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ABSTRACT

The objective of this research was to apply drone mapping aerial imagery for
precision variable rate nitrogen and yield estimation using NDVI on modern maize
cultivation by using multi-spectral reflection in red light at a wavelength of 668 nm and
near-infrared at a wavelength of 842 nm.

The research was conducted in Wang Noi district, Phra Nakhon Si Ayutthaya
province, starting from June to November 2021. The experimental area is 12,467 m?,
divided into two plots, A and B. Each plot has 99 blocks, and each block has a size of
6x10 m?/block.

The research results were obtained from the data collected on the two plots
of land by considering the samples based on the five levels of completeness of the
maize canopy in the range of 50-100%. It was found that the relationship between the
NDVI value and the weight of maize seeds can estimate the yields when maize is aged
in the range of 65-82 days. This is because the correlations between the NDVI values
and the weights of maize seeds were in the same direction with a correlation of 78% at
a confidence level of 95% and R? of 61%. For the linear regression statistical analysis,
the equation was Y = 0.67X - 30.927. When estimating yields on the total area, it was
found that the maize yield estimation using aerial imagery combined with NDVI of plot

A and plot B had errors of 1.75 and 1.67%, respectively.

Keywords: aerial imagery, maize yield estimation, multi-wavelength photograph, NDVI
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vaa1nAUTuigaduLagy i sEvedun insesananiudl 3 diudfy laun dass
AuSou sanln wazNBULUTIPNAR wenandaunsalilll 2 wilalaevily Ao alanivili

@ A a
waaglva uazegis

il 2.8 aumnuardnfivhanldinadaiugdnlinagnuau [20]
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225 maiuin [19]
inwasnslagdilvasindda fdmsuiviintnlnng wazilndnlnafisingndaiv
Tnglifinsnszurunisdanmsnuamla 4 Hadu (md 2.9) szeznafvinulnsadoudias
wiu 1 deu feinlnadindvansuuuy wu viaenuinlfou wiewsneenantiu fude
gusiiRundesniu fuds enagnadrefeliinseaiu aoundn 16 udeeraarldiiiuuas
urfaiiufu

dioudnlneunlmig mnuguluwdnzdinsegluszauassulidedngnis

a

mela Fedamadanrudouiifiunniy feazdmalfgunninislufiufigannniniduuen
2 - 5 esmwaidea sawlufeaanutuduivifeglussdugessanatenay 90 - 95 silv
aseswafiendugnuantuledesilutu mussanwiuds arwiuludsvanasiosas 1- 2
Tu 1 dUani dadu msudlovilidadornadiemann arutusasenufouremanandiina
gonanas ufsiintninaazdiauwiias fehlinundsinisiinesiatiionduanas eenslsh
1 danuAnieafunisiiviesnssuiseinetugs fanuiiinueindiuinlunisldeuaie

Wesnnuandnazgnyinanglagutamaannduly 1 ineularazgnyinaieinnuegleiaiiles

| \:n Wil »nm\

| YUo;.oL; \

A 2.9 dafuiilnadesdnd [19]
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2.3 M3vgndnilwaarmsiaesdndludssnalneg
2.3.1 MsUgnuenaLanyenaiamans
nsugndmilneguy deduggnananvesdszmalne laenisugndalnagu

Hu azlin1sUgnuenaudnuaenagimans uuadu 3 fiui fe qu A Nlluvsenineu lay

Ly [

TugtalnalvingauiuldazanniungnuanafianIni 2.10

' v
a1 = a 1

a1 NAUSULLYN Sunuee Aaad U9 waranadutnaziviviaudaly

9

23.1.1 iy

gy inwasNIFendieniuindetgnisinuiierdu ldiiu 100 Ju weliiudeildneuinazau

J
A e v O xY o a v ¢ & v v a X A4
Wetlananaggry Aeii ks luidenitugonge Buduwiy 9 Iidsian funilisasny
Tolunawile Wy Faminanune Jandiansien 9mndiaasie
X A A4 Ay & da o« ° 2 A A o
23.1.2 NUNSIU K593 NuUNAUTAINUaLIELD Wunuindnuesnisugn

F19lne awnsaugnlavis dugeiu wazUategaiu druunnidusasugnuualngdnasld

&

\A3BlleLATRIINIAAUgN vinsu Tdde audanuined inynsnsadsidenidiugnlvnanings

nuren1sUgnd 11,000 - 15,000 Ausiols wugdaluaiinisnevauessenistaleuineigifiv

3
(%

WRerUseanas 100 - 120 fu annsafiuifsliauuivan wazuuuisaniauds uazamunse
Auifeldfesnifuieududaliun Aufiugndinuivgasnulu Sminassys Sminanys
Jriaunsanssd Jminmasysal wagdminuassvdun Wusu

2313 fuilduniedineu Aeanmulasiifinriuaiam Tuituiidnisszuin
voslsnagilinn wu selulmiwalvg Tsasnuhuazddui inwasnsmsidenldfusidany
Frunudid Sszuumnuazdiduiiudauss ergiuieUszana 110 - 150 Su vieluvieiiui
fosanunsndudulduiuds 180 Su duasdadlivngy Hnlaidus dWelFlunualuudFadiluiiu
Aenlduaziuindnisggmedendedmaiudrdmiaiiosonaine fuiivgnmuludmia
we Jardniessie Jamdadedud dmdangien Smdndiune Samdnein Jamdiauns wazdawia
ansAne [21]

uenvniluilagsy ﬂ’mJQn%’niwwé’amﬁmmauiaﬂgﬂﬁ'umm%ul,ﬁaqmﬂ

A A

nsguasnwinendtiivdu nandnlugauasfausavielisand nean wauluudrulngdu

1% 17 [
v 1 = U

Nsvquiltdaneiivisan maunse Ausiu wasiuniled sadunisugndnlnaluunszdodl

(% (% o
o

nsszueinlifuazindesisnenusugnaudaiiuiies 800 - 900 gnuiedwns se 113
w30 500 - 600 dafiuns sio 1 ganiamizdgn Jagtudsemalneinisgndrilnandaun
Usganae 5% w3e Andu 350,000 15 iuiniauisadgndnilnandunlad 1wy 9.9uasiysnil

9. 4808 2.0 vlan 2.9950A0 9.841U19 2.uns 9.0 9.991e578 2. Feum JWudu arsidenld
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WugTlinandnasUszann 1,500 - 2,000 Alansusials Mimdninuiiean vise lisndi 1,000
Alansusislsnuminuis AL 14.5% Inilnedemusianisugnd ddnwazluds suke uag
wlause drulvgiongiuifeavszana 100 - 120 u dnseevaussnanisldfeunvusaanin

Wdalad wagnumusiensviangvesuuasdngity [22]

Wale N & 4 & 4
i Aniign Auitsy AuiliiunIanon
wSsuinsy

28 a2 ke o 00
.. aainba P . ta
- 2 4 - > > £4
anwoes Awi ] A

mena manen

mamilenouina

mawlianeuin mamilaneuis
mamilonexun malninsn < nndaw
2 - ol 100120 - mneaziduiudune - Mo dwdo uasuions
Soarafudinds o timucks - meolwluinuby -+ qliafi 0- 120
Sroend PP, Aol " inla Tannnuiuazidusia - moumissdenildmnn
Sifng gl Gonlwflvandng: - ogiudni0-1509 - Wkakdmiufesdimin
e - musammlgnd 10,000 15,000 #u / 14 - waRufifuld 180 3 12 1,500 - 2.000 /14
Munsi D AéGainn - sulivinde Wiun . nudnm:ﬂ!nﬂn.ow-
- winwislen WeSinaduy 15,000 #fu / 14
whgaan
> BEE WEESH§ EEE
14 1

v ¥

A 2.10 FugUnnemEnzauiuwiazanIniug [17]

2.3.2 uastinluadesdnindfyvesineg
1% & o ew A a do w aa Y a
TlnadesdadiluinasugiandAgvesineninislduslnanieludseme

wazdteanuiegvenIuy sududuiiviasuygiandmnudifey deanavnssuemnsdnd lnaus

= = ! U ¢ a X Y & v v (% a o v
azUlnednisdeesnamsdaiiiudu wonainil Tilnadesdnidaduingivdrfgues
geannssululseimaninuanansalun1ssute Handnannunsns waztiluudssuiiveade
yarfdlavainvaiennmd 2.11 uansunasndntilnadesdnindrdgvedine lnedanin

Mluunastgninlnefiddgyvessemelng wu Saninmesysel uassvdun e anys waz

UATAITIA
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A 2.11 uuvasndntnlnaldesdnindraguedlneg [23]

2.4 NM3INEATIRTYL

2.4.1 AVIUVNIETDINITINYATOARTE
NISNEATORILE W30 Smart Farming AeN1TUMALULASITLNUSHISIANNS
sruunnnzdanlunn 1 funou wazanansnmununneglddemalulad ievinng
asaedeu iudeya Ansien uwazuidaminiswizugnliuuy Real-Time wiaufduaiunsn
wananadayan1ssyivlanazaansainandnlasgudugt Jagtu Ussmelnedinsagly
ALEuFLYRINITINIsIN e TUsEANE 109911391 Smart Farming Sudusasdiyaannsdi
Feoavgy warlddunsatfuayuainuaneniadau Snifainensnseafdndudeainindeus

ad a o

Y] ) o a a o
WEUIRDY LAZNIDUNILLUAYULUAINNIDLAUNLAENIUN [24]

UBNIINT NSIAEATIIULEIE (Precision Agriculture) wanads nsdnnAlulad

Y

aa v s

wnauraIuiionIsinenseafdva lidevduvaluladansaunanas@iva wuges
walulag@inin Hunsuilumalulad eiindsuuuasauninvesnanis suinldns

Y

wistulaluszavananisimaluladunaunauiionisinuasyanavia luinazidumalulad
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Y s

ansauALaAIvA wuwed waluladTanim sutunlumelulad Woiuusinauazamuam
Yowandn sudiludnisudstulaluseduana [25]
2.4.2 weluladfivszndldlumanunsdanioy

2.4.2.1 saunsnineiliaudy (Robot Tractor) 1uszuuidiuniseu
\nwnsn3uTINAL Tng Robot Tractor vhaulnednlusiBaandumadiimueliaremiiiluaun
uazsunsnosTiautufiosssanuausuiuiiovhau muaulagld Tablet ifimsameidou
sUveajeun uaztunaunsvhauliamiidsanuiion fignifeni GNSS silfanunsn
yhanlundoniunsaaeuduneunasfitavossiaies [26]

2.4.2.2 m3drateyaszeglng (Remote Sensing) naluladftredunisin
LAZATIVIATIENVRYA LU TiATIzrnINae dudynssal TIUINE19U LanidayadnInnis
InzUgn ANLgALANYSIYRIRY MInTIaTisiesiau MTauiinasandn eluuselovily
msﬂ%’uﬂgqﬁuumLﬁmmmqmmmﬁﬁmmﬁuﬁdﬂ [26]

2.4.23 walulad Big Data thinuszendldifioTiusmdayanisugniivismue
u rehlinisvhauneluhiudhetu sldnmsineasnssisealusda sesulse
NaRdn srAuNSIsRUlnveILAazieu dnwenAlulaazlinastlsAuNe il
THluusiazang uiesesiimsvihnsinumsiuulmansnsalsnansuunldfign Tneldluns
M WIsinns ieiaiinauasaunnuemmananls [27]

2.4.2.4 53UV Al waz Machine Learning A1dadesuniukazszuuialonds

(%
o v v

=l =l o = I3

o Ao Mydunalulad Al unldlunisoua aiaaeunassednseimanglukazsou 9 vsy
O o edw A o a A NP X &Y ) Y a ¢

PNNsFRIndinuyngnvisevaneigluiuivsennuyedalgiues lnensldintawuuisealng

(%

73 Al wazdanesfunauisansivaey sautsmvaulanslusseslnduazssuglna wioudenis

¥ A v a
LbANEABDUNUN

U990u3in15 Data way Al TUn15ATIELUAINTY LNDANUIINNANER

q

(% '
! el =

dottui lagdnassnmauiifvesiuimmizgniavuaniley uaiteyavesaninuindouly
AWANG 9 LU @NNYBIAY, 1N, 815911 U neudzaslawnzUgnitvlundazseumndnla
N EAINTANTDN LTI YN wansrudnsanauwnuiululdainiunviue

Mg muInnedyliNvAulawaglinandnn1uu1nsgiunivualaaiamin dereln

q

v 1 = % a a dyQJ ;24 o U U = ¥
AuAusuukasAANdealiuneefities wenanidsanunsald Al lunisidndngiivlea

Y
¥

a a £ a ° A A ' [ < ¢ v a cl'
2NNY I@Sﬁﬂmqiﬂisﬁﬂiumﬂﬂaax‘i@quLi@’lﬁ’]i?‘\]ﬂ?ﬂﬂ?WW%W‘UQﬂT}MﬂULGZIUL“UE)i@%QTEJSVI

(%
Y [

Annsliseursudn dmsasuyivlnedals viselidngivanndesualy (a1 2.12) vinlv Al
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anTviueuarsEuMIITUInvesdniyldneunasiintuld uagvihnsivundiunauves
a1sidndngiivivinvauiian ieann1sAna1uvesdniiviuninszatgeenly vinliiyd

guAMLdesarUsendngiividiunenulduuuiuvi

Ko o
. 17% L‘,
- 57% . 17%

% ! 4 R e

Al 2.12 msld Al iiegguannilay [28)

2.4.2.5 omAguliAuTy (Unmanned Aerial vehicles : UAV) gniiuildiive
afununegiamaninieeinia taeinnsldauniuainudlunissudeyauazainugeves
Auaren1eINIAInATesluliarUTEian Amnlaain UAV diauazidenraudiegeiie
] (% ! = L% = a = a2 dgf = 17 o v ::4'
Wiguiunmaneauiiey fanni 2.13 laelinnuagidenidanunaeudednin anansem 2.2
i ldmsaneguluiundaiauuaznisasamiasuiiiianuaseunquen Nungenaleniiies 1-10
km? n1sidenanuazideaaiUnaiusanaieiuluued iuanudenisvesyld Jagduinigly

nangUseLAniu multispectral, hyperspectral kag thermal
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Sotellite

A comparison of a satelite image taken from Coogle Earth of a nesghborhood in Divr et Salaam with an aerial image at approximately the same spatial resolution. Credit. World

Bank/Drone Adventures

AN 2.13 SLAUANNALLRYAVDININANETEAINLATURALANIALY [29]

A15199 2.2 WUSUINAeNSIaeEn T 9. [29]

]

ltem UAV EO Satellite
Spatial resolution Not Cloudy (2 — 10 cm) Cloudy (sub-meter: 50 cm)
Temporal On demand Capturing 10.00 - 11.00 h
resolution Pleiades (Daily), Geoeye 2

(Daily), Worldwild (Daily)

Spectral Now Available:Multispectral, Full sensors
Resolution Hyperspectral,Thermal.
Coverage Low: Hot spot area (1-10 Km?) (> 50 Km?)

2.4.2.6 n1sUszulananIw (Image Processing) AUEDEREE Image

Processing Ma’mﬂa’lﬂﬁﬁgumau Lémnﬂﬂ’liﬂ%’ﬂﬂ'z}iﬂmmwmaﬂmw (Image Enhancement)

NIIATRININNTONITANTAYEYIUTUNIUDDNINATIN (Image Filters) N15EDUTIUAIN (Image

Registration) N1SAUANINVYBINIW (Image Restoration) N1TLUIEIUATN (Image

Segmentation) ﬂ’]'insuaUﬂ’lwiuﬁjmq (Image Segmentation and Ed Detection) N150U9N
2 (Image Compression) Juiaumaunsadienm 3 7 (30 Image Reconstruction) [30]

mnﬁaaﬂszmwﬁmaqmwLﬁamﬁLﬂswﬁﬁuﬁmmﬁﬁmﬂuaEJ'Nmﬂ

58UV RGB War Grayscale 1Ju 2 Usziandignldauediauninasuiniign amluszuy

ct R J v

= 13 oA a s £ v o a =
& RGB Nu18ANUINELUNINTUUIA 2D FauUnudnulIL 3 WNInTgenAen1AIuulLaslud
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A4 ¢ 1ae R,G,B azliAfaay 8 Un (8 Un = 28 = 256 & (0-255)) 53UV RGB azdiuiuinge

a N

Anwafe 24 T MU18AUIIENITALEAIELADY 16,777,216 & drun1nnsdanansonin
SEAVALWN ABAIW V1-A0-111 TneagllseAuAuduaInNNIsWUasELlNAD 0-255 ( 8-bit ) 1An
31nn13uUasnind RGBu1Uu Grayscale lneldansnisndnaians Gray =
0.299*R+0.587*G+0.114*B 1ag Gray A ANAMULUNYDIEWNT JA1 0-255 (R : A1 0-255,

G : A1 0-255, B : #iA1 0-255) [31]

2.5 AITIANANISIIYLAULANTAWAIATLNIWITEU (NDVI)

ARTNTNITOd (NDVI: Normalized Difference Vegetable Index) @ Ardafifivsuen
gunnvesitalagnisinnisanagsiouvesuass1u NIR(Near Infrared) vosluity Tngfted
auysal aliumunsasfieusasiigeaniitsitliauysel uasmnzdmiuialuiiuugnaun

Ingisrgnisnmanenisennia Tnedlgnsnisauaeail

NIR—RED

Normalized Difference Vegetation Index (NDVI) = (2.1)

NIR+RED
lagein NDVI A16sud 1 (gua1nd) f -1 (guamlid) dwiuisigunmd szganu
waslugrudunluldlunisdaaneinadlauinuazasviounasiugiu NIR sanunguiu
widmsuivngunnlis fivazaanausadlugudnasladesuasiinisasiounaseru NIR Ia

WoBlguiu AININA 2.14 uaziansnanisazvioulugiusng 9 Tuniwi 2.15 [19]
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Dead Leaf  Stressed Leaf Healthy Leaf

AN 2.14 nsagvieuvedwasuuluwiiene lumeaen wagluguning [32]

i ; HEALTHY VEGETATION
09
08 |
or f
b =
: 0.6 -
~ S - :
v 05 L UNKHEALTHY VEGETATION
= g )
. 2
* o3 f : SOIL
. /
o
0.0 1 'llluL‘i‘L'Ll'J“lll IOV B0 il v o S I OO T O O O O O O I
400 450 S00 550 500 650 700 750 800 850 900 95(C
WAVELENGTH

A 2.15 nisasvieuveuatlugIunng 9 vasiiviiguamanaylia [32]

Amaanslaagldlunisduuniiy sanandiunaguanyseianaunianyauenis
Ayviouuaneng Wy W1 auu 81A15 InAsutnsdaau siulude MildeyaluiunAnwiuuuidadn
geanunsald NDVI AnenuuazUseidiy anuauysaivesiiy 31nn1sAasioukasiiiauulu ity

(mwﬁ 2.16)
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050-008) 472 S0 G
(0.50 + 0.08) (0.4 + 0.30)

AN 2.16 Anwinisasyieukasinuuluiynsauf10819n15A 1 UIMAT [33]

2.6 1n5u (Drone) [34]
lnsurseaniaeuliautunse UAV (Unmanned Aviation Vehicle) JagUulaiinns
thunldlu vanmaieguluy WU n15d151a AsIsanImAIneaie nsvude msiihse e
MsEEnYIeINA @ 1auNuil 3 I3 wagmsiunisinms naenaultifieAenssunistuliia
3u 9 Wnelasunvadu 3 Ussiam fe
1. Multirotor UAVs tHulpsudszianildarumily ilesniinniuadosunan

azan wszludasldsundlunisiudulazadaen

mwﬁ 2.17 Multirotor UAVs Drones [35]
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2. Fixed-wing Drones ﬁmmﬁaqm'jﬂmuﬂigmw Multirotor UAVs wagaunsadu

TauruninTannziuniIsdsiaiunvuian s dudealsunglun1siulunazaiaon

A 2.18 Fixed-wing Drones [36]

3. Hybrid Model (Tilt-Wing) tluussinniinuldenn fiannudilunisdu wazsveylu

mstugeanaesswuuusn waglideddundlunstiuviuuagasen

it 2.19 Hybrid Model (Tilt-Wing) Drones [37]

2.6.1 Ustlevilvadlasy
2.6.1.1 Wlun1sareainyugs lnen1sdindesniafisilasuiiiaaieguain
yunewdan q i 9 wazluyuiisldaunsadialamedies inliunmyuninafiass

LUBNALATISIYALLDUAASUASUEITU LU NISANEAINTD
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AN 2.20 ANENBTINUNP8NABTaR A UNASUKAL AR89 TUSEINaRaN WYL NDVI [38]

2.6.1.2 Tolun1satevendnsis q ddnwaen1I99IUAdIEN1TAnNADdLNE
d183U wiildeunndundeddnloetuiinamadoulniainyusie 9 wiu nsldlasuly

U

v X 1 al = acs I
aﬂwmwmuummmiﬁ‘lumimawamﬂwmsaﬂamasm wuau

14 a

2.6.1.3 nm3ilasudunnuglunsvuddudi Tnedvidning Buthsenisld
milpsuileladaing fie coosle way amazon dunaluladiiasldsunsiauntugrwaiios

2.6.1.4 Mflasuiitedaviudouazarsiailsing 4 lufunisinuns Wunisanadnu
desonsduiaasiailngnsiuasand

2.6.1.5 msldlasuiinndeaiiiodrsrsanimnisesnasuazdnvazgiinmans
NiUsEINARng 9

2.6.1.6 msldlasulusiuninuvasndouazainusiuag Tagluszozndslasy
a3 TINAUNTAUNINIEATINIINMANITAIS RS WY Aundy viSeiussTuyAdie 9 1d
pe1allUsEANS MW

2.6.2 ngmnglasululneianigg

Aounisilasusnldminisinees wiedanldaudy q ldsnumsnu
ngsnefifeatesiunmsldaulasulidilanou mefaanunw uazusznansnTsauIA
fnsivuandninasiniseygiauazideulylunisdedunievdeseniagudslifindu
UszLamenmAeuiiniuaunsiuanaeuen w.e. 2558 iietdunismuaunsdumung e

vadlng mnglavinseinanuiiadengedilaegrmiladessyndnedianidiiu 1 Y vseusu
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Laifin 40,000 UM MFENIINIUTU Tnes1Raapune 1o 4 Inaninael uaslinsikuienie
a a [ o &
gumuANNstuIINAeuendy 2 Useian fall
2.6.2.1 Uszunnilldiiie Tnguszasdlumsiauduauenien weanutuiia wse
- = | & d
Wan1siv wuseanilu 2 vun fe
1. PfidminladiAu 2 Alansuy
2. pflniiniAu 2 Alansuwaliiiv 25 Alansy
2.6.2.2 Yssanildiieinguszasaduuenain 1. niluminldiiu 25 Alansu
Aaralull
1. WBNTIIENUMANITAINTEIILIIUNITITINT (FoNIaTw)
2. {emsanenm aevin Mskanslunineunsusasienisinsyia
3. e TITuuaziamoIN Ay
4. Weonsou 9 Uselnnil 2. duimuavuialiiiu 25 Alansu aaed
Usziandl 1. udsdosniuruna dell Ussian 1. dumdnliiiu 2 Alandy dvueligdedu
- i Y i N A Ay =
wiaUdegenAgudediiongunndy 18 U wiellfunulagveusssunivauaua deiniaeuly
Toll nsenswenuIAtaygInlivinniuld lngdeslfuinuseuleinmvualy
2y X = a va A = v v
91n1AguYsELAN 2. AdestunziloutasufuReulufedduiulssian
1.9 N3N0 TI8UMANITAINTBIIBIUATIAT (FRNIATY) MT03T8LasNRIuIeINALIY
n1s3unzideuiealuiifiyapaiiinguszasAaniuidu druieldaionimnianisduss Ju
= & A4 aa v = = @ aa g A vo o
neidsuluyerasssunvisediuanald lnan1stungilewduidfiyananesssysnetegUady
- ] - o & a wa a v ¥ a wa
weUaayeInAeunsouananindulunisujianistuvesenniauumelagfesd JUanu
Roulanimuald dwsudlauszasdazdsruvielasyeinirgiuiniuaun1siuanaeueniy
dminiiu 25 Alandu Wduvesygnneesumdunsdly
2.6.3 Msldlasudmiunisinens
Jagdunisvimisinensvesinedinsiauiliegiaunn lnamalulagidiund
unumiiEnAuluynnssuIums aausnszuiundn nMsldmelulaginsesdnsseuudnluilialy
N3zUIUNITANN 9 laudsnisminaialasldtesnisooulal weviliinensnsaiunsavie

Handnnseguslaala lngldiuneaiaunats waluladaiunsayligansuyuuaziNunando

a1

Tdununsnsngle FalasudunidslumaluladivroUsendaian anws9ulunisineay

Tnelasuanusanunlglunisinens sl
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2.6.3.1 Wnsudwiuninude uas@aviuansiadiindauuasdngiyluuntia

lngunAudinisdanuermdadnsivuaznitudeluwdasndnlagly
wsauay sgldnarlunisvhamaedlusiofuiiun 10 19 Tnefidndsegiiussana 50 v/
15 wagfinsmBeudrasluntasundrufielminnisminudsuasdanugnlévhie 3ao1avili
flynaldFuanudons wazfinnudssienisiindunsieainmisifenszawarsadilise
usseidugEariuer mnilasusnlflunsdaviuewasniudeluwasnazdaldang 120
un/l3 uwinsldlasuasiliiAnyssansamidniinisldussuay arunsaananlunns
yhald Tnefinuiiugndm 10 13 Waftesuszana 10 wiilumsiavueiuasiude was

Tdusanuanlunisnivauiiies 1-2 Auvinty

AR 2.22 DJI AGRAS T30 16 %13a 6 Tuita [39]
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AW 2.23 DJI AGRAS T20p 2 %adn (wuuiaidn) 4 lutin [39]

96 VIS ILATUNUANTLAL APaRLIAINABILTAULNNIUIELAUDN
= ' v | o~ = ¥ | | v U oA O a
sanuelUnuviaalsuITeaIu Feagltnaiuny wazluaiunsanuenlaegnamifednanisiu
ANNYlIUN nIeaIuArlmAnNIsBsudgRlids e Farmniinisinawiulussezend
nsldlasuningrazyiliRunuaInndINsIeauienue kazausownlulymiseanisein
WAAULSIUALLA

14 =)

daide veansldlasunuansiedl AedllddnuAeudieas Waliguiy
Adnauseulunsvinen Bnvgldnudeaseuissuumsidnuvedasuideutnsdudeu uay
i Ast a = A ' P & fu Y a oA
AUAABITINTIAUNY kazdianudessenisnaTeseuatlani gunsaldates wunmesidey
\AnguRme 1w Jusuduld viliesesnn vseiinAnudeny sadedinudiuinainnisses
WNNeUBeASY T9RINA3eduuTINNUIeIlaliuin uasnsdesnesguaTnyILATe WY 113
WasULUALMDS WU
2.6.4 Tasudnsunissaua nistieasiuu

Tunssauaznishisesluuiiy Yasnandudnddguiniivazaiunsogady
amswavaesluulaananlugiiaiivinlule Aevailidiiu 7 Juadh winnwnsnstinuiimh

1 @ v % ) %,’ % = Y d!
msnwasuaels Magsedddussonudnuinnlunisiatazligesluunyliviune dalem
fanNaI@LIsanN b laen1statasulun1ssnuLas e lUUNT LN LTI UAY FI98E1U1S0E0
Latkarn1skseulunissaiwazlveasiuuivles wazdanniswdeuglunuiwdasunls

WaAuderiealy laglasu 1 81 arunsedanuivlunseganivls wu 917 dudidenas
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wazdon 1ds1uau 100-200 Tddotu tngldaumuaunisvinauredasuifies 1-2 au windy
Tursfinsseiuarlfsesluufinlaeiily o1efeddussnuauis 10-20 Auasiiien
2.6.5 WsudmTUNIsAENIMIAATIE/ATILIANY
walulaglasuaiuisadrundigliinuasnsaiuisaguasnuilsaivlaedis
5390 laen1siilasunifnssuuduees wasndesdmsunisaenimniseinialaeldssuy
GPS Tumsmiifiasing 4 mansarasuniniiuiingdgnlugugs Wolesginininaiaivle

vaanluusiazgauazisualulaegeings

Unhealthy crop Stressed crop Healthy crop Exposed soil
bt R ¥ oo i

Agiiiy

&%

PR

5 e

e

e
B

2NN 2.25 Fwsuaazsunafiunusnuinalsaluaislulsdudusngs [17]
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AT 2.26 NANMTIATIETAINEIEINIATULEAEANTENUNUTRSUINMsUapeindey [17]

2.7 uIeMNe19949

9] g P

TuidediitelifnvnuitefiAnadestunsiinisinunssanios inunsusiud,
wagAdvlNynss Tngtdrdayau1usrendldlunisinaununisesnhuy @319 naasy
wazUseifiunaszuunslidelulasauuuuwsiugiainaiwiisainlasu Savzdiswaziden
Fasteluil

s
v U a

U a 3 ‘Q‘ ¥ Y o a v “« ¥
s lsauana, Snédnd Ekudnd wazinsedlng ummnsegansy livinnside “nnsld
AnarefIvateUsziliuniuiiluve st (Using Digital Image for Estimating Leaf Area of
Rice)” Tngn13enenIninnugs 1 1ns wmilenssuaut1angatseny 20, 40, 60, 80 wag 100
Tu ndelan uragAsIvaIun N 3 4391381 Ao 08:00, 12:00 kag 16:00 u. Taiunlunie
& o & LY wa ! o & i v P a L4 o/ a a
wiaeindtuily Snludd nudnisTanunludiidieldlunisivaesiiuildunsiaiydulnves
T1lagliufinisyhatediegraigtuiinuuing gty waa 12.00 u. Feluasainafign
ualaesiuuddenslifinuudugiuninne eswindsivinisiasyiulnagddluiiuduinli
Ann1stauiuiu linisiesgianaeaeuniuliae [41]
3N veunina wazAny MN1533e “n1suseiliunisuasieisaunszanaINnIg
wnzdandilnadesdnilulsemalnouasiuinianisan wen1sndneg19dsdu” lagnuin
USununisvasefingiieunssaniinduainaaiunisaidaqiuiuinie 1.6 a1udu
¢ ¢ ] v A o4 1%
asusulaeenlediigumin awmendnileanannislielulnsiauiosas 83 uazana AT
Wiy Tanudelanenisinenssesas 17 uenanil nsndntnlnadesdnivessenalnediu

Ingiiidnwaelivangay Weninsugnluiuiaedunazegluwndildiliinnisudes
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frangeunszanlutTinngs deliAntymimuenafunniasiuaslitning Snvisdadu
msgadsiiuiivreysnddu wuihmsgndnineluiiufisuaddufuiifmzauiuastae
Winwandnsels HrvanUTunanslidouararnadidaiuiiy dsnmsuitymuafivniseinie
Jagmvmenaiuiitinanmsiniayianynanisinens desimsmunmaiionisianisiawian
Fronmiluudsguridudemadauns (ROP) viensurlusdndutlondn (Jeduv3s) a1n
n333ed nsusudgdluanunisaisaedtaenislélededn arunsoandnisudesfieiou
nazanldfiedoray 22 uardfudsilaensliteddaufumsirenuiivgnuazmsdanisdna
agagnBamal nuinazansaannsuassmeseunseanlasesay 48 [42]

Unaing Wulsas, grium ﬁ'ﬂ‘wgaé, WWSNT 1w1IRaLe3ey wag Yasushi Kiyoki T
N15338 “n1snevausvesfyiilynssaunadiwuuueialaddedelulasiau Tudilnada
wilenlagldnmdsanenagiuliaudu” Guhmstufinamaednauatauasnnaionany
Pndu Wednlwednmsaiydulaluszey R1 sfleny 66 Tu :nuanIsALIAT NDVI WUty
fufiuginnsesmaiussniulasdaniosiigafie 0.16 uaziufivsinududinafidnse
Seadidunniianfio 0.96 Tnensnauauasi NDVI setsinalelulpsiauiufiaudusiusly

[

#rneuan tnelianiausnnduauvsuadelulasiau uenandidnimmaaeunisiile 4 d3u

v
v A

wazdinandndatl fsu 1 Wldde Tinandn 401.65 Alansusials dwsusiu 2 ladelulasiau

23 Alansusials Winandn 1,316.25 AlanFudals diudifu 3 waz 4 Tddelulasiau 20

[

waz 32 Alansurols Tfnanan 1,306.22 uay 1,316.25 Alansudels aeludanuunnaieiu

919l yd1AYITIEanR nsneaautilefiszdunidstnlnadntelazisunouaussas

]
a

lulasiaulusUnandndesas winudunussendng NDVI dunandndeagluseiull
ANMUFUNUSUIN [43]
USeniun anuniuiiy kazany lovitmsfingy “n1susvidiunandndesniedayanis

Y

Suinnseeglng Tudwinuasadssd” lnadydiynssanumildde NDCI, NDRE, NDVI anuin
g

v 6 o a

Ayl NDRE fimuduiusiunandndosffian wave1gees 8-10 1Ay A1AIINLIUEIUD
Uszanaunsuaniiign Msliasizviannsenvanuuutuney SMLR dusgansainuinniinisly

¥
1 ¥ a

watlanUatuu PCA lnginanandeegely An1sasvisulasazanas Inen1suselilunansn
§oua63% SMLR azlsienduussaninisdnaulageninnisuseiliunandndesdodudiy
N5504 [44]

F5%md Tunlsas wazams 1edseides “nsAnwianudululslunisvuenanas

vovlunlaslnglanuiifvnssas NDVI, Cired edge wagUsnInsanLuuIIaosnulnTs@1a”
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1AgLAUSIVUSINANINE 18808 lUuLUadaInnNnasdalgnInmanegdig
ﬂﬁu (Multispectral Camera) Uy 5 ﬁ?ﬂﬂgu (Red, Green, Blue, NIR W8z RedEdge) %ﬂﬁﬂéfﬂ
vueneolEAuy oUstinanauazmunAdvil nEeuRATIERALEURS WU 1S
Mursnandnooslunvaslagldasdianssa (NDVI hag Cred edge) hazUsu1nsann
LuUSaesiuRIB i avEAN 1 = 0.77,0.78 uay 0.87AuENFU A 3 A1 aunsTiviung
nanansesldffianfeuiuinsanuuusaesiuiudsiiay [45)

Etienne David karauglavinn1sAn®In15m5299ulagn1sHUiUaInATW RGB ANy
am%amgqﬁiﬁ%’umﬂ UAV: n151U38uLfisuse1ingid Deep Learning AU Handcrafted Tu
d1alwa Tmirana wagiisniuneTu Tny Deep Leaming (DL) a¥l# Machine Anfugunini
\d0nanil Represent witaztmaiiulnvedity wag Handcrafted (HC) asdinguneusioing 4 Ly
wisdhufinwavesdidoafuiiunds uonuaauay Object ‘1‘7iLﬁ'mﬁ’uﬁ%mﬂmmi’msmmma

aad [

Ao DL Mlaaninlaglanizdilnauasniungiu uadymvens 2 38aeavyinaulaugasdl

7 '
Aada

An1nessUlidd wagdmsu DL azvihulaugasdnanddyie Aaduielisn 3 Ae Hybrid
(HY) agldngues HC ursause Fainliineufnga DL Lantey wavantuiald Active
learning AN siiiuA1niieItesnutiaulvvesyadayaiietndw DL agvinldwWaul

Useansanlanunn [46]
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Ui 3

A5 Hiun1sIY

3.1 gUnsnluazinTaile

3.1.1 lasudmiuinndesangnin
Tasudiusuinndesntsnindildfde Dji Matrice 200 Series V2 @t ulasusuinnans
(il 3.1) Tasuguilnumudeas sivlianunsadioniwdeiieanaznsiadvisinvandd
yinfimnna dldlasuiudnazdussalailn nadeamsinindeRananelditsgunsaiiaunso

Ta5mu App PixdDcapture Liiovunuiiinetfunasdsnstusaludle

cip
MATRICE 200

SERIES V2

dl o U a ¥ 1
AN 3.1 TasudnsURnnaenIgnIn

3.1.2 ndesnnsnndasannsu
nsAnvEeInIsamMsasioures NIR fefuisidudosdindonanenis
Wy ndesafanadu andl 3.2 uans DJI Phantom 4 Multispectral 7ildf@wsugianinmia
g mefien1sinuns awnsaldnsasaevaniniu ANNYANAUYTAIVDINY Wethedinsziiuay
\iunandnn1an1sinens tnevieyn Ussnousioiaud 6 62: 19uuas NIR uasfinsaufiuld
e uns uazinitu ndewlafanedudfieiwenden 18.9 wuRwes/Anea Jyumeanind
%14 (62.7°) Fedamaldmnuisiisusazanunudnanas TWsunsy Dji Terra sufudmiuns

WUATILRAM UATIAEINTINUTUNTUDY 9



e s

AN 3.2 NassangnInTaRaUnasy

3.1.3 Tsunsu DJI Ground Station Pro
Dunewndiadudmiunsmuaunistulasusazaiaunuiinisdu ielinns
muAunsTuastasy fussAvsnimanndeiu lnefinisvaundn 3 #1u fe 1) Virtual Fence
anunsavhlifasudunelureuwaiitivuald 2) Waypoint Flight Mbilasuanunsadunugn

Mmsimuanoutudule 3) 3D Scan Area @wsavin Map a@wild tieldlusudrsiala [26]

mwﬁ 3.3 DJI Ground Station Pro

3.1.4 1Usunsy DJI Terra
Wulusunsuaaufinmesid (Windows) 1ddmiunisdaitunuil GIS
(geographic information system) n3aszuvasaumagiimans lagldninaigainlasuin
n&es ruUszanana wasa1nUszaianasnn mass axlinadnsidunmunudinisennie

aunsatludszendldaulavareduniivselosd wu 11581599 Nsinssesiuil wagau
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LNYAINSTUAIUNSNEAT TUTLATUAZIR AN UAAASSTERNsTad 5 wuu 1) NDVI 2) GNDVI
3) NDRE 4) LCI 5) OSAVI fiagldiinseinnsinunsineamy [27]

AR 3.4 TUsunsy DJI Terra

3.1.3 ldsunsu QGIS
dmsunsiunuiinisgimaninisoinia lagldlsunsufiugiudu q
uwnulusunsufifisaunsfiuugiamdondulasy wagndesdronin dmsuauitedlsldan
A uTUSWNSY Quantum GIS (QGIS) Fudulusunsudanisdeyassuvarsaumagiiaans
Uszunnnils Taed Graphic User Interface (GUI) fiinladsuagldauine QGIS lé¥uniswmu
melalueyaalewiugesanannsalinulalaghififedrin QGis Tasunsiamneonuaua

Mna1nvane Nuieinguszatdnaly Wu n1siwsrnsdududeyasunin Mslasisvideya

o £

A (MIFuAudeiiug) aaenaunisiiaueteyatuinuineenladuazesula [26]

3.1.4 windnlneamsdninug 3.4.303

a

alnedldlunisnaaeude Wug 3.41.303 (AWl 3.3) 018 Auied 105 Tu wae

o w < = a

Aulfeawis 115 Ju fdnwugaufessuusinuaganduudauss msesaivleg dnneivuin

A 1%

Ty waale wnuidn waedn wWesiudnzinzwangs wWasnvuilnde d1ilwawugilawise

Y 9
v

Uanlansluiuinsu wasiiilu lnedesfugauanysal wasiiusunadnug inandnndsegi

pmid

1,500-2,000 nn./13 Ainamaiu 25-30% svezUgniiuugiife 70 x 20 LwuRling 6
az 1 sy alimisiiiu 12,000 sw/ls [27] dwfunisAnwiil szevdgnie 70 x 17 wufluns 1

fusavgu Wiy 13,400 Au/ls
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MCP  ¥oww W

v

Muil 3.5 wandalneensdadiug §.1.303

3.1.5 Yodilsiundnlnnemnsdnd
dHosniufionzugninilunommnsdaitdussmsiunn Jssuduflazdesiinng
Usuussrmsneds Uuw 50 Alansu/ls Tnedeiildagdeariuiilulaou wu gns 18-4-5, 18-5-
3, 12-4-4, 15-3-7 1Hudiu Taefiugrunisladedinlnadssdniaziinislafomn 2 ade

Aseviladietnlnneny 14 Tu uazAsaiaeaiietnilnneny 40 Ju AIn13199 3.1

3] v v N
M19191 3.1 WUﬁﬂJTﬂWﬂ@’]MW‘JLaUQam A.

nsladevaizian Aai 1 psail 2
EjG]i‘QEJ 0-0-60 18-46-0 46-0-0 46-0-0
Ysunaude (nn./13) 19 14 14 18

3.1.6 HuninImagaau
VAsUDINUNANYIBENUTEN KSP Equipment Co. Ltd. ad shuadilng guneds
ey Jinnszunse3aysen Usewelng nsimigdandnilnaidesdnivuiunaanann Suasue

1%
€ aa ]

WouliguisutiangaInigu w.a. 2564 Wi uteyad msuliasisiavliynssa wasnnaew

anAsslul w.a. 2565 ievinnsaaeusiuATaslilawuuldug) HunnaaeiivuIanmun

12,467 9151944A5 wusoemdu 2 d1uivneg fu Ao uwuas Auazuuas B Aan1ng 3.4
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lnaudas A undasdredeiilifinnsuiuussauluuina wazudas B fn1susuugsauiaiu

anunsraulalunisdnenil

AN 3.6 ANA1NIATULARILUAT A haskilad B

3.1.7 szuulgnuuuiiven
awv o o v v 5 . ¥ - a
uAdgluaseilldsuuuumsivdnuussuunen lnenisdaisduniiinen i
AU IAULAUAUTENINDIVDITILNA LAENSIAUIRUUSEUUNEA U1aErenaanaInmy
71 9 pgssoLiliod Lazailaue Tugns 0.8 - 2 Ansnatnlu lnenisAnwidelunsalidenty

WULNREATRDLAR AILUNINA 3.5

P a g 2/ a LY L4
AN 3.7 1SINUREANULIAEA WIDUTEUU LATHARSU
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3.2 YURDUNITALUINUY

3.2.1 MSMsgUNUNIEUan

Y

a a o =

NuNNTITeRegNUTIM wateall Badiuun 91dn druading dunetates
Jandanszunseioyse Usemalne dsansluaind 3.6 wazldvinisfinunidedussesina
6 W/IDU SUAMANQUIBUDINGAINIEY 2564 UUNUANAGEY 12,467 M1319UAT NSoUTEUN

[

7.8 15 wiadu 2 wlas vueuvasay 3.5 15 Tnguszasd 1) WilewSsuifisuanuadgauls
uaznanAnTestminEnd1nlng vesiudfifinsuulsiusasliuiuusiu Tne was A lad
msusuugsRuaaulunsadussioumzuan uazudas B insuiuusaanudunsadu
psvasiuloglusdu pH 5.5-6.5 deumzugn aduafingaslunsgninilnadesdnd
Tuiuiifsidnvasdefuduiumier sauludai ildlunisimisugnaisiian pH 5.6-6.5
Wudeartu [1] nwdl 3.7 wagn il 3.8 wassdumisnisfuiiegafusaziniiensaaoy
AunRBuNEIzUgN Feluuas A wududlen pH 1ded 4.4 Feilnnandunsngs Tuvned
wlas B wuAnduilAn pH wde 5.3 Jdldiduntasiisinnguiuuseiu Tneld Yuwn Ca(oH2)
Tud3una 740 Alanfusielslunisdvaniniu Faaind 3.8 nwil 3.9 wazand 3.10
Fendsnnmaviuanmauduinm 2 ek vesudas B wudduden pH ladsifintuegi 6.0
duuwamansuSuaninan pH vosilald yald lunsand1nsn 3591nMsinen pH 1dgves

dmdansusuanin 3n pH 1d 4.5 Fedsdodndunse wazdsldwngaunonsimzugniiy

Plot B:
wilanlulgean

Lat: 14.214
Long: 100.66

Plot A:
wiladhil5nlgedu

2NN 3.8 NUNANYIIVY
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Uau1as89
pH 3.97

o IpH 3.5

. PH5

wilas A $

pH s.so

[ 1 1

2 3.9 Arenuidunsaduansesfukazlununn

AAINBUNIINIEUGN

|

- . “ = ‘.

A 3.10 Tdyurniuiuanmeu
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AN 3.12 n1sUSUANINAY

wiasaugvesialnaldlunisugnueaeufie iug CP303 ogd1ilnafindeulunisiiu

Reawanda oglutas 105 f 115 fu Frlwaiugiannsaugnldiiluiiufinuuasiduin
Tnefesfitugauauysaiuardunnagn aansainananadengil 1,500-2,000 nn./lf finnuiy
25-30% [12] lngszesnisneenuanigndalnadsiiaiy 17 wufiwng 1 dukevay was
SEOYINITENINN09STY 70 wuRluns Fuvatu 13,400 du/ls dawandlunng 3.11 Awd
3.12 waz3.13 szaziainishidendsesndu 3 szuy Ae 14 25 way 40 Tu AIuaIAY

fanwil 3.14

A# 3.13 AseeniuuklaUgn
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3.2.2 33mssiununisadauud
Wld91uTusunsy DJI Ground Station Pro tiieadnsuruiinisdundeuiden
USTLANTOININLHUTITIF 89075 mﬂﬁ?uﬁwmié?qmwwawﬁLmaéﬁugwuma q fanndl 3.15
wioudenviinvesndemwaslasu Wenfianiswesndsadletulunudy Beonluuanisdunin
deonluuanisdu denausilunstu Mwuatiwiaivestnmes wazidonssiuninugves
st dadenAmiwestugudouiosuda Tidudunsdrmaimesdugs danmd

3.16 IAYNNSHIAIINTIEIUNSTOUTNUAUNLILALANUVIYDININ AMAUANANILALLEDNLUA

[ (%
v =1

VDWAUNITUU AIVDUNUT

(%
s

dl gj 1 a =
AN 3.17 NITAIATNITIHLADINUTIUY

Flight Time a
25 MIN § SEC 651

@ Batser ac I |
2 SETS approx. F:63M[S:§2M

Basic Advancer d

a 5 ! a :gj
AN 3.18 NITANAINITIHLNDIVUE

Y
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Y
a Y

dnfumunuituiinstu Tnedidiids 0.0 1. wesdalnsulidundusumiadudiony
Ansha wdndasmsdimesing q Feufesuda Tilasulunenssgaiiasinistuiu
Fegaugonduilldlififdefiavnafsinuuunazdiudie wagsiins Calibrate the compass
Aeun1studu dandt 3.17 einsaedrmnsiimesang o Feudosudlinalnuady

TUsunsuazuania Wsalweseng 9 Gandadestuluimildedider dunmi 3.18 aanud

Tinasudulasu Tnelasuaz DuUAUAINAILAAINU

Prepare for flight

cnsbled || Disable obstacie avoidance |

Qbstacle avoidance is
4 Approx 7176 M

No.t 14 Level: Good RTK s not in-use. FIGHET
25 MIN 6 SEC 651

X 5o a Interva
Notmal 2 SETS approx. F63MIS:§2M

Basic Advanced
18Battery connected, 97% (17.04V), 32°C
Current: -89.9°, Target; -90.0°
P4 Multispectral Camera (AUTO 1/1600)
Please mind the Exposure Mode
aaaaaaaaaaa
eturn To Home >
A
O] v
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wé’qmﬂlé’%yjamimﬂﬁuimul,ﬁumwﬁfsu%fa&JLLé’ﬁaﬁw%’agaﬁlﬁm Mapping
faeTUsunsy Dji Terra Tnefiisnis sanandl 3.19 Seamdl 3.22 1) @¥19 New mission
2) dentfafaansy 3) afralndinesnioudnlnangunimdlsunsy uaz 3) WonGuduaing
uil (Strat Reconstruction) wazselusunsuusvananasuaiadu wavazldnmunuiidmsu

nsAlugULUY RGB, NDVI, GNDVI, LCI, NDRE way OSAVI fanwdl 3.23 fanwdi 3.29

@

AN 3.21 N15a519 New Mission UulUsunsu Dji Terra

2NN 3.22 NsVAnsaRaUAnsy
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90

AT 3.25 A RGB l§ainnns Mapping daeluswnsa DJI
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Image POS Data
[——
Index
L
0SAI - NORE
> M

v Applications

Reconst
KSP_Crop2_NK6275+CP369.6.6.
v Photos

L]
Image POS Data

Camera info @

Output Index

v oS v NDRE
> WMap
v Applications

Annotation and Measuremnent

Reconstruction

KSP_Crop2_NKB2754CP369.6.6.

v Photos

\mage POS Data

Camera info @

Output index

osan

> WMap

v Applications

Annotation and

Agricultursi Appic
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Amd 3.28 a i LCI #ilda1nnns Mapping snelusunsa DIl TERRA
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A 3.30 i OSAVI Ailsianns Mapping felusunsy DJI TERRA

3.2.3 MIANWINANER

nsUszanuAnandnvesi nadesdn i nmdennsemeasuiuda i
w33 NDVI wazmdisengmmunzaulunisldnimaienisoinimunussuiaunisainandn
gnddumslaslideyaniaiiufuresninaiyivlanuipinsvesdininadudugnaudaiu
At §9 O’Keeffe, Kieran [15] duusld 8 sves fisdl 1) Stage VE Aloszezisuveanudaauias
Uan 2) V2 Aeszeriidudnlnedl 2 Tu wazauged 10 wuiwes luszeznan 7 fuainnisugn
3) V5 Aeszoziidudnilnedl 5 U uazaugsil 30 wuiwns Tuszeziian 20 Suanmsugn 4)
V8 feszeriidutnlnmil 8 Tu waganugsil 60 wufiuas luszaznan 7 fuannsdgn 5) V12
Aoszeziduinlnad 12 Tu Tuszezian 45 Juannsdgn 6) Vie Aeszesiidudnnlned 16 Tu
lusgeeiian 60 TuaNN13Uan 7) R1 Ao szegniseansitinuauiassesiindou & 20 Tu uag
ANugadt 270 wuAng Tuszeziian 70 Juannisdgn 8) R5 Ae spardilniTuurandeuLiy

a = 2 & a5 = = = a Y}
Lﬂ&J’JLL@Sﬁ‘U@ﬂ‘U%LiuLUuammamaaﬁ ll?’n']llq@‘v} 270 LYUNLUNT 1‘“3583@@'] 110 Ju1nN1T
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Ugn Al 3.15 LLammiLﬁ]%zglﬁuimaﬁfniwm’luﬁuﬁmaaﬂusd'mmq 17 Ju %a%’magﬂuﬂm
Va iosaniisiuauly 41ULLazﬁm'mqqagiﬁ 20 wuRunsidugieseninassey V2 wag V5
sveg 28 Ju dneglusver V7 flesanddunuly 71 wasimnugeegil 40 wuRmmsidugag
SeInesEes V5 way V8 szey 82 Ju Wuszesiildlunisldsudionssa NDVI i
Uszanansuananvesidniugadialng lginsanNINAIANLANYTA] 5 SEAU VINTINY
FudTnelugig 50-599%, 60-69%, 70-79%, 80-89% waz 90-100% Lilosanseosiifussosi
Futnlnnsensisluunazisuiiln war szoz 107 Ju Juszesiisuiuiotnlne Wesen

Wuszeen dnumadianuyuldiiu 30%

Stage VE V2 Vs V8 vi2

Emergence 2leaves Sleaves 8leaves 12 leaves
fully fully fully
emerged emerged emerged

Tassel and
ear initiation

=k %%%

v
ANNGIVDINY 10 20 30 40 60

(L YURNg)

uauiu

] a a ¥ & I a =% & =
AN 3.31 3383ﬂ'ﬁL‘\]iﬁlJ}LGlUIGI‘U@\‘i‘U’]’JIWG]GNLLWL?&JUQﬂ‘\]‘UﬂQLﬂ‘ULﬂEJ’]

3.2.4 AIANWIRYUNINTIO
assviifianssas (Vegetation Index w3 VI) fis arfiuendsdnarunasfianssa
funaquituiin Tnsnsduiaanmsiivueduiiieadesiufienssamvhdadudatusas iy
Fefivanenssudndeuldlunisdiuau #a NDVI (Normalized Difference Vegetation Index),
NDRE (Normalized Difference Red-Edge Index), GNDVI (Green Normalized Difference
Vegetation Index), CCCl (Canopy Chlorophyll Content Index), Clgreen (Chlorophyll Index
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ARTICLE INFO ABSTRACT
Article history: The objective of this research has created an aerial geographic
Received: November 24, 2022  mapping with an unmanned aerial-vehicle (UAV). This study was used
Revised: January 27, 2023 for analyzing the growth of maize by using Normalized Difference
Accepted: February 1, 2023 Vegetation Index (NDVI). The work was considered the relation

Available online: February xx, 2023 between NDVI and received from analyzing the lisht waves Red (668
DOz 30600:00000KXX0Ocx Xk hm), Green (560 nm), NIR (842 nm) and Red Edge (717 nm), and the

Keywords Aerial mapping, products yielded from a trial area of KSP Equipment Co. Ltd. The
UAVs, NDVI, multi-wavelength ~ location of the study area is in Lam Sai, Wang Noi District, Phra Nakhon
photograph, maize yield Sri Ayutthaya Province which is started from June to November 2021.
estimation Areas used for experiments in the size of 12,467 square meters for

separating into 198 blocks of 6x10 square meters/block. Additionally,
a multispectral camera is capable of detecting 5 different wavelengths
(Red, Green, Blue, NIR and Red Edge). This technique is used to capture
the area of experiment. The NDVI calculations were done when the
age of the maize was 82 days old and the harvesting was made when
the age was 107 days old. The results found that, the usage of multi
wavelength photograph could be used to calculate NDVI. Measuring
the weight of the maize seed from 10 randomly chosen areas it could

be found that the relation between value of NDVI and weight of the
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maize seed goes in the similar direction with 87% relationship and 95%

level of confidence. After then statistical values were used to predict

the weight of the maize seed. Results, determined by seed weight,
were 8.1, 156, 23.1, 30.6, and 38.1 kg, which appeared as NDVI of 50-
5996, 60-69, 70-79%, 80-89%, and 90-100%, respectively. which is

compared to the actual weight and the eror is found of + 3%
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2) v2 Feszriitudnalnesl 2 T wazmuged 10
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Abstract

The objective of this research has created an aerial geographic mapping with an unmanned
aerial vehicle (UAV). This study was used for analyzing the growth of maize by using Normalized
Difference Vegetation Index (NDVI). The work was considered the relation between NDVI and
received from analyzing the light waves Red (668 nm), Green (560 nm), NIR (842 nm) and Red
Edge (717 nm), and the products yielded from a trial area of KSP Equipment Co. Ltd. The location
of the study area is in Lam Sai, Wang Noi District, Phra Nakhon Sri Ayutthaya Province which is
started from June to November 2021. Areas used for experiments in the size of 12,467 square
meters for separating into 198 blocks of 6x10 square meters/block. Additionally, a multispectral
camera is capable of detecting 5 different wavelengths (Red, Green, Blue, NIR and Red Edge). This
technique is used to capture the area of experiment. The NDVI calculations were done when the age
of the maize was 82 days old and the harvesting was made when the age was 107 days old.

The results found that, the usage of multi wavelength photograph could be used to calculate
NDVI. Measuring the weight of the maize seed from 10 randomly chosen areas it could be found
that the relation between value of NDVI and weight of the maize seed goes in the similar direction
with 87% relationship and 95% level of confidence. Afier then statistical values were used to
predict the weight of the maize seed. The results are present as the NDV1 value was 50-59%, the
weight of seed is found of 8.1 kilograms. The NDVI value is 60-69%, the weight of seed is found of
15.6 kilograms. The NDVI value is 70-79%, the weight of seed is found of 23.1 kilograms. The
NDVI value is 80-89%, the weight of seed is found of 30.6 kilograms. Finally, if the NDVTI value is
90-100%, the weight of seed is found of 38.1 kilograms which is compared to the actual weight and
the error is found of 4+ 3%

Keywords: aerial mapping, UAVs, NDVI, multi-wavelength photograph, maize yield estimation

Introduction

Corn can be classified into several types according to botanical classification and
classification according to planting objectives. Fodder com is grown to cut fresh stalks to feed
animals. There are two open hybrid varieties of corn: hybrid corn and pure com (Nantaka S.). In
202021, global maize production for animal feed increased by 19.78 million tons, bringing total
production to 1,136.31 million tons (Bangkokbiznews). For Thailand's production in 2020, the
production efficiency was 726 kg/raveycle, or 4.7 million tons. This is not snough to meet the
domestic demand for feed corn, which is 8.7 million tons (Office of Agricultural Economies). There
are also issues that caused the price of maize to fall over the past season, due to the concentration of
produce from September to November. Farmers cultivate in undocumented areas resulting in low
quality yields. There is a need to reduce cultivation of forest encroachment and adjust the
proportion of production each season by expanding the planting area during the dry season to also
replace part of the second crop (Sanddy).

Smart farming brings technology to manage the cultivation system can monitor, collect data,
analyze and solve planting problems in real-time, while being able to display growth data and
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predict accurate yields (ARDA). Remote sensing is one of the Technology to assist in measurement
and to analyze data such as photographic analysis, Normalized Difference Vegetation Index
(NDVI), stem number or yield measurement (Mitr Phol). To further improve soil and increase soil
fertility, an unmanned aerial vehicle (UAV) was used to create an aerial geographic mapping, with
applications based on data acquisition frequency and the altitude of aerial photography from each
type of aircraft. Images obtained by UAV are relatively high resolution compared to satellite
images. The spatial resolution is quite limited. Users should take pictures on clearly days and this
drone photography has low coverage, hotspot area just 1 -1 0 km?. Spectral Resolution selection
varies depending on user needs. Currently, many types are used like multispectral, hyperspectral
and thermal (Paolo D.F.). Moreover, precision farming is one of the agricultural revolutions which
focuses on the right management in the right place at a reasonable rate and at the right time, both in
terms of the fertilizing use of pesticides sowing or tilling and irigation to increase the yield or
quality of crops and reduce the use of fertilizers and pesticides (David JL.M.).

The NDVI vegetative index was measured by plant leaf Near-infrared spectroscopy (NIR)
reflectance, with mature plants having a higher reflectance than incomplete plants. The work was
considered the relation between NDVI and received from analyzing the light waves Red (668 nm),
Green (560 nm), NIR (842 nm) and Red Edge. (717 nm). Digital photographs were used to assess
the area of rice leaves for analysis of rice growth trends. It is most accurate at 12:00 a.m., when it is
brightest. But there was also an error that caused the analysis to shift as more and more plants grew
to the point of overlapping leaves (Napat R.). There are also many applications for NDVT and aerial
photography, NDVI response and yield studies on nitrogen fertilizer application in waxy corn
(Panath J.), sugarcane production evaluation (Preeyanan S. and Cheerawat N.). Multi-spectral
photography is more costly than normal photography. Sometimes, plant detection and counting can
also be done from High resolution RGB photos using unmanned aerial vehicles (Etienne D.), but
these methods have limited efficiency. This is because plant health cannot be analyzed from colors
that invisible to the naked eye.

The main objective of this study is to apply aerial imagery of unmanned acrial vehicles to
generate aerial geographic mapping and to perform a Normalized Difference Vegetation Index
(NDVTI) for maize yield estimation.

Materials and Methods

Study area and plant material

The location of the study area is at KSP Equipment Co. Ltd., in Lam Sai, Wang Noi District,
Phra Nakhon Sri Ayutthaya Province, Thailand. Cultivation of fodder corn on the aforementioned
areas started from June to November 2021. The experimental area of 12,467 square meters was
divided into two equal parts: plot A and plot B. Plot A is a witness. There is no soil amendment in
this area. Plot B has a soil improvement, which is the location that we are interested in this study.
The maize used for the test was cultivar CP303 with a fresh harvest of 105 days and a dry harvest of
115 days. This maize variety can be grown in both flat and hilly areas, provided that the soil is
fertile and there is good rainfall. The average yield should be expected at 1,500-2,000 kg/rai at 25-
30% humidity (CPP). For this study, planting distance of 70 x 17 centimeters, 1 plant per hole,
equivalent to 13,400 plants/rai. Fertilizer period is 14, 25 and 40 days. Basically, maize fertilization
was applied 2 times at 14 and 40 days of maize, but this study helped to improve the precision
fertilization. Therefore, additional fertilization was applied at 25 days of maize as shown in Table 1.
Watering during the corn growth phase, after the com has germinated, is in the average amount of
50 cubic meters/rai'week.

361

103



\'é}‘ The 11" Rajamangala University of Technology International Conference

a ‘ “RMUT Driving toward Innovation, Economy and Green Technology for
RMUTC¢ Sustainable Development”

Table 1 Fertilizers given to maize

Fertilizing while e 2™ and 3¢
g time .
planting time
Fertilizer formula 0-0-60 18-46-0 46-0-0 46-0-0
Fertilizer amount (kg/rai) 19 14 14 18

Figure 1 shows the reference grid was placed on maize field. On the side enclosed by
flagpoles is an analytical area of 1 x 1 square meters/block, and on the sides a reference grid of 3 x
3 square meters/block is drawn. Next, we analyze images from drones and NDVI by keeping a yield
value of at least about 50 grid per test plot.

Figure 1 Reference grid on maize field

Data acquisition device and software

The camera drone used is the Dji Matrice 200 Series V2, a medium-sized drone (Figure 2).
This drone is wind resistant, allowing for continuous shooting and can detect obstacles in all
directions. If using a small drone, it can't fight the wind. Shooting can be highly error-prone. This
device can be used in conjunction with the App Pix4 Dcapture to map the flight and to command
automatic flight.

cip
MATRICE 200

SERIES V2

Figure 2 Camera drone

This study wanted to measure the NIR reflectance. Therefore, a specialized camera such as
multispectral camera is needed. Figure 3 shows DJI Phantom 4 Multispectral which was used to
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take an aerial picture for agriculture. It can be used to check soil conditions, fertility of plants to
help analyze and increase productivity in agriculture. One set consists of 6 lenses: red edge, Near-
Infared(NIR), visible light, green, red and blue. This multispectral camera provides a resolution of
18.9 em/pixel. It has a wide viewing angle (62.7%), which results in more distortion and sharpness
decreased. Dji Terra is required for image analysis but its price is higher than other programs.

-
ey

Figure 3 Multispectral camera

Additionally, a multispectral camera is able to detect 5 different wavelengths (Red, Green,
Blue, NIR and Red Edge). This technique is used to capture the area of experiment. For aerial
geographic mapping, we used other basic programs instead of expensive ones. Quantum GIS
(QGIS) is a type of Geographic Information System data manipulation program with an casy to
understand and easy to use Graphic User Interface (GUI). QGIS is developed under an open-source
license that can be used without restrictions. QGIS is developed with a wide range of features, both
for general purpose such as retrieving image data query table, analyzing location data (Spatial
query) as well as presenting data in a map both offline and online (Geographic Information
Division),

NDVI calculations

The NDVI calculations were done when the age of the maize was 82 days old and the
harvesting was made when the age was 107 days old. Perform calculations by inserting formulas
into the QGIS program. The reference equation is derived from the NDV | calculated as follows:

NIR-RED

Normalized Difference Vegetation Index (NDVI) = ——————
NIR+EED

Results and Discussion

Data acquisition

Field preparation for testing began in June 2021 for plot A and plot B. Then, maize was
planted with seeds in July 2021. Three weeks after cultivation, the first aerial photographs were
taken with drones. The image will not be analyzed with NDVI method because there is no
noticeable growth. Two more photographs were then collected at 1 2 weeks after planting when
fodder corn began to grow significantly, and at 14 wecks after planting when it approached harvest
maturity. Thus, the maize was harvested at the age of 107 days in October 2021. NDVTI calculations
were used for the following last two aerial photographs. Figure 4 shows the three aerial photographs
that were mapped on the Plot B using the QGIS program.
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Figure 4 Drone photographs on (a) 3 weeks after planting, (b) 12 weeks after planting,
and (c) 14 weeks after planting

Reference grid

A reference grid of 1 x 1 square meters/block and 3 x 3 square meters/block was tested on the
QGIS program. As shown in the Figure 5, both grid reference cases were found to result in too
many blocks. It is inconvenient to study each block. Therefore, the new size was resized to have a
value of 6 x 10 square meters/block and a total of 99 blocks was obtained. When we consider the
total area of both plot A and plot B, areas used for experiments of 12,467 square meters for
separating into 198 blocks.

(a) (b)

Figure 5 Reference grid of (a) 1 x 1 square meters, and (b) 3 x 3 square meters

The showed found that the use of multi wavelength photography could be used to calculate
NDVL Figure 6 shows the measurement of the maize seed weight from 10 randomly selected areas
on the two plots. There are two reasons for the randomization of such areas. First, it is easier to
harvesting and secondly, we want to select a percentage of canopy in the range of 50 to 100. Each
block also shows additional details as shown in Figure 7; including the ID name, coordinate in
Universal Transverse Mercator (UTM) system, and percentage of canopy. The UTM coordinate
system is a series of sixty zones that project east and north coordinates in meters. The distance from
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the central median is the east coordinate and the distance from the equator for all zones is the north
coordinate (The Engineering ToolBox). Users can filter the minimum and maximum canopy level
to see the values of interest which showed a blue box around the zone. It can be operated separately
between plot A and plot B.

Figure 6 Randomly chosen areas on plot A and plot B

KPI Maize Project Ee——
CanPlotB: 52 - §1
O Goomnta sq A

O Gaoterd sq 5_ _— ]

: ‘ i & CanPlot: 65 - 100
! Plotia 101 g 0 Ooes
B Ease e70020 \ 2 NORE f6Sen
Nort 1572071 & fioviesep
RGH10sep_asklayer

%CanPiotB
ar

@ Satelit= ory

Figure 7 Information displays in each reference grid

Relative of NDVI and weight of the maize seed

On plot B, it was observed that there is a relationship between value of NDVI and weight of
the maize seed from 5 randomly chosen zones. It goes in the similar direction with 87% relationship
and 95% level of confidence as shown in the Figure 8. If the percentage of canopy is high, it means
that the NDV1 is high. It was found that the productivity was increased accordingly.
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Figure 8 Relation between percentage value of canopy and weight of the maize seed

Relative of NDVI for maize yield estimation

Then, statistical values were used to predict the weight of maize seeds. Linear regression
analysis is used to find the equations used to predict maize yield. According to Statistics How To,
the equation of a line is Y= a + bX where Y is the dependent variable, X is the independent
variable, ais the y-intercept and b is the slope of the line.

L ENEaY) - @)X xy)
n(Zx?)—(Zx)?

, D) — ()
"G ) — (o)

After calculating this value, the resulting linear equation is Y = 0.75X — 36.88 for maize yield
prediction. Figure 9 shows the yield obtained from the data collection of 5 samples in plot B and
calculating values from the equations obtained to predict yield for each percentage equal to the
sample.

=
b + N
2 . 1
g 30 - . i
E 25 4 _,"' | ®  Productivity of maize seed (kg)
= En 20 - PN ¢ |
2% 45 &y | B Predicted Productivity of maize
= L} ' seed (kg)
o 10 L] |
=2 5 NS 7 iFa1iru (Predicted Productivity
£ 0 of maize seed (kg))
= ; T T 7
0 20 40 &0 80 100 120

% of Canopy

Figure 9 Relation between percentage value of canopy and productivity of the maize seed
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The results obtained in table 2 are present as the NDVI value was 50-59%, the weight of seed
is found of 8.1 kilograms. The NDVI value is 60-69%, the weight of seed is found of 15.6
kilograms. The NDVI value is 70-79%, the weight of seed is found of 23.1 kilograms. The NDVI
value is 80-89%, the weight of seed is found of 30.6 kilograms. Finally, if the NDVI value is 90-
100%, the weight of seed is found of 38.1 kilograms which is compared to the actual weight and the
emor is found of £ 3%.

Table 2 Value of NDVI and weight of maize seed

NDVI value Weight of maize seed (kg)
50-59% 8.1
60-69% 15.6
70-79% 23.1
80-89% 30.6
90-100% 38.1
Conclusion

The introduction of unmanned aerial vehicles such as drones to assist in aerial photography.
This helps to see the sum of all growth on the planting plot. In addition, the introduction of QGIS to
help mapping and calculating the NDVT value is very useful. Because it is a program that can be
used easily and for free, we can select reference grids to analyze the results as appropriate. It is also
possible to display the corresponding result values at each test point with both east and north
coordinates and percentage of canopy. This allows users to monitor and predict their own
productivity. In addition, such analysis allows for accurate fertilizer at test points where plant
fertility is a problem. This will reduce over-fertilization where the plants can grow well and can
increase the total yield when all areas are equally full of growth. The test showed that the
correlation of percentage completeness and yield was highly comrelated with 87% relationship and
95% level of confidence. When the regression equation was found, only an error of £ 3% in
predicting yield versus yield was actually found. The values obtained from a single harvest can be
inaccurate. Repeating recalculation multiple harvesting scasons is necessary to determine the
accuracy of multi-wavelength image maize grain weight analysis under control parameters. In
addition, the comparison with other methods in terms of accuracy or operating costs must be
considered. It is important to develop techniques of yield estimation and precision fertilization in
the future. The amount of fertilizer will be reduced according to the appropriateness of growth,
when the corn is 25 days old.
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