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smart farming technologies. The
proposed system enables real-time
monitoring and assessment of soil
properties via the Internet of Things
(loT) to determine optimal crop
requirements. Big data management

technology is employed to

process and manage large-scale agricultural data, combined with data mining and cluster analysis techniques to synthesize and

classify environmental information from sensing and control devices. The experimental results reveal that environmental factors, such as

light spectrum, light intensity, temperature, and soil humidity, significantly influence optimal crop requirement parameters. The developed

system effectively supports intelligent agriculture by enhancing production efficiency and enabling organic cassava farmers to achieve

sustainable, data-driven cultivation

practices.
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dieiduunaamanonslfiosingniivuazidesdn
n1sUgniliedn (in vitro meat) unumsiAssdndi
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Figure 1 Using digital technology to increase productivity and ability in the competition of Thai farmers. [1]
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ganser lagldmalulaguimsdanistoyauuin
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amzuifldsunsUusasiamn g fusu
dUsndaBunid warANIaNIENAIUNSINYAS
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2. nouiuazauiseiineadas

wialula8fdvia (Digital technology) @150
i lglunsdaaiunsinens MeinunTonsey
WA NYATLINEE Muunannaty wasn1sawa
UIMTIANIITNIUAIE (Internet of things: 10T)
Joyavunnlug (Big data) Inglduimnssuinunsiuy
Wa tnwaskidugn W1suoaasss HandySense
sadunIsRmuI sz vUwaluladwulgesnsaain
ANNLINFBUNINITINBATULAT TEUUAIUANNTT
Mausaludd aunsafiuneldlifuinensns
ae19tioy 20% [3] NN1sandunuEEn [dnsnens
o8 13ANAGNI TN AL AN MY WAKER
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3. gunIaluazdsns
3.1 NIATIIAU

wieluladnisidensevesasinds (nteret
of things: IoT) Yoyavunalugy (Big data) 1130
Yunuseend degenldlunisimnssuugiuteya
mMandnudendsduridiiteatiuayussuuinuns
geasevlagldmaluladuimsdanmsteyavuinivg
ffutoyamenisineas iy sefuaITuTesRU
N15M5IAMIA1 pH vesdu ArdmTunisugndiu
dUgndafoszning 5.5 G4 6.5 Muuizauves
nsUgnily MsasavdeuUTina N P K lufiu e
WiuUSinamenan uazsrianun ezl
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wltselevl [4]

30/6/2569 BE 12:48



Uil 34 QUi 3 wawnIAu-lguirey 2569

58153Imemansuazinalulad

3.2 lumanswensal

aAfoiiaun Tueanimennsaififions
wiudrgs Tnehdoyadilsuysanmsiumalulad
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Ffilalunsdaunszsisenes (Photosynthetically
active radiation: PAR) \Jutladedndnlunis
aauvusassnsnennsal leainnisalantigi
Wigausen1zUgnagnauiugt Anuduiug
sewinedueauas mnuenduLas uazUszlovy

WNefuAINzaNRanNITsyAuUlavesiY (Crop  doWY
(F19ma) (Crop requirement)
400-700 nm  PAR 700 nm YIUNVHUATIZINAIE LA
436-495 nm  Wasdtndu  400-480 nm  ASMNTLNAATY
627-770 nm LAY 630-680 nm 859980 A1RU

3.3 malulaguimsdanisdayavuialug
nsuTMsIansteyavuinluey (Big data
management technology) A1uUIuIuNaNEs
NNISNYATLALAYHAAIN Lﬂuﬁugmﬁﬁmﬁ
fideihan@nvuasimuiileuszgndlilunisaing
sruuguteyanisuantuduzndedunid 1ile
atuayusEULINYATERRSEE [5] svuudnanyisln
A11903LATIERUAL AU ANTLUNIZ AN D
n"5UgnitY (Crop requirement) dmsuituiiduuuy
Tugnwurieadu [6] Tasendenadnsan lunanis
Wl (Forecasting model) wagn1stuLAdeu
JoyauugudeyavinalvgjuuuTiunaud (Single big
data platform) [7] uiteliiAnnnslddeyasoiuetis
fiusyavsam ssuugudeyaildtunseenuuuly
d1u13n daLiu Uszanana waskananadoyalu
JUUU Dashboard fineuaussaIufaInITves
NWAINT karHUTENaUNISTIUNITIUHLNITHER
wazmanzdgn Idegammngay el deyadlily
n1sHAILSEUULANIINYATeY ARSI TUE VDY
diinuiausguIandia (Digital government
development agency: DGA, 2023) wutiulas
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SudUenasdunid Jagduidulasinisysannis 2) Ingn15ldlusunsy Weka Useaians

a [

walulaglngyszendldinaluladdeyaUseivgaell  JeyariedBns K-means clustering uusnga A1v

o«

: ; aw winzauvedn1suaniiy (Crop requirement)
5.2 \Asasdianltlunisive v P req

1) W3msuvy sruudoamdiluntsiuds fuandlu Figure 4
foyanniwuwes (Sensor) [10] ¢ NETPIE 1Ju 5.3 nsimsnzviuaznisuszifiuna
Cloud platform ioT Feflraadios uazuszandly Afnganlunisugnity anansogdoya
41U U3 Handy sense VERSION 1.0 tiieifiutioya  anmwindeudoundadas 1 9 friusnluguuuy
fail nsl wazarunsaideyasenundusieaiuniy
\Weuslauasn Handy sense VERSION 1.0 weuwdiady iileldidudoyainsununisignlu
fuuwes (Sensor) au1An [10]
wuwoitngauvgiuazaiuduoinia
(¥ 2 Arluiwuweside) “SHT31” 6. NANIANTUIY
wuwesInmuduluiu “X-Sense” (adks 6.1 WANIRALITTUY
Tusumbsivanzaudfuuasinfi) MNMseanuUY Lileaiisesdanug laan
IBUDTINAUUULAY “BHI750” Adlans  alUnmsuuesias (Spectra of light) AudNvDduas

Tu Figure 2 (Intensity of light)

gdﬂiiﬁﬂi wi’nmzmugu

Figure 2 Research equipment and methods.
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aAunasuvaduas (Spectra of light)

yil &

A Max 480 nm Max 680 nm

Chigrophyll b

S
g
i

v

Wavelength of light (rm)

(400 nm - 700 nm)
Figure 3 Finding the spectrum of light appropriate for planting by dividing data into groups (Cluster Analysis).

Aawanslu Figure 3 lauansdoua WeUsunn
fio (ruduvesuas) Tuunussuarludsannn fo
(ANueAauTeLE) Tu wnuuey

Tagaue1198sadusasfivinnld e
Uszanas 400-480 nm (wadinidw) uaz 630-680
nm (Lasdung) wszanuevesnauLadlugaed
mmzéf’m%’umié’qLﬂﬁ’]zﬁl,l,meuaqéfulﬁmﬂﬁqm uag
faelunmsiadnivlnvesiulsiinniign

ANLNUDILES (Intensity of light) A15¥1
ANAIIULTUVBILES ﬁLmuwamaamsﬂqﬂﬁm

Anuduiud sanansly Table 1 st
THUsslovd lunisdunsizislonaaniionns
Wegyivle [11]
Famuasiifivtualdusslesilunis
FUATITRAIUES Lﬁamm%zyﬁuimﬁu’u A11150
Winnaswanldslronisiinidesifusvesuds
SudUsendsdunss leunndn 30% anunsauiia
Ysununanisudala laenisimsigideyaly
AAnsinenskas Anediunldussleviilunig
Fupmehdouas ionswiadivle

Table 1 The light that plants use in photosynthesis for growth

LED GROW LIGHT Blue light Max Red light Max PAR
Determining the 480 nm 680 nm 400-700 nm
spectrum of light
Chlorophyll molecules 400-480 nm 630-680 nm 400-700 nm
typea &b

15
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6.2 35013 k-means algorithm
aun1sil (1) awnsauus nguteyale
Arinunzanlunisdgniiy (Crop

requirements)
2

=

J= x'—¢ (1)

k
j=1 i=1
nskunguieyakuy K-means tJwignis
%’mﬂ&jumLmas‘ﬁﬁimgmmﬂmsﬂssmawaé’zyzgm
dmiumsiasent nguieya (Cluster analysis) [12]
lumsvinilestoya (Data mining) wndaildan
naunsdanadiwau n Widu k nqu lnsusaznis
Funmazeglunguiifidnieds (Centroid) Tndides
fign lusuniestoya mamsinwas msudsngu
LUV K-means a3nsaiunyUszgndlitonyaeni
winzauvean1sugnivaluge 1 U uwaslddmiunis
NATIEY wasUsziliuna@sannisilieuiiisu
Usgdnsnmuesiuudiasdlasu sz

6.3 M3aAsziideyavualug (Big data) [13]

mmm"l,é’ﬁhﬁmmxamaamsﬂ@‘ﬂﬁ% (Crop
requirement) lag 35115 K-means algorithm
Fauansly Figure 4 MavnArmnzauvesnUgn
Aalu 1 Y

nsllusunsy Weka Usssnanadoyame
3813 K-means clustering WU4ng

Arflimunzanvesn1sugnity (Crop
requirement) Aauandly Figure 4

Use the k-means algorithm.

Clustered instances AIURANNITUDI
Clustered saiuls 100%

49% + 51% = 100% oA mgneng

Imaﬂﬁzmmmﬂ"]ﬁmmzamadmiﬂqﬂﬁm
Tuld

Training Data Auasildiduunasiidinues
Aalviuveassisninsaigdulnian [14]

[ Choose J|SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning 10000 -mir-density 2.0 1 -1.25 -t2-1.0-M 2 -A"weka.core EuclideanDistance -R firstlast' -1 500 -nur-slots 1-3 10

Cluster mode Clusterer output

@ Use training set
() Supplied test set Set..

() Percentage split
() Classes to clusters evaluation

Final cluster centroids:

Missing wvalues globally replaced with mean/mode

Cluster#

Attribute Full Data Q 1
(Num) humidit (365.0) (178.0) (187.0)
[z] Store clusters for visualization
month January February September
day 15.7205  12.6461  18.6471
lgnore attributes J spectra of light 548.2832 462.8087 €32.9736
temperature 30.6137  30.2472  30.9626
Start Stop humidity 48.4795 43.191 48.754

Result list (right-click for options)

23:58:50 - SimpleKMeans

Clustersd Instances

0 178 { 45%)
1 187 { 51%)

Time taken to build model (full training data) :

0.05 seconds

=== Model and evaluation on training set ===

Figure 4 An approximate model to find the appropriate values for planting crops (Crop requirement).
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1. avnniuvaauas (Spectra of light)

2. ANUILYBILES (Intensity of light)

3. gaunqnil (Temperature) ALY
(Humidity)

Testing Data 3nngudeya 1 U (365 )

Wi Ao (Auduvouas) wazluds
AN AB (AT IIEMIARLYRILAY) NMTInUTINAYDY
wats Iinadsdl swandly Figure 5

HANTNARDUTEUUTIUTYARALIYULYDS
loT wuadanusdagy laun aiunasuveaias
(Spectra of light), A siLvOILLas (Light intensity),
aaun¥ (Temperature) way AU UV IAY
(Soil_ humidity) fiaauduiusiu Afimuizas

o o

Y83n15UgN#iY (Crop requirement) agneitizdnAny

17

YADR

Pre —processing: Preprocess

|

Classify: Crop requirement

A

Cluster : Feature extraction

|

Associate : Big data

L

Select attributes : Feature selection

A 4

Clustering

Visualize : Crop requirement

Final cluster centroids:

Cluster$

Attribute Full Data a 1

{365.0) (178.0) (187.0)
month January February September
day 15.7205 12.6461 18.6471
spectra of light 545.85%32 462.6087 632.478¢
temperature 30.6137 30.2472 30.59626
humidity 48.4745 48.191 45.754

Figure 5 Processed with k-means clustering method.
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Table 2 Yield and environmental variable values in experimental and control plots

Variables Experimental plot Control plot p-value Remarks
Yield (kg/rai) 120 + 15 95+ 12 0.003  Significant increase in yield
PAR (umol:m 2.5 1) 450 + 20 430 + 18 0.021  Significant difference
Temperature (°C) 285+12 278+ 1.4 0.042  Significant difference
Soil moisture (%) 28+ 3 25+ 4 0.045  Significant difference
Light spectra index 0.78 + 0.05 0.71 = 0.06 0.015  Significant difference

waewan: Auansualiy mean = SD, uamaaes = Mszuurhsudaaies o, wasriual = NMsUgNLUULAY

6.4 AATIZVINA

1. wandn (Yield) vasulaimaassganii
wlaspuRuag1aitudAny (p = 0.003) kARIIINIT
14 10T + Big data + Cluster analysis annsasiy
Usgansammsugniiudendsdunsdla

2. PAR, Temperature, Soil moisture
uag Light spectra index wan@see9iltudAty
(p < 0.05) sgwinawlamaassuazaiuny vilv
GEEYREY ﬁmummﬁmmsamaqmsﬂqﬂﬁ% (Crop
requirement) leitaiugn

3. MTIATIZRANUENRUSLUY Regression
wanaliliiudn PAR wag Soil moisture fluase
Nandnlneass (R2 = 0.78, p < 0.01)

a o a ¢

7. NAN13IYUATINGT
HANMTITelAR Nz auvaIUgnitY
SudUendBuvsd WeatiuayussuunYnTsaasy

o o a

ndeya 1 U egiiduddtynieata ToeAundo
fifitTedndey @

7.1 ugedtinidu

(F29ANUENIARULEAT 400-480 nm) fip 462

nm gusasdtky sJugiuaueInduLan

Science34-N3.indd 18

18

annsagaduldinnilan awnsnnszdunnan Aao
157lad (Chlorophyll) Fagaevinlwgulianuse
ﬁqmswxﬁumlﬁmﬂ?ia%ut,ﬁuﬁmwLs'aﬂmaﬁaglﬁuim
yosddu Jadouilldaiiafian Ao Woununisiug

7.2 uasdung (TrAnusTIRduLALT 630-
680 nm) Ao 632 nm grunasdnas 1ugiu
AYINETIARULAS ﬁ%amﬁmé’mmﬁ@m%mlﬁa %478
thdlvianysal wazaheifiunsvensvnavemanan
Froiganssaiulanvessn wasdiefiunisueny
YDINAKER INAUSNYALVDIUAY ANINY1IAAY
uas Avosas wararanduveuas Adeusndy
AONTZUIUNITAILATIZNAIDLAIVDINTLAZANS
Winiulavesity Judeuildmianan Ao iieu
gy

7.3 usedien (FreanuenduLas 500-
570 nm) Ao gudde 549 nm Fudteudiliendia
fian fio ey uns1Au §1uATe dulifazganduuas
Aty wardundls dnnasdidenililiganauis
avousonunfinueadiududide AvuarluliiFed
AT eudiden 549 nm Inetuegfuanmuandon
vasulaslgn nNnN1TITeNUIINYIZYATLLAS
\ieaseraslsiladeiin a waz b (Chlorophyll

30/6/2569 BE 12:48



Uil 34 QUi 3 wawnIAu-lguirey 2569

58153Imemansuazinalulad

molecules type a & b) lﬁﬁﬁqmmwmmmaﬂé‘u
Tagdasnuenaduiaus 400-700 unluuns
fio 462 nm wasdndu (Fren1sasivin)
uay 632 nm wawduas (Fremsgadulsd) Fedluad
e 549 nm (Fwduasizsiuag) Ineduegiu
anwuanden Auuaztihiin vewuUasiugnogied

o

ydAgY

e

Tnefinide lanaasunisldnussuuly

i a v

WUNTamAYUIUY DD UAULUUEITEY 31NF1UY

7.4 Tuwan1swensal Afiuunzauves
n1sUgnity (Crop requirement) [15]

PMNATANWIIY NsIlamaniswennsal
[16] ladeyaluldiruduimaluladnisdisia
Wity Usediuussansamliea denevuiingu
Wnsng (Confusion matrix) fauaasly Table 3
NAN1TNAABINUINLUUIIADY K-means @14150
uunudangudeya (Cluster analysis) loriaau
\fiesmse (Precision) Saay 95

=

Figure 6 System operation.
The system works in 2 parts

(1) Measuring and control equipment.

Table 3 Evaluation statistics

Measure Values
Sensitivity 93%
Specificity 91%
Precision 95%
F-Measure 92%

Haifannnsdne3delaonisldlusunsa
Weka Uszuianatoyanie3sn1s [17] K-means
clustering wusnguefivsnzanvesnsugnity 1
ﬁhﬂ?‘immsaﬂumsﬂqﬂﬁ‘u (Crop requirements)
muwalulaguimsdanis Teyaruinlvieg) Awuans
Tu Figure 5 Processed with k-means clustering
method.

maiusegsuazlinseideyantsndntu
dugundsdunidifeatuayusruuinunssaadoy
Ingldmalulaguimsinnisteyavinalve) daans

Tu Figure 6 System operation.

C & gogideapps.com/app//ifaeD6ZGrS1pOGIA ayout

dayatnminisuasiudnluds =) 8- ®
+ e v s D < vw )

ov

A da o - Y
uavinuine Haran NﬂNﬂV]va')

Usgine/na/3min
(&)

(#iv) (nn.)

(2) Web application for measuring plant growth environment and the organic cassava production database

system.
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7.5 MsIsalNan1sNaasg

7.5.1 Naﬂﬁmgw??u?wmmmaaa

. wamnaedild IoT + Big data + Cluster
analysis inandnasninudasmivauegralidud ey
(p = 0.003)

. LEAATIINITATITIAFNINLIAGBULATATS
UsuAmu Crop requirement 918l1in159nn1g
Wrdy TiUsEavBnmannay

. gonndasiuniduneunth (8,9] finuin
mshnaluladinuasudugiiazWisudases
annsaLiunandnuazann ey

7.5.2 AUEUNYS VD4 PAR, Soil moisture
URAANERN

« Regression analysis Land37 PAR wag
Soil moisture finananananag19TALL (R2 = 0.78,
p < 0.01)

. avfiouin nsdenisuasnazinluntag

o v A ]
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<

o

Hudznasdunid

- og1slsfinny FuUsdu Wy guvniuas
Light spectra index fiaLaAtasn 919LAAIN 329
mMyindureruaialeTe s MwIndey

7.5.3 n15UssluA1iinazauvaints
Ugnily (Crop requirement)

» Cluster analysis a13nsauusngudoyauas
AmunA Crop requirement @msuusazutagle
FoLau

« A5l% Single big data platform vl
4107150 SIUTINTeyAINVas e TLATLUa
npaold lufidies

. U931iAAD I1UIULUAIIDEINLALTOU
gania duley awﬁaqﬁmﬁi’ﬂsgﬁum&anmmﬁa
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7.5.5 Yowauauuzamiunsuszendly

. szuvannsausuldiunsusiud e nas

N oAl

BUNIIIUY Tapusuan Crop requirement a1y
annivu

- maasyivinvesity Juagiu anmw
wandeuvasiuuazinluuuacgn weufimansay
dwiunsugniiudiusvds fie wounau-liguieu
(@r9ugaey) waz AanAN-waAINEY (PeUany
qoe) ilesannifurisiifinruduiiomesents
wingdulnuaslinanand eidnsvanideanmsugn
Tugs duangn msizenviliviowiugiindels

. anansavenesEULLe Weslostoyaanm
01mA, U3 wasamniusuudealnd o

afuauNINLENUgNUATLIINANEND 19898

8. agU
Inn1sAneIITenagnisUseiiy
UszAnSameesuinnssunsiaussuugudeya
\Weatuayusz Uy 1nunTdIadsy WU sEUU
a13150 IuuniaziUnguteya (Cluster analysis)
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mmxﬂmaqmiﬂqﬂﬁm (Crop requirement) 310
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KansENUTesANIndeNifinadonisiasyiulnves
WY WU

1. uaeddu (Blue light, 400-480 nm)
fiauenindu 462 nm Lﬂuéwuﬁﬁ%aﬂ?ﬁﬂﬁma
fign nszdun1snan aaslsilad (Chlorophyll)
dsalimilianusaduaneinaddunntusasiia
Snsnsenaasaivlavesdidu Tnedouiilai
wanzaufigafe Weunuaus

2. wasdume (Red light, 630-680 nm)
finuenAAY 632 nm Frorunsgatuvedily
daaSuANENYTAIVD LA NTVIBVIAKAKER
Frei3an15a3 e AuTavesn waviiiun1svenss
vosrandn Ineifoufildmunzauiiande iiau
U

3. wasdie (Green light, 500-570 nm)
fiameedu 59 nm fvgaTuuasiiiiuuasung
\ieaderaelsiiadein a way b druuasdiderdiu
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