y
59957 InelgnsanNauUeIN1a1TIas e lnakuuratewiad 399siudselevidnsunis
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[V
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nguUnsalmderiuiwanluil Electromagnetic induction (EMI) N1553U530A38819R
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VBIAUAIYTBYAIINNNEBULUUMANEYNARU ARARINADITUNINANUY UAV 1TuiATesiien
TUs2lgvU @ MsUNITATIVADUBALNITYLAUN ANLLA VDA UTUSEA VAU A28AIY
PN VDINALA EMI ﬂwsﬂizmmﬁw%mmmmmmLﬁmaaﬁuﬁuﬁuﬁaﬁﬁmiums
U Aa [ dy aa <
fnaulalunsInnITHUNALLAL

= a | ] YA Ay ay v °
INNAYIIYINUNITANBITNNE1IN UL N T d e 1T N15d157958 8 bnalu

NIANYINANTENUVDIRULAL MaluURUUYaIUBLAIINNNENY Hyperspectral NiRARINGBY
JUANAINUL UAV KagnInagaInaniisy witiiasainannInnaesiagaunsnalsnIn
Hyperspectral latufisiafigaunn wazidndaldein dwsuaimaieananiisuiunagls

Tayaluuiiinnineg lianizianeas wasdllauazidenvesnIniainia UAV faduied

audululdlunsuszidiunmaieaneiniaeuliaudy wazdanessunisiseuivenases

(%
Y

dusunisinmuiazyunufin L fuve Ry Imﬁﬁa%amﬂmwdwsluszi’m?{u RGB fiAnsis
NARITUNNAINUY UAV Iagt1a1dsnaunaiainnn waza1n1sutninvesiu unasis
wuuIasalaelyuuudians Generalized linear models (GLM) Random forest (RF) way
Support vector machine (SVM) wagvi1n15usziduuszdns ainuuuaiasdlaglydan

v a

duUszansmsenaula (R?) warsinmasaaaadginnain (RMSE)



1.2 InQUszash
WevinNsUssliunmateaneInIAeuliaudy wagdanaitun1siieuiuedA3aq

APSUNTAAPIUBALYINUNAIULALVDIAY

1.3 YaulwAuazdadinvaIN1sITY

1. waun1sauduius sevinsmsunliiivesiiu fusnisasviounadiurianaua
RGB anassuuudtaedlnglduuudnass Generalized linear models (GLM) Random forest
(RF) waz Support vector machine (SVM) wazyinn1susziiiutszansnnuuudnandlasly
AduUszAninisdaaula (R) wazsinmdsdeadefinnatn (RMSE)

2. TayanmareauazidungsaineiniagulSauduwuuluiinnu Mavic Air 1 us
aeeildasdunndrefleglutsndu RGB wihiy

3. Bildlumafusegsduiineuthundiviosufiing wensaamernsunlniid
ogluAuvesusiaziegsnsvaaes F7ldReIBAnsumuN AUl Tty

a. FBildlunsasamainisiliilufesd§URng AedfAnsuiaundauldly

Ua90u wisgdanuwansnsludunaunisinainisualii Inewesesdenldlunisindinisin

9 9 EC-138 Conductivity Meter

1.4 gounvinnsde
1. WU uRn1simnssuunasiiuazdsuinden AneIANIsuAIans unIne1dy
UMEAIAY

2. UShiainaneyjaun Urulnudy duaiiune 8nee1anan Mudus 46120 ogf

(Y]

PNM 16°23'53.1" W way 1032°16'47.0" nziuaan

1.5 nana1ndnazlasu
aunsavigunsaldmsunisineu wazviuauiianuAnveiu Aflanuwiug lag

TgnmateniseniaaIneIndeulsAudU
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ANSANYIDWNDVININITUTLIUNINENEIINDINTALNIULSAUTU Lazdanassuns
SeudveuniosdmsunisinnuuazyhunuianufuvesRuideliinnisAnyiuuifn

a A A o £ = o 1 a =2 v Y w1 X
NS LLaSITUIYNINYIVBD WorhundunseulwifnlunisAny G]’]iJWJ‘IJEJﬂW]Eﬂ‘UU

2.1 Ry
AuAu (Saline soil) Ao AuAlUsIauNGeyilnsineg Nazansuilivzuuluilonugaau

Judunseseiiy Mellillesnldamnsagaunidssuunnlaagainviafinanmiuiiv

fufty daiuusnandufuauasddnuasduiuiiavalifiietunie Tivivtuegiiie
< =3

wivnsazlunsdifuandnazmiuasuindeduvuRafuduuinunin duluggiundes

Liwuasuindeusnasdunaviviniuilifivunequindeudunnuluuinalndifes

P a < [ ! A a X
i« Auay Nulin1swLnNInIzaNe NNy (arda.or.th)

2.1.1 anvg A iiAnfduduanmnnisunsnszaneauay Aondeiiadudunded
TVva o e @ W = & A a3 1 = &
avarsinlan Widndudnarsienivurlunswundelvazanluinaiseg Niluesugadu

AMATBINTAANITUNINITIIDAULAY



1 = 1

1. @UWRAINGTINYIA AefiuvTenInilindeostidlaanionvienialy lenseuiunismaedl
3 J A ! A & o A A A v

wagnenIenmiazUanUaseindene) senuundewmaiienasauediviivionioudqll

fuiaBudiuae vsedunduinuuiafulalaenissemevesUlnendauwasunavisognivy

g ladupufiegssaulndiafudei Uduuuuau fazdindetunmenenawini

5 v v & o § va A 4 i a a 1 A g J S

Wrszimguialuudinagyviindemdeazaneg uuiany uaznguilduunadssiuvesnin

a & = A 1o @ v oM YA ! @ a A

Uhalldnnnasiindeasangedisadniesnls Wenakuluiiianisavauveuniolay
5 & A a & < 5 o« Ly

MIsEmerand NunusnatuetlunuetivionsaaIumnle

2. @NMRINNINTEVINTRINY Y ADN139ULNEeNa3ISN1squUANT UL

' v
a I

A ad a ~ = o = a | ° v A a v
AN Y30IMIYRRIAUTITATUNGeNRINGeluUTIaNNIUdmaTTIUTUSRadlndLAe
naUUNUR ALY YSoN15as198 1A UE VLN UN AUAY uSatuldAuALYITAANTS
gn52AUVIUNTARUT ULV AN U laesaukazuSnalndAsuiadui unAuauls n1s
gausgmunuemsnaunuluEowmansenuvesiuAuTnielmiadgymaetiungddusslon

& | ~ o = = & A = ~ a I3 v v
NNszUvYaUsEULULg uiafinsmidadsanmiiuiuasAnwsesdgmaua udnsaueag
[~ 1 a < Yao d! L Y o 1 o v [ 901 dy d'
azidumstrsuslelaymaufulaisviluasmsdaldvinangUnyild anmnisSudvesiiui
Lifivsz@nsamvili e dymanuanegrsnnuneainaninnsannsstivesinuasuulas
Tuunufiiyaglduseloindulvaaslulussuvdsinlanuduvildifadguiauduniuun

(% L3

(Usedng yayen3d, 2544)

2.1.2 Bmsasatanudy Bnsenatammiuduivaisd’s winfdeudulaevlude
@Jf\]’mmmL%’uﬁummmmﬁuﬁﬁ’mlﬁ Fanazldnisilniinvesiu Electrical conductivity
(E0) fimbsanudududy wdemusamns (dS/m) anisulniivesiuiiadaldaniuia
mmmsazmammzﬁﬁlmﬁaé’wﬂfw Electrical conductivity at Saturation extract (Ece) fi 25
psAwaldea UldUsziiuUsinundotasdvsnavesnisluiusanisasyiulaLasuands

- ) =~ ) a a v
YDINY (NIUNINYINTTI NIENTINNINYINITITUVIALLASTILINA DN, 2564)



A1519% 1 NTIMUNTEAUAMULALNTNANTENUA DY

AN FEAUAIILLAY HARBNSINNTUgN
Tl
(dS/m)
% 1 [ 1 1A
Honin 2 EHEY Luifinansenudoiiy
I3 ¥ a 1 a a ] ! I3
2-4 TIOGE Hnansznunensasyivlpussiivlivuay
4-8 Wulunang fnansznusion sy Aulavesialeuiin
< = < A a a v a vy
8-16 LALLIN RNz R ule linandnle
1NN 16 LA TIgn nsiwnnuAuigadaasaiulalinandala

i1 : (U.S. Soil Salinity Laboratory Staff, 1992)

2.2 nmdrsradayaainszezlng (Remote sensing)

walwlaglun1sdrsramineinsanameaeaiiiey vienisd1siateyaainsverlng
Tudszmalneld s ududulud w.e.2514 Taglddn1sus s nnenssunISuRIwIfLite
Uszanuaufiunesdsaninenssssumacmeanifioy Ssiifmssgandoinmienusiisg 16
auLlA b U13901ATINTANTIIMSNEINITITUYIAAIEANITENVRIBIANITUTIITNSTULAE
9In1ALY IR (NASA) Tun1sldussleviandeyaniauiioui ed1sransnensaneg
Aeludsema aafisuniawsn tawn LANDSAT-1 Tngldidulasinisdrsiansnenssssuuni
Fromuiiouneld dnaunuenssumsitowiiend deunldinnsensesuiulunesdisaa

ningnsssuAmea sl we. 2522 neiviisauniie iiedeyan1iiieuly

o L%

TUselovilodaninawing daunueSTuueselaeud@ly ddnauauenssunsITeniea

% [
LYY = o o =

dnnsanlsudygrunudisudisiansneans Tuuilul we. 2523 duinnlunissulazngn

o |

Toyaniiien Faduaandsudygrauiusnluvedensiueandedsd Tulagdulileulve

o

Tumheau “drinnuimuimalulagenmatazgiansaume” AWy Weatui 2 weaIniey
W.A.2543
ANMABUAITIINSWYINTTTTUIIRN IS NVRINY TS UNISHAIU VWA B IR UTE AT

= Y a

lonnalunisiihfsleyaniiieuliinedu Tngagduidaaslusisudn.g. 2551 To1gnsld

Nuegates 5 U dmnuansatunistuindeyanmlansluginduiinmueuiu 3 913adiu
& A N A a8 a | a a T a v a

e Ao Auns JWed A11EY wazd e uLasinuedldiviu Bunsusalnd) dseaziBunves

=) ¥ ! o b4 U
AMNE 15 4. AUATINLUINYATIN 90 N, ATNVIIAT 2 U, AITUAINLUINEATN 22 N,



a1u150Uu T Us L lewlun1s398n19nN1SNER NN 898N URTLA W@ nsuLiun@ned
Neafuiionss Tuunyin szezn1snsyduln waranuudussanysaivesluiy Useina
Inedsmswsounsauiaazlaldusslovianlaniadi neasloduaivasmniieuias (8

nsAzA Usgnn, 2007)

2.3 AAUNNBLATNILUIUNTS (Remote Sensing)

' v
N 4 = v v = a

Remote Sensing Aadayalngdfuing fun Alaainasesdietuiindeya (Sensor)

Y

v v 1 o wa

Tnawsldladnluduiadiuining wirzendenuauifndusiivdnvesinili (Electromagnetic

@ A o Ay Yo | ] 2 2 ° 1%
energy) Wude lnerildiuegrsunsrasuazidumenis fie n1sdrsndeyainssesing

(WY N QUK 2557)

2.3.1 m3sutoyauasduiindgyaadeya (Data acquisition) lnaaduwsimanlnii
(Electromagnetic spectrum) 3INAMOMIRGAFIUNRIUTUUITEIN ANl AN U Fuiusvaq
o o ) ¢ & a a = | A o = v Ada o
wasnuivUdnealvuialan waziiuniadrginiesllotuiintoya (Sensor) 7idasn vlu
A1y (Airbore or Space borne) Toayavvgnuuiin wazndndudeyalugluuunin

(Sensor data in pictorial %38 Photograph) W%EULLUUL%&(?IJQLM (Digital form)

¥ ¥

2.3.2 n153AT18videya (Data analysis) axUsznaudlenisuladeyanlsaignn

Y

(Visual interpretation) Lagn153LATIEMTIAUaY (Digital analysis) (@uUR o8y, 2558)

Y

msfudygintaya » mMsiasEntaya
ELHD
7 984
& —
! _ [ @. E
o | el son .
> LA v\
o — — -\ —- 90
. | v vy
vide =Nt oy 0
1@: [n) WHAIMATNY 08NN @ :gg @ yld
. L | sumw AIADT
' @ () @
(2) mensearssiud windoel  nauaume udadn
) uiTEIMA y TORA ulanmw  msaune

7 (R) fnuueAowirgaslan

A 2 NSEUIUNSETRTeyadnTEerlng

fia: http://dc356.4shared.com/doc/8AuUXL Wg/preview.html
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2.4 N1SEN52IAWANEINIDINA (Photogrammetry)
mMsdmasenmdg 1unsdisaiivssgndndniv Photogrammetry aldluns
d5r9nfiuszima mMaviunud wagMIdTInIATIuAY (Terrestrial) wagvnaoIne (Aerial)
Tnlaunsumesidumaluladildlunisvideyaasaumeadidanuwiugrgaisai
IngnmuaranImwInaaNA1e 9 tngrunsruIunstunn M33ede warnsulanuning
INMEY LazgURUUNTUNTUsnd A uusimanlniia uazUsingnnsaldu 9 fign
Tuiinly anedenuvesnunalnllounsumes awnsanvseanlaiu 2 dnvausde
1. Photogrammetry 7igafun1s$etanin (Metric photogrammetry) @4
nsinegsaziBenuazmsnun tielilduunavesing
2. Photogrammetry‘ﬁl Lﬁl gatumswvammw (Interpretation photogrammetry)
e?fm:i‘]umiﬂﬁﬁ’aLﬁ'mf‘ﬁ’umi%’uimwmﬂiwsiﬂa wazduningeig o (lnena dufsssuuwy,

2553)

2.5 YUAVIINTNAY

Anagluaunig Photogrammetry wUadunmdidrsarnniaiuiu (Terrestrial)
LAEN1301n74 (Aerial) n g 18R UAUA 18428 d 897 08 UUA U (Ground - based
cameras) §9agNT1UFUMLs (Position) LazNi8sia (Orientation) voendes YilAnanw1
9039MUPhotogrammetry Mi3en1 “Terrestrial photogrammetry” Junsuszandnissain
e miiinslfiaiesdewazsniunsieauunaiuiu nmsdeialdndosiidvunidnas
dielansnedeuineluauulfasain nsieianmilufudeuldfunsvhusuiigivssme
fvsualiinernsdn uigiivszmedudeu 1wy maviunuiiveaniiealn msviunuiives
pissmanidudunuagyuen uazdnanan 13und1 “Close-range photogrammetry” 18y
mMsfaiafenmiisserseninandes ogvinaainingiazseialimnin lneialuagdidaly
swey 189 100 was wxdimslindesdenniiawiensilasamedagiuiinisussgndld
ndosaennAdsiad it ey Wiluluiesnain sfnavdszyndldeudiulusiuaniu
Tusaing NUMUNINTIVAOUNNGAAMNTTN IIPUNTUINE LielivvuiaLazsUing
vosingiduteuniedesnmsuszndanatiunisiudin

ameensenia lnevhluutseenldiiunimis fu nwidss amAs (Vertical) Ae
amiinelagliunuvesndeseglutuifanniian dunuvesndeswazdtonimey luwuida

939 9TTUIVAIMNILVUIUAUITZUIUIIVVBINUNSNFIW Wazn MmN bATend 79339 (Truly
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vertical) lumsdngnmas e1aazditigmisemesuuindesiazliegluuufsegnasaiian
flosmnanmeinia iiliesesduinnisidedluvasfidenn Sunuvesndondediuan
wannfisndntes amiildiSend amdes (Tih pudewewnundesiiunfasdesndt 10
wazlaiiiu 30 lunsvhouuedefioemmdsadunmi e wdesdlefiiinuassen
gnoazidn1sluanulilawnsuwes losunisiauiaurilinisidnindeslivinlvaiy
gndiosvasnuiilianag
amdea (Oblique) Ao nndisnelagliunuveindeadseonanuuife Amdeswh

(Low Oblique) azliiusngiduveuih drunimdesgs (High oblique) asUsInguulduvey

s
v a

A1 (ARRAENA ASNang, 2559)

Camera lens

Vertical Low oblique High oblique
Camera orientation for various types of aerial photographs

N
J 11 1ty
ISEERRAY
) T
FEREEBE!
HEEERY
A BREE
Vertical Low oblique

How a grid of section lines appears on various types of photos
AN 3 FUANINENYAINUUIF NIWBLIRN NG

o

1 : (ApAFnA AINAaY, 2559)

2.5.1 ANSTUUDILAINAY

(%
Y

IUﬂqidqﬂﬂqwaﬁﬁﬂﬂﬂﬁaﬂﬁﬁﬂﬂWWVHQQWﬂWﬁuUUﬂi@U(Fﬁﬂﬂecanmﬂa)ﬁaﬂmﬂ

wsoslulinquinuil szarenmiduluivwiuiu Bondr “wwadiu” (Flight strip ) nwileg

u
Uszdaiuluusazuuilvagasounquituiivdeuiuluuisd Bondy “diudou” (Endlap /
Overlap) muunfazUssanusaegay 55 A 65 USuvRouiumukTuveInnamil
138071 “USIMANINANER 7 (Stereoscopic overlap area) kagl3enANALIN “An1nany

31§ 7 (Stereopairs) ATLNUAYBINADIVAULAIBAIN 138NN “ FLUUIAIWAIW ” (Exposure

v a

station) wag ANEMUBINABATENT1 “SeAulu” (Flying height)
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(a) Conditions during exposure . \__ Coverage of
Endlap single photo

Stereoscopic

/ overlap area

—————— Nadir line
(ground trace
of aircraft)

S i i

AN 4 FUTDUUSIUNMADUNUTBININ

i - http://natres.psu.ac.th/Department/EarthScience/remotel/chapter3.pdf

=

amwaglumndutaufssiu astiusnungeuiu [Teni1 “@uns” (Side lap) Uszunal
Sppay 20 89 40 AMWENENIRINENTIAS AL UITUIUIU SanIn “Udaeuad Anane”

(Block of photos)

1 gaudlay overlap 60%
#- - between photos
+ (forward overlap)

1 2 |3 4 6 \\
i \ duLnel

\ X. 20—40% overlap
12 4 |10 9 8 \\k :\ between flight lines

‘4" (lateral overlap)

2N 5 dungvesuuiiu

fian - http://www.geog.pn.psu.ac.th

a

2.5.2 nananidunin (Image products)

¥
=] i

nandnvanteglusunuursinimiuansingiiuienveglusiuuuaudalaguans

a

ponuludneuzassifne lUTITuf g 19vaINaNEn
1. AMNAENINBINIA LY IUNITAAINULAL IR UT I LY
2. MNUMAMIAMENIAAINNISAMURETAN UL UALUNASUAY 9 UBIRAU

wawanlndn awwmantanunsarlulddmsunisiauuazauaus lulunug Aoneninun


http://natres.psu.ac.th/Department/EarthScience/remote1/chapter3.pdf
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3. Tanan (Mosaic) Lunmsevesnivseina adrstulasnisiiniweeusay
A fasesnddstuiuiuior duiu luaasadumsrenimmaisgam wazusas
amdunsueagiusenaaingaaudfiavie (Perspective view)

4. nndaud (Rectified imagery) Wunndilésunisudndvinavesnisdes
o1 ndesluvaizananmesnluuddsdidvsnavesnugeivesgivseme (Relief) Usngey
Jevilvmsduiuiasdunmuusiuluamdnvazvesniivszmea Wuderdulunsdues
amFesUmesufunarlunsdvodluian

5. mosln (Orthophoto) unmesnivssmaiiaisnnganideuty
Taeiifl nsvdndnvazisadauuunisaeaingagudfitiaivesninoenlunmessly
anunsatldldludnuausiieatuunuiinissiu (Planimetric map) 1999103 wasiaay
Asfl dmindutunugandeuivuunmonsin Aagldiduuuiinmessinflamsavunld
ATl sEINA

6. Tuanraan1neastn (Orthophotomosaic) WunandndiAnainnisthnin
005l TuvTnafatunsutudidunmiuien fuesduadiviamanse dnld

1A AU LT
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<

2.5.3 wandnildugauazdeyauuugedite (Point and vector products)
nanan il dugeAonandniimsumfidnauiifveusiazgadsariidnenaeglussuy

fifamanufuoutfiooglussuuifndunananimardldun

1. 9AAUANILAY (Supplementary control) fisialsa1nnsdsaase
AEEESNMsTeawAELeNNe (Aerotriangulaion)

2. nMsimuawrtsue st nuny (Targeting) flasamsormuatunouns
a180W (Pre-marking)

3. LUUS1aesMNEATUAY Digital elevation model (DEM) fiiunsifi
Svu fiufvesnivssmdluneufinges 1) uuugadu (Random data point) WiuAfidn
 fwmsigliussmeaiings wWasuwasnwgeetnadidoddy 2) wuunia (Gridded data
point) iuARAR 1 Fuvtsfifun1nAI319n3e wuuATTlusEIu XY dusunansan

ANUGIRNTIIAARALFLIAVBUAUNTA

A# 7 FIeEaluUInaeInINguaLaY Digital elevation model (DEM)

ﬁan : https://www.researcheate.net/fisure/Digital-Elevation-Model-DEM-3D-Elevation-

Model-and-3D-Realistic-Model-of-the-combined figl 268074280



https://www.researchgate.net/figure/Digital-Elevation-Model-DEM-3D-Elevation-%20Model-and-3D-Realistic-Model-of-the-combined_fig1_268074280
https://www.researchgate.net/figure/Digital-Elevation-Model-DEM-3D-Elevation-%20Model-and-3D-Realistic-Model-of-the-combined_fig1_268074280
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nandnfidudayawuugeiidnazlduanisieazideniioglugivssimaniaseasiden

a q

v83 g lulassaianuyudasnely Aegnvenandniife wnunaiewdy (Line map) 1wy

N. WHUNN1951U (Planimetric map) NIKAAUANIZAUALNNITIUYDS

N a a é’ IS QA ¥ (% ! dy [ a

Meavdualugivssmendnvulaeiinnuazdengnaeduseiunig q Iuediuwmatianig n
TN sunIAlY

U, WNUTRAAUFUTUANES (Contour map) dulsazLdinINA1SFiniu

! & a LYY a ad X 2 ax o v a ! d'
5811319 Wi sEauiugivsewa 38015t duitusng lduansgunswesgivsewmanouiag
fimshunanuAnEewuuIasinnugudsariildununvinailonvasiedu lnensain
A A A % ° a

LAT0ela N lALN TN NI ED1RATNIINUUUTIABIANLANTLAY

A, WHUTNTUTENA TUARITIaZlBEANINTIU aghaRITUNTILALAIILES
YDINUAY MBFUTUAING

= o . PN = < =t & A

3. WHUTaNNSaY (Thematic map) Mkanuseslaamililagianiy Tuiun
%ils 9 pnatlunuliawziSomaies syeilaenied1audu n1suanilasaiigauIAy
sUwuUNNaH (Drainage pattern) wfiafiwiuguarauduaunsanenuanseanii tngldunu
Mameizosdiui 4 sene udu unwiwnizseavalanunsodiluld Jutudeyaniia
(Layen) vilslussuvansaunanimansia

3. Tnsluld (Profile) wansdianisiniusznineszuiu Adnilussuiudsiv
fuigfivszmelnslidonatinismefiannsegslaflidiafiouivszuug1edmiesu

2. WUUTR09IngauilRA (Three-dimensional object model) visolassaan
(Wire frame) andnviinilinainnisussyndldmaluladlnlawnsuuns siuduwnsedtio M9

A1vIVIAUNIADTITUIUITUNINEAFMNTTY (NTUWNUNNNNT)



2.6 autaUNASY

Audaunasugnasnaiu uazsuannievessegrsaeuiiisuludwusnuuagivil

S
).‘( 17?
\\‘ m

S

ﬂ"I‘IN‘VI 8 GI’J?JEJ’NNaNaGWILUU‘U@&I@LL’U’Uf\]ﬂWﬂﬂ

anasudusulsdase MSLR Tileadneuuusians (MA et al. 2020)

A15199 2 NFIASIEIIRUTALUNASURIL UAV

16

sullane iy aunns (gns) AnduyseAvSanduius 91984

o [r X% -0.699

AriinnaAu 5 D Abelkader
Wywssoud r— r=+ -0.193

- ( g)/ ( g) C.J.Tucker
LWYIA r+g 0667
rxg -0.625

AtAINLTL r/g 0.009 HT Fourati
r—g -0.006
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2.7 WUUIa09 Generalized linear models (GLM)

Auuudadunaleiall Generalized linear models (GLM) 1 ufiefi i3 enngumesiakuy

auyRgIVVRIFIMUULTREUIaTTI LU

1. 939AUsZNOUKUUEL (Random component) Awes Y iudaszsioiu wazd

s

MSLANLAUULAMUUT Sl

o w

T (Exponential family)
2. psRUsEnauwuudusEUU (Systematic component) a@1snsailaufus

duliogluguilszinandadu 1 16 aei N =XP

3. fanugaules (Link function) AruduiusseniteRUsenauLuudy
wavasrUsznauwuuiluszuugnimuasie feidudienles (o) Tnenilsiduideuleiu

anunsaveiiusle (Differentiable) waziluilsidumaiien (Monotonic)

Tnei E[yYl=pn=¢"'(n)

(%

N3uaNLAINegluddMas (Exponential family) daaudd 2 Usenis fsil
1. NMsuanuasanansaideulaluzuuuuvesAnaiy uazAuLUTUTIu

2. anuwdsUsrnduilanduveraie

a

MneaTAven (2. waunsaleulveglusvesaunislanaunis (1)

' S | . (1)
(€))

y '(Yi ) = ¢V(Hi)

Ted ¢ WumsdmesninunvuinvesnukUsusau (Scaled parameter) way

o, Juaraed Aivumimdnldiuaidana (Prior weight) wiazsa Tngn1suanuasd

o w

aglueATMATATAULUTUTINYRINI TN anunsaagulalnegeniunisng 3
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s

M13199 3 FIRENANULUTUTINYBINITUAINKTDY I WIATAAY (Exponential family)

ANTHANLLDY ANULUTUITIU
Normal 1
Poisson X
Gamma X?
Binomial X(1 = X)
idlesuunsvaasariiiu 1 ass
Inverse Gaussian X3

2.8 ﬂ"liaj:u‘l.'l'flﬁ Random forest (RF)

Decision Tree |
Bagging

Decision Tree ll —-; Voting —— Output

0 Q Decision Tree lll

Sampled data set 1l

AN 9 1anN15911 Random Forest

N (https/medium.com/@witchapongdarcontham : Hulas)

#ANN13904 Random forest Ao assluwavnsulidndula (Decision tree) ‘%’!ﬂgﬂ
asanmsihdeyaangyalududendieganuuiienuailandu (Sampling with
replacement) udinunairaduduldl daiidedrsdumilailigniden Sedeyadiuil Bondn
Out-of-Bag (00B) axanthanldluntsnageudulifadula 33n1siina1ail Senin Bagging

Y

naansldegBasyandulidindulausardugnihinAnilunanisimn walwsiiunndiand


https://medium.com/@witchapongdaroontham
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o v v & 1 I [ 1o & £ IS
azternulituseninadraduluma ndnnsves Random forest ligndunssiitaua

Y

= a v & ° v Y Yy a & v
NAFDULNDUTZUIUAMUNANAA LWT]%SUBHG OO0OB uugﬂu’]gJ’]IEUV]@a@'UWUINWWaUIQUULLa'J

2.9 YNWBIALINABIUUBTU Support vector machine (SVM)
Wusswuni@adu (Linear classifier) wuu 2 Aana daduieausunalssansan

° A A 1 ax ° = Y vy o A = a a °
VBINTTALUAVIEAUDINITATTVILUNDU € EUE]‘l@L‘UﬁfJ‘UGU'E]\T SVM ﬂ@ﬂJUi%ﬁ‘mﬁﬂqwﬁLUﬂjiﬂqLLUﬂ

e

ayaniidaTuinnle venniinislaflsiduimesiua (Kernel function) Wieudastoyald

£
o

Aaad & a a o ° v A A vy
faianaululiniinnudnune (Feature space) ansnsaduundeyanininuaquasels
I A a a Y] a v PPN fa  ay a . .
9e1951UTEAVENN ENNI15U89 SVM AanN s kdunsesnlansauiilefign (Maximum margin)

.:4' [ 1d ) 1 4:4' [ ¥ aa o
enunsaudoyasenidu 2 aaa fesiregslunmi 10 Wudeyavuia 2 7 laugnauun
ganilu 2 aana loun + (O) uazaana - () lnewdunssiilduisdayaiiunnsduniniu M=2w
F3 1. Yuanunieseninadunssivdnnesianees (Support vector) vasdayaria 2 mana (

° A v v fa as A
LAy ) ﬂ'ﬁ"mLLUﬂLSUQLﬁUG]’JEJN’ﬁQuVIIGWlEjW

’ ¢

SUPDOTE VECRON wenlhumegy o .
-—

g

’

’

AN 10 F987199899RUUINLUN SYM Uuﬁff@;ﬂammm 2 16

fin - (hitps/knowledge snruacth : Kiul)

mslfdunssdmsunusdoyadu 2 ngusieusdunlaign (Maximum margin) 1

ad a U oav Y %] a a o ::4' =~ 3
Bmsudlainazansanendeyalalneiinuianaiatesiign Inel Support vector 1y

¥
LY o

fMvuavuIAYes Margin datuddeyaiinswdsunladlas dunssduuniduegiu

Support vector Fsazdadu Maximum margin 8¢ Tunmusznau 12 {Wun1sm Maximum


https://knowledge.snru.ac.th/
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margin Tugspdneans anamuszneu 12 asdulaindeya x azgnuualuszuiuuan
LarTEUIUAU lngllaun1she w - x+b = 1 dniuaana+ wag w-x+b < —1 dmsuaan

dau Aty Avanunsadwunteyalalag
+101 wex+b=+1
1 wex+b<—1

N —1<w-x+b<+1

o
O o o P
" O a0 \
=
o O e . M= Margin width
A4
\.».-,\‘"-'""':0 _ A
\N*-w‘o" >y ' A A A
.;1‘.\:'; A A

AN 11 M13AUIE Maximum Margin

‘1'71'm : (https/Aknowledge snruacth Aulass)

2.10 A151N7IE99UD9AIAANALARDUNTASEDILRAY Root mean square error (RMSE)
tayann1sd b laainn1sdrsianiaauIusuivdn 85 Alee1e gNLUl
sonu 2 nqu Aengudeyanldlunisasisuuuinass (Modeling data) 91121 60 % waz
naudeyalunimaaauluudnaes (Model test data) 9913U 40 % wazvitn1sUseLiiy MY
1 dl = aa o Y1 dl ! d‘ o U dl d!
Wietie NeadiAvemuudtges lngldrsiniiaesvesrinainndaurindasuade (RMSE) B

Wuaaaanlainmnuugwansuseana suauns (10)

RMSE = \/ﬁzin:l(yi —y)2 (10)


https://knowledge.snru.ac.th/
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de yi Ae Anstliihiildainuuudians
y; Ao anshlwihaldannisdiseluaun
n A9 IUIUVBINFUAIDE4
2.11 duuszAnansdnaula Coefficient of determination (R?)

R? 9z1fuAniuandeyazunin siUasunlatwesan Y MAnandnsnavesa X e

[

PNAIANUIUINEUNTT el

?:1(§’i - }’i)2
(Vo — ¥i)?

RMSE =

Wi Yo Ao Ansiilvihiilsainuuuinass
Y; A9 aun1sanney

yi fe Ansinliinlaannisdisialuaus
n Mg IIUIUVDINGUAIDES

14 a1 2 a A a ] Y a ! o o v o =)
a1duN1THA1 R EJQQJﬂ’]?,ﬁ\‘]SJ\‘]VI’ﬂ%Lﬂ@ﬁ'J’]ZJLL?LI‘UEJWGUENﬂ’]5u7€13Jﬂ'131U1“(]L‘WEJ‘VHu7EJ‘VﬁEJ

manziunaansgengemslume lnemily aunsndniiluldadsiial R eghedes 0.75 win

[
R 1

29031 0.90 fo1ANN A1 R? fiAdiaus 0 89 1 f1Andu 0 wansithidinnuduiusle o
serieiulsmuuazdasy widAnlu 1 uansindenuduiusivegsauysal (@7

1938y, 2015)

Y

2.11 uIeneI9

'
v A

(vushkin et al., 2019) AaLANTEIRURNTUTUT Y ImenIsinYAsRd1AE Y

o

Tinandafignanenisinuasialuanas walnvesiudeddinalinnsindunuuasussuegng

a |aaa A

JUszaNS AN wazdaluiisn1snlasun1seausURE19NIN9YIN9 L5IMSIVADUFNYAINVBINS

asrvTuTEuzlnadmsusunuzlSaudu (UAV) ieinauaianainindstuiie quinoa 14
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Wulwes UAV an@19aiuanudi: naesanusau WIRIS ndadlailasaunmsy Rikola has
AWNWLUeT Riegl VUX-SYS light detection and ranging (LIDAR) vl ynssal aumnaives

v

Vioeln uazaugevesiiviiinle LIDAR launaintdeyanisd1siassesing wasanuduius

' 1%
s A

vowytmariiunisdinesninnuiu Wy n1siidasnieinds nsdiinly wazAugeves
AUNYASRENIATIEN HansAnwmuidvliivnssamananasunldiuegraunsvaelyl
= a a a a wva ! A Ay vo a .

fusgdninmlunmsidendifisenitunden lasunansenukagn1sAIVANNY Quinoa
hyperspectral physiological reflectance index (PRI) ﬁﬂﬂﬂuiﬁﬁ‘ﬁquasLLamlﬁLﬁumm

! o ! A Ay vo A A o o w ! ) <

wanANTaRUsEnIaNfenlasunansenukasiunlasun1sunln anuwanssidueaiiu
lpdmiuanugevesiiuninglg LIDAR laeiwilasunmsuidamenietudunitisniun
Inewde 10 vu. gumglinsglaulasunansenuegaiited Ay wiinisesiamatiindudes
JUunoutiatiulun13iasey - N1539nqu Normalized difference vegetation index
(NDVI) FumauilfusesnisidSeuiisugungiidmsuiineandiuvinny n155iudeyaves
Wugesisanudaluiuuiiasnisanaeadudunguyisiundansyiuewazdmiuye
Toyanavun R? 83 0.46 lnengugosunanguiial R? 91 0.64 wwiasuladnnisdisasseslnad
Ana1n UAV tufivselevddmsumsinanuiauvesnaeluiy wazwusihlildmetianisin

PANYLUUTIUNULNDLALAIU LU UEN

(Wei et al., 2020) mmLﬁmaﬂﬁmﬂuﬁmmizﬁﬂaﬂﬁLﬁ'mst’faaashﬂﬂa”%mﬁumi
Wamaswgiadsanog gy eiisuiuwumesildussanauiion in3esduldaudu
(UAV) fiindasugasuvumarsanaugagliannsonsisaoua uiAuvesfudioady
aziBundeiiufiuazinafidesnisgs mafnuniiitnguszasdiftousefiuuiinaindelufu
(550) TudsUsanalagldnmarenarsannduiiinain UAV uazdisianisyndnvesdaya
nawanafy Wegnuszasdd Wiudiogafuianun 60 #2019 (0-20 #a1.) 9N LT
waus¥nu Shahaoqu luneslnidely Ussmadu luvagiendu anduwes UAV 151lasu
Jayadafaiunaiu lnedeann 22 awdnaulaniten (6 unuanaduuay 16 avdanay)
TanFonanniuiidanuazidenseugnidenlagisnisiiaseiidsduiusding (GRA)
Fane3sunsanennaawlad (SPA) warmuddvesdiiwlslunisatenin (VIP) wagann
wuuanentsUsEInuAAnuuUsUTIuiidenmdnd gnadisiulasldnisannesves
Back propagation neural network (BPNN) aﬂuayumsmmaanﬂma% (SVR) azn135annog
wolsaduuuds (RF) auddy Ussavsnmassuvudaedldfunmsussiiulneduussaninig

AMuu (R?) ALRAYSINNEDITBRANEIR (RMSE) LardnsnaiuaduseansninmanisiUeauu
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(RPD) wan153denudnmnuwiugilunisuszanarivesuuiiasslasunisusuuiegaiu
I@talagldisnsidondauusawds wae VIP fuszAnSaimnilondin GRA uay GRA i)
UsgAnBn1mgandn SPA ag13lsfn1N ANLINEIT0LUUTIA0INIE8aNe3TUNTSIT8US VeY
DI AITLLANGITUBENaNIN: RE > SVR > BPNN Tanaan1suszanae SSC 9 12 wuu
aansaldlumsuszanann sSC luldsuSunas (RPD > 1.4) Tuwmeiilaina VIP-RF daan
wiugngean (Rc = 0.835, R°P = 0.812, RPD = 2.299) mamwzﬁnwwﬁﬂqaﬁdwLsﬁuma%ﬁaa
awnmufiAnan UAV 1uedesderdululddmiunisuszanaan SsC wasidudoyadieds

° ) av A v = o
a’lﬂ/ﬁumiﬁﬁlEJVlﬂmEJﬂaﬂﬂum@i‘U

(ROMERO-TRIGUEROS, Cristina, et al., 2017) nan1sAnwilfigauindugesian
anasuiinan UAV iluesesdlenduldladmsunisussunnm SSC uanludoyasads
° o av A v = o i v vy v o =
dwfumaideneaeaisiudely ammevarganesulainaineniaiuliautuiuuln

A97 (UAV) TuraeNnsinniswansUdsunie a0 1usdnveany anwuelasiasnwadlu way

Y
& o 1

Aaslsiladnouiutuaglumsudamndydnnsegniangfueenidesldvesailulaeinig
gauszyudu 2 areug louwn insungauazduniunisu Wunaudalivinsinandunie
(RW) squfiunsvadsemuiivinga (RD) msianseaululduaznistuluemadniiunisiy

avansada 7l 7 uay 10 GMT nMsvaussmudae RW anntsuaniUdsufneuazanaluuissde
mirefuil (LMA) udale egslsfinny amnuduann RW dewalidnduseiu (Wp) ifaduly
duluun1Ty wayaiunsaansduasivrinienaans (A) waganisiiiviivesdinlu
(gs) ilomuduleviagaifisi lufivisaosia mnududuresaaslsfiadsiuvosly (ChiT)

anasegvltua Ry lag RW wonaind RDI san A, gs uazdndurdunts (Ws) vudulslay

1%
=~ = o

I o a Y% o A o ~ v o & 1 a
INQWUQQQﬂmﬂ’]WUq Lﬂﬂ?ﬂUm@%ﬁﬁLUﬂ@i@J ANNYIAAUALAY (R) UAIMUAUNUT DY

v v

WodAgyiu ChL T (p < 0.001) sniuilan1widunasegnielianimeiniaianaien (7 10

o

GMT); vlip991n R lasudnSna uenwileann Chl T lnwaaiunisalanUasutiwasiiguad

15901 Tnadussse (NIR) Wusnustniiuselovives Ws, A uag gs vufiviisans auilaing

1 = v sa o Y @ a v o s 1 v [ a [23
LLG]ﬂG]’]Q“UENW‘UWU@VWI']IVILUUNW@?E’]U (NDVI) @U@ UTDENNTALAUNUNITHANLURIUNY

1
(% v v v 6

Tunsaesaneiuguasiv W amzluduuuunsuwinty gave silasiudeyaanisaeiiug

Y 9

Citrus Lagfusinanan@s NIR ag R amnuivanludusinisdnuiasadananisuansliiiiuii

q

AstlasunUassneTuludnuaen1@s sInekaz lAsIas19ued Citrus NvausenIunleg RW

591U RDI @wsamuualacmenin Multispectral 290 UAV
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3.1 HUNISALUNISANED

LAANNUNANT/LATUNIATANNE

A4

\4

nauivdayanina e

.

NN RGB
JFUwAR AR

.

nauiudaya

i

nsivdayaniaiuin

i

NNTNUABENIAUNTRNAT

o

W

Im

UszanananInaInNNang

o o 1 d‘ v Y v
nsaded laundias

WealfjiFEng Al EC

=K 1 9
PNATTHSNDULLTY

o v A v A
ATUIUAYUAULASAYUT

—»

LL‘].iQﬂth’l%L%fJﬂﬂﬂﬂWW‘lJu1ﬂ

5,25, 50 1Az 100 KEUANAT

naiiudayana

9 uazn gy

v

A4

Data

Model (60%)

GLM, RF, SVM

l

Testing (40%)

GLM , RF, SVM

R’ RMSE
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AN 12 LEURSTURBUITNNSAN YN

3.2 NuNAnE

[ YRSV
[

nsfnwluassddidunsfnujaunuszana 84 15 Tuwnnedauneunans Jufieo
flufitulnudn suaauid sunesamain nwdug 46120 egiifite 16°23'53.1" wile
LAz 103°1647.0" axiuoon adurian ﬁlﬂawmsiaﬂqﬂﬁqulﬁImaﬁuﬁdaﬂmﬂm
Whnseuq vntluiiuiierldiiievinmsfundevs 50% deosdns 25% Ugniiamuhy 25

wazluga9g9n15viug Itz ueaat usmaad e tuagliaseingu
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Waunananngaufuvesiy wazflefawaniuieininazldnandnivoud1amius

yvuluiunfeausuluanniiuni

b, DUVIUNU
i \_t‘_/ = A

aspou

’ R oo cO29¢
P SV RIS
5 i Wigh e \
]
W

o [~
AN 13 LLﬁ@\‘]‘ﬂq@Lﬂ‘U‘ﬂ@%ﬁ

3.3 gunsalinTasilaldlunisinen
3.3.1 903
1. QGIS 3.8
2. Agisoft PhotoScan Professional
3. RapidMiner Studio

3.3.2 915675
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1. pawfiumas (Computer) v3oltndn (Notebook) dwmsuusvinanalagly
52uUUURAN1S Windows10 Ram agtley 4 GB n13A300e19tiay 1 GB
3.3.3. gunsaliedesilefliluninau
1. Drone Mavic air 1 (Sensor R, G, B)
2. iyawiin auadunuAugnats 1.0 x 15 wufuns
3. Insdniistedle aunsvlnu aszuuURtRnag i0S uay Android
4. pauLNng (Measuring tape)
5. GNSS RTK KQ M8pro
6. 1164 GNSS RTK (2 1)
7. \n3esilausufisunsasiouvecua
8. hqamuau AR vhandhia 2 Fadududummsanngn wun
1x1 ns
9. wenmALAt PIXAD Capture
10. AoU
11. 99U
12. adulni (wSeumianehiu)
13. aynanduiintoya
3.3.4 MoaUURN1T
1. \nFestnsaziBunneden 4 fuvi
Jninasvunn 400 Taaans

WIDUAY

2.

BY

4. dhazen
5. DU (VUAL)

7. AzLASUBs 10 (Taulaveanyunse 2 Jadung)
8.

iwsesinrnnsthlinh (EO)
3.4 nsudayasuny
Usznaulude 2 d1u Ao mafudeyanseniauazniafudeyameiiufu
3.4.1 mydudienm Jtumeunsvhandel
1. ns¥eingaruauniafiufu (GCPs) Tifianfitn uazdsedu Tnefmunlst

AL inYAAUANAIN FENTEANLRLLUIIUT 9 99
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2. M3euRunIstuaenmaeeIniaaIne In1Ae Ul Ty Mavic air 1
N15euNENsTume Application PIX4D UuszuuUfUaNs Android AMMuA AINNEIT0S
N30 WAY 90 lwms vinnsanen i seuzdousuniniosay 80 wayTzuy Foua1udN
F08a% 60

3. @emimsnsTudienin lufuftanimeiniad guvndiuanzauey

Tugas 25 §3 35 sermwadea anusianldiu 5 nudedalue dvawidelunisueniugs

a a <37
M99 4 LLEﬁGNﬂ’]iUU‘U@QI@iUIUﬂ’]’iLﬂUSU@%a

ASa Tu/ieu/l H290)9)
1 5 Ww18u 2564 Sou
2 5 §UAN 2564 B

[%

3.4.2 mafutoyaniafiuiu Sdupounisvhauded

1. ﬁ’]ﬂﬁa’mmmﬁuﬁﬁﬁ'}m'ié’ﬁ’;ﬁ]

2. \Wouste GNSS RTK Ausyuulasstnensisinfenuiioniuuaad (RTK
GNSS NETWORK) vosUszinelne (nsufiiu)

3. dr9aalagld GNSS RTK iterhiidalullunsiinseideyanm (fudd
ANAUSIMEIAUNBWYININTYA)

4. thgafiuiiogns lURufedaivinaiimu uasliaeu dew vieadiu
Inlih yefudn 30 wules udufusedisiu (Meesiuazdl 2 Anudndeannudni 0 uay

30 WWURLUAT)

3.5 AN5ILATITHIUADINAADY

M IAsIEiageRulurewmaaadlasniIsunsun lnive iy FelTunaunadl

3.5.1 puildunraeuigamdl 100 ssrmwaidea e 24 4alus

a [ 1

3.5.2 9INTUIAUMAINATINIYU Y3auAliazBen

a A

3.5.3 WaUAUNALLRUANITOUNIUAZLATIUDS 10 (TN TUAUDINELNSI 2 Tadluns)
3.5.0 LAUIAUNNIUAZLNTY UINANN U@L ONNES Yu1e 400 Haaans tu
8M5189U 1 619 5 (AU s U1)

3.5.5 anduitnisniud ndeneglufivazanein (9Uszana 1 i)
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3.5.6 Waniuiada lidsdninesiniAlwRunnaznau (Uszunad 5 uiil) wazaevin

5InAIn1sun AN YRy

3.6 anautAndasitlélunis@inen (Sensor)

3.6.1 Mavic air 1 T8duiwe3 CMOS wilauiu Mavic pro ws 1SO Range fimnuuau
91 MneAIINgesiiAnuniU Mavic air 1 52uduiwes CMOS vuin 1/2.3 7 12 du
finwanaziaud f/2.8 fifinnuelifadieui 35 fadwns 7 24 Tadues Wedienmuas

RRIGLIHGGR

3.7 Mmynseidaya

3.7.1 a1 ldannnisdulasulaendes Mavic Air 1 RGB Camera 21%1015
Uszananantn lagld Agisoft photoscan professional asaunufinimessin (Orthophoto
map)

3.7.2 d1n i laann Agisoft photoscan professional UMUITEIZNUR DN LA

YUIA 5, 25, 50, WAz 100 WURLLIAT udadswmainsastounasluusnailiuiets
fulpesnegefuvadu 2 audn Aefiiafiu wasfinnudnldau 30 wufwnes Taeld Qgis
3.8 warmAnsiliiivesfiuandeyadldanauy uasidoyad ldsanuaunsh
LuuTaesimMIseliulsednsnmaesuudnaes Ingvinisuusdeyaauiueandu 2 9a
e Training Data Wag Testing Data Wuy Split Half a1 Data Rotation 200 ﬂ%ﬂ ﬁ]'m‘lf'u
funnirn duUszansnsinaula (RY) uaz A1 RMSE vesusazass uasynsnsiadeuning
waneavnsadatusesuTed A 0.05

3.7.3 vinude 3.7.2 idlumaiiudeyavesggiou waznguu

3.8 LAUNISANED

A5197 5 LEUNTAMRUINUANE T 2564 B296U

anel SEYLLIAN ey | ey | waguniey | 8

)

WU | NINYHIAY

U | @erd 112|134l 1]|2|3|a|1]|2|3|a]1]|2|3|a|1]2|3|a
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AaNTTU

YY)

USnwiTe39eiu

s‘d‘ =
9137159NUINW

A

\4

Suiudeya

AAEUIY (59U1)

v

JAsziveya

v

A519% 6 LAUNITARUIUANET T 2564-2565 139UaNe

e JYYLLIAN domeay Nugiew | sanaN | weelnie | SudnAw
U GiR) U
AaNTIU 2134 11213/4(1(2[3[4]1]2]|3|4|1|2|3
a Favh TS1 Lileve
ousfAToliel LAy | ~
LAa99197567
USnwnineninus
5 Sovundi 1, 2, 3 D—
6 | Inviuuuvesudd
FOULANLAS 3 >
INYITANUS TS2
7. goULANlASY
LTS p
(Fuil 6 wouwIneu
2565)
3.9 yuUszuau
A15799 7 asananssulszanaluauingrinug
a9 8015 WU | wdle | 1A/ 37U
nY (U m)
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(V)
1| andudeyasuiy 2 | wwn | 1000 | 2000
2 | M3d1gIame UAV 2 | w1 | 3000 | 6000
3 | gunsaliiudiegy 2 Y 500 1000
a4 | Ahduse 2 L3I 500 1000
5 | e a | Ay 500 | 2000
6 | alddreidaman 2 | wan | 1500 | 3000
7 374 15000
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NAN1SANEI

nNsETaneaudlaglinmaeseazidengininenAeuliaudu (UAVY) lng
Ti518a2L88AANINUUIN 5, 25, 50 kag 100 LYURLUNT LazyinsIA U0 u BN
Ansgimarmailiiivesdiu (E0) anvesdfUantg lnsArnisasyiounasuostieniu
Red, Green wa¥ Blue f\]’]ﬂ‘ﬁuﬁﬁﬂwﬂﬁlﬁf\]’]ﬂﬂ’]iﬁ?i’)ﬁ]ﬂ’]ﬂﬁuﬂm LARIS18aLEEAlUAIANYIN
wEthudnszdcesuuiadunnetoilu (GLM) wuuidunse (Linear function) wuusiaed
msdudlsf (RF) wagdnmesmnnimesunwdu (SVM) safudeyarnisihlniivesiu (Eo) 7

4 1

laa1nananesgazidengainaniaetuliaudy (UAV) edoyaannainaigningng

Y

(%
Y

TwazdenganneIniAeuliaudu (UAV) axUsznaulumendesiifnseuy Drone Mavic air
1§ Wansasviounasluusazdisnauie Red Wiy 660 nm Green Wiy 550 nm uas
BLUE winfiu 475 nm vesandidarfidanisgfimansasstufuafidngfimansvosiiui
ﬁm:nLLaz‘vﬁmiLLUaﬂsﬁaagamwﬁlé’ﬂﬁtﬂuﬁagam msilnivesiu (Eo) wemainuduiug
Wisueunuainisun i nvesdu (Ec) 3nnaiaguInyinn1suseiduusy@ns nnves
wuudaes laevinnisudsteyaseniiu 2 ngu Aengudoyaildlunisairsuvudiass
(Calibration data sets) 91u3useeaz 60 Laznauteyalunismaaauuudnaes (Evaluation
data sets) 91urufovaz 40 nquieya InsudazuuuiassazgniuIaAduUsEANS NS
Fnaule (RY) wavymsussdiuamuundede eadfvesuusians lagldarsiniiaesvese
AaALAABUREsaeads (RMSE) U0iuAazads Layin1snsIaaeuauuAnsIansaaaiy

'
LY v o o )

senuuaaIngyn 0.05
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mamﬁLﬂi’wﬁﬂmué’mﬁuﬁ‘waa‘ﬁ’%aﬂ"lmfmLﬁmaaauﬂﬁnmﬁaau (EcO) wag

Usnaldfuiainudn 30 wuiuns (Ec30) fu Teyanmaigatnammaguliauduis

¥

Usgnaulume Ansavviounas (1, ¢, b) AvilanuAnwes D Abelkader Auiifiunssadiden

wAgwes C.J.Tucker wagsiytauduves HT Fourati lagldsuasidenynnimauin 5, 25,

50 wag 100 wuAlins IA1ANuduiusAegun 14 uag 15

GSD5

Pearson
Correlation

rxg - -

-0 05 00 05 10

rfg

r+g
(r-g)i(rig)

(r2xg"2)*0.5

b os
022-015-015 022015..

EcO -0.43 0.08 0.46 -0.47-0.47-0.41-0.46-0.47-0.37-0.38

4
<<,°° "-3'093‘_?9\\‘\\:@ PRI R

S N &Y
N q}"; \Q
-
N
. GSD50
" Pearson
a Caorrelation
rxg - -
-0 05 00 05 1.0
r+g
(r-g)/(r'g)

(r"2xg"2)"0.5
(rxg)"0.5

b

.OOB -0.02 002.008 002..
- ===

EcO .41,47 002 05 051 05 042 -05 -05-039-041

P B N RN I A CRR SR

GSD25

Pearson
Correlation

rxg - -

-10 05 00 05 10

rig

r+g

(r-g)iria)
(r*2xg"2)*0.5
(r=g)"0.5

b

q .0.01 0.05 0.05 .—0.01 0.05 ..
B o

Ecl .—0.44 0.03 047 0.47-0.46 -0.4 -0.47-0.46-0.37-0.38

Q/& S 6 v b Q‘{J ¢@ P e
49 \!1) @\\
& N

N

. GSD100
Pearson
g Correlation
rxg - -
-0 05 00 05 10
r+g
(r-g)ra)

(r2xg"2)"0.5

: on
g 005 0.1 0.1 052 0.05 01..
il o v oo

EcO .41,48 004 051 051-051-043-051-051-0.39-0.41

Q/& < 9 w9 ‘9r‘?g\q O e

M 14 wansanuduiusainisilndhiggseu dudeyaanmaeaneiniasuliauty

lusUiuu Correlation Heatmap



GSD5
g
Pearscn
g Caorrelation

rxg - -

-0 05 00 05 1.0

r+g
(r-g)(rig)
(r"2xg"2)°0.5
(rxg)"0.5
: I

a .0.224:.154:.15 -0.22-0.15
o [ esslasMos2 092 07 00t 052 07 057

Ec30 .—0,31 005 033 034-034 -0.3 -0.33-0.34-0.25-0.26

&S CB‘O?J‘OQ\:}\,Q(‘Q‘\Q&D

& r 'S‘\Q q_,{.() g <
& ,vQ &
N
&
. GSD50
Pearscn
g Correlation

rxg - -

-0 05 00 05 1.0
r+g

(r-g)(rig)
(r2xg"2)°0 .5
(rxg)"0.5

b

q .0.0B -0.02 -0.02.-0.08-0.02
- o Il o S o

Ec30 .—0,33 004 034 035-035-032-035-0.35-0.29 -0.3

WIS ‘oﬁﬂo
& ° R R A
+'5“1>s9
\.,v.cb\‘
P
&

., GSD25
Pearscn
g Correlation

rxg - -

10 05 00 05 10
r+g

(r-g)/(ria)
(r"2xg"2)°0 5
(rxg)"0.5

b

q 0.01 0.05 0.05 -0.01 0.05

- Il oo e I e R

Ec30 .-0.31 0.02 0.33 -0.33-0.32-0.29-0.33-0.32-0.26-0.27

PO qv%%&@‘,q&q\\o,vq

& SN
SO \&g\
N
. GSD100
Pearscn
g Correlation

rxg - -

-0 05 00 05 10

r+g

(r-g)iirig)
(r"2xg"2)"0.5
(rg)0.5

b

q .00501 .005 01.
Bk osos o o os

Ec30 .—0,34—0,02 0.35-035-035-031-0.35-0.35-0.28-0.29

@(:9 RS- ‘0“‘0‘_‘? \\q PR I R
@‘1)9}
NN
F
&

M 15 wanspnuduiusainisinlndihiggau duteyaanimateainernaeuliauduly

3Uuuv Correlation Heatmap



34
INMIRATIEIANNTIRUTVRTayaszaunsaagulaiduUslafiaudusiusiuen
ANULANYDIAUY FIzLARRTUANNITEUNTINANUANRIAY (ECO) wazauanldnu (Ec30)

AIMNS19N 8 WAL 9

M19197 8 NMFIATIEANNdNTUSYRIaYaTiAUENRRAY (ECO)

GSD (%3.) aun1s (3.) R? | RMSE (a.)
5 EcO = 374.035 ((-g)/(1/g)) - 1453.817 (g) - 989.087 (r+g) | 0.409 | 14.246
+263.283
25 EcO = 117.005 (g) -1748.257 ((rxg)10.5) + 1254.709 0.375 | 12.748

((rA2xgN2)70.5) + 430.950

50 EcO = 459.691 (b) - 51.548 (¢) — 107.983 0.360 13.298

100 EcO = 497.099 (b) — 38.033 (¢) - 122.977 0.357 14.088

NUBLUS : NAUANRIAY (ECO)

a a ¢ o W ¢ 9] N = va
$19190 9 ﬂ'ﬁ']L?‘ﬁ’]S‘VW’]'N@JﬁﬂWUﬁ%aﬂﬂJ@%aWﬂj’maﬂimﬁu (Ec30)

GSD (wl.) aun1T (3. R | RMSE (3.)
5 Ec30 = -59.159 (g) - 171.654 ((-g)/(r/9)) + 19.029 (r/g) + | 0.243 |  1.798
35.379 (r-g) + 4.242
25 Ec30 = 38.146 () — 96.831 (g) - 95.485 (-)/(r/g)) + 0.210 | 1.636
22.857
50 Ec30 = -108.378 (rxg) - 5.406 (r-g) + 15.269 0.225 | 1.610
100 | Ec30 = -373.467 (g) + 300.792 ((rxg)*0.5) - 236.800 | 0.217 |  1.712
((r-e)/(r/9)) + 28.200

N8 NAUENIARY (Ec30)



35

HANTSasRUUTIaameRainmansiiveUseiiudsednsamnissuisseglnalagly

AMEeTEaBengeIneInFeuliautuiieihuinseivianisialiinvesiu (Ec)

PIEATIATIERNTONNREAILUSLAYY LaEYININIIATIFEOUANLANANN AT A UTEAU

HedA? 0.05 lasvinsieszimeiuvitasslumaadulaeieyaly (GLM) Luuidunss

wuuiaeensguUald (RF) wazdnnesninmesuuady (SVM) 151eazi8engnnimeuin 5,

25, 50 way 100 WURUAT LALYININISASIVADUAILLANGNINEDNS WANEUUTEANENIS

andula (R audnianu (EcO) denegsendng 0.270 64 0.561 uagA1 RMSE df1g5z1ning

Y

12.784 §¢ 17.691 fauandlunnsedl 10 wazn1muans Scattering plots Al 16 anuady

A1519% 10 R? way RMSE waan1suseanaanisinlndinvesiu (Eco)

GSD 5 (%41.) GSD 25 (53.) GSD 50 (s53.) GSD 100 (=531.)
Model
R? RMSE R? RMSE R? RMSE R? RMSE
GLM 0.409 | 14.246 0.375 | 12.784 | 0.360 | 13.298 | 0.357 | 14.088
RF 0.559 | 14.988 0.494 | 14.287 | 0.282 | 14.000 | 0.270 | 15.246
SVM 0.270 | 12.841 0.561 | 16.698 | 0.364 | 17.691 | 0.297 | 17.080
GSD5/GLM GSD25/GLM
30.0 30.0
250 o . ‘. ¢ 250 .
’E . . :é: » ¢ *
2 200 - 5 2004, *
3 * . . 3 » ¢
' 150 b4 . Lo1s0 {ee .
g r” ." * .5 : i *
B *
% 10.0 - ”‘“ ¢ R  0.409 ;;Bi 10.0 "“ ¢ % RZ = 0.375
S RMSE = 14.246 S ol . RMSE = 12.748
0.0 —— : : : : : 0.0 . . : : : :
0.0 100 200 300 400 500 60.0 0.0 100 200 300 400 500 60.0
EcO (dS/m) EcO (dS/m)




36

EcO (dS/m)

GSD100/GLM GSDS0/GLM
30.0 30.0
i * ]
- 25.0 R . = 25.0 . .
.
~ * ~ & L/
B 200 4 ¢ * o 5 200 ¢ S
[=] * * * o 3 p 4
& *e o * & o« ¢
o 150 4 w 150 1ee o e
c ' c * o
8 o o i b
S 100 |¢ . S 100
E . R? = 0.357 3 ¢ R? = 0360
T s o o RMSE = 14.088 T s %t e RMSE = 13.298
. . *
>
0.0 . . . . . : 0.0 . . . : : .
0.0 100 200 300 400 500 60.0 00 100 200 300 400 500 60.0
EcO (dS/m) EcO (dS/m)
GSDS/RF GSD25/RF
35.0 35.0
30.0 1 30.0 1
— < L 3 —_
£ . £
5 2504, S 250 -
Z . Z
o p * o o p
3 20.0 ... * : 3 3 20.0 e *» . * e o ..
*
Eiso|® ¢ ¢ d § 150 |
5 . k&)
9 00" * R? = 0559 T 100 {e . R? = 0.494
a *, a e .
RMSE = 14.988 % RMSE = 14.287
50 f'se . so (Mg %,
se %
0.0 -+ . . . . . . 0.0 . . . . . .
00 100 200 300 400 500 60.0 00 100 200 300 400 500 60.0
EcO (dS/m) EcO (dS/m)
GSD50/RF GSD100/RF
s. 35.0
35.0 <
300 - 300 | *® .
z . N M ¢
3 250 1% * ¢ 3 250 1 .
) ¢ 2 .
g 200 | % ¢ S 200 4 8 $ o £
2 * * " 2 * ¢
§ 150 {%e f S 150 -
5 0.0 ¢ ¢ §
T 10.0 - o U
4 *s o R? = 0.282 g 100 fas* R? = 0.270
o ’ o * 4
5.0 e RMSE = 14.000 350 ¢ *e RMSE = 15.246
*
0.0 4 . . . . . . 0.0 . . . ; . :
0.0 100 200 300 400 500 60.0 0.0 100 200 300 400 500 60.0

EcO (dS/m)




37

EcO (dS/m)

GSD5/SVM GSD25/SVM
24.0 | 240 |
22.0 . . > 22.0 |
. 200 1 . . 200 1 $ ¢
£ 180* £ 1380 ] . .
Z 160 { ey T 160 - ¢ .
T 1401 g oy . S 140 |
e 12047 o 2 120 {ag . s
S 100 1 * S 100 {4
£ s0ig® o S s0le? ¢
E ' * T D e e
£ 60| % , g 60 %« . ,
10| go R? = 0.270 10 ‘g A R? = 0.561
2.0 RMSE = 12.841 20 . RMSE = 16.698
0.0 -+ : : : : : : 0.0 : : . . . .
0.0 100 200 300 400 500 60.0 00 100 200 300 400 500 60.0
EcO (dS/m) EcO (dS/m)
GSDS0/SVM GSD100/SVM
24.0 240 |
22.0 220 |
20.0 200 | o .
—~ Y —~ * .
£ 180 . £ 180 $ o o
(%] wvy ’
T 160 { . T 160 1 o
S 1404 ¢ * e e S 140
i 120 4 & a 120 {e®
S 100 1 S 100 {4 o
*
% 8019% & 2 $ ¢ % 80 {*e .
S 60 %e o , & 60 g ,
0 Be, R? = 0.364 10 logw %, R? = 0.297
2.0 ¢ RMSE = 17.691 20 %%, * RMSE = 17.080
00 L2 o : : : . 00 £ . . . : :
0.0 100 200 300 400 500 60.0 00 100 200 300 400 500 60.0

EcO (dS/m)

AN 16 WaRS Scattering plots AmNduTUsIINNTIRANIT Wi ARLANRIAY (ECO)

LAZINNITUTEUINVDITBYAIINNNAEMIENAEY RGB




0.448 wazA1 RMSE 1iAN08 sy

waylvirdudseansnisdnduls (R?) anudnldsiu (Ec30) dA10g5ening 0.160 &9

Y

$779 1.473 09 1.798 A9bandlunns1eaNn 11 wagnInwand

Scattering plots Al 17 sugsy

A15197 11 R2 uay RMSE aesmsuszanammsiilniivesiu (Ec30)

38

GSD 5 (1) GSD 25 (s54.) GSD 50 (s53.) GSD 100 (=31.)
Model
R? RMSE R? RMSE R? RMSE R? RMSE
GLM 0.243 | 1.798 0.210 1.636 0.225 1.610 | 0.217 1.712
RF 0.163 | 1.517 0.209 1.718 0.448 1.588 | 0.160 1.473
SVM 0.165 | 1.772 0.187 1.794 0.255 1.755 | 0.209 1.780
GSDS/GLM GSD2S/GLM
50 5.0
— 4.0 - ~ 40
- : * * 2 0
o 3.0 * o 3,
g8 ° 3] s ¢ ’
Ez_n-*i”' ’ Ez.o .:f . *
% ""0}'. R? = 0.243 § <'." ‘e R? = 0210
& 10{* RMSE = 1.798 & 104 * 2 RMSE = 1.636
* *, ‘e
0.0 \ . ' . 0.0 . ; : : :
0.0 20 40 60 80 100 120 14.0 0.0 20 40 60 80 100 120 140
Ec30 (dS/m) Ec30 (dS/m)




39

Ec30 (dS/m)

GSDEGLM GEDIMGLM
5.0 50
= 40 - = 40 -
E E
] ¥
! = -
30 - 30 4 *
R DR . g1 , .
ﬂ '. w “‘Q L
* -* = * *
52.0-# P § 20 ; . *
% ‘; L R? = 0.225 % ’ R = 0217
104 * RMSE = 1.610 € 10{%+ " AMSE = 1.712
¢
* .
L
0.0 . . 0.0 ' S—
00 20 40 60 80 100 120 140 0.0 20 40 60 80 100 120 140
Ec30 (dS/m) Ec30 (dS/m)
GSD5/RF GSD25/RF
5.0 50
. *° “ .
*
~ 40 - = 40 -
g 0] & e £
3 N s ¢
g 3.0 1 Q30 o , @ .
R . R $
) @ ' *
5 20 1 5 20 {4 %°
B . .
K “.00 S ¢ *
TR R? = 0.164 £ 10 "0 R? = 0.209
RMSE = 1.517 ¢ RMSE = 1.718
0.0 e — [ e e ————
00 20 40 60 80 100 120 140 00 20 40 60 80 100 120 140
Ec30 (dS/m) Ec30 (dS/m)
GSD50/RF GSD100/RF
5.0 5.0
o . .
—_ 1 —_ i S
= 40 $ g o = 40
3 3
I )
g 301 g 3.0 -
o st
v . v
g 2.0 - S 2.0 { g0 e N .
5 . k& W
3 wBhn e » T ** R? = 0.164
s 2 _ =
& 10 - R* = 0.488 & 1.0 - RMSE = 1.473
RMSE = 1588
0.0 — 0.0 —
00 20 40 60 80 100 120 140 00 20 40 60 80 100 120 140

Ec30 (dS/m)




40

GSD5/SVM GSD25/SVM
24 o 24 {7,
22 4 .3 . . 22 4 .
- 20 - — 201 o
Eig-o‘. . 518_0080. ¢
a - .,‘ ¢ . B .| e%e
~ 1.6 - ‘ Pt 1.6 " * *
3 14 8y ¢ Q 14
o < * w * ‘
FRER PAEA 2 12 {geee
6 10 - S 1.0 - ¢
i8] | G |
= 081, o E 0.8 ot
2 06 - . R = 0.165 & 061 R? = 0.187
04 1o * 0.4 - )
03 | RMSE = 1.772 03 RMSE = 1.794
0.0 . . . . . . . 0.0 ; . . . . . .
00 20 40 60 80 100 120 140 00 2.0 40 60 80 100 120 140
Ec30 (dS/m) Ec30 (dS/m)
GSD50/SVM GSD100/SVM
2.4 2.4
22 - 2.2 - .
~ 20 - ~ 2.0 - ’. 4 .
£ <& * £ * . ®
5 18 - “.,3 5 18 - w e
S 16 {4 o * . 21.6;':.“ . .
d 14N A T 14 { 2%
L; 12 {*® g0 “é 12 {ga'gee
g 10 % ¢ : 10 .
*
:E 0.8 4 * -g 0.8 -
£ 06 1 RZ = 0.255 £ 06 1 RZ = 0.209
0.4 - 0.4 -
03 | RMSE = 1.755 03 | RMSE = 1.780
0.0 : : : : : : : 0.0 : : : : : : :
00 20 40 60 80 100 120 140 00 20 40 60 80 100 120 140
Ec30 (dS/m) Ec30 (dS/m)

AN 17 wans Scattering plots AuduiusannITinamsthlnifnuanladu (Ec30)

LAZINNITUTEUINVDITBYAIINNINEBMIENAEY RGB




41

4.2 uNUiiNMIRANINANUANVDIAY (ga3ou-gae)

NNIRTERdeyanInauLsniuteyanlianemasliautudalsenaulume
ANTAZYIOULAN (1, g, b) DRTIEIUAINITAZTIDULEAR AIBLUUIIADIT 3 WUU vIliansa

2/ PN a [ a v A =
519N UNTUNTRANINAMNULANYBIAY ALaRIlUNINT 18 519 19

w» 25EC0h25¢m

Band 1 (Gray)

I 20.000000

o 100EC0R100cm

Band 1(Gray)
3 I 2.0000

II.WICO

GSD25Ec0 GSD100EcO

** SEC30hScm

s 100EC30h100cm

Band 1 (Gray)

l 20000000

8 2000000

GSD25Ec0 GSD100EcO

AT 18 UARILAUTINNTUSTUIUNIAAAINALLANTDIRY (1950u)



a2

¥ 25EC0h5cm ¥ 100CE0b100cm
Band 1 (Gray) Band 1 (Gray)
' 20,000000 I 2000000
i 2.000000 oo |
GSD25Ec0 GSD100EcO
o SEC30hScm
Band 1 (Gray) I 100EC30h100cm
20.000000 Band 1 (Gray)
20,0000
i 2.000000

GSD25Ec0 GSD100EcO

= =i a [ a
AN 19 LEAILLNUNNITUTZNIANITANMINAIIULANTDIAY (576U)



MR 20 wanadursiguinuAna IaAn1saliih d1uau 85 e

a3



unil 5

anUsIEHa d3UNANITANYN WazUalauaLuE

unignaniinisedunenansinuasuuanisnudesfalunsinyuas
Foauonurlumsinaveransanululdusslevdluewian msanuniuonshnisinses
foua 3 35 Aommeasuuuuasslunadadulnederly (GLM) wwusrassnsduiilil
(RF) LAz uudNa0ddwnasniannosuusdiu (SVM) vinnsusziliulszansainuuuiiasslag
Téeduuszansnissadula (R uaz Root mean square error (RMSE) wieviunuiiniuwiy

Ya9Ru NHANuLLug InsldninaieniseinidaInaInde Ul audU

5.1 aAUs1gNanIsANYI
5.1.1 NaN1SUSEIUAMANANRIAY (ECO)
= 1 o a v 1 v v
NaNISANYINISUSEUNUAINTUN W99 U (EQ) ﬁ]’]ﬂ%@%ﬁﬂ’mﬂ’]&l@?&lmﬂ’]ﬁi’i

v -Ql' a a oA 1 o o
AUTU NINYATLBYNIATVUIN 5, 25, 50, 100 tUaLUAT WU UAIAITULUULIVDILUUINEB

AeA1 R® 1A18g5e1ing 0.270 83 0.561 wagA RMSE dp10g5eming 12.841 §iv 16.698

Y

(ds/m) InenvayaarnamaimuiwuunaedunsuszniaInLgs Jranugnaesgeiian

Y Y

AN MENeNTEaBenIANI 25 WURWAS MInMseszimeluuiaasdnnesaannes

WUBTU (SYM) DA R? winfiu 0.561 wag RMSE winfiu 16.698 (dS/m)

5.1.2 Han15USEUNUAINANUANLIARIAY (EC30)
HaNIAn¥IN1sUsEINaAIM st lniheshiu (Eo) ndeyannaigsieainiels

U d' a a ! a1 ! o o
AUTU NINYATLBYAIATVUIN 5, 25, 50, 100 9UALUAT WU UAIAIULNULIVBILUUINEDY

AR R® 1A1ag5¥1ing 0.160 89 0.448 wagAn RMSE dA1085emine 1.473 9 1.588

Y

(ds/m) InenvoyaarnamaiauwuudaedunsUssnummINgs IA1ANgNABEan

Y Y

ABNNENENTIYALBYATANIN 50 WURIAT TINN1TIATIZMEWUUTIABILTURBUNDSLTA

(RF) §iA1 R? winfu 0.448 wag RMSE winiu 1.588 (dS/m)



A15199 12 NSANYILAZMUSUBUNAIIUINY

a5

378013 Wei et al., 2020 pAaND Hazya
nuariusemea | NunTugs N
ANWMENISIINY | U1AN,UgN51,0809,97,00889 | 917,4889dm7
YUIATUT 3500 15 wuseonidu 4 fufl ABCD | 84 15 Amdutituf @nwn
1. nn3ou aaunQil 31-40 BeALTALTYH
gavuNY gl 7 esrealdua | ennedianuiuuiungns
ANINOINA Ly | .
9INATIAINTUA 2. 9o el 27-35 samwaliea
91MAHANNTUES WagUaiuniids
R | B AuTIuUUNSI8(Ues) Aumien (1)
ANNUBIAY AUTIUUUNIIY .. +BAH _
wazdUNNUIUY Aauas
oL | viswnfunudisivas Ieibad | 1. Yadenesssuvfluitesvestuniu
GRIN TV L Y 5 . L.
o nsTueuvenilan wazlade | 2. anumainnisnszvinvesuywd Aensvi
TyAnRuLAY o - .
VN9EITUYIA UL DIVBITURU NGO
1. UAV 9119 DJI Matrice
iy (51A1 8214,000) 1. UAV 9119 DJI Mavic Air 1 (31
gunsalnldlunis L. ,
. 2. 19 @uwes Micro-MCA Su MINI | A1837,500)
ey N | P
6 High Quality Mulit-Spectral 2. 1 @uiwes RGB RAuNAU UAV
sensor
1. AOUNANDT 1. AOUNAADT
gunsalildlunis | 2. 1Wesld Leici/DDS-307A 151 | 2. EC-138 Conductivity Meter 41nn1
RGPV ARG T uns/EC was water wuuwAw Liquid nsilwidinnasia

conductivity (57A1825,000)

i1 (51A18500)

Modeling 171'15?7

1. BPNN
2. SVR
3. RF

1. GLM
2. RF
3. SVM

RF laedl R? = 0.812

RMSE = 2.229
RMSE = 0.089 (MAX =0.82) fin
U 10%

SVM Tae# R%= 0.561
RMSE =16.698
RMSE = 16.698 (MAX = 65) AnLdu 25%




a6

va o

5.1.3 251997 12 aziuleineidelavinnisilSeuifsuanunanensueenuide Tu

Y

a 1 1 [ a a ¢ al @ v ¢
bIDIFN €) L%uaﬂwngmﬂimm GERNAKIRNIY! QUﬂiﬂJWIﬂUﬂWiLﬂU%@Ma aunsainlelung

Y 9
a L7 v saada =3 V1 av a1 A v LY a1 = ! U
AnTzvideya uaskadnsNANgn awnuladnanddeldnadeiu uasiiduiuandeiu
drufindneiuiael dnvazgivseng dnvarnsldanuiui anmvesiu anngiiainivh

v & =]

TAAnRwAL wae Modeling LY wazludwifinuunnaadiufazll anmenie gunsalilld

Tunsinudeya aunsalildlunisiaseideya wasnaansnanan Fenn1siasizidsld

Y 9 9
° A da X & o a & oa 19 ¢ 4 & dAa 1 oA
ﬂ']@]@‘U'J']ﬁQV]Lﬂ@muuuLUUIUW']N‘VTaﬂGU'@\Tﬂ']']@J"Uﬁ\T uu@@ﬂ']iiGUQUﬂﬁﬁu HIDLATIBDINUDNIANTT U

s1P77a9n 31 gaulimnugnaewnnndt Tunsdlndynaaseinasiadeunauinfiuusimy
R & da 2 o =i o & da & ' ! ¢ A a4 A
Juiunduauvseld(feuniagyinistenfutu) uisldaunsameunsal viveinsasdony
NITves Wei bl wilsanunsamaunsaliniounuideves afadns Qavya ladediay

9NABIag# A1 R® Wiy 0.561 T0ANNRANAINT 25% WATIAIAIRTIAARUANIUMENTaTY

=3

wauumn 39asulenn wanTIvenanslmiuinnisignmalsaneinimeIuliauTUNTIAIEN

q

wioTmnngaufanunsadusestd Aamnsathunldluniseasivaeu Usulia uard19ie

= ::4'4:4' 1 1 < da‘/ t:l'q <@ 4&’ % ¥
NuRnaaIurasununfweuluilosdule
5.1.4 9NA15199 11 waznma 17 azmulainailaluiimnuduiusnisanalinse
FALAUTIDINAIT LLazgimeé’qﬂa"nL“f]umamwizmmmﬁmmﬁﬂiﬁﬁaau (Ec30) Ineay
=3

wildimansussanalituiannugnseadien FwragvioutununauAuiay

NADIANANUIUAE wWara ANV AAANANISUTEUIUANNIT A ULUAD ANNNSASTIDULEIN

Y 9

v
a = {

ARTUANNNNAIENINEINA SnuzveIiiuseng wazingeie veanmaenlilauen
= ] Wy a A & da 2 o & a a
gonly NAmM9 19 awiuledn Ushamdununnuag Guwag) asiuusnuveinuy fu

319 fuld wavaseufge



a7

5.2 #3UNan15Y

yhmsfnweuanansavesAnsazioutadlulsaytianay fio Red Green uay
BLUE shnsUseillutszdvdnmusauuudiass vesnmsuszanamiiarmdniafiui (Eco)
uaz AmANTHRIAY (EC30) seBmsiFouvaaaiaes (Machine learning) Tne3snnsi
WnauelinsinainisiiliihvesiuainnisnnaessiniunmaeeasBenaINeIn e
gulfaudu (UAV) TneldseasiBenganimawa 5, 25, 50 wag 100 Lwufuns Tufufinng
naaedluutIvennunIns ulnudy muaiiuim dunseana1n Jamdianiwdug 91n

NANISANYINUIN

5.2.1 MsUszsnammsthlndheesdiu (Eo) anudniaiu (EcO) fineazidunganin
25 WURLLAT AIENITIATIEIMERUUTIARIENNSLINWOTLUTY (SVM) Tinanisusyann
Amstlwiesiu (Eo) 1#Aan Inefien R Wiy 0.561 wag RMSEWINAU 16.698 Luns
wagn1sUszanaAInstliihvesiu (Ec) Awdntaau (Ec30) ﬁswaamﬁammmw 50
WURIAT MENTIRTIERmELuUTIaeIn1saulall (RF) inanisussanaaini sl
o3y (Ec) léffian TnefiAn R infu 0.448 way RMSEWAU 1.588 ums waaslyiifiuininsg

Tdnmareanannmasuliauduiniiseasdenganinliganntn Addmalinisuszanaei

Asinlndvesdiu (Eo) Tom



a8

5.3 UDLAUDLUY

nsfnyssiulssdnsnimnissuisseslnalagldnmaearnenmasuliaudu

WiaUszUuAINSI NN Y9RY (Ec) AANUANRIAY (ECO) kag AnuantaRIAY (Ec30)

[ '
v A A )

AIdedeniuveuionUssuna 84 15 asegnUiulnudy duamiund gneeeman

Y
v v a

Jarinn1wdug edmsunisiaamuuasyiunuianuauesiu Inevinistudieniniiniig

g9 90 a3 wubengneesluinaeifimangay usdmniiaukivgvestoyanisin

Y Y

nstuen nAsEAURANASTY [ieLINANasBgAvRINNENEN A WaganNMTAnYINITY
Ildndes RGB NTYI9MAUTES (RGB) Astluasiimsfnyiiisiunediuetinuasanaud
299Na89 Multispectral Redeage WazHyperpectral A451897UNTI9Y (Hu et al., 2019;

Zhang and Zhao 2019) Lilasannassisaestididisnduiinin dsazlnanianuiugunn

'
a

B9 wiegalsinundesivansfisnmifeudieas limanzauiuaulng psfinwiiiudy

a o

NYINTUNTIATIERNINAIENANNTIRUNTOYANINTING Object base image analysis

o
g v i

(OBIA) $19518971147338984 (Ilvushkin et al., 2019) wandivumeunIsUsTdIaNanuINwazt Ut

D.

o =<

IS PN gj dy [ dy aa ! (% 1 dy A
AIINVBLANATDUAGUYNNUN LA ENTIUDINTADIVAADUNUNUNVILANAINU LYUNUNUN
LA & dda o y g oA P a °
Yrengla NuNNzlanIy Nunnannuesasianiduniiu LW@I‘mUﬂqiﬂigLNUﬂ’]ﬂqu’]

InArve95u (Ec)

Ya o £ 1 =

FAdewiuindeyanisdrsannsseglnamemadiaiie dianudAgsonisfinw

msUszanainmsiihvesiu (Ec) suasiduuselaviseiniyinig dnineimans
mhgnunInihnusmsInnsminensitlsasnsadianuinlaluldlunsfinuidelaeeng

a 0

fusgansnmeialilueuan sudanuasnsianunsadludssendlglunisiiudssanu

nanAnluauIAA LA NAE






AsufALNTAY nseMsIanuaswazanngal. (2553). glionuftRnu nszuiumsiusiedng
WATNISAIBUFIBENIAU. Retrieved July 12, 2021, from
https://www.google.co.th/url?sa=t&rct=j&g=8&esrc=s&source=web&cd=&ved=2
ahUKEwiQz4rlh] 7ARWJ7zgGHQhrAZOQFNoECAKQAQ&url=http%3A%2F%2Fww
w.ldd.g0.th%2FPMQA%2F2553%2FManual%2FOSD-
02.pdf&usg=A0wWaw1ewXxDCjoCkaZONJ71CGwq

nsuRINTRY NsEnTINnuRsLazannsal. (2553) AleMU IR NsEUIUMTIATIZN
M3I9@BUAUNNALALL Retrieved October 12, 2021, from
https://\.facebook.com/|.php?u=https%3A%2F%2Fwww.ldd.go0.th%2FPMQA%2
F2553%2FManual%2FOSD-
03.pdf%3Ffbclid%3DIWAR3VZTNTAINXhomEMQB7YmdBgcOUu1160apBcZsw0SS
FfO-FLMfbfd97nA8&h=AT2xH1ZF7q4Gb7qg8fzgdxCL6SNhzFTJ8t-
9¢80GjlwO8z2nbaE7TNCtVWBshm67iYiRAXsUimGwyFRo8usAHpGeVwGX8gKw8-
iM_sYxJne TZd7IfE9p3DeaP4CjEVIo8PBflwdjthBifQk) ZgzOew

NIUNRNNAY NIENTINNYATHATANNTAL. (2564). Toyan13InN1TAU. Retrieved July 12,

2021, from https://www.ldd.go.th/Web_Soil/salty.htm

ARRFNA MInand. (2559). NaNsUsENBUIIEATINITENTIVEIEANENEN90INA. Retrieved
July 25, 2021, from http://www.rtsd.mi.th/

(%)

a6 a adaa a o0 v Aa (Y Y (Y
Uaa138. 2544, SITHVIANUINYIAYUTUBDHATU. AUNARUINUTITU Fa1UUINYAN)

(Y L4

Uszan

guasI¥snil. 108 nil.

NYUVING Ejum. (2557). Nsd15199nsz8glng (Remote Sensing). Retrieved July
16,2021, from http://pitchapornsjl13.blogspot.com/2014/10/remote-sensing-
1 56.html

v a

Tnea duRSIIUUUN. (2553). NNSSIIAPIEATNAFNE. L. U.N.: A TNAUNUMINGNSUYDULAL.


https://www.ldd.go.th/Web_Soil/salty.htm

51

1Y NS Ar A Usenn. a1uiiey d19739 NSneIns U89 e AU N1 398 AU WY, Thai

Agricultural Research Journal, 2007, 25.2: 177-177.

@71 WAUAY. (2561). NMSUSLIUNSITAINE18NI9BINAINNBINTASULS AUTUF IS UNIS

UTUNUAI N BN URUYBIN LNLDU. 1TANTLAUNERS, 46 (RUUNLY 1), 381-387.

aulf agidleq. (2558). Teyavnnisdrmasseslng (Remote Sensing). Retrieved July

20,2021, from http://www.gisthai.org/about-gis/remote-sensing.html

AunuUdnIENTINAYRSIazannsad. (2563). 91991188, Retrieved July 15,

2021, from https://www.opsmoac.go.th/chainat-dwl-files-421591791097

gaf 1masey, . 2. (2015). N1FIATIENNTTANN0E NISWUAAIINMINEAT R-Square wag
N15USy UM ULUUMNWMUIY @YU A ID M. Retrieved July 12, 2021 , from

https://www.solutioncenterminitab.com/blog/unaiu-3/

a3l gazfion. (2536). NATDIAUNINUNANADAMALTATDIRULAZNITNUANTBINTY.

NFUNNUNING RN WATANANS

BENDIG, Juliane, et al. Solar-induced chlorophyll fluorescence measured from an
unmanned aircraft system: sensor etaloning and platform motion correction.

IEEE Transactions on Geoscience and Remote Sensing, 2019, 58.5: 3437-3444,

HU, Jie, et al. Quantitative estimation of soil salinity using UAV-borne hyperspectral

and satellite multispectral images. Remote Sensing, 2019, 11.7: 736.

IVUSHKIN, Konstantin, et al. Global mapping of soil salinity change. Remote sensing of
environment, 2019, 231: 111260.

MA, Ying, et al. Spectral index fusion for salinized soil salinity inversion using Sentinel-

2A and UAV images in a coastal area. IEEE Access, 2020, 8: 159595-159608.



52

ROMERO-TRIGUERQS, Cristina, et al. Effects of saline reclaimed waters and deficit
irrigation on Citrus physiology assessed by UAV remote sensing. Agricultural
Water Management, 2017, 183: 60-69

Selvaraj, M. G., Valderrama, M., Guzman, D., Valencia, M., Ruiz, H., & Acharjee, A.
(2020). Machine learning for high-throughput field phenotyping and image
processing provides insight into the association of above and below-ground

traits in cassava (Manihot esculenta Crantz). Plant methods, 16(1), 1-19.

Soil Survey Laboratory Staff. 1992. Reaction (pH). pp 274-276. In Soil Survey
Laboratory Method ~ Manual. Soil Survey Investigations report No. 42, V.2.0.

WEI, Zhuo, et al. Remediation of crude oil-contaminated coastal marsh soil:
Integrated effect of biochar, rhamnolipid biosurfactant and nitrogen

application. Journal of hazardous  materials, 2020, 396: 122595.

ZHANG, Suming; ZHAO, Gengxing. A harmonious satellite-unmanned aerial vehicle-
ground measurement inversion method for monitoring salinity in coastal

saline soil. Remote Sensing, 2019, 11.14: 1700.



AMANUIN

A13197 13 ANdzVDULESNIUSULAAAZTIDULAY LazARwilsneg nlusunsy QGIS 3.8 9

GSD 5 wusikuns (EcO)

ECO| r g b | Jrxg|/rZxg? (rfg) rtglrxg I r—g
(r+g g
44 | 0338 | 0.331 | 0331 | 0334 | 0.112 | 0006 |0.669 | 0.112 | 1.019 | 0.006
22 10334 [ 0332 0334 | 0333 | 0.111 | 0002 | 0666 |0.111 | 1.005 | 0.002
23 | 0350 | 0336 | 0313 | 0.343 | 0.118 | 0013 | 0.687 | 0.118 | 1.042 | 0.014
12 | 0.362 | 0335 | 0.304 | 0348 | 0.121 | 0.025 | 0.696 | 0.121 | 1.081 | 0.027
11 | 0360 | 0.333 | 0.307 | 0346 | 0.120 | 0.025 | 0.693 | 0.120 | 1.079 | 0.026
19 | 0342 | 0331 | 0.327 | 0336 | 0.113 | 0011 | 0.673 | 0.113 | 1.034 | 0.011
3 | 0376|0328 | 0296 | 0351 | 0123 | 0041 |0.704 |0.123 | 1.144 | 0.047
5 10366 | 0332|0303 | 0348 | 0.121 | 0031 |0.697 | 0.121 | 1.102 | 0.034
3 | 0357 | 0324|0320 | 0340 | 0115 | 0.030 | 0.680 | 0.115 | 1.103 | 0.033
3 | 0415|0309 | 0.276 | 0.358 | 0.128 | 0.079 |0.724 | 0.128 | 1.341 | 0.105
13 | 0356 | 0333 | 0.312 | 0.344 | 0.118 | 0022 |0.688 | 0.118 | 1.069 | 0.023
4 | 0362|0333 |0306 | 0347 | 0120 | 0.026 |0.694 | 0.120 | 1.086 | 0.029
4 | 0370|0330 | 0300 | 0.350 | 0.122 | 0.036 |0.700 | 0.122 | 1.123 | 0.040
3 10339 | 0337 | 0325 | 0338 | 0114 | 0002 | 0.675 | 0.114 | 1.005 | 0.002
6 | 0.440 | 0319 | 0.241 | 0374 | 0.140 | 0088 |0.759 | 0.140 | 1.378 | 0.121
4 | 0347 | 0360 [ 0313 | 0343 | 0.118 | 0.007 |0.687 | 0.118 | 1.022 | 0.008
5 10339 | 0337 [0325| 0338 | 0.114 | 0002 | 0675 |0.114 | 1.006 | 0.002
3 10363 | 0334|0303 | 0348 | 0121 | 0027 |0.697 | 0.121 | 1.087 | 0.029
3 | 0374 0334|0292 | 0353 | 0125 | 0.035 |0.708 |0.125 | 1.118 | 0.039
1 0379 | 0348 | 0273 | 0363 | 0432 | 0.029 |0.727 | 0.132 | 1.090 | 0.031
2 | 0401|0344 | 0255 | 0371 | 0.138 | 0.049 |0.745 | 0.138 | 1.165 | 0.057
2 | 0369 | 0336|029 | 0352 | 0.124 | 0.030 |0.704 | 0.124 | 1.099 | 0.033
4 | 0354|0331 |0315| 0343 | 0.117 | 0021 | 0685 | 0.117 | 1.068 | 0.023
1 |0379 | 0348|0273 | 0363 | 0132 | 0.029 |0.727 | 0.132 | 1.090 | 0.031
4 10366 | 0333|0302 | 0349 | 0.122 | 0030 |0.698 | 0.122 | 1.100 | 0.033
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EcO r g b | /rxg \/rzxgz (rfg) r+glrxg ! r—g
(r+g) g

510353 | 0334 | 0.313 | 0.343 0.118 0.018 | 0.687 | 0.118 | 1.056 | 0.019
31 0385|0326 | 0.289 | 0.354 0.126 | 0.050 | 0.711 | 0.126 | 1.182 | 0.059
410354 0332 | 0315 | 0.343 0.117 | 0.021 | 0.685 | 0.117 | 1.066 | 0.022
310330 | 0338 | 0.332 | 0.334 0.112 | -0.009 | 0.668 | 0.112 | 0.974 | 0.009
2| 0376 | 0.360 | 0.264 | 0.368 0.135 0.015| 0.736 | 0.135 | 1.042 | 0.015
310339 0330 | 0.330 | 0.335 0.112 0.009 | 0.670 | 0.112 | 1.027 | 0.009

31 0365|0338 | 0.297 | 0.351 0.123 0.025 | 0.703 | 0.123 | 1.078 | 0.026
6] 0375] 0331 | 0.294 | 0.352 0.124 | 0.039 | 0.706 | 0.124 | 1.134 | 0.044
410374 0336 | 0.290 | 0.354 0.126 | 0.034 | 0.710 | 0.126 | 1.113 | 0.038

81 0.361| 0.348 | 0.291 | 0.354 0.126 | 0.012 | 0.709 | 0.126 | 1.036 | 0.013
18 | 0.397 | 0.332 | 0.271 | 0.363 0.132 0.055 | 0.729 | 0.132 | 1.197 | 0.066
61| 0.356 | 0.328 | 0.316 | 0.342 0.117 0.025] 0.684 | 0.117 | 1.083 | 0.027
60 | 0.350 | 0.332 | 0.319 | 0.340 0.116 | 0.017 | 0.681 | 0.116 | 1.055 | 0.018
131 0.365 | 0.335| 0.300 | 0.350 0.122 | 0.027 | 0.700 | 0.122 | 1.088 | 0.030
61| 0.354 | 0.337 | 0.309 | 0.345 0.119| 0.017 | 0.691 | 0.119 | 1.052 | 0.018
10| 0.354 | 0.332 | 0.314 | 0.343 0.118 0.021 | 0.686 | 0.118 | 1.067 | 0.022
51 0.360 | 0.333 | 0.306 | 0.347 0.120 0.025 | 0.694 | 0.120 | 1.081 | 0.027
6] 0.358 | 0.335| 0.308 | 0.346 0.120 0.022 | 0.692 | 0.120 | 1.069 | 0.023
310347 | 0.344 | 0.309 | 0.346 0.119 | 0.003 | 0.691 | 0.119 | 1.008 | 0.003
60 | 0.330 | 0.336 | 0.334 | 0.333 0.111 | -0.005 | 0.666 | 0.111 | 0.984 | 0.005
60 | 0.343 | 0.329 | 0.327 | 0.336 0.113 0.013 | 0.673 | 0.113 | 1.042 | 0.014
50 | 0.330 | 0.337 | 0.333 | 0.334 0.111 | -0.007 | 0.667 | 0.111 | 0.980 | 0.007
40 | 0.331 | 0.335 | 0.335 | 0.333 0.111 | -0.004 | 0.665 | 0.111 | 0.988 | 0.004
510448 | 0.313 | 0.239 | 0.375 0.140 0.094 | 0.761 | 0.140 | 1.431 | 0.135
110386 | 0331 0.283 | 0.357 0.128 0.048 | 0.717 | 0.128 | 1.169 | 0.056
151 0.358 | 0.330 | 0.312 | 0.344 0.118 0.026 | 0.688 | 0.118 | 1.084 | 0.028
50 10.339 | 0.334 | 0.327 | 0.336 0.113 0.005 | 0.673 | 0.113 | 1.015 | 0.005
40 | 0.332 | 0.332 | 0.336 | 0.332 0.110 0.000 | 0.664 | 0.110 | 1.000 | 0.000
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EcO r g b | /rxg \/rzxgz (rfg) r+glrxg ! r—g
(r+g) g

310404 | 0.308 | 0.288 | 0.353 0.124 0.073 | 0.712 | 0.124 | 1.312 | 0.096
410433 ] 0311 0.256 | 0.367 0.135 0.087 | 0.744 | 0.135| 1.389 | 0.121
61 0.430 | 0317 | 0.253 | 0.369 0.136 | 0.083 | 0.747 | 0.136 | 1.357 | 0.113
2| 0.350 | 0.314 | 0.336 | 0.331 0.110 | 0.033 | 0.664 | 0.110 | 1.117 | 0.037
2| 0357 | 0330 | 0.313 | 0.343 0.118 0.024 | 0.687 | 0.118 | 1.079 | 0.026
20 | 0.369 | 0.329 | 0.302 | 0.348 0.121 0.036 | 0.698 | 0.121 | 1.122 | 0.040
30 | 0.350 | 0.327 | 0.323 | 0.338 0.114 0.021 | 0.677 | 0.114 | 1.069 | 0.022
30 | 0.354 | 0.330 | 0.316 | 0.342 0.117 | 0.023 | 0.684 | 0.117 | 1.074 | 0.025
20 | 0.345 | 0.336 | 0.320 | 0.340 0.116 | 0.009 | 0.680 | 0.116 | 1.026 | 0.009
121 0.358 | 0.331 | 0.310 | 0.345 0.119 | 0.025 | 0.690 | 0.119 | 1.081 | 0.027
410362 | 0.345| 0.293 | 0.353 0.125 0.017 | 0.707 | 0.125 | 1.050 | 0.017
410361 0.339| 0300 | 0.350 0.122 0.021 | 0.700 | 0.122 | 1.065 | 0.022
410381 0334 | 0.285| 0.357 0.127 | 0.041 | 0.715 | 0.127 | 1.141 | 0.047
110360 | 0.338 | 0.302 | 0.349 0.122 | 0.020 | 0.698 | 0.122 | 1.063 | 0.021
110377 | 0343 | 0.280 | 0.360 0.129 | 0.031 | 0.720 | 0.129 | 1.099 | 0.034
171 0.358 | 0.343 | 0.299 | 0.350 0.123 0.015 | 0.701 | 0.123 | 1.045 | 0.015
410361 0.345| 0.295| 0.353 0.124 0.015 | 0.705 | 0.124 | 1.046 | 0.016
110366 | 0.333 | 0.302 | 0.349 0.122 | 0.030 | 0.698 | 0.122 | 1.099 | 0.033
51 0.344 | 0.340 | 0.315 | 0.342 0.117 | 0.004 | 0.685 | 0.117 | 1.011 | 0.004
410364 | 0328 | 0.308 | 0.346 0.120 | 0.032 | 0.692 | 0.120 | 1.108 | 0.036
510378 | 0327 | 0.295 | 0.351 0.124 0.044 | 0.705| 0.124 | 1.155 | 0.051
0 0.389| 0321 | 0.290 | 0.353 0.125 0.056 | 0.710 | 0.125| 1.212 | 0.068
1103740327 0299 | 0.350 0.122 0.041 | 0.701 | 0.122 | 1.145 | 0.047
110384 | 0328 | 0.288 | 0.355 0.126 0.048 | 0.712 | 0.126 | 1.172 | 0.056
110365 0332 0302 | 0.348 0.121 0.030 | 0.698 | 0.121 | 1.098 | 0.033
2| 0.364 | 0.334 | 0.302 | 0.349 0.122 0.028 | 0.698 | 0.122 | 1.090 | 0.030
131 0333 | 0.336 | 0.331 | 0.334 0.112 | -0.004 | 0.669 | 0.112 | 0.990 | 0.003
30 | 0.335 [ 0.335 | 0.331 | 0.335 0.112 0.000 | 0.669 | 0.112 | 1.000 | 0.000
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EcO r g b | /rxg|r2xg? (rfg) r+glrxg r r—g
(r+g) g

30 0.349 | 033 | 0.32 0.324 0.115| 0.018 | 0.68 | 0.115 | 1.058 | 0.019
30| 0.345 | 0.335 | 0.32 0.24 0.116 | 0.009 | 0.68 | 0.116 | 1.028 | 0.009
131 0363 | 0.33| 0.307 | 0.346 0.12 0.03 ] 0693 | 0.12 1.1] 0.033
171 0.352| 0.335 | 0.313 | 0.243 0.118 | 0.016 | 0.687 | 0.118 | 1.049 | 0.016
40 | 0.352 | 0.335 | 0.313 | 0.344 0.118 | 0.016 | 0.688 | 0.118 | 1.05| 0.017
40| 0.348 | 0.335 | 0.317 | 0.341 0.116 | 0.012 | 0.683 | 0.116 | 1.037 | 0.012
1] 0365 0.331 | 0.304 | 0.348 0.121 0.031 ] 0.696 | 0.121 | 1.103 | 0.034
10 | 0.364 | 0.333 | 0.303 | 0.348 0.121| 0.028 | 0.697 | 0.121 | 1.092 | 0.031
410354 | 0329 | 0317 | 0.341 0.116 | 0.023 | 0.683 | 0.116 | 1.075 | 0.025
2| 0.355 | 0.339 | 0.306 | 0.347 0.12| 0.016 | 0.694 | 0.12| 1.048 | 0.016
10 | 0.347 | 0.335 | 0.318 | 0.341 0.116 | 0.011| 0.682 | 0.116 | 1.034 | 0.011
71 035 0330321 0.339 0.115 | 0.019 | 0.679 | 0.115| 1.061 | 0.02
1710349 | 03324 | 0.317 | 0.341 0.117| 0.014 | 0.683 | 0.117 | 1.045 | 0.015
151 0.388 | 0.322 | 0.289 | 0.354 0.125| 0.055| 0.711 | 0.125 | 1.204 | 0.066
91 0360329 | 0311 | 0.344 0.118 | 0.028 | 0.689 | 0.118 | 1.093 | 0.03
15| 0.362 | 0.329 | 0.309 | 0.345 0.119 0.03 | 0.691 | 0.119 1.1] 0.033
41 043 0317 ] 0.253 | 0.369 0.136 | 0.083 | 0.747 | 0.136 | 1.356 | 0.113
20| 0.345 | 0.333 | 0.322 | 0.339 0.115 | 0.012 | 0.678 | 0.115| 1.037 | 0.012
30| 0.356 | 0.332 | 0.311 | 0.344 0.118 | 0.023 | 0.689 | 0.118 | 1.073 | 0.024
20| 0.351 ] 0.341 | 0.308 | 0.346 0.12 0.01] 0692 | 0.12| 1.029| 0.01
20| 0.355 | 0.341 | 0.305 | 0.348 0.121 0.013 | 0.695 | 0.121 | 1.041 | 0.014
20| 034 0342|0319 | 0.341 0.116 | -0.002 | 0.681 | 0.116 | 0.994 | 0.002
121 0.351| 0.335 | 0.314 | 0.343 0.118 | 0.015| 0.686 | 0.118 | 1.047 | 0.016
121 0.349 | 0.336 | 0.314 | 0.343 0.117 | 0.012 | 0.686 | 0.117 | 1.038 | 0.013
30 | 0.354 | 0.342 | 0.304 | 0.348 0.121 0.011 | 0.696 | 0.121 | 1.034 | 0.012
20 | 0.358 | 0.331 | 0.312 | 0.344 0.118 | 0.025| 0.688 | 0.118 | 1.083 | 0.027
40 | 0.354 | 0.3324 | 0.313 | 0.344 0.118 | 0.019 | 0.687 | 0.118 | 1.059 | 0.02
15 1 0.351 | 0.332 | 0.318 | 0.341 0.116 0.018 | 0.682 | 0.116 | 1.058 | 0.019
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EcO r g b | /rxg \/rzxgz (rfg) r+glrxg ! r—g
(r+g) g
30 | 0.348 | 0.339 | 0.313 0.343 0.118 0.008 | 0.687 | 0.118 | 1.026 | 0.009
12| 0.34| 0.338 | 0.322 0.339 0.115 0.002 | 0.678 | 0.115 | 1.005 | 0.002
20| 0.34 | 0.335 | 0.325 0.337 0.114 0.005 | 0.675 | 0.114 | 1.015 | 0.005
40 | 0.346 | 0.338 | 0.316 | 0.342 0.117 0.008 | 0.684 | 0.117 | 1.025 | 0.008
A1519Tt 14 FagvieunaaTiuSundenasiiounas wavAdudneg a1nTusunsy QGIS 3.8 7
GSD 5 wumung (Ec30)

Ec30 r g b | /rxg \/rzxgz g:g r+g|rxg ; r—g
4 0.338 | 0.331 | 0.331 | 0.334 0.112 0.006 | 0.669 | 0.112 | 1.019 | 0.006
3 0.334 | 0.332 | 0.334 | 0.333 0.111 0.002 | 0.666 | 0.111 | 1.005 | 0.002
a4 0.350 | 0.336 | 0.313 | 0.343 0.118 0.013 | 0.687 | 0.118 | 1.042 | 0.014
3 0.362 | 0.335 | 0.304 | 0.348 0.121 0.025 | 0.696 | 0.121 | 1.081 | 0.027
2 0.360 | 0.333 | 0.307 | 0.346 0.120 0.025 | 0.693 | 0.120 | 1.079 | 0.026
6 0.342 | 0.331 | 0.327 | 0.336 0.113 0.011 | 0.673 | 0.113 | 1.034 | 0.011
1 0.376 | 0.328 | 0.296 | 0.351 0.123 0.041 | 0.704 | 0.123 | 1.144 | 0.047
1 0.366 | 0.332 | 0.303 | 0.348 0.121 0.031 | 0.697 | 0.121 | 1.102 | 0.034
2 0.357 | 0.324 | 0.320 | 0.340 0.115 0.030 | 0.680 | 0.115 | 1.103 | 0.033
2 0.415 | 0.309 | 0.276 | 0.358 0.128 0.079 | 0.724 | 0.128 | 1.341 | 0.105
4 0.356 | 0.333 | 0.312 | 0.344 0.118 0.022 | 0.688 | 0.118 | 1.069 | 0.023
2 0.362 | 0.333 | 0.306 | 0.347 0.120 0.026 | 0.694 | 0.120 | 1.086 | 0.029
2 0.370 | 0.330 | 0.300 | 0.350 0.122 0.036 | 0.700 | 0.122 | 1.123 | 0.040
1 0.339 | 0.337 | 0.325 | 0.338 0.114 0.002 | 0.675 | 0.114 | 1.005 | 0.002
3 0.440 | 0.319 | 0.241 | 0.374 0.140 0.088 | 0.759 | 0.140 | 1.378 | 0.121
2 0.347 | 0.340 | 0.313 | 0.343 0.118 0.007 | 0.687 | 0.118 | 1.022 | 0.008
3 0.339 | 0.337 | 0.325 | 0.338 0.114 0.002 | 0.675 | 0.114 | 1.006 | 0.002
2 0.363 | 0.334 | 0.303 | 0.348 0.121 0.027 | 0.697 | 0.121 | 1.087 | 0.029
2 0.374 | 0.334 | 0.292 | 0.353 0.125 0.035 | 0.708 | 0.125 | 1.118 | 0.039
1 0.379 |1 0.348 | 0.273 | 0.363 0.132 0.029 | 0.727 | 0.132 | 1.090 | 0.031
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Ec30 r g b | /rxg \/rzxgz (rfg) r+glrxg r r—g
(r+g) g
1 0.401 | 0.344 | 0.255 | 0.371 0.138 0.049 | 0.745 | 0.138 | 1.165 | 0.057
1 10369 | 0336 | 0.296 | 0.352 0.124 0.030 | 0.704 | 0.124 | 1.099 | 0.033
2 | 0.354 0331|0315 | 0.343 0.117 0.021 | 0.685 | 0.117 | 1.068 | 0.023
1 10366 | 0.333 | 0.302 | 0.349 0.122 0.030 | 0.698 | 0.122 | 1.100 | 0.033
2 | 0.353]0.334 | 0313 | 0.343 0.118 0.018 | 0.687 | 0.118 | 1.056 | 0.019
2 | 0.385]0.326 | 0.289 | 0.354 0.126 0.050 | 0.711 | 0.126 | 1.182 | 0.059
1 0.354 | 0.332 | 0.315 | 0.343 0.117 0.021 | 0.685 | 0.117 | 1.066 | 0.022
1 10330 | 0.338 | 0.332 | 0.334 0.112 -0.009 | 0.668 | 0.112 | 0.974 | 0.009
2 | 0376 | 0.360 | 0.264 | 0.368 0.135 0.015 | 0.736 | 0.135 | 1.042 | 0.015
2 | 0.339 | 0.330 | 0.330 | 0.335 0.112 0.009 | 0.670 | 0.112 | 1.027 | 0.009
1 0.365 | 0.338 | 0.297 | 0.351 0.123 0.025 | 0.703 | 0.123 | 1.078 | 0.026
3 0.375 | 0.331 | 0.294 | 0.352 0.124 0.039 | 0.706 | 0.124 | 1.134 | 0.044
2 | 0.374]0.336 | 0.290 | 0.354 0.126 0.034 | 0.710 | 0.126 | 1.113 | 0.038
2 | 0361|0348 | 0.291 | 0.354 0.126 0.012 | 0.709 | 0.126 | 1.036 | 0.013
2 | 0397|0332 |0.271 | 0.363 0.132 0.055 | 0.729 | 0.132 | 1.197 | 0.066
5 0.356 | 0.328 | 0.316 | 0.342 0.117 0.025 | 0.684 | 0.117 | 1.083 | 0.027
2 | 0.350 | 0.332 | 0.319 | 0.340 0.116 0.017 | 0.681 | 0.116 | 1.055 | 0.018
2 10365 | 0.335 | 0.300 | 0.350 0.122 0.027 | 0.700 | 0.122 | 1.088 | 0.030
2 | 0.354 | 0.337 | 0.309 | 0.345 0.119 0.017 | 0.691 | 0.119 | 1.052 | 0.018
2 1035410332 | 0314 | 0.343 0.118 0.021 | 0.686 | 0.118 | 1.067 | 0.022
1 10360 | 0.333 | 0.306 | 0.347 0.120 0.025 | 0.694 | 0.120 | 1.081 | 0.027
1 10.358 | 0.335 | 0.308 | 0.346 0.120 0.022 | 0.692 | 0.120 | 1.069 | 0.023
2 10347 10.344 | 0.309 | 0.346 0.119 0.003 | 0.691 | 0.119 | 1.008 | 0.003
12 1 0.330 | 0.336 | 0.334 | 0.333 0.111 -0.005 | 0.666 | 0.111 | 0.984 | 0.005
10 1 0.343 | 0.329 | 0.327 | 0.336 0.113 0.013 | 0.673 | 0.113 | 1.042 | 0.014
8 10.330 | 0.337 | 0.333 | 0.334 0.111 -0.007 | 0.667 | 0.111 | 0.980 | 0.007
7 10331 | 0.335 | 0.335 | 0.333 0.111 -0.004 | 0.665 | 0.111 | 0.988 | 0.004
2 10448 | 0.313 | 0.239 | 0.375 0.140 0.094 | 0.761 | 0.140 | 1.431 | 0.135
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Ec30 r g b | /rxg \/rzxgz (rfg) r+glrxg r r—g
(r+g) g
0 |0.386 | 0331 | 0.283 | 0.357 0.128 0.048 | 0.717 | 0.128 | 1.169 | 0.056
1 103580330 | 0.312 | 0.344 0.118 0.026 | 0.688 | 0.118 | 1.084 | 0.028
1 10339 |0.334 | 0327 | 0.336 0.113 0.005 | 0.673 | 0.113 | 1.015 | 0.005
4 103320332 | 0336 | 0.332 0.110 0.000 | 0.664 | 0.110 | 1.000 | 0.000
1 0.404 | 0.308 | 0.288 | 0.353 0.124 0.073 | 0.712 | 0.124 | 1.312 | 0.096
1 0.433 | 0.311 | 0.256 | 0.367 0.135 0.087 | 0.744 | 0.135 | 1.389 | 0.121
1 0.430 | 0.317 | 0.253 | 0.369 0.136 0.083 | 0.747 | 0.136 | 1.357 | 0.113
1 103500314 | 0.336 | 0.331 0.110 0.033 | 0.664 | 0.110 | 1.117 | 0.037
1 103570330 | 0.313 | 0.343 0.118 0.024 | 0.687 | 0.118 | 1.079 | 0.026
4 10369 | 0.329 | 0.302 | 0.348 0.121 0.036 | 0.698 | 0.121 | 1.122 | 0.040
1 0.350 | 0.327 | 0.323 | 0.338 0.114 0.021 | 0.677 | 0.114 | 1.069 | 0.022
3 0.354 | 0.330 | 0.316 | 0.342 0.117 0.023 | 0.684 | 0.117 | 1.074 | 0.025
2 |0.345 | 0.336 | 0.320 | 0.340 0.116 0.009 | 0.680 | 0.116 | 1.026 | 0.009
1 0358|0331 |0.310 | 0.345 0.119 0.025 | 0.690 | 0.119 | 1.081 | 0.027
1 103620345 | 0.293 | 0.353 0.125 0.017 | 0.707 | 0.125 | 1.050 | 0.017
1 0.361 | 0.339 | 0.300 | 0.350 0.122 0.021 | 0.700 | 0.122 | 1.065 | 0.022
1 0.381 | 0.334 | 0.285 | 0.357 0.127 0.041 | 0.715 | 0.127 | 1.141 | 0.047
1 0.360 | 0.338 | 0.302 | 0.349 0.122 0.020 | 0.698 | 0.122 | 1.063 | 0.021
1 10377 |0.343 | 0.280 | 0.360 0.129 0.031 | 0.720 | 0.129 | 1.099 | 0.034
0 |0.358 |0.343 | 0.299 | 0.350 0.123 0.015 | 0.701 | 0.123 | 1.045 | 0.015
1 10361 | 0345 | 0.295 | 0.353 0.124 0.015 | 0.705 | 0.124 | 1.046 | 0.016
0 10.366 | 0.333 | 0.302 | 0.349 0.122 0.030 | 0.698 | 0.122 | 1.099 | 0.033
0 10.344 | 0.340 | 0.315 | 0.342 0.117 0.004 | 0.685 | 0.117 | 1.011 | 0.004
1 10364 |0.328 | 0.308 | 0.346 0.120 0.032 | 0.692 | 0.120 | 1.108 | 0.036
1 10378 | 0327 | 0.295 | 0.351 0.124 0.044 | 0.705 | 0.124 | 1.155 | 0.051
0 ]0.389 | 0.321 | 0.290 | 0.353 0.125 0.056 | 0.710 | 0.125 | 1.212 | 0.068
0 0374|0327 | 0.299 | 0.350 0.122 0.041 | 0.701 | 0.122 | 1.145 | 0.047
1 10384 |0.328 | 0.288 | 0.355 0.126 0.048 | 0.712 | 0.126 | 1.172 | 0.056
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Ec30 r g b | \/rxg|r2xg? (rfg) r+glrxg r r—g
(r+g) g
1 10365 |0.332 | 0302 | 0.348 0.121 0.030 | 0.698 | 0.121 | 1.098 | 0.033
1 10364 | 0334 | 0.302 | 0.349 0.122 0.028 | 0.698 | 0.122 | 1.090 | 0.030
2 10333 ]0.336 | 0.331 | 0.334 0.112 -0.004 | 0.669 | 0.112 | 0.990 | 0.003
3 103350335 | 0331 | 0335 0.112 0.000 | 0.669 | 0.112 | 1.000 | 0.000
2 10349 | 0.330 | 0.320 | 0.340 0.115 0.018 | 0.680 | 0.115 | 1.058 | 0.019
2 103451 0.335 | 0.320 | 0.340 0.116 0.009 | 0.680 | 0.116 | 1.028 | 0.009
2 10363 | 0.330 | 0.307 | 0.346 0.120 0.030 | 0.693 | 0.120 | 1.100 | 0.033
2 10352]0.335| 0313 | 0.343 0.118 0.016 | 0.687 | 0.118 | 1.049 | 0.016
4 | 0.352 | 0335|0313 | 0.344 0.118 0.016 | 0.688 | 0.118 | 1.050 | 0.017
2 10348 | 0.335 | 0.317 | 0.341 0.116 0.012 | 0.683 | 0.116 | 1.037 | 0.012
0 0365|0331 |0.304 | 0.348 0.121 0.031 | 0.696 | 0.121 | 1.103 | 0.034
1 10364 |0.333 | 0.303 | 0.348 0.121 0.028 | 0.697 | 0.121 | 1.092 | 0.031
1 103540329 | 0317 | 0.341 0.116 0.023 | 0.683 | 0.116 | 1.075 | 0.025
1 103550339 | 0.306 | 0.347 0.120 0.016 | 0.694 | 0.120 | 1.048 | 0.016
2 0347 ]0.335 | 0318 | 0.341 0.116 0.011 