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Abstract

Oil palm leaf analysis is used to assess the nutrient status of oil palm. This is precision,
effectiveness and commonly used because it had high yield continuously and reduced
environmental pollution from applying excessive amounts of fertilizer. The majority of oil palm
plantation in Thailand belongs to smallholders, the smallholder’s limit their use technology of
oil palm leaf analysis because there was not practical method for smallholder such as time
consuming to analysis process, interpretation and fertilizer recommendation by expert. This
research was reduced limitation of technology with information technology by Research and
Development in Information Technology to QOil Palm Fertilizer Recommendation System. The
system was comprised of web application which assessed, interpreted and _recommended on
the nutrient status of leaf to smallholders immediately. The result of this study: 1. Study of
relation between the color of sample and nutrient status of oil palm leaf on laboratory
experiment. The result was found that relationship between nutrient (Nitrogen and Potassium)
and color value was not related. However, Using the color value could not access the nutrient
status of oil palm leaf, K-means clustering was taken to solve this problem. K-means clustering
was an unsupervised learning algorithm, which groups the unlabeled dataset into different
clusters. The result with K-means clustering, color value of Nitrogen assessing was 5 groups and
color value of Potassium assessing was 30 groups that lead to produce the leaf color chart of
Nitrogen and Potassium for 17" and 33" frond to primary assess the nutrient status of oil palm.
2. The Nitrogen and Potassium Prediction Model, which produce 3 models as follow: 1. AlexNet
V2, 2. ResNext and 3. MobileNet V3. A total of three models was tested and evaluated by
comparing Loss value with 150 Epochs on the training dataset with 17 frond. Loss value was
decreased nearly zero every model and MobileNet V3 was the lowest loss value, which could
apply to develop model of assessing the nutrient status of oil palm. 3. Development leaf
nutrients prediction model and fertilizer recommendation system for oil Palm on web
application. There could be interpretation and fertilizer recommendation from 1. Data of
nutrient status of oil palm leaf from laboratory 2. Oil palm leaf Image. The model could predict
nutrient status automatically with oil palm leaf Image by artificial intelligence (Al), which
develop from MobileNet V3. The accuracy model with Nitrogen and Potassium status was 86.34

and 56.66 respectively and both models had mean square error (MSE) values of 0.06.
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Abstracts

Oil palm leaf analysis is precision and reliable method of assess the nutrient status of oil
palm. However, this method is limit with complicate process and high cost. Development a
Model of Oil Palm Leaf Nutrient Estimation was created to reduce limit of method. The model
was developed to assess Nitrogen (N) and Potassium (P) nutrient status, which were a
macronutrients of oil palm. The study of relation between image and nutrient status of oil palm
on laboratory, the images was interpreted in Lab, RGB and HSV color value to relate between
image color value and N and P nutrient status with multiple regression analysis. A total of 900
samples from Surat Thani 7 hybrid oil palm with 7-12 years was test in experiment during 2019-
2021. The relation between N nutrient and color value with result, r? was 0.038; 0.045 and 0.039
with Lab, RGB and HSV color value. The relation between P nutrient and color value with result,
r’ was 0.024, 0.037 and 0.029 with Lab, RGB and HSV color value. - The result was found that
relationship between nutrient (N and P) and color value was not related. However, Using the
color value could not access the nutrient status of oil palm leaf, K-means clustering was take to
solve this problem. K-means clustering was an unsupervised learning algorithm, which groups
the unlabeled dataset into different clusters. The result with K-means clustering, color value of
N assessing was 5 groups and color value of P assessing was 30 groups that lead to produce the
leaf color chart of N and P for 17" and 33" frond to primary assess the nutrient status of oil
palm. The chart of N for 17" was.test, the chart could separate 4 groups of nutrient status 1.
Very low was 3 color values. 2. Low was 3 color values. 3. Sufficient was 2 color values and 4.
High was 1 color values. The.chart of N for 33" was test, the result could separate as follows: 1.
Very low was 3 colorvalues.2. Low was 2 color values. 3. Sufficient was 2 color values and 4.
High was 2 color.values. The Accuracy chart of N for 17" and 33 frond was 80 and 82.5%. The
leaf color chartof P for 17" was test, the result could separate as follows: 1. Very low was 2
color values. 2. Low was 2 color values. 3. Sufficient was 4 color values and 4. High was 1 color
values. The leaf color chart of N for 33 was test, the result could separate as follows: 1. Very
low was 3 color values. 2. Low was 2 color values. 3. Sufficient was 2 color values and 4. High
was 2 color values. The Accuracy chart of N for 17" and 33" frond was 80 and 82.5%. The N
and P Prediction Model, which produce 3 models as follow: 1. AlexNet V2, 2. ResNext and 3.
MobileNet V3. A total of three models was tested and evaluated by comparing Loss value with
150 Epochs on the training dataset with 17th frond. Loss value was decreased nearly zero every
model and MobileNet V3 was the lowest loss value, which could apply to develop model of

assessing the nutrient status of oil palm.
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uagfaunmainuesind 7 wuih ddimhduiivgnlueenialdneuuudulngiiviinaemismniia
wm3g 1181983 (aludt 17) Tasiawigsiglulasian (N ieglnunadon (K) Gasmeimsraaesyiad

v

Anusndusonisasaivlauaznislinandn ﬁqﬁ?umﬂ‘é’fﬂsiuﬂﬁa‘mﬁwﬂuﬁqﬁmmﬁmigﬁéfaﬂi’ﬂﬁ
gndfosuazmngay Tiidsaefuarudeanisesthduingu Saasviilviundudhiuliuaningeesig
felleanasnognisiiuiied nsudAvmaineasiuziinsliodufeimuinsgiluluaiulidy
thifu Sadumealuladfinisinwm 338 uasinisldesnaunduans Wuilseuiulursnisgnanunduiu
fialan Setavanduyunisdnuaztasliunduinduinandnedwieidios Snfstasannansznusie
daandeuainnsliteluiBinaiiinnifuly aeandosiusinsgiu RSPO (Roundtable for Sustainable
Palm Oil) #iatfuayuldfimsnanUiduintuegieddunasduinedunden dmiunisgnuidu
diulutszmdlne dodlnafunuasnssiedes nmsihdanaluladdinandululdenn een

o o

walulagnsldde@anenuaiesziiusazlu Sdedrinluowssisnisiumedidlu msudanasn

A o °

Bas1ent waznsliauwuzdinsldle Snludeserdudiininug mnutiuigy Ysenauiuidivesaiy

Y

= 1 °o o d‘

Uhdanisiu Festinsantufinedsaiiaue Tasnmedoyamsliiounsdoyananan Fadudsddnyiin
inslddemuandinsiziiunazlu danuududuaziinusednsnmasga 31ntednind1enuianisi
msaumeluladnsliodufemuarinmeituiarlu Weliinwasnslidrdaneluladfanald
azanuarTnity lemshmelulafansaumanyszgndlflunsssduliinasinoimslulid
ity safernuuzinnslide Fadumadennisfiagselinsianissmomslutiduiiiuduly

D819TINSAL LU D ITY
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Tudagdunisiasiefiaim (image processing) Luwmallanfiauigmsswasudugaadmiy
nsUsul TN mliaTY msdanisteyadmsunisinuwazaanin uagn1simseigunmenluda Jusu
Funadatgninunuszgndldanuegisnsvas lowi n1siwunyanalaen1sandluntl N15nsIdy

@ ¥ 6 6 1 66) ¥
AMULSIYRIIA N1sUTEYNAlINIanIsLmg nsussendldlugnainnssunngg Inglaniznsussendly
1% P I3 A Ay v I & A Aa 1 gy v | o =
MU nens iewnilumealiafldnuldie wasluwaianiialddrslunmsldnuldaanntn 3q
fin1sunalia Image processing 11UszenAldlun1sdnn1sn1suaaieg wu n1sasiaianisiialsaluiiy
LAZNITIZUINTOLUAT N15UTZEIUNISVINGI9 D115 N15Usliununmaesdy WWudu (Gonzalez &
Woods, 2002) a1nn15ane1ved (Mercado-Luna et al., 2002) wui1 Ysunalulasiauludunanugide
wiaslauduiusiuUsnalulasiauilaannsitasgilagldinaila Image processing 11nNI1ATIA
Usuruaaolsiladanae SPAD-502 chlorophyll meter uazinatialldsgislinsiudasszeziiailunis
WIAUlALUUTWGT (real time) Fataglvinisdanislunisugninandiinnugnassiazuiuginiinig
lgasenisugnitguuuiduninisdnnisuuunimune gy (Kakran & Mahajan, 2012) wenani n1s
UsziliuvSunasialulasiauluiunlgnds lnsldmatianisinsienammuieouiisuiunisiausunn
Aaalsiaanien159m SPAD meter kagn153tAs1zRUsSUNallulnsaun1835 Keldahl Method Wa
nsAnwandliiviinalulasaulinuaenndesdudiusinguunin (Tewar et al, 2013) uag
M3ANYIVeY (Miyatra & Solanki, 2014) Sawandlviiiuimmsitmuidanesfiulutunsunisuendoyanin
(Image segmentation) Y04 NATIANITIATIERNINAINITANTIVTALIALUALALATITINDINTVING 0 LY
thala

U gj a o gj dﬁl o = £ 1% 1 = % a 3

Aty n1sdeassilimalulagansatwanyszendld loun malulagniaiiunisinsgian
(Image processing) N15AnwAMIAIANIENRUSIENINIMEBUasA1d AuUSunasglulasaulas
Inuna@edlulurauindunlnainresliing wasimulueaysedivdsunasinemisiuliauingy

d‘ a a L3 %)’ U dl o 1 1 a
dielilalumanisuseiudFinasinemnstuuidudidiu fanunsoimuisdedseuudssdusinsne1ms
wazszuuAwuziniglade dmsuidunadenuisfinunsnsaunsaldiluasetielunslddonuan

Ainszniluldazmnuazsinsivu
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52 08UITN1598

mﬁﬁwuﬂmmamﬁﬂizLﬁuﬁmmmﬂﬁlwﬂémﬁwﬁu Tagltivnalla image processing ANHAUNT
5219197 2560-2564 Usenaudie 2 n1svaass tiwn n1sveasedi 1 ns@nwianuduiussening
mwa'wLLazﬂ'%mzuﬁmmmiSU@ﬂuﬂﬂéuﬁéﬂﬁuﬁlﬁmﬂﬁawﬁﬁami Iaelgimnatia Image Processing
uaznsnaaesd 2 Wanlueadmiunsussiusgemnsiuluinduiiu Wunmesssfiguiunis

1 d‘ U U dl
FABLUBDINU LWAAIASLNUNINS 2

Tasan1s W lumanisussdusinonmsiuluiduingdu

Tnaldimalla image processing

A1IMAGBN 1 ANYIAINELTUS L NI NENEUAE USRS MEW 514
Tuthduhifuildanesufjiiinis lneldneila Image Processing

v foyaruduiusvosdndonamengitazy3ina
s mstudnduigu

v wluieuddmiudssdusigemnsTuludhaadniu

nanaedi 2 M lueadrsunisUsadusinonshilulnduigiu

v Irlunantsdszdiusinenslulutiduungdu Nanmnsaiaundss uuiugtnislgdels

AN 2 LEUNWLERIALLY U TEUBINANTSUNETUTATINISITE

1. mafnwauduiussEwinanwaeuazUunusnemsvasluldnifudildanfesufidns
Tagldmatia Image Processing

1) masiusegslutndutiiunidudl 17 uasvdudl 33 Taedanmernislufiuansernisun
wangan wazldsusinlulasiautaginumadenmniuly Siuiueeisay 450 daeens telildniwedne
LAZANIATIENATOUARLYINTEAUYBINIT ATUTIRDIMS

2) drgalutrduinfuiiwsenldainde 1 Ingldindosuanunin Epson Perfection V600
Photo Scanner fianuaziBuavasooningeanluiniesszduiieafurunn 6400 9aseiis uay Optical

Density U110 3.4 DMax Laza18nINaunanifnInes
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3) Wasgivimasalulnnay wesgnunadeuvedluiduindudodng fettumssly
vipa AN sTilasusesnnss U ISO/IEC 17025

4) a"]’mmjummé’uﬁuéiw*jwﬂwwa"laiuﬂwémfflﬁuﬁ’uﬁmﬂmgmﬂ%mmﬁmiuimwu way
Tnunadeuiinseildanluiesujiinng (Fairhurst & Mutert, 1999)

5) Wnreinnuduiussenieadvesihegndluuduhiunnnndetunaiineiviinasg
9mslueslfusn1s 1neds Regression analysis

6) Inmeinnuduiussenieadvesihegdluuduhiunnnmdetunalineiviinasg
915luiaUfjusn1s 1ngds K-mean clustering

7) wiausiuieudludinisudniusduselulasausessnnumade

v
L%

2 mswaunlaueadmsunisusadiusineimsiuluviauundu

[

1) MmawFeuteyasegisluiduiiuildlunuifedidunuihetass 900 fegr uladu
Hegslunguoinisvinsinlulpsauiasinuna@on nguas 450 fedia Gaudaziegraziininivly
Unduhifuamdludl 17 uag 33

2) wissudayanadinseiuinasglulasiauwagsalnunaideainvies UAnas

3) Anwianuduiusseninsdvesluliduhfusuainsegilundudntuaniesl fiiinns
wazAnnmsguUsinusnesiluiduihiumdluia 7 inlessiideatsairsaunislunisutana
Tnedvindoyasons (training data) dwsunisiseuinissuunussinndoyalutiduhiuusazenns
Inelgimatian Deep Learning

0) nasesmsvlumaibosiu Ingldnmdrelurdinitunndesddnoatmuilunautadu
Tunadmiurunesinlulasiou uszlumadmivyiuiesiglnunaidon denlilumaiiduiidoy
(State of the art) iaAluAAYNUIEHA LUU Regression dsazldnadnsidudsinemmaiouiiou
wazmsuluavate gy lasfinmsusundmnsdives yadeya malu edenlunadidiigadmiu

q

s alulasiau taglnunaidey
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NaN1INAaDILazanUIY

1. msfnwanuduiussanitnmdsuazUiunasigesvasluthduthiuildandesufoins
Tagltnaiia Image Processing
1.1 mAwneianuduiussninadvasiiegidduliduihduanamaieiunaiingey
Ysuausinemnsluiasufjianis 1neds Regression analysis
mMnTgRanuduiusseninadvesinegsluunduihiuana i funalinsesiuiinm
s msTuriesUfuRnng ddmausegaililunsfinw Usznouse ngusiglulasiau S1uau 450
frog19 Tnedusinusiglulasiouissiuua S1utu 257 feghs sedummzan 919 176 §aog19
LaETEAULAY T7UU 27 70819 wazngus 9 lnwna@ey 39U 450 28819 IneduTuiusie
Tnunaidon fisgduua S1uau 281 #og1a sefumIzan 119U 169 Fge Lagsduiiu $1uau 0
A9E19 WINAN¥IANFUNUGVRIANE 3 SeU Lok SeUU Lab S¥uy RGB wazsyuy HSV fAudsunu
smoslulutduhifuiiiesesdldaniosufiing iedseliuamuduiusiiugulunisyse i
seiunaresglulanausesinunadeuandvesluunduinid Snansfnw fil
1.1.1 meAensianuduiusssnieiuasBinusalulasaululuihduiii
ndsantuandanamaiigluddniduagninimnsaiuaenedosiunaiinseisneims
N wag K annveaujianig lneld38nsiinszsiinisannes (Linear Regression) Litew3suiiaumien
duuszdnsnsindula (2 dmduldlunsiamlusunsudssgnddseiiiusaemsveslutiduriiy
nanTleTEinIAILdNTLS WUl AnuduTusverndne 3 seuu 1dun s¥UU Lab SeUU RGB
wagsEuy HSV Ausnalulasiay dA0 r2 windu 0.038 0.045 wag 0.039 AIUEIAY (n Wl 3, 4, 5)
fannduitusluseiusiann fadu meldadfissediafeliaunsavsaiuuimusglulnnaululy
Undanisiuld
0000
10000
30.000

20.000

10.000
y =-0.2565x-0.3559

0.000 o0 ® ®
0.000 0.500 1.000 . L 3.500 4.000
-10.000

-20.000 J'o. 4 -
v =3.4647x-22.044
s R’ =0.1095

-30.000

-40.000
® A _all_mean ® B_all_mean L_all_mean

»»»»»»»»» Linear {A_all_mean) «:-+---+ Linear (B_all_mean) Linear {L_all_mean)

MW 3 nrERIAEITUSTEINendsEuY Lab fAuUSunusg N
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120.000

100.000
80.000 v =-8.8431x+88.688
® R*=0.111 °
60.000 wee.. o H
e ei®
. W 6.9436x + 79.384
20,000 ° S e .o R-01072
) 4 W SRRSO PP
L) ]
y=2.1296x+27.443
20.000 R® - 0.0215
0.000
0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000
® RGB_B_all_mean ® RGB_G all mean ® RGB_R_ all_mean
--------- Linear (RGB_B_all_mean) :-------- Linear (RGB_G_all_mean) :-+------ Linear {(RGB_G_all_mean}

»»»»»»»»» Linear (RGB_R_all_mean)

AW 4 NIMBARIANFNRUSTENINeANATEUY RGB AUUSunas N

90.000 \
80.000 ° o & L y--0.3876x+68.733
LY R? = 0.0005

70.000 - ; 5o T .

. BEPRRIT Y & o 4 A SR .

e e .‘ ‘.
60.000 o.. To% 0 e
b ; .
50.000 [ y o ... ot
® ] [ ] oo N 0O

40.000 g 2 ® . §3214x+72.183

. R?=0.142
30.000 . "7...‘. . “
- wel . .o.. 8
20.000 r N D i

| v =[-3.4577x+35.022

2 _
10.000 < . N R?=0.1115
0.000 > AN )
0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000
® ( H_all_mean @ S_all_mean e V_all_mean
--------- Linear (H_all_mean) --------- Linear (H_all_mean) --------- Linear {5_all_mean)

--------- Linear {¥_all_mean)

AN 5 NIMBEAIANNENRUSTENINeANETEUY HSV AuUSunaes N

1.1.2 M9 sgianuduiusseninsaduazUsinasialnuna@eululuurauingiu

NHANTIATIERANLENTUSIEN I FRasUSHnus g lulasiulululduindiu Teeldisns
AATIEENITanneEnAn (Multiple regression analysis) tetUSeuiieumadudszansnisanduls ()
WU ANUAUTUSVRIAENS 3 SzuU LAln SpuU Lab svuu RGB warszuy HSV fdusglulasiau a1 r

WU 0.024 0.037 wag 0.029 MUSISU (N N9 6, 7, 8) AAuduNUSIUsEAUANLIN A9t N1SITAE

WesegufliaunsaUsedivUsinasainwadenluluiidunduls
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40.000 s

30.000 ) »s
.......................... .9.3': '
. “ D)

20,000

10.000

0.000 gereereerraraiieriinnns R !...,'...
0.000 0.200 0.400 1} L
-10.000
e L [
R

® A_all_mean

~~~~~~~~~ Linear (A_all_mean)

L
[ ]

® B_all_mean

~~~~~~~~~ Linear (B_all_mean)

iyt
PV T

L]

@ V/7-2.6854x+28.353
R* =0.0252
L)

y=-1.123x-0.0483
R? = 0.0126

L]

R

1.600

9-3.6188x-16.861
R? =0.0426

L_all_mean

Linear (L_all_mean)

AN 6 NTMlanIANFURUSTENINeANETEUY Lab fuuTinaes K

120.000

100.000

6196x+74.154

80.000

60.000
W= 4.4251x+66.712

R? = 0.0155
40.000
LJ

S EACIIERCECIUIEN SLLIEN -
¥ =2.1949x+30.652

20.000 R? =0.0081

0.000 v
0.000 0.200 0.400

® RGB_B_.all_mean

~~~~~~~~~ Linear (RGBpB_all_mean) «-------- Linear (RGB_G_all_mean)

0.600

0.800

® RGB_G_all_mean

1.000

1.200 1.400 1.600

RGB_R_all_mean

-+« Linear (RGB_R_all_mean)

AN 7 nvliansauduRuSTEndneAndseuy RGB fuuTunues K

90.000 " 4
80.000
70.000
60.000

50.000

0.200 0.400
@® H_all_mean

--------- Linear {H_all_mean)

0.600 0.800 1.000
® S_all_mean [ )
......... Linear (S _all_mean) <«

¥ =-2.9174x+70.184
R* = 0.0099

v =-2.6039x+29.035
R’ =0.0225

1.200 1.400 1.600

V_all_mean

Linear {V_all_mean)

AN 8 NIMBARIANNFURUTTENINANATEUY HSV AUUSunauss K
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1.2 A15AATITAAMUTUNUSTLNI19A1FV890288719 LUUIAUUNITUINAINAILAUNAIATIZN

Ysuausinemnslusissufjiinis 1ae3s K-mean clustering

nsUssananannluiauidulagldinaia K-mean clustering Wedanguand wazmandnves

AW (Dominant colors) WaAnwiAIuFuRUsTEnITan maIswazUTuusInemsuluurdugdu
° LY & v 1 ] o A a LY IS
dmsuilunuimslunsimunuiuiiovd Weussliussrumsvinsiglulasiauiasinuna@eon 310013
2 o 1 v o i i ! = Yo A Y | Aa
NUeg199ania 900 f819 (NFus19lulasiaulagnqus I lnunadey) aAndeniieg1eaninmunm
dusulduszanananimiematla K-mean clustering 1de 829 A10814

1.2.1 mMsuszunanannlaglyd K-mean clustering

lulrduuniunuinsinemsagiivainualgeiniskaziand luniswauiwkuisudaziiun
LUANGUAINATILATIZNSIRNEINNT kagyin1sAnwiATduasAuduiusiusme i ssiveyi ivikau e udl
AuduguazasauAguivtdveslulduniunliihmaiuTIuTIne @INMAnY wiuiieudves
Houdazaneug udaziun 1¥1edneeiu) duiuisiaunsaiuudangumiusinemisuagini

A A Yo a = v oo = A v a | aa A o

wuigudlaviuil JedealinisfnwikasnnasdiioAumUsuuvedidnkantoantiiaion15v1ns1n
' = o % oA s Ao  w a ¢ 5 o
Aeunasiluldlunisaiausuiisunsaddmivlsediuennisensneimsvasluiauingu Felunis
NARBILUINGUAIFNTIVIUNGUTYINNITNABDITIUIU 6Ngu Tawn 2 10 15 20 25 wag 30 Nay Lo

| aada Y] A =
ﬂqu‘m@ﬂq@sﬂaﬂﬂqiﬂmﬂquﬂqﬁﬂ@QIUIWSLQULLaSIWLL‘VlaLGUEJlI

A 9 fegetayaluiduviesiglulasiaunaaeuinuiu k lagldivaiia K-Mean Clustering
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30

Al 10 Megadeyalulduvinsiinunadeumegeuduiu k Iagldinaliak-Mean Clustering

i

WevAIsMnuAnNguYeeA1dlanad 1UsuNIuaEiINIsAIUIUMIAIEYAN (Dominant colors)

yaanmangluUrduundu audrwiungunasly Faaslinasnmuasidluseuu Red Green Blue (RGB) &4
& aa ¢ o YA o a 3 a & | a i
Jussuvanaenuyedanunsatesiuld fe dund@er wagttu lngseuuilasuansAnduasninuaing
faus 0-255 ludoya 8 On 1wu k A1 91nnasdu delfidursudureusasngu uazinisAun
Annniinwasuasu lsldmealla K-mean. clustering WaAuInmseaen1y/adlnafesiuyesend

Y o U 1 aadg v & ) ' ' PP 1 v & a Al Yo 1 A A A
wavinsUSuAanlddudunuudazngulnfvu lnelid1dulisseeneanlnanuendvesiniadug
duiian uadanusanUuenivnauadulan na1NinIAILINATUNININGEIRINITHUINENTDIAN

q

AMANHIUTIUIU K LALAIUIUNAAFIUYDIANE L UNTN

Dorminant Colors

Dominant Colors

‘1
)

Dominant Colors

kunnaree.kr

|‘1
I

af 11 fegrensuszananandvediuurauingu lagldinatia K-mean clustering
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A8 RGB
[89 99 32]
(84 92 26]
[ 95 106 27]
[89 99 22
[ 95 104 37]
[100 111 35]
[79 87 20]
[84 92 15]
[106 116 43]

[73 81 11]

89

84
95
89
95
100
79
84
106

73

99
92
106
99
104
111
87
92
116

81

32
26
27
22
37
35
20
15
43

11

% of Pixels
12.8632
12.7758
12.5367
12.4792
115737
10.967
8.6483
7.2216
6.5604

4.3741

AT 12 #A7981915nSEa18eAd warsesazvasanmululuuiautingdu

1.3 wWawwkwiigudludiduidudmiudsadivsglulasiaunazsinlwwnaden

1.3.1 Hadwsukuigudvessnlulnsiau vamidlud 17

nadavusnifeualuthdinituresenisresiglulasiou vesslud 17 lnevhnisadieann
nMsdanguuesAnd Fsdnnumdfivnzas fe 5 SruiunguAdveanguiiogiseinisialulngiauun
Yavey wanzau LagzAuuinsgiuandiegnithluldlunisafrawiuieud iesneinisuin

Tulpsiauluazlidwdnadnniat1u1aunasdldmasnanu F9inlradve 19115 lulnsiaulisyauang

anunsadangule 5 & (A i 13)
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[94,108,18] [102,115,21} |94,109,30} [89,103,23]
. e 1111,122,27}
[94,108,18] [94,108,18]  [94,108,18] [94,108,18]
. 5114194,108,18]
[63,80,20] [70,88,20] [63.81,111  [56.,74.5]
. [60.,68.21] [64,72,30]  [56,64.28] [71,80,38] [53.62,12]
[54,63,28] [58,67.36]  [51.61,20]  [63,72.43]
[52,63,20] [49,59,15] [57.67.26]  [60,70.32]
[61,72.27] 165,76,32] [57.68,22)71.85,35]
i [68,77.50]
. [61,70,30] (56.65:22) [68,75,37] [47.56.10]
[50,56,32]  [63,70,38}(51,61,20]
> 145,143,113}

a | Y] oA a
aAINN 13 f’ﬂﬁ"ﬂ']ﬂﬂ'ﬁ?ﬂ@lﬂ'sjllaGU'ENa']ﬂ']isUr]ﬂﬁ'W!‘hﬂmiL"ﬂusUa\‘Wl']\TI‘UVl 17

nduwinsdenardnazlddudunulussaznguauninniuunsgiuensds nadwsildennnis
naudvensazd1uIasgIuaduazihuldlunisairsduiioud wudi dedlunguuesiiegneues
9115 nlulasiauinn 3 A1d ean1svialulasiautes 3 A1d Arlulasiaumunzay 2 A3 wasiiu

AP 1 ANE (DA 14)

A1 N 279870 A1 N 21avies ATN IMHEAN AT N ITRNIRTIY
Hianngn 2.30 2.30 - 2.39 2.40 - 2.80 H1INN97 2.80

Al 14 wiuiisvdvessiglulasiuvesedui 17
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1.3.2 nadwswiuiisuduaseinisvimsiglulasiau vaewmndlud 33

natavuduisudluiduiduresernisresglulasauveansludl 33 Tagvinnsadiaann
MsdanguuesAnd Ssdnnumdiivnzas fe 5 SruiunguArdveanguiiegiseinisialulnsiausn
ey ey wazAuuinsgiuaindregitlulslunsaauduieud esainenisuin
lulnsiauluasiifmdodaniotununasiidvionisiu Suhliadveseinsvalulasauiissdudd
fanunsadanguld 5 & egralsinim enisuiasineimslumadlud 33 fernisviasniiguusainnid

msludt 17 (nwdl 15)

[122,1138,11} [130,146,14] [110,127,10} [100,115,7]

2 [150163,25|

192,107,13] [100,110,12} (87,102,101  [107.117,15]

2 [94,108,18

|85,93,14] 192,95,6] |77,86,8] [103,101,12}
$e [119,111,25]

[67,80,19] [64,76,9] [76,87,9] [77.90.34|
el [53,62,12]
155,66,24] [5971,17) [53,65,10]  [59.71.27]
B [71,83,532]
[60,65:52] [57.61.29] [64,70,35] [51,55,22]
b [68,78,34]
153,59.27 [50,56,24] [47.53,20] [58.64,29]
166,73,35]
[52,61,29] [56,65,33] [48,56,33] [62,72,38]
[74,84,40]

|52,52,36] |55.,55,39] |58,58,41]|65,66.45]
[145,143,113}

a | Y] o a
AN 15 ﬂ']aﬂ']ﬂﬂ'ﬁ?ﬂ@lﬂ'sjllaGUEN@']ﬂ']s"lﬂﬂﬁWQIUImiLQUTaQWW\TIUVl 33
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nuwihnsdenadnagldduduuluusaznguaun nniuunnsgiuensds nadnsilaannis
ngudvensazA1uInsgIuaduazihuldlunisairsduiieud wudi dedlunguuesiiegneves
9115 ntulasiaunin 3 d1d en1svinlulasiaudes 2 fd Arlulasiaumuigay 2 A3 wasiiu

WIATFIU 2 AN (A N7 16)

A1 N 218NN A1 N 27Atiasy AT N LANTIEEH AT N IfiNNIATEIH

TT L

fiaandn 2.30 2.30 - 2.39 2.40 - 2.80 H1NN91 2.80

AN 16 fegavnsadvessiglulasiaunislun 33

1.3.3 naawswiuisudvassninunaiden vawmslun 17
nsdnviuruiguEludduiureseInsvns g lnunadunvesnslun 17 lngviinisasnanin

N133ANANVRIANE FeT1UIUANENMINEAN AD 30 TIUIUNFUAIAVDINGNATIDL198INITVIAL NI VALT Y

a A

1N VInder Wnnzau wagtiuuinsgiuaindegrsiiluldlunisadawiuiievd 1ewineinsuines
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n39nANguAIEIN K-Means Clustering fivsnzaiu 30 nguend (nwil 17)

m 2.48% 1.96% 1.79% 1.71% 0.96%
1.05% 1.01% 1.00% 0.81% 0.81% 0.80% 0.79% 0.53% 0.43%

1.08% 0.87% 0.83% 0.79% 0.53% 0.51% 0.47% 0.26%

l

0.64% 0.50% 0.48% 0.45% 0.44% 0.40% 0.39% 0.07%

0.27% 0.20% 0.16%

AN 17 ArFNnNNsInngudvessinunadeunialui 17
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WMIFIU 1 AE (27 18)

A1 K 270870 A1 K 27aviay A1 K LiHIZEN AT K TuNIRTg I
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AN 18 Mo AFVRRINTVINS NN (K) vaanislun 17

1.3.4 nadwswiwiisudvesensviasinlwunaideu (K) vasnslud 33
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a$1991nn15dAnguuesAd Feduauddfianzan Ae 30 SuIuNuAAYeINgUFI9E8198IN1TUN
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2.23% 2.16% 2.13% 1.36% 1.33% 0.51% 0.47% 0.38%

1.34% 1.24% 1.04% 0.79% 0.72% 0.68% 0.45% 0.37%

2.27% 1.85% 1.82% 1.54% 1.17% 1.12% 0.36% 1.13% [0:08%

0.49% 0.48% 0.35% 0.27%

0.46% 0.44% 0.30% 0.14%
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A1 K 29870 A1 K 21avay A7 K LUHIEEN A1 K \fiunmsgu
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AN 20 Fg1vIEvRIs Il NuAENlUN 33

1.3.5 Msnsndeuanugniasvassiuiisudluldiidiurasngusiglulnsiou (N) uas
Twunaideu (K) vaamsluil 17 uag 33

nsrTndeunugniesesisdlud i mewnslulasuuar Inuaieuves
yaludl 17 uae 33 Tnsfigansandeuanugndesiionun 40 aautadu e1n1591aun 2tios 519
WINE AU LagNULIATIY mﬂﬁ?uﬁwmﬁﬁwmmmﬁhmmL%aﬁ’uwmaaaﬁugm U5¥NaUmIg ANAINYN
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Wiuresglulasiauladansamauieuiisuntgnaoweansduun Awsun 1-4

a v A =~ ¢ 5w a{'
19199 1 ﬂqimiﬁ‘ﬂa@Uﬂjqﬂgﬂ@@flﬁﬂ@QLLN‘UW]UUaIUUWaNuWNuT@QﬁWQIuIWiL"U‘LW]'NIU‘V] 17

91N15U1AFINRIMNTITRANYIDIUHURNS

YN VAo wEzay  AuNIRIEIY NS User’s accuracy
G YINUIA 9 0 1 0 10 90%
c 2
= D
@ '3 Y
&= = Y1PUDY 0 8 2 0 10 80%
b 3
€ 2
° WUNZ AN 1 2 7 0 10 70%
&
< <
— o a
@ @ LNUNIRTZU 0 0 2 8 10 80%
N3 10 10 12 8 40
Producer’s accuracy 90% 80% 58.33% 100%
Overall accuracy 80%
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2
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59 lUlATIAUTEAUIAINN VIRRY WKL KAKIAULIATIIU YBIANNYNADIVRIRNENTIAILQNABIAN
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c 2
= @
@ '3 "
& = V1PUDY 1 9 3 0 10 90%
b 3
S 2
2 =« Wigaw 0 2 8 0 10 80%
(e <
< <
[ (_ a
@ @ LNUNIRTZU 0 0 2 8 10 80%
N3 7 11 13 8 40
Producer’s accuracy 90% 81.81% 61.53% 100%
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2. mawaulaaadmsunisusadiusinarmsiuluviauungdu
2.1 dagamnerglutrauindunasdeyamaldluntswaunluea
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JoyasegsluUdutduinliluanidel
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UMD 900 Fee13 wiadudiegalungy
onsvasglulasausasinunaiden nduas 450 Feg Sausasiesednnivludiduiduain
yaludl 17 wae 33 uaslutduaununingigludnduidfusiuiu 1 aruasdeniwluhdusiiiy
Uszunm 45 Tu Fendesiinea anndudeiinsziuiniusnlulanausazsinlnunadouly
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nn1snaaeslul 2562 uay 2563 wui1 amagludadudsiuanedouanuiinrufiadiou
yosdnin Wlanunsnvnisuflalfediesgnies fisedslfiamaisluuidimituainndesiineann
ynoaestosulunmstauilieaviuesimesituthdutiy evinsdanmdowsndunmues
wiazly ieldlumsdnvihyadeyadmiuilindi (Training Data) l#d uruiegsiiamnsalddnsinga
Tayadmsuindulundudiednesinlulagian 1uiu 344 d19819 1018 AN kaNaNAI9E19579)

1 a 6

Tulpsiau 999U 323 10819 900 NN lausiazfi08199sdAIRI 210N NN e fURN1S

F9EQnUIUTANFUANANIATEUITAUSIN R ThuluU AN (Fairhurst & Mutert, 1999) wagld

Y

o—

Uudeyadmsunsinduluwa (Training Model) agnlsfinudeyavinusaziegiasiiunnnit 1 am
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a 3

fiAdmsznsineimisa g atuuidnyarlulduidueauandeiu §Idedlavinsidentuurdy

=D

1%
o

WuniianuadgadaiuainusasiteguieanauiaieulasANULUTUTINYR YN N

2.2 mamseutdayanmdmivinvinyadoyarindu

Aeunsuteyan marsanlddmsulndulieg dewinisususiteyanin ( Pre-processing)
wagnsiiiutayann (Augmentation) dmsunisdnvinyadeyarndu dvunisiavihyadeyariniy Live
il mmungaudunsirluldlunisvinesinemns andynisdie 9 feraievuainnisldnineie
Auaty WU dAd1U18InIN YUIATRININ AIAINETNS WAL wasiiuTwiudeyaninliiinay
nanvatgdmiunsiseuivesnauiinmesingn1suTuuAInamauatu LleInTIuIutaanIn
o o oo o o W =g v a = Yoo o P
megedinsiidnnulesdmivauildnailanisiseusidedn (ami 21)
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1) NM5aATUIAAIN (Resize) USULATUIATDININAUAT U UIUIA 256x256 Anwwa Lo
USUIAUUIATBIN WL AU LA L IUNA NALAAN UTULATIU18US LA Mg LI NUDILARLLIULAE T99%
Mlrerensidanulaznsidssuiisulssansninvedunanis o

2) M36nnIN (Random crop) dan1nlvidvwn 224x224 finwwa lagldisgumnunvuin
(v 1 d' o [ v a d{' v Y a d" I

NANVUNMTTIINTUTUARTUIANINLAT (256x256 inLea) ilednvayausavauveInIndIe1aluy

(%
[

NUNFMS YUY UIANTNTUTI D1 dINa LN SYINUIeT A URAL N Y
2.2.2 MIiLIIUTaYann

1) ManyuANLUUENTLSEUIULYINEY (Random Horizontal Flip) i mdifnnnuda
YA 220x224 Finwea avinsuyusnuawuUdluszuukauey Weifinsuaunwliundy

2) Yuufideyaninlneisussifalad (Normalization) nmitldyinnasdamsunnunmudn
szgminnUiuuirveausaziinwalneisusitaladsne fAads (mean) azAtdssuuannigu (std)

UBITDLANMN

ALM

deuUldn

A 21 msUuuikaznsiisveyan @ msuiavihyadeyainiy

3. massuiigulssansnmlunisiseuivadluag

WievhnmswiesuteyaninagluUrduindudmsunisiseuivesneuiimesia §Iulaviinig
PanLUUNIMAaRRTanageulsEanSa nlunisiSousvedluna AlexNet V2 lutaa ResNext uaz 1uina

¥

MobileNet V3 iiaidenlumaililszansamangn lngfinualiiinisldnisfivwesiugiuiasynvaya

Y

Tunstneluiwmilounu lawn

- nudeyadeslunisilnlunsiazass (Batch) = 64 A
- fwauseulunsilaiu (Epochs) = 150 59U

- Optimizer = Stochastic Gradient Descent (SDG)
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- Wedunisviiunera (Activator Function) = RelLU
- GPU = NVIDIA GTX 1080 Ti 11GB
- dndruveateyadmiulniukasvinaeu = 70/30 Wosldud

- Learning Late: 0.00001

nauavanImiudmsuIaviyadeyaiiniu ia1aueaiandeuiainiinisiniyateya
Anduwuunennely wazkenngugunn lusigauasunadauanmaianiznisidtoyalundueinisuin
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s lnunadeudmiudnvhyadeyar neuiioimunluwaviungsalnunagey
3.1 nMsd3euliisudn Loss Tunisiseuivaslumadmsiviuesiglulasiau

31nNN137nUsEANnSaInve 3 luwna laun luiaa AlexNet V2 lana ResNext wavluina
MobileNet V3 Tagn1siuseuliteudn Loss vodudazluina lun19iseuiveduinadiniuriiuiesig
lulnsiau Alddayarnduainnisly 17 99uru 150 Epochs wudTdnsanasvasa Loss Abnd 0 9n

Tuia waznudn MobileNet V3 T Loss fishilan (il 22-24)

o .1} o 0 Cyl 100 120 140

WA 22 n5mluansAn Loss 1o AlexNet V2 Ailddayarniulunisvituesiglulasiau

Loss over epochs resnext

WA 23 N519LARSAY Loss U0 ResNext Mldtayarineu Tunisviunesiglulasiau
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Loss over epochs mobilenet

[ E @ o Y 100 120

WA 24 N519lUARSAY Loss Uae MobileNet V3 lddayarniulunisvitnesinlulasiau

3.2 MswWiguliiguan Loss Tun1siseusvaslunadiniuinungsialnunadey
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14

nMswesIslnuagey
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Loss over epochs resnext
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AN 26 N3INUAASAT Loss ¥Ba ResNext lddayarniulun1sviuesinlnunaigey
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— rain
wlidate
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A 27 n31UERee Loss ae MobileNet V3 iilddayarniulunisviiunesiolnunaidey
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Abstracts

Oil palm leaf analysis is commonly used technology of assess the nutrient status of oil
palm because it had high yield continuously and reduced environmental pollution from
applying excessive amounts of fertilizer. The majority of oil palm plantation in Thailand belongs
to smallholders, the smallholder’s limit their use technology of oil palm leaf analysis because
there was not practical method for smallholder such as time consuming to analysis process,
interpretation and fertilizer recommendation by expert. Information technology could raise the
oil palm production through information management and automated data processing. The
advantage of information technology led to development leaf nutrients prediction model and
fertilizer recommendation system for oil Palm on web application. There could be
interpretation and fertilizer recommendation from 1. Data of nutrient status of oil palm leaf
from laboratory 2. Oil palm leaf Image. The model could predict nutrient status automatically
with oil palm leaf Image by artificial intelligence (Al), which develop from MobileNet V3. The
accuracy model with Nitrogen and Potassium status.was 86.34 and 56.66 respectively and both
models had mean square error (MSE) values of 0.06. The model recorded as follows: soil
analysis data, leaf analysis data and application of fertilizer data. A total of data was process
automatically to assess the nutrient status of oil palm and fertilizer recommendation to farmer
or person who lack of knowledge about fertilizer application. This model could access
information from anywhere at any time that led to improve fertilizer application in time. This
model is alternative way. to raise effectiveness of fertilizer management for oil palm

smallholders.
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2.2.2 AnnssiuguazA MSE 9a95zuuyinunesglnunaides
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MSE Tneldadoyaiinduainnislud 17 lunduied1ssinsialnunaidoussiuinuin $1uau 508
Meg1e viunggn 91U 382 fleg1e dAnuusiug1iesay 75.19 uagd1 MSE Wity 0.10 nquiegia
sWERlnuvABENsEAUNIATeY 91U 249 Meg1e Mwnggn 9uIU 101 fegne dauuiugiseuay
40.56 wagA1 MSE Wiy 0.10 nausiee19s9s19lninalfoussauminzay 311 137 o e
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