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USB dongle receiver
Receive data from a transmitter in the
station and transfer RF into Digital signal

Transmitter send weather’s data with

Radio Frequency signals (RF) /
Wind vane Anemometer
g % connected
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Raspberry Pi
(Simulating Server) 1. Raspberry Pi receive
data from dongle in form
of JSON

2. Save data into the
datab (InfluxDB)

\
(o N

. 3. Grafana query data from
database and visualize
them into the dashboard
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Transmitter
(Inside the tower)

Temperature and Humidity sensor
(Inside the transmitter)

Weather Station
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Control Systems )
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(Sensor Technology for Smart Farming)
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(Internet of Things and Its Applications in Smart Farming)
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(Statistical and Analytics for Agriculture)
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(Artificial Intelligence for Smart Farming Analytics)
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® Smart Farming
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o yanmsuarUselevivadlunaauly
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® n5L¥8u Flowchart

nsas1alamadoulalu Microsoft Excel
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® %dNN13989 Multiple Linear Regression
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® (lustering: K-means Clustering
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® Regression Model
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® Naive Bayes
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® Artificial Neural Networks
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(Fundamentals of Big Data for Agriculture)
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Abstract— Chiang rai is the northern Thai provimee with the
mast melon Farms and the greatest potential Tor farmer prodie,
Premium melon cultivation, on the other hand, needs more
preparations than a standord meelon farm, such os irrigation and
fertilization fram seeding through harvesting. Melon requires
varied walering and ferfilizer Tor each cullivation phase o
achieve excellent product omtput and quality per crop.
Furthermore, there are other obstacles and isswes along the
process, such os pests and plant disease. Furthermiore, swing ta
the change in humidity between day and nkght in the greenhouse
throughout the winter amd rainy seasen, numercus medon
disenses may be easily detected. This can lend to illness ond the
breaking of the entire melon plant. If the melon is nof properly
cared for ot the beginning of planting. Cwrrenthy, oll processes
are carrled ont by humans. As a resuli, 3 large number of mebon
Farmis require a sigailicant number of human resoarces and
maoney. Furthermore, employees moy make errors in messaring
the amount of fertilizer solution as well as preparing the needed
Fertilizer solutivm and water fir esch planting phase. This can
alsa have an impact on and damage the entive melon plane,
Moreover, mast of the melon Farms are small and medinm size
Farms vwrmed by lowemiddle income farmers who ore incapahle
of high investment on smart equipment. As a result, the Tocus of
this research, sponsored by the National Broadoasting and
Telecommunication Commission {(NETC), is on the design and
implementativn of alferdable IoT solutions for the soialls
medium melon farms. There are two propesed  systemis:
fertilization=irrigation system and an environmental controel
svslens, The proposed approsch kas been proven to be efMective
for small and medivm=sized farms. Furthermare, the resulting
technology is affordable and may be further improved for
application in preenhouse caltivation of ather planis.

Keywords—IoT; Melen Farm; System Designed; Smarvt Farm

middle-income to high-income status through the " Procharat”
mechanism, which iz a policy vision to transform the country
from i traditional economy to an innovation-driven economy
by focusing on the privite sector, banks, people, and
L;i,!w.::l.1'i|,1ni|| inslilqllluns. ."'u,ll,!i1'i|_1n:|.||y, m l..'q_rnjunl;l'iun wilh the
development of SMEs and startups, excellem commumication
a1 lecommumications infrastruciune will be wsxd 0 seer
them in the same direciion, To link all sectors 'b:,- l"u:u:-.ing EE]
five technological areas and target industrees:  food,
agriculiure, and biotechnobogy, public health, health and
medical technology (health, wellness, and biomedical), and
wols and equipment. Robotics & Mechatronics  Internet
Technology for Connecting and Controlling Devices by the
Digital Group Artificial  Intelligence and  Embedded
Technology (Digital, Internet of Things, Al, and Embedded
Technology) as well as Creative, Culiural, and High-Value
Services.

The agriculture sector, which is the country’s primary
industry, benefits from the country’s technology development
program and the five priority industries stated above. That is,
agricultural labor continues to be the country's primary labor
force, accounting for about one-third of the entire labor force
faround 12.4 million people), although agriculiural GDP
accounts for only 5% of overull GDP. Additionally, the
majority of Thai farmers are smallholders, with 0% of
farmers owning less than 10 hectares of land, indicating a
signiticant need for smallholder adsptations to present
aprncultura]l practices.  Particular attention 15 paid to the
agriculture of cconomic crops, a3 well as the cultivation of &
vanety of high-valee vegetables and fruns. Growing high-
valug vegetables and froits successfully requires several
vanables in addition to those derived directlv from the species.
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Abstract

Agriculture is still the main industry in Thailand. Agricultural labor is still the country’s
main labor, which is one-third of the total labor force, while the agricultural GDP is only 5%
of the total GDP. Moreover, most Thai farmers are smallholders, which is 50% of farmers have
land of less than 10 rai and have low income. Therefore, there is a need for smallholders to
change from the traditional and current farming methods. Especially the agriculture of
economic crops, such as planting vegetables, fruits, and various types of high value. Although
currently, researchers in Thailand have invented many devices and systems for Smart Farming,
using communication technology and digital technology, aiming to be used to control the
quality of cultivation and reduce the cost of farming. However, modern equipment and
systems are still being used in small numbers due to lack of knowledge and understanding of
technology and how to apply modern equipment as well as budget to invest. This is a major
reason for the slow development of smallholder farmers and Thailand's agriculture.

This research project aims to develop small-scale farmers of 12 farms to be up-to-date
with digital technology and modern smart farm equipment. The project has gathered
important smart farming technology knowledge and organized training to provide the
necessary knowledge. It also provides basic digital equipment for smart farming, such as sensor
systems and environmental control systems in agricultural farms using loT technology with
low-cost materials for use in training and for farmers to use in their own farm. This is aimed
for learning and developing skills according to the concept of Problem/Project Based Learning
and Collaborative Blended Learning to upgrade smallholder farmers to become digital farmers.
The project implementation results according to the proposed Digital Farmer Development
Model that the project has set farmers clearly have the knowledge and skills to use digital
technology. Every farm in the project puts the equipment from the project into practice on
the farm. Farmer can manage farms better as well as can apply the systems in various forms.
Knowledge is shared among farmers and formed into a Digital Farmer Community and their

farms also a learning resource for other small-scale farmers as well.

Keywords: Smart Farming, Digital farmer, Collaborative Learning, Internet of Things, Digital

Farming Tools
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b.e.€ 3TUUTTUNIIAMNToUTUS95DU (Green House Cooling System)
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o waluladiwulwesiian1sinuns (Sensor Technology for Smart Farming)
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Comment Description Designator Footprint LibRef Cuantity
Capacior, Ceramic 100Nk 125V 10
100nF/25V 0805 1 COB05 Cap 1
10uF, 10V E-CAP, TAJA106KD10RNJ CT177)C2, C3 CASE-A_3216 Cap Pol1 2
ECAP - 100uk/e3V,
100uF/63Y EGT107TM1JF12ZRRSHP C4 KM-SAMXON100-V Cap Pol3 1
ECAP - T00uF/B3V,
100uF/63Y EGT107TM1JF12ZRRSHP Ca Cap2mm Cap Pol3 1
LED1 NCDOBDSG1_CB4260 01,02 Broadcom HSMH-C170 0 |LEDO 2
AUX-POWER Header, 2-Pin P1 JMPPER Header 2 1
GPIO-ALX Header, 3-Pin P2 DG126-03P Header 3 1
AUX-1 Header, 3-Pin P3 DG126-03P Header 3 i
DHT22 Header, 3-Pin P4 DG126-03P Header 3 1
ALX2 Header, 3-Pin P5 DG126-03P Header 3 i
RS5485 Header, 3-Pin PG DG126-03P Header 3 1
Terminal Switch Header, 2-Pin EK500V-2P P7 EK500V-02 Header 2 i
AC-INPUT Header, 2-Pin EK500V-2P P8 EK500V-02 Header 2 1
1K 5% Resistor 1K 5% 0805 R1,R6 ROB05 Resi 2
10K 5% Resistor 10K 5% 0805 R2,R3, R4, RS ROB0S Resi 4
ESP loRa_module ) ESP32 LoRa Module ESP |oRa_module 1
Soil Sensor uz Soil moisture module Soil Sensor 1
Hi_Link5Y u3 Hi_Link5Y i
NCPTI1/LPST33
NCP1117LPST33T3G U4 ON_Semi_CASE 31BH 0 |G 1
L7805 us T0220-53 - Heatsink 78X i
HW-0519_MODULE UG HW-0519_MODULE HW-0519_MODULH 1
GY 39 ur GY-38 GY 39 1
JumperGND Jumper Wire W1 JMPPER Jumper 1
JumperGND Jumper Wire W2 FERRITE BEAD Jumper 1
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The Practical IoT System Designed for a Melon
Farm: A Case Study for Farmer Development in
Northern Thailand Region

st Cheympal Komvod
Compuier and Commuracation
Esganicermnp e Caguacity Building
Heseach Cenler

1 Themgukai Voopativong
Srhoad aff Itormiation Tchmalog),
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Schon| of Information Technalogy,
Mze Fah Luang Uinvimily
Chaang Bai 27 1060, Thailand
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Abitraci— Clisig ral is e @setlicrn Thai provinee with tee
st meelon farms and ihe grepiess posenciad for farmer profit
Premium melon cultivation, an the other hand, needs mare
preparations than a standard miclen frm, sach as irvigavies ani
feriilizadion From secding dhroagh Barvesiing, Melsa requires
varigd wakermg aml fedlilizer B each colivaies phase 1o
achieve evedlent product outpul &d quality per  eraj
Furihermare, there are other ohatackes and lssues slong the
priciss, such w pests and plawt disease. Furthermore, awing o
Ul el i husaidiny between day and night is the grecabouse
ihroszhawd the winter amd rainy season, numersos melon
diisrases may b easily didociedl This can lead (o illsess zml The
Breakisg of (e emtire mebon plast. 17 ihe mebon i wei pregerly
cwred for at the begineing o planting. Carrewily, sl processes
are carrisd sl by bumans, As a resall, 3 gy pumbier of mselon
Tarmis reguire & signifeant numbser of haman resturces ani
money, Furthermore, employvees may msake errers i measnring
B amousd ol Ferdilizer sebulinn o woll as proparing the seedel
fertilizer salilbsm and water Tor each planting plase. This ean
alsn bave an impect en and damage b eniire melon plant,
"larenver, mssd ol dhe melon Tarms are small and medinom siee
farms awned by bew-middle income farmers whe ane inespable
of high investment aa smart equipmest, As & resols, the focus of
this ressarch, sponsored by e National Broadeasting aml
Telecsmsmunicstion Commission {5FTCL s on ihe desdign and
implemenistion of slfferdable 0T selutons far the omell-
modimm sselon Tarms. There are dwe proposed  systems:
fewliliemion-irrcgnrbs syvsiem gnd 60 environmesal osviral
sypsbem, The proposed apgroach has been praven do be elfective
For sl and mdism-sicnl T Foribe rases, the risulling
fechnology & aflordabde and sy B Parther Emproved for
applicatien in grecabouse cublvation of ofher plamds,

Keywardr—Ia Tt Moo Farmy Spoiem Desigmes Smar Farm

L INTRODUCTEN

Thailomd's ecomomy has evolved, from the *Thailand 10°
o] centerad on agmculiure e the "Thaslend 207 model
cinterdd an light industry ased Hnally o e "Thailand 307
rminlie | cenbered oo heavy industry., Hosever, under the prosent
"Thailand 3.0" madel, the govermment has been unable o
expand the eoonony fo a level of ghobal competitiveness. The
present mdmimistration has developed a new el for
coonmmic reform and cransitioning the enrire couney o the
“Thailand 4, 0% model trough magor msnsures led by the
Priiise Mienater. By concentrating developimeil <oz an
"preservation, prosperily, and sustamability,” Accondimg 1o
the Mlvear stralegic plan, te country will ke developed From

oc&la

thangehal.miug gmail.com

ikl e orns B higheindeome stang thogh the "Prachara”
mrchanizm, which is a policy vision & iemsform the country
from a traditional cconomy o an innovation-driven cconoomy
by focusimg on the privaie sccior, banks, people, and
educational institutions. Additionally, @ comjunetion with the
developrnen of SkEs and sinmupe, excellent communicaiion
and sekeonmunecatione nfasirucire will be used to seer
theeem i e same direion. To ek all secioes By fodmsing on
five  ecdmologial  arms oo langad mduserees: fiosd,
agricultare, and hiogechnobopy, public halth, health and
medical fechoology (health, wellness, and biomedical), and
tonls amd equipmemd. Raobotics & Mechamonics  Interne
Technolegy for Connecting ard Contralling Devices by the
hgiml  Groap Amificisl  Ineelligence @i Embedded
Technology (Digial, Intemer of Things, Al and Embedded
Technobogyh s will as Crestive, Culesal, and High=-Yalue
Sorvikes,

The agricultare sector, which is fhe coumtry's primary
imchustry, benefits from the counmy's technodogy development
program and ihe five priongy indusimes simed shave. Thoi is,
agriculvaral Inbar eontmues w0 he the counimy's primary labor
fopce, aceounieg B ahout one=dhind of the entine lsbor farce
tarcamdl 124 million peoplel, although agricolwral GDP
aecoanls For only 596 of overall GOP. Additosally, the
magarity of Thai farmers are smallholders, with 5026 of
farmers owning ks tham |0 hectares of land, indicating a
significamt nead for smallsolder adapeations w0 present
agriculvaral practices, Pamicalor atieniion is paid o the
agriciliare of seomamic crops, & well as the cultvstion of o
wancly of kgh-value sepolablis asd fruits, Growmg Hagh-
valse vepetubles and fruits sscoesfully meguines several
varinhles in addition to thase derived directly from the specics,
=ach as =ail quality and feriility, pleni disenses and msects,
culivition pled chamcieristics, femperasare, snil moismre,
naimal disasters, anid mainierance, among many others [1}-
[4].

In gerseral, sepetable and ras coltivation, in gaseral, can
proskle a waricty of difficulbes, as discussed previoushy.
though s a resuli of breakthroughs in fechnology and the
imfemmet taday, varous technologies have been introduced o
aid in the growth of maore plants, vegetables, and fsits, such
as s greenhouss iechnology thet can easily contro| vanoges
envrosmental varighles, which is a favorshle ouicome of
bazireg able W comirol vamous vamsabies 1o Gedalitan: indriasod
productivity, However, the primmary drawback is the high
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expense of comtrollimg and managing thimgs thai neguine
skilled lubor. There is a significant imitial cost becouse the
mgjority of supplics snd egaipneent are imported, and the
relntivedy high maonthly cxpenses may be required by small
Tarmers in general [3)=110],

Ahhcasgh cuvenily researchers o Thadland A large
mumbser of modem egquipmend el seslems for Smant Farm
ke been developed weng communication echnology anid
digital dechmology. w be weed d0 conirol the guoality of
cubivotion mnd reducing the cost of fanming. However,
vaross moddem equipment and svstems are used in large
apriculsaral farme wath e high et of famming. As for the
gerseral amalThildiers, there ane @ill a sonall nuivder of uses,
Dz to lack of Enowledpe and understanding of sechnodagy
and how o apply modem equipment including loss of
proqerty This is o mojor reason for the slow developnsens of
smallholder farmers and Thailands apricolbere = o whole
[EUH 18]

The fwmn under investigation is an orgenic or mditional
mekon Tarm that milizes very lnle sechnolopics ar chemicale
moE procleciion processes, Ac oa o resall, sdepung e
mthidokopy while amiainimg the famm’s quality fsces
several challenges. Additiomally, the Infermet of Things-
desipned sysiem for small amd  medmum-sized  fanms,
particularly organic melon farms has not Been owell
rescarched, The Intemet of Things system presemied in this
reseEch & for on crganie melon farm. The system will b
ereanad and deployed o assisn the melon Bar's three prinary
prociesses  fedlilization,  srigation,  and  envimomminial
mmnzgemend within the melom plant diroctly. Thammg this
study phase, we will primarily focus on developing o practical
Intemet of Thimgs=designed solution that is both effective and
coseffecive for local fommers.

The remninder of the anicle is organized as folbows: te
wrean secti desciibes e despnad sy, The copermmental
resulis sl discussams are presenied in Sectan 1. Secion 1Y
[l lows wath the conclusions

1. SYSTEM DESKIMED

From: the challenges and requirements of high-quality
milon famming discusaad above. The procodune of walering
and ferilizing chroughosn ench planting phose wns shown o
b the mast impartant care prooess in planting thal influences
the: qualicy of melen. Furtbsrmson:, masaging the [emperanme
inside the plamt =0 that there is no extreme enyperabme
differunce or humidity in the plam reduces the risks of plam
diserses such g fangus or melon cracking, This is & typicsl
issue during the raimy and cold sessons, and this can harm the
CNLIE £rop.

The researchers cxamined the demonds and collnbomicd
with farmers 1o wmwderstamld the culivaton  process of
produciing melom w deprs, based on thess e by proldems
ond reeds. Hased an these procedures, the sysiems have been
dsignid to enable the use ol laT wehnodapy W mmprose job
cificiency and nvinimize workbosd in ench opermion. This
may work m pamllel o reduce existing  misinkes  amd
manpower, Figures 1 ansd 2 show the proposed system
designed from the preliminary requirements.
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Fig 1. Auwmatic Teniliee micer and imigason oonrol sysem.
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The furm will grow melon with no substanee. Using
memle mmierials ms planting maseral, such fs sand sl
chopped coconue basks, af 2 10 | ratie. Use 2 white bag B x
16 inches i size, planting 1 plant cach bag in a 5 x 2-meler
greenhouse, for a woml of 304 plomis per greenhouse. The
spacing betaeen the bags = 50 = 50 con. The watermelon
femilizer solution recipe, o instanes, i created by mising
six main fertilizer solions for wsage at cach siage of growth
o maximize production. When the number of greenhoases
rises wndl the growing period in each greenhowse varies, this
can sometimes lead o fertilizing, watering, or insafficiens
iramnlenance. A3 a sl the sysiem anclodes a separatc
femilizer mixing pomp, which & commolled by o
microoantridber and regulmies the water vin an clectranic
walve, afier the femilizer has been effectively mixed, it will
ke combined with waler and sapplies for the meles plant. The
program allows you oo customn: and plan fenlilizer mixing
formwales for each period, and coeral information is suppdied
via loT techmalogy. The method is miended for famners &0 be
edmple anc easy 1w, The designed syesem im the melon
plar is represented in Figure 5.

The majer peal of the Environmental Comtrol Svstem in
this evady is o regulie the hemidine and hest inthe melon
greenhouses. [n Thailand, most melon fields saffer from beaf
bagrm oencing i high bempirabames amal dry air caused by imbimse
amnshing. Formers must warer iheir melon often during the
day im order oo kower warmth and supply moishere o the
preenhouse, which s done by hand. The desipn soratepy for
this rescarch is o wilize gemernl ventilation Ffans with & mist-
spray  sysiem,  contmolled by [oT system and  mobile
applicarion. we make the wemperature and hanadiny control
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system inexpensive, casy to run, use readily accessible
comporents, and help reduce human labos.
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Fig 3. Foulizer miser instalidion and applcation

The most common size for melon grecohouses 18 Sx20
meters. Four 18-inch vemtilution fans with widely accessible
TS0 watts-motoes are utilized per greaohouse due 1o their
mexpensive investment cost and low energy usage. The mist
system made use of 2 0.3 mem speay head 2 2 de diaphragm
water pump, both of which were readity secessble, The
environment of the greeshouse & mwomnizored by wireless
sersors that communicate  envirommental dsta such as
wwonperature aod hamidity 10 the main system controller,
which can be managed and manitored through the internet.
Figure 4 represent the installation of the fan m the
greenhowse

"l

Fig 4. Fenimslalbeon o the moloe groon base.

Eavitonmental momitocing  and  seiting of  regulated
environmensal pamameters can be mamaged cither ot the
controller or vig a mobile application, as shown in Figure 5.
The proposed systems are deployed in melon greenhouses
and utilized by farmers for system testing to ensure that the
system is wser-friendly and mects farmer sansfacton,

\
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TIL EXPERIMENTAL RESULTS AND CONCLUSION

Both developad systems are capable of performing well
urcker regular operating conditions, When it comes to farmer
sitisfaction,  the  system  is  guite  affordable.  The
componentized embaddad module wis uttlized 1o lower the
overnll cost of the hardware platform. Asde from that,
maodifications are made o open=source software in order to
develop the loT spplicatson. The software feature has been
created to be compatible with farmer activities. As a resule,
furmers with lmmad  wechnologxal abilines may  casily
operute and undersand the system. In the case of the
environmental control system. By monitonng and collecting
data, the system ensares that melons have the environmeial
roquiremsents they requere. With o mist-spray system, it is
casy 0 maintain the temperature in the 35-40 degree Celsius
range that farmers wunt, and the humidity may be readily
controlled by the system to a cortain percent humidity Jevel
that the farmers require. Tn adkdivon, the echnoogy has the
potential to significantly reduce worker hours and costs,
However, there are vanious faults and problems that need o
be addressed, such ws the operating or lifgime of the
hardware and sensors. as well as the installation and operution
of the system under a variety ol reguiremenlts anxl Farm
conditians,

IV, ConCLUsIoN

The study presented a realistic Insemet of Things syswem
that wus budlt for & premsum graded mebon farm, Both systens
are created under the operstions snd requirements of the
furmner’s operation. The systems were shown o be effective m
enhancing the primary melon farming  activities, which
inchode  fortilization,  wmigation, and  enviroomental
maragement, amang other things. It & necessary, however, o
manisar and fusther devedap the svstem in order to increase the
overnll guality of medon production,
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Abstract

Agricultural industry labour in Thailand remains the major labor force of the country, which is one-third of the total
labour force, while the agricultural GDP is still less than 10% of the total GDP. Furthermore, half of the Thai farmers
are smallholders with less than 4 acres of land and low incomes. As a result, smallholders must adapt from traditional
farming methods, particularly in the cultivation of economic crops such as high-value fruits and vegetables. Although
researchers in Thailand have invented many devices and systems for smart farming using communication technology
and loT technology to control the quality of cultivation and reduce the cost of farming, modern equipment and systems
are still being used by small numbers of farmers. This is due to the lack of knowledge and understanding of technology,
lack of skills to apply modern equipment, the lack of smart farming as a learning prototype, as well as a lack of financial
investment. These are major reasons for the slow development of smallholder farmers and Thailand's agriculture.

The Broadcasting and Telecommunications Research and Development Fund for Public Interest, Office of the National
Broadcasting and Telecommunications Commission, Thailand (NBTC), has funded research and development projects
that seek to formulate a development framework for small-scale farmers to be able to upskill and keep up with the
trends of modern digital technology and smart farming equipment. This project has proposed the Digital Farmer
Development Framework as a guideline for raising the level of smallholder farmers to become digital farmers. The
project has gathered important knowledge and organized upskill training to provide the necessary digital knowledge
and skills, including the creation of basic digital equipment for smart farming such as sensor systems and environmental
control systems in agricultural farms using 10T technology to be used for training and for farmers to apply on their
farms. The training and upskill development are based on the concepts of Problem/Project Based Learning and
Collaborative Blended Learning theories, which aim to upgrade smallholder farmers to become digital farmers. Project
implementation, according to the Digital Farmer Development Framework that the project has set, demonstrates that
the farmers clearly have the knowledge and skills to use digital technology effectively and are considered to become
digital farmers. Every farm in the project puts the equipment from the project into practice on the farms, making them
able to manage farms better as well as apply digital equipment in various forms. Knowledge is shared among farmers
and formed into a Digital Farmer Community that provides learning resources for other small-scale farmers as well.

Keywords. Smart farmer, digital farmer, project-based learning, problem-based learning, blended learning, IoT,
learning framework.

1. Introduction

Thailand has historically developed its economy from the agriculture-focused "Thailand 1.0" model to the light
industry-focused "Thailand 2.0" model and then transitioned to the "Thailand 3.0" model, which emphasizes heavy
industry. However, under the current "Thailand 3.0" model, the nation has been unable to increase its economic
competitiveness on the international stage. Under the leadership of the Prime Minister, the current government has
created a new model to reform the country's economy and lead its citizens to the "Thailand 4.0" model as part of its
key strategy. The development of "security, prosperity, and sustainability” is emphasized. According to the 20-year
strategic plan, "strength from within" is driven by the "Sufficiency Economy Philosophy" via the "Pracharat"
mechanism, which is a policy vision to develop the country from middle-income to high-income by shifting from a
traditional economy to an innovation-driven economy. By emphasizing the participation of the private sector, banks,
individuals, educational institutions, and research institutes, as well as promoting SMEs and start-ups, it will be possible
to steer these entities in the same direction. To connect all sectors, a high-quality communication and
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telecommunications infrastructure is required. The focus is on five technology groups and target industries: food,
agriculture, and bio-tech; health, wellness, and bio-med; smart devices; robots; and mechanical systems [1]-[5].

The agricultural industry, which is the country's primary industry, benefits from the technology development
policy and the five target industries listed above. In other words, agricultural labor employs roughly one-third of the
total labor force (approximately 12.4 million people), despite agricultural GDP accounting for only 5% of total GDP.
Furthermore, the majority of Thai farmers are smallholders, with 50% having less than 10 hectares of land, so there is
a significant need for smallholder adjustments to current farming methods. Specifically, the success of economic crop
farming, which includes the production of high-value vegetables and fruits, depends on a wide range of factors beyond
those inherent to the species themselves, including the quality and fertility of the soil, the prevalence of plant diseases
and insect pests in individual cultivation areas, the weather, the amount of care taken to prevent or recover from natural
disasters, and so on. Nevertheless, Thai farmers and academics are working on creating and implementing cutting-edge
machinery and systems for "smart farms," which will use communication and digital technology to regulate crop quality
and lower production costs. However, large agricultural farms that incur high costs due to their operations use a wide
variety of cutting-edge machines and systems. Small-scale farmers and ranchers still have a limited number of
applications because of issues like poverty and a lack of education regarding the proper use of modern tools and
technology. This is a significant contributor to the slow growth of smallholder farmers and Thai agriculture. Therefore,
it is crucial and urgent to develop Thai smallholder farmers, particularly the next generation of smallholder farmers, so
that they can utilize digital technology to create their own farming techniques. We also need to keep up with the fast
pace of change in digital farming tools and the rollout of 4G/5G wireless Internet across the country [5]-[15].

According to the aforementioned issue, most farmers lack knowledge of agricultural technologies and digital
agriculture technology capabilities. As a result, understanding digital technology is critical for developing smart
agriculture. Furthermore, basic digital farming skills may be used to build low-cost farming systems for their unique
agricultural settings, increasing productivity and quality. As a result, we developed and evaluated a novel learning
framework to provide a new generation of small-scale farmers with the knowledge and skills needed to leverage digital
technology to develop their own solutions, resulting in a new generation of digital farmers (Young Digital Farmer). In
addition, we developed smart farming (Smart Farm) training courses for general smallholder farmers interested in self-
development through the acquisition of fundamental knowledge of digital agriculture technology, such as
communication technology in agricultural farms, Sensor Technology for Agriculture (Sensor Technology), Internet of
Things (1oT), Artificial Intelligence and Machine Learning, Statistical Analysis, and Fundamentals of Big Data for
Farmers. Farmers were able to create and implement smart farming techniques for their own farms. Furthermore, the
participants in the program form a community of young digital farmers to build and share knowledge (Collaborative
Blended Learning Approach) as a case study and learning resource for other farmers. However, diverse sectors must
work together to encourage farmers to use more digital technologies. Academic, government, farming, and business
sectors are all required for project completion and sustainability.

2. Related Theory

To identify patterns, methodologies, and bodies of information that can be used to construct a farmer's learning
framework, the following concepts, theories, and research have been examined:

Benjamin Bloom, an American educational psychologist, studied human learning behavior and divided
cognitive behavior into six levels of complexity, called Bloom's Taxonomy, which was later modified as follows: The
first is remembering, which involves using memory to create or search for definitions, facts, or reviews of previously
learned information. The second is understanding, which is to create meaning from many types of usage patterns. It
could be text, pictures, or activities like figuring out what it means, making examples, putting it into groups, or making
a summary. The third is applying, which means the knowledge gained can be put into practice through media such as
models, presentations, interviews, and impersonations. The fourth is analyzing, which divides the content or concept
into sub-sections. Identify the interconnection of each section and the connection to the overall structure. The fifth is
evaluating, which uses rules and standards to be considered through review and criticism. The sixth is creation, which
gathers elements and puts them together. Reorganize to form a form or structure through creation, planning, and
production [16]-[19].

Bloom's taxonomy

/Create\  Produce new or original work

Evaluate Justify a stand or decision

Analyze Draw connections among ideas
Apply Use information in new situations

Understand Explain ideas or concepts

Remember Recall facts and basic concepts

Figure 2.1. Bloom’s learning taxonomy [17]
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Learning theory that emphasizes problem-solving is known as problem-based learning (PBL) or problem-based
learning management system (PBLMS). Problem-based learning (PBL) is a method of education in which students
learn through the resolution of actual problems. The issue is immediate and relevant to the students. They might find it
useful for students, who can use it to build their own learning process by differentiating between two types of problems:
simple and complex. Answers to questions or concerns can be discovered through problem-based learning. PBL aspires
to provide students with real-world practice. As a result, drills are emphasized to help students improve. In addition,
PBL is a powerful learning motivator. The final challenge might be seen as an opportunity to hone critical thinking and
problem-solving abilities. Therefore, problem-based learning (PBL) is the use of problems to gain insight. The
following are some of the many advantages of adopting PBL in learning management systems: Learning that
emphasizes learning together, learning that emphasizes the pursuit of knowledge, learning that emphasizes the
integration of knowledge, and a form of learning that focuses on the ability of the learners to control and assess the
learning process are all characteristics of this learning approach. Metacognition is a style of learning in which students
are encouraged to manage their own learning (independent study) [20]-[24].
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Cooperative learning theory and collaborative learning have comparable meanings since the process appears
to be one of cooperative learning. It is the degree to which students work together that distinguishes cooperative from
collaborative learning. According to Sunyoung, J. (2003), pre-structure, task-structure, and content-structure
distinguish between cooperative learning and collaborative learning. Learning through collaboration is typically better
organized in advance. Collaborative learning was less pre-structured and more open-ended, whereas independent
learning was linked to activities that required predetermined answers and learning more within a predetermined
framework of information and abilities. This unstructured assignment necessitates innovative approaches as well as
cutting-edge knowledge and skill development, neither of which is guaranteed in the context of online education.
According to the research of Nagata and Ronkowski (1998), the term "collaborative learning" encompasses a wide
range of cooperative learning contexts, from small project groups to a more specialized kind of working group known
as cooperative learning. Johnson & Johnson pioneered collaborative learning in the 1960s, and it is still widely used
today. Collaborative learning is defined by Penn State University's College of Education (2004) as "a process in which
individuals working toward a common objective have a shared knowledge of that purpose, accept and trust one another,
and have a clear awareness of the roles they play.” The conclusion was reached by reaching an agreement among all
the parties involved. Wherein the educator acts as a facilitator, helping students arrive at their own conclusions on how
to solve the problem [25]-[30].

Figure 2.3. Cooperative learning

Blended learning refers to the learning process that mixes diverse learning styles, such as classroom learning
mixed with learning outside of the classroom when learners and teachers are not face-to-face, or the use of a range of
learning materials. The learning process and activities are influenced by a range of instructional strategies. The primary
objective is for students to achieve their learning goals. Using a blended learning approach, teachers might
simultaneously employ two or more instructional modalities. For instance, teachers provide course information using
a combination of technology and face-to-face instruction. However, the teacher then posted the article's substance
online. Then, follow up the teaching activities with conversations with instructors in the classroom, etc., utilizing e-
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Learning using an LMS (Learning Management System). According to Graham, Allen, and Ure (2003), blended
learning includes three dimensions: the integration of teaching through teaching materials; a mixture of teaching
techniques; and the mixing of face-to-face instruction with online instruction [31]-[35].

Blended t
Learning ‘
s g i [ J
Smart approach Mentorship
Subject matter experts provide ."
coaching to sharpen skill sets. coaching

Instructor-Led Training
Especially useful for complex and/or advanced
topics that benefit from classroom interaction classroom

Virtual Training
Ideally suited for short sessions on singie topics

Figure 2.4. Sources: Learning Evolution, LLC and CatManHelp.com.

Digital farming is the use of digital technology to modernize agriculture by using digital technology to facilitate
automated farming, such as a remotely managed smart farm system. Automation links data from various measuring
equipment for scheduling, making decisions, and anticipating various events to create an optimal environment for
farming, agriculture, and livestock farming with the goal of maximizing precision and productivity in agricultural
activities while lowering manufacturing expenses and enhancing profitability. The goal is to increase the efficiency of
inputs by using digital technology as a tool. Another goal is to promote agriculture by using information as a tool to
reduce the risks caused by a climate and environment that are always changing [36]-[40].
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Figure 2.5. Digital Agricultural Development Plan of the Ministry of Agriculture and Cooperatives, year period
(2017-2021)

Precision farming arises from the idea that crop cultivation has environmental factors that affect both the
weather and the climate, so the fields are different in each area. Even within the same farm, this difference results in
differentyields. The idea is, therefore, to adjust the care to suit different conditions. They are used to effectively increase
productivity by adopting high-precision technology to help manage, such as soil inspection to select suitable crops,
fertilizer and pesticide-controlled harvest self-propelled fertilizer trucks, a drone that will perform the task of exploring

the area, and the storage of product information [37], [38].
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Figure 2.6. Source: Smart Farm(Thailand) Co., Ltd.

3. The Experimental Processes and The Proposed Upskilling Framework

Implementing a research training program to provide farmers with digital technology knowledge and abilities

will lead to the study and development of a methodology to encourage the next generation of farmers to become digital
farmers by utilizing the foundational digital farming technologies and a collaborative blended learning approach. The
research development procedures might be structured as follows:

1.

10.

11.

Research teams set up working groups in various fields and prepare project implementation plans. knowledge
gathering plan and course design Training plans and practical application of knowledge and equipment a plan
for the development and construction of various equipment and systems, as well as an initial monitoring and
evaluation plan including preparing the criteria for selecting farmers and farms to participate in the research
project (Project Plan Design).

An invitation to all small farmers who are interested in signing up for the project. Through a survey and
selection process, 12 farms will be chosen from the farmers who are interested in the four provinces of the
higher north: Chiang Rai, Phayao, Phrae, and Nan.

Organize a seminar for farmers participating in the project to establish a knowledge of the actions and aims of
the project, including performing studies and evaluating data on farm conditions and agricultural practices
utilized by farmers. In addition, to gather problems and needs of farmers in smart farm equipment from the
project, as well as analyze the needs of farmers in terms of knowledge of digital skills such as skills in using
electronic devices and control systems, to bring the information for development training and application for
farmers.

Researchers look at each farm's real condition, talk to farmers about their needs, and make different tools and
systems based on the project's conceptual framework.

Design, develop, and build equipment and systems that will be utilized in educating farmers to implement on
their farms. According to the findings of the study of items 3 and 4.

Design and construct training course material, techniques, and outcomes from various trainings based on
project principles in Problem Based Learning and Collaborative Blended Learning Approach.

Conduct training in accordance with the standards to provide knowledge and skills in the operation of farming
equipment and systems. Furthermore, farmers must study and apply their learning skills to their smart farm
systems based on their own requirements. As a result, farmers will learn and build problem-solving abilities.
So, the study team has to go to each farm and work with the farmers to set up equipment and systems, train
them, and evaluate how well they can learn and use what they've learned.

The research team works with farmers as a guide and mentor to assist them in applying their knowledge, skills,
and tools to enhance the planting process and manage their own farms.

Follow up, collect data, and verify the applications and smart systems in different farms and farmers' learning,
as well as provide a forum for exchanging knowledge and experience of using real equipment and systems
(Knowledge Management) from time to time to learn lessons and improve the course content and activities
(After Action Review) throughout the project.

Build a unified database of information and create printed and digital course materials. Increase the efficiency
of existing machinery and distribution channels so that they can serve as a template for other farmers.

Publish information and evaluate the achievement of project objectives.
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According to the experimental processes and requirements, a conceptual framework for introducing a new
generation of small-scale farmers to digital agriculture could be developed. It will incorporate and apply the numerous
learning theories (learning theories) stated previously together with the appropriate digital technology knowledge
(digital technology knowledge) and basic digital equipment for smart farms in real use (essential fundamental digital
tools) to integrate to develop new generations of farmers to gain knowledge and skills (digital knowledge and skills)
and then use the integrated results to synthesize development patterns to be a model for further application to other
farmers. The development chain comprises of determining the essential information (knowledge), determining the
equipment used to practice learning and skill development (tools), and sharing practical applications for learning in a
problem-based learning technique (Problem Base Learning), knowledge for mutual learning (Collaborative Learning),
to build a digital farmer community (Digital Farmer Community). All phases of development involve the use of
collaborative learning and a variety of strategies. (Collaborative Blended Learning Approach), as seen in Figure 3.2
below.

Digital Farmer Development Framework

~ Relevant and Appropriate Technoloé;'--"' ~~

Digital Technology
Related Knowledge & skill

Implementa 5 ..
. Modern Digital g d Experience Digital
Digital F Digital tion an e
arm Digita Knowledge Probl Farmer

| Technology Tool . roblem K led
| Knowledge 0018 an‘d Sl based nscrilwg 32 Community
\ 1 Development L arin,
\ Suggestion P Learning g

Fundamental Digital Tools e
For Digital Farming

~~__ Collaborative Blended Learning Approach -

Figure 3.1. The proposed digital farmer development framework.

4.Experimental Results and Discussion

Instead of organizing a large group meeting with cooperation from local networks, namely Mae Jo University
(Phrae Campus) and Chulalongkorn University (Nan Provincial Learning Center), to gain insights directly from the
farmer and appropriate to the current situation of the COVID-19 epidemic, interviews with farmers will be conducted.
The interview parameters established by the study team include the following crucial topics: general conditions of the
agricultural area, including the environment, area conditions, soil conditions, and water sources; farming techniques
because of the planting that is done, including the plants planted, how to water, fertilize, and care for them; problems
in agriculture, including labor, environmental control, soil care, irrigation, and production quality; knowledge, abilities,
and requirements for intelligent agricultural machinery; the digital technological abilities of farmers, such as the
capacity to utilize computers, cell phones, and electronic social networking equipment; a farmer possesses intelligent
farm equipment; intelligent agricultural equipment; agricultural equipment; agricultural equipment that farmers require
to solve issues or make farming easier or more efficient; knowledge of settings suited for caring for crops, vegetables,
and fruits cultivated by farmers, such as temperature, sunshine, humidity, pH value in soil, and the amount of fertilizers
and minerals required by the plant; and comments and other ideas from farmers. Fig. 4.1 depicts the visiting and
interviewing actions of farmers.
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Figure 4.1. Interviewing farmers activities from Nan, Prae, and Chiang Rai provinces, Thailand.

Based on the interview, the farmer's issues can be summed up as follows: A labor shortage problem exists

since some farms are family-owned and use local labor. Furthermore, there were issues because local companies or
factories pulled employees. Climate change circumstances result in illnesses, insects, and poor production quality.
Weather difficulties with overheating and heavy rain cause harm to crops. Non-seasonal rain produces uneven growth
of vegetables, and there are diseases and insects that arrive with hot weather. A shortage of water during the dry season
prevents agricultural production. Watering problems as the farm is currently irrigated with a hose and sprinkler system,
where watering is observed to monitor soil moisture around the area without knowing if it is sufficient for the needs of
the plants. There are problems with diseases and insects due to a lack of cultivation in the surrounding area. Therefore,
it is the only green place in that region that leads insects to damage the fruit; the storm damages the greenhouses where
vegetables are grown. We may summarize what farmers expect from smart agricultural equipment based on the
requirements listed above as follows:

1.

A temperature control system in the greenhouse. Since the temperature is low in winter and very hot during
the afternoon, peach tomatoes cause the tomato blooms to shrink, with no mixing, resulting in no productivity.
This difficulty can be solved if the house has a temperature control system. Furthermore, if the greenhouse
temperature is too high, the vegetables grow slowly and become infected.

An automatic watering system to assist in resolving the watering scheduling and labor issues. Also, water
systems with sensors that measure how much water and how moist the soil needs to be for each plant can
prevent overwatering, cut down on plant diseases, save water, make sure crops get enough water, and improve
the quality of production.

Systems that can monitor air humidity and temperature in the greenhouse aid in ventilation by providing
farmers with data on heat and humidity. Because humidity and heat can cause some diseases and insects, they
need to be well-prepared to avoid or stop the damage that will happen. This will help them be more productive.

A system that can monitor soil quality or soil nutrients in fertilizers to determine the quantity of nutrients
needed to enhance soil quality as much as feasible. It will also assist in terms of utilizing less fertilizer and
lowering production expenses.

Furthermore, farmers' knowledge demands may be stated as follows:

1.
2.

They want to be advised on how to operate smart farm equipment appropriately for the most efficient usage.

They desire ongoing monitoring of the study team. Farmers can utilize different equipment or tools more
efficiently if information and expertise are added to them on a regular basis.
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3. They want the project to prepare them to the point where they can increase their own abilities and ensure the
initiative's long-term viability. Farmers have come across initiatives in the form of putting equipment in the
region and collecting data, and after they complete studying, they return with nothing.

Design and prototype of equipment and systems for use in training and allowing farmers to utilize them on their farms
based on their aims and farmer's requirements. It can be used to train and develop individuals, and farmers may utilize
it on real farms. It is made up of the following sections:

e A Microclimate Sensor Node is a tool for measuring the weather on a farm or at home.

e  Water pump control system for drip irrigation systems, sprinkler system, pipeline fertilizer system, as well as
the home ventilation system

e Weather Station
e Automated measurement and control system (monitoring and controlling system).

e Internet of Things Platform with multiple displays (Monitoring Application Platform/Dashboard).
The research group has concentrated on designing electrical devices or boards that can be implemented across
a wide range of systems, including but not limited to water pump control systems for drip irrigation or sprinkler systems,
pipeline fertilizer systems, home ventilation systems, and so on. Each one of these systems is a monitoring and control
system that functions across the Internet of Things (loT Platform). In addition, the interaction between various
requirement modules influenced the creation of the system's architecture. Figure 4.2 displays the intended module, and
Figure 4.3 displays the implementation system architecture.
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System Controller Module

Model 1. Model 2. Model 3.

Figure 4.2. Some designed equipment and module for different farming conditions
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Basic loT Smart Farm System (For Digital-Farmer Development)
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Figure 4.3. The conceptual designed system architecture

The project's purpose is to transform farmers into digital farmers. As a result, in the installation and
development of various systems, the researchers collaborated closely with farmers from system design to installation
and implementation, based on the concepts of the proposed learning framework (collaborative blended learning
framework), with an emphasis on practical needs and farmer requirements, as well as problems that farmers want to
solve with loT systems and digital devices. Three training sessions were given (problem-based, collaborative learning).
The training seeks to enhance their agriculture and farming operations via the use of 10T technologies and digital
marketing to expand sales and distribution channels. Thirty farmers were trained on how to use smart agricultural
equipment and create systems for their fields. The following are the main training contents: smart farm equipment
fundamentals and operations; basic system use cases; basic electronics and l0T systems; irrigation systems; greenhouse
heating and humidification systems; the pipeline fertilizer system; problem-based learning and collaborative learning.
Following the training, farmers were required to analyze their needs or challenges and design a smart system for their
own farm. The farmers will then show their concept to other farms while receiving feedback and comments from the
research team. As a result, the study team obtained the needed information and comprehended their problems. The next
step is for the researchers to visit the farms, in which they will finalize the design of the system based on the specifics
of the farm and install the intelligent system. Because the majority of the farms in the project are smallholders, certain
infrastructure, including irrigation systems, electrical systems, and dwelling structures, must be created to facilitate the
adoption of loT and Smart Farm technologies. The installation of the planned equipment and the development of the
system will be carried out in partnership with a team of researchers and farmers. Farmers may thus study in parallel
using the project's problem-based learning and collaborative learning concepts. The result is that systems are put to
good use immediately upon installation. Most of the systems will concentrate on irrigation, fertilizer, drying agricultural
goods, and environmental monitoring in planting plots. Some training and experimental procedures are depicted in
Figures 4.4 and 4.5

t
Figure 4.4. The training based on the proposed framework.
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Figure 4.5. System mstallatlon at Cocoa farm, Thalland 7

From the evaluation of the farmer's development process according to the proposed learning framework, using
Bloom's taxonomy as a guideline for evaluating the knowledge and skills in digital technology of farmers in the project,
which includes measuring, assessing, remembering (remembering), understanding (understanding), application
(applying), analysis (analyzing), evaluation (evaluating), and creation (creating) by using questionnaires,
brainstorming. Figures 4.6 and 4.7 summarizes the assessment outcomes from the twelve farms that completed the

project.
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Figure 4.6. Evaluation of farmer development using Bloom's classification theory.
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Figure 4.7. Bloom's theory-based average evaluation results.

Based on the evaluation of the project's innovative process in digital farmer development (Digital Farmer
Development Framework), it is regarded as an efficient and effective procedure. It may be used to transform
smallholder farmers into digital farmers in Thailand. In terms of creativity, the gap is mostly related to the farmers'
fundamental understanding. If a farmer is of a younger generation or has a background in mechanics or technology, he
or she will possess a greater number of talents in this area than farmers with no prior experience in this area. However,
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the overall learning results were that the participating farmers were able to improve their learning abilities to the level
of decision-making and were able to independently address technological challenges.

5.Conclusion

Researchers are now able to identify the difficulties and demands of farmers in various sectors based on the
research results, which took around a year to collect. We have developed rules for operations that have resulted in a
learning model of a collaborative blended learning framework that is capable of fostering rapid skill development
among farmers. Farmers gain an understanding of their actual challenges and requirements via study. It has been built
and designed in terms of both the equipment and understanding of vital technology, including important expertise in
numerous domains such as digital marketing, where farmers may apply their newly acquired knowledge practically. In
addition, the collaboration of a group of experts with expertise in a variety of fields, both in agriculture and technology,
facilitates learning and increases productivity. The attention and desire to learn and be receptive to new information of
the participating farmers is crucial, since it is an integral element of the task that both researchers and farmers must do
in a short amount of time. This learning approach may also be utilized to train employees in many industries who wish
to improve their technological skills and system development in order to satisfy the demands of other businesses. For
the enhancement and development of the learning model in the future, the component of sustainable and continuous
learning that takes time and the research of several important factors to accommodate the growth and learning of farmers
and business groups may be further improved.
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