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U1 AElUMSAAUT 3 SERUAES La, Hi wag Hy 860 1.1140.03, 1.18+0.03 Wag 1.23+0.03 m s™ aud sy way
Anundsvesisuuiiudiund 1.45:0.09 m nseduiies dasnsUassinledudenazanvesuila wirfy
236.33+30.86 waz 190.13+48.40 ml s* auddy ionnaeulunlamnassiiiidenusin Sandy loam FafiUsaamse
f9 71.60£4.28% fAvamunuuiy 1.66+0.04 ¢ cm” wagdinnudusiiann 0.120.05% (w.b.) fisUuvuaunismsanudn
Avaumesth wagdmmMsTutmann mavedeuLIRaanTisziunuAnnIsdluiiadaiu 10 cm de 3.38+0.76 kN Tng
A0 nlun159191u93 9589919 0.093+0.029 m 3 0.12+0.026 m i eNAABUNIALTIAULAITIIIUNUT A7
aruannsalumshaummgel auansalunshaurtediu gefigailies H, 3.23+0.39 uay 1.56+0.53 rai h'!
daralviluseansnmnsvinaugaaneie 49.81+21.8%
Fredy: 1ndadliiy, indadliijedun3dinlfay, Jedunde
Abstract

Subsurface liquid organic applicator mounted with tractor was designed for use with non-fermented liquid
organic manure. It is suitable for application during fallow periods or prior to field preparation. In this research the
machine performance was evaluated in a corn field that had already been harvested and was left field for the
next planting. Laboratory tests were conducted to investigate the ground speed on cement at three gear levels
La, H1 and H, were 1.11+0.03, 1.18+0.03 and 1.23+0.03 m s respectively, and the application pattern was 1.45+0.09
m all gear levels, the application rate on the left and right of plow shanks were 236.33+30.86 and 190. 13+48.40
ml s-1, respectively. Field testing was carried out in sandy loam soil with an average sand content of 71.60+4.28%
The soil bulk density was 1.66+0.04 ¢ cm” and very low moisture content 0.12+0.05% (w.b.). The component of
accumulated depth and infiltration rate equations were very low level. The draft force at 10 cm of depth for
evaluate the performance was 3.38+0.76 kN which the actual depth was 0.093+0.029 m to 0.12+0.026 m. The
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highest theoretical field capacity and effective field capacity was 3.23+0.39 Wag 1.56+0.53 rai h' respectively, at

Hi gear level, that shown the maximum field efficiency was 49.81+21.8%.

Keywords: Applicator, Subsurface Organic Applicator, Organic Fertilizer

1 umi

sl eidunszuiunisuid dlunisquasisnuadiy
Tnoiluuduedesinsnainunsilddmsunsliefiodu
sl euuiafu dedulnggnosnuuulildmumasly
Flos uaziuudenaaIesfuids Seansaldfulonuy
WiFs wTouuuveaval 1y 1a3 esdanuarsindluliua
(Airbus Sprayer) fifauuuiuimdeusiefaies waruuuse
waunInees mnzAulomaditlifinzneu Wwudeaty
\3esdnmiuansiaiiuuy Boom sprayer Ladasiuteifiauuy
axnnends denldluundin 1a3osminule(Broadcasting
fertilizer) uuusewIUNINIRe A saldldedoed way
{Jeduviduiingin uenaniudiiededliouvumeon Lie
neuusiuglunslils annsgapdeds Wusu (Gunsd
wazAMy, 2564; Uyaif, 2536; Jalu et al., 2023; Paul et
al, 2021) nfinaraniedavestefilitueiodiis Wy
fauvuiadl waznuudunid edaslsinalunsdldtule
Suniddeuduledunidinunisuinuda nsminie
Surddfeanmsfiufiuazazernalunmandn WWuisimane
fulauiodundn iunedsing Al lmwdn Wun1svi
Jedunsduuunes nsauuulindnndunasldiagi 60 Ju
wuuldndnndunedldiaan 60 Ju vuianendne 2.5 m as
1.5 m daurueaduiurnavesiiuiiuasUSinaaii
wazyadnd Jenidn 1 ton Tdaruend 4 m Usuunsldly
11912 300-3,000 kg rai’ year' ldwa 50 kg rai’ year"
Wrn 2 kg m” 998 600-1,200 kg rai’ year " #30n15%dn
{JeBunidinnnyadnivneg siliAanauldfcUsyasduay
&S uavTuSAL, 2563 Ssvwed, 2565) serndlunsdiiud
wngUgnuladiug Usinaledunidiidosnistann Sevin
iﬁLﬁmer:ymmmﬁaami*ﬁuﬁiumwﬁﬂLLaxmi%’mmiLﬁm
wndunuludae ogrslsinu 99nn1sfnees Yanai et
al. (2020) wudwansUIAdeAugauauysalvasiuly
Usenelneifisdu whendsuluudaznd aonadeaty
AUz luNISNYAT VBIN1ALND (@11TNUADNAWAITRA,
2557) laseaunslddendvoansnsnsanasissosas
2.60 Tugr91981 10 T (w.¢. 2546-2556) wanaliiiuin
inwasnsadlansliteduniaauiu eghslsfionw a1nns
d1579%09n09al ALATYEA (2568) Aeduzlunisinyns
wuinuasns 5.9 e WoseiiduduAndudesas

95.1 aifisudouly 10 T iiindudosar 1.2 \Huduaviilyl
gunnin wimnfiansaniiaduiiyadige audidonans
Iny (2568) Menunwltugshadenidinglul 2568 Tniu
Soray 2 Anduyar 94,602 duum nistddewdiunn uaz
\usgornaiuu uaivg v liAuiaaud el
UnIdedadivurAnluniseeniuuiasUsslivaussougns
vhauvenededliijeBuridilifu lurisnaninuas e
wisunamzdgniinluadsiely iiletasudtlymiseses
syogaanIniin Anudesnsiiufl uasuanizniendu
mniin1ssivsyadaidnnuannlimeiu

2 gunsaluazisms

21 n3odlieBunsdiili

i3 el sBuniduinldau (Fig 1) dowrsunsnimesaunn
nans M duedediiteiuuuilstuusznaude garomns 3
uardsinds @, gaily @, ywlasuedowuariusegh
JoQ), yndetienys @ uavysluiindniu © in3osliy
18R 1.5x1.5x1.5 m (N119x819xg9) vhnidn 340 kg Fath
ussteld 500 Lvhaulaemsserasfuumsnmesiuy
sonia 3 90 warldinandrneiduietugady @ e
anenunazdoaeny Judildidudumeslas (centrifugal
pump) Atiigaindeingdiiinduulnsueies® way
dshioasgyalufindniu® drussuunds uandly Fig. 2
Usenoudeueand 4 f mdediTenimihiiga uas
Mimpdiwnthiivdesthasguila wasudesasiuiiuane
TuiadaRuragndigadivinau egluiuniadn 1dwyn
Aifadasaglusiumisle adutuynads dhdeandugn
deiuvio asdevila uazgnuassiivdsludadafu vas
vhauldnauAugnusssasiuaaiienauiu anwdnlunis
la annsausuandeviongslusumisil (4.1) dovaemes
Duuwvudideens (4.2) awnsadrengngfuld uenain
fvunaudnuds dududedilunisvuinevaziuindou
e (Fig. 3) yolufiadniu® Uszneuseuile 2 v1 (5.4)
fassldyalass Uarsuilofessluindniu (5.3) I6lufind
viotinde (5.1) wazanzshanldnauiiu (5.2) gnidosas
fiuthiinauiu

ASINEATINYUTTENAYDLBLTY



ﬂ15Uianu3mm$amﬂu3mﬂﬁuLﬂwml,l,mﬂiumﬂ"l,m SEAUTF ATIN 26 T)%{}[)
18 - 19 AugngU 2568 & ‘Viadﬂi"“fm 7 °Uu 5 21A15 1 NSUALESUNITAWAT ATHNNUAEIUAT o

22 msmaau?waqz/ngms flwuﬂmuwumw)
NAFBUNIAINNT IS aN1TUE NTEAE TSI NUE ]
Udesasuuiiuyu fvuasumisiusdielneviiaiomane
Pidumisduseile Saanununessesthiinnuuiiu lng
Meglielusunisiian wsanuuszanm 10 cm ¥
ns¥asesthuuituyu TngldiAes H vaaeunsnsnislva
(@, LhY) vesthdefigalufineniu Tasisuaiodlinsai
Fumisivinedeangly ﬁnmé’m%’wuaxﬁmmw

Q=Vv-t! (1)
When Q = Flowrate, Lh"
vV = Volume of water, |

t Period, h

Fig. 3 Detail part of cutting blade set and supporting

wheel set
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VAEoU UsEnauday ANy (Moisture content, %) vie
mmwmummﬂamm FIULW Imwﬁvaﬂmmmmmmu
Fig. 1 Combination part of subsurface liquid organic ~ASTM D2216 mmiammmmmwmumaumuﬂmuﬂau

applicator LarVdieUanANLTY Feaunsi (2) wag (3)

-1

MC,,, (%)=(w,-w,)*w, *100 ..(2)

MCy, (%)=(wy-w,)w, #1100 .(3)

when MC,, = mm%ugmﬁjan, %
MC,, = mm%ugmuﬁa, %

w, = ﬁmﬁﬂﬁuﬁauau, g

w, = ﬁmﬁ’ﬂﬁuwé’qau, g

ANRUIMLUUAY (Soil bulk density, ¢ cm) Tagld soil
core sampling LAUfegsRuAsEaAuANEn 10 cm 1agld
dun1si (4)

Fig. 2 Direction of manuar liquid according to valves p=mV .4)
functionet When  p = Soil bulk density, g cm’
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m = Mass of soil, g
V =

NTUN LAY (Soil texture, %) lagATn1IAnALNaU
A8UTEUDNAINVUIA 1000 m | YIN15IAAIINGIVDIAY
axneunazyln udnhluumamiierudsaunisi (5)-
(7) Wil oyUTuNaeYAIA Sand, Silt way Clay AuaIRY

Mndueeulsndanaslunssaumasufu (Soil

Volume of soil, cm’

Texture Triangle)

Sand (%) = (H,,x100)"H" .(5)
Silt (%) = (Hyx100)"H .(6)
Clay (%) = (H,x100)'H" A7)
When  H = Heigh of sand sedimentation, cm

Heigh of silt sedimentation, cm

Heigh of clay sedimentation, cm

T
1}

Total heigh of sedimentation, cm

AuanUIazan (Accumulated depth, mm) 86151013
Fu11 (Infiltration rate, mm min™") @1uaun1si (2) 94 (9)
muaiu lngldaunmiug (Double ring inflitration)

D= A't® .(8)
1= AB &Y (9
When D = Accumulate water depth, mm
| = Infiltration rate, mm min™*
A, B = Constant value from log-log curve
plot
t = Accumulate water time, min

ANFIUNIUNITUNINE] (Cone penetration, N) 738
Cone penetrometer lngnadiaz 5 cm aunNaznaliiag
Asnagauniauslunisviiaulaenistiunsnines
LAABUTINIUTZEZNIS 25 m wazduLIaTilunisiAdauiid
\ies La, Hi uaz H, unuaianusrasluaunisd (10) ans
VAU ILTRAAIN (Draft, N) Tngnsronaunsnne sine
vhaedaditedurisildfutuunsninosiedosiulauly
fimes lnendluindafudisesuaiudn 10 cm (Fig. 4)
ATUIUNILITIRAAINT NI (Specfic draft, N m?) Tneld
qunisa (11) AUINMINNA9RAATN (Drawbar power, kW)
9INANUFURUSIZMIUSRAAINkAZAIL SN
Fadun1sii (12)

Tractor
Tractor with

W Dvnamometer—/
Y
(_o_):ZDm@mﬂ

Fig. 4 Method for finding draft force.

ga1u15alun1svaIunIangud (Theoritical field
capacity, TFC, rai h™) Tngnrsinnnuninwesludndnnu
wruaasluannisa (13) fuwramiauaiuisalunis
N191U25 9 (Effective field capacity, EFC, rai h™) 91n
ANMLSIkazANNNI e Yy TnennsTaaiundig 2
ww hanmAeas wasunuatasluaunisd (14) 91ndu
AUINIUTEANSNINN15YN9U (Field efficiency, %)a1n
aunsi (15)

s= Lt -(10)
When s = Working speed, m st
L = Distance betaween pole, m
t = Period, s
U B
Dgp=D"w,,, *d (11)
When Dy, = Working speed, N m™
D = Distance betaween pole, N
Wag = Average working width, m
d = Working depth, m
P=Drs .(12)
When P = Drawbar power, kW
TFC= w"s ..(13)
When  TFC = Theoritical field capacity, rai h'
w = Width of cutting blade, m
s = Working speed, m s™
EFC= w,,"s -(14)
When EFC = Effective field capacity, rai h™
s = Working speed, m s
FE= EFC*TFC" .(15)
When FE = Field Efficiency, %

ASINEATINYUITENNAYRAELTE
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Fig. 6 The pattern of liquid on soil

Fig. 5 Application pattern on cement floor.

3 Wawariansal

31 mvedeulurosjuanIs
Mnmsnaaauiad el sdunidunladu tnonns
\waouiinasUdesinaswuiuguusd (Table 1) fiAes Hi
Wu31 TAusalunnsiad oui Le Hy wag Hp 5161
1.11+£0.03, 1.18+0.03 way 1.23+0.03 m st Lﬁ‘auﬁm
Teswiteyanivatanui Lianuunnsdsegaiiduddny
vauzLAd euilvassinasuuiiuiinunine 1.45£0.09 m
Snwazveinsnszaeivesiuandly Fie. 5 wWiuldind
Uangvosyalufiadadudiviinasiieentosnniidudng
uazszarinednvedluiidnAusts 2 fsessutuvesie a1n
nsnageumsnsInisinavesiriluiadadiu wuirluiie
Frudonardurnisnsinsdestn 236.33130.86 wax

190.13%48.40 ml s anudeu AatuUSuauivasysiu
Winu 426.46 ml s dnwazveasesrvuiuduluniy

v av v = ' = o
AMUABINTTT LA aNUUY WAzl JUkuuwdeIfunis
naassUasesuraslunUamagauass (Fig. 6) nsadaliang
Tuilnasinau

Table 1 Performance test on cement floor at Hi gear

speed
List Result

1. Working Speed (m s™): La 1.11+0.03"
Hi 1.18+0.03°
Ha 1.23+0.03°

2. Average Width (m) of
water on the floor 1.45+0.09
3. Application rate (ml s™): Left 236.33+30.86
Right 190.13+48.40

32 NIsRaaUnIAaUI

3710 Table 2 nsnageunpawtluwUamaaoslgniiy
Fefimsiuiemandadrilnn waziinslofudioniniv
Taglaifunanafnag uuuasesn vinliluutasivisiey
narafnuwaz e awie v lidesnsafuiaeiaivuas
wanamnaguilas wioufunsusuuAf dunauuualg

Auluuvasianiiaugngesaulifilassasislsenaudu
'zmqml,m mquLLanmaawwawm%amﬂuuﬂa (Fig. 7)
mmwmummﬂaﬂ 0.12+0.05% fiszdumudnau 10 cm &
ANUVUILUY 1.6620.04 g-cm” dA1Aaut19ge andinfy
gnuadn wazlidnisuiulsdlassadisiusgramanzay
genAdasfuNsAamLioRuf eI NsAnAZNaY WU
Juilefuaiin sandy loam anwasziulailaseadns 1aid
JUTN FMSNAROUMALNSANLANINALEL LAYEATINTS
Furhwuin darsuan 1 esarnvlunvameaedalil
Tnssads fdnvundudu Wevdesiuasduhlmannis
Fuslufeu Adednuarveuihnawuluth wagldnanly
n35%uuu Fuasgiulusedvinlaen dwasoaun1ssnsd
MsBahwesiu vinlEisnsinstuivesiuiidndes uasd
u,miuwmﬁ] maaumiuumswmﬂmwmssuuamwuma
Lﬂawmaaummmumumsmewa (Cone penetratlon)
SELAUAINENLAE 858N 19 10-15 cm WuI1d AN
315.56+20.53 kN slaigeunn uansliiiiuiusdAuazlad
TA59a519 uidANLIY wazangUuuunsnaulianunse
neasld WlvmsiuinsysuduRusduiissduanuiu-anll
ahianenaanudamaass

910 Table 3 A5 1vagin1snaaeuluLlas

7A@ 4A1 1.01+0.16, 0.96+0.16 kag 1.36+0.08 m st ﬁ
W8S La, Hi 48% Hy @1u@160U Lﬁaimiwﬁsﬁagamqaﬁa
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WU Lo 4 Hi Lifanuunns1aiunieada wiunns199in
anudiiiAes H, anunhdlunisienuiiniuga H s
UINfign 1.50£0.00 m FauansnauanEnenIsaiAegiad
Tedfiu Ls way Hy Ineflusazseiuifesiinssosdoui
(Overlab) 88, -10 waz 60 cm wanalulunsianes Hy
\inszuzdouriuransiile wasdillszugvinaunaysoy
7l 10 cm @liimaiAntuluguuuunistdls msnlad
58AUANNAN 10 cm LAALTIRAATIN 3.38+0.76 kN Yzl
Weuua agsea Ul 85T AUE N5 e 0.093+0.029,
0.12+0.026 @z 0.11=0.017 m yilvlAnLs@AaINTINE
37.88+7.25, 22.47+5.53 Uag 31.339.99 kN m™ auesiu
definsalududasdiuldhiiAes 1 MWusaearnios
17 ielildfuilun ey aenndesiuidg
aniintulien 3.6720.94 kw Fdlaunnsnsegnaiitedndy
ffudn 2 szaumud wildidsutesnin lunisvasgeu
anuansalunsiaumsmguinuiniiies H, Sawan
fian 3.53+0.04 rai h! uifarwaunsalunisiiauats
WogndwAes Hy ilviusednSainnisviinuveaies H; &
ﬁwqqﬁ'qm 49.81+21.8 rai h” agslsimuaiUsz@nsnm
msvhaudsiuidaiiandunndeieuiisutuniedsiie
wuudawunislu nienuasalauduiy Tnew 21U
UseAnsnmnisvineu 60% duld (Ahmed et al., 2022;
Ismail, 2011; Saleh et al, 2022) \flpsandnwaurnsiem
vouadaslieduridilddudunsinuserinsla g
fidnwaizadnelods uazniswuladliu

rimental

field.

b. Characteristics of soil when using a spring-tooth

harrow to remove weed

s from the field.

Fig. 7 Unstructure soil in the field.

Table 2 Physical soil properties

List Result

Moisture content (%) at 10 cm under
soil surface: w.b. 0.12+0.05
d.b. 0.13+0.05
Soil bulk density (g-cm™) 1.66+0.04
Soil texture (%): Sandy loam  Sand 71.60+4.28
Silt 18.52+3.70
Clay 9.88+2.14
Accumulated depth (mm) D=0.50 t**8
Infiltration rate (mm min™) 1=0.091 t %

Cone penetration at 10-15 cm

(kN) ~ 315.56+20.53

Table 3 Performance test of subsurface liquid organic applicato attachment to tractor at 10 cm depth.

Gear Speed
List
L4 H1 H2

1. Working Speed (m s™) on field 1.01£0.16" 0.96+0.16 1.36+0.08"
2. Average Width (m) 1.19+0.05° 1.50+0.00° 1.15+0.00°
3. Draft Force for 10 cm (kN) 3.38+0.76

4. Actual Depth (m) 0.093+0.029° 0.12+0.026° 0.11+0.017°
5. Specific Draft (kN m?) 37.88+7.25° 22.47+553° 31.33£9.99°
6. Drawbar Power (kW) 3.81+0.67° 3.67+0.94° 5.22+0.98°
7. Theoretical Field Capacity (rai h™) 2.71+0.48° 3.23+0.39° 3.530.04°
8. Effective Field Capacity (rai h™) 1.09+0.50° 1.56+0.53° 1.47+0.68°
9. Field Efficiency (%) 43 77+28.97° 49.81+21.8° 41.58+19.22°

“compared data in each gear level (horizental) by one way ANOVA.
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Study of Temperature Effect on Germination Percentage of Dried Soybean Seedling by Using

Vacuum Dryer

nadus Aifluna’, e 81033, Yuswed anulsas’ Fns Madns’ uasUsuing dudn?
Kolawachra Timingoon ', Weang Arkornckee', Wacharapong Tamtaisong® Tiwakorn Kanjak'
and Premjit Thinkam?

! pudideinunsieanssuveuniu Jminveuniu Ussnelne

2 gugidedaiugiivvouuny Jminveuuiu Usemelne

ns: 0857590227 e-mail:abc_aree@hotmail.com

unAnga:

nsfnunidudumimedasinsituasiauiaioteuiuvanussiuanmadmiuanaudundaiugiunies
IiaasessunuuiAdsounuTanusstusnAfiidnuaz adauaUgaTUIRELENAUENATS 0.75 WAs 8717 1.20 1WAS ¥
MnTanuEnru 6 Tafwnshutugunsansruen nelufiadaiaenduniisn (infrared) vie Mafuinarufeu Aruny
gaungimewmasluduia (Thermo couple) WnzdosAnnsyanla Lﬁ@lﬁmmmmat.ﬁu’"s’am%'wﬂwmvﬁmﬁau A idn
Faldawanuasud Iuaﬂiuﬁvaﬂ’mawmmngummulmavmﬂ Fousarduduaggrnieuuniemediin (water
jet) AeviamdnuIIwIn 3 mmmmmummiwmﬂmwmwﬁ]mammmﬁ LAz Fou MIVAABUANNNLARTLE
wiEwdinnisannnutuseieioteuuuuagyina laglfudaiuiiavdeniug nmn. Beduieo Mnudannuasnsdd
AL 18% dudodaudaiusiavdosunsdudmivanaududaeinsmnuanielfidusauisudieu( control)
uazthudaiugiumdesdndiumnevaneutudegouuuvagainia tneldgungd 4 sedufe 45 40 35 uaz30 e
waldea wazldanuiugainied 650 dadunsuson vinisvaans 4 % veanNaMngin1seuna i lunaaeun
Wesidudmasenuazanuudauss nuinisanaududeiimnuaniivedidudnisseniads 88% drunisanaududae
Bliirdosounvuanusifuonaiilofifusinisian 80% 84% 86% 85% sudduaziiuiiiefidudinisienlndiAssiy
fhegiliuToudiou wansinsouanmuBuienioseunuuanussiueinma asnsntlidlunsevananiauty
winfiugiundeslilaefivofidudnissenlsitfosnin 80% deieindumisensulsdmivmdniusdmiudming
AdARy: m%aaﬂmm%mwuqmwzmmﬁ, AR,

ABSTRACT:

This study is part of a research and development project to create a vacuum type dryer for reducing moisture
in soybean seeds. A prototype of a vacuum dryer was developed with a capsule-like design, having a diameter of
0.75 meters and a length of 1.20 meters. It was constructed from 6-millimeter-thick steel, rolled into a cylindrical
shape. Inside the chamber, infrared tubes (heat generators) were installed, and temperature control was managed
using a thermocouple. A transparent glass window was added to allow visual observation of the materials during
the drying process. The machine was equipped with a conveniently openable lid and stand, set at a height suitable
for operation.The system was connected to a water jet vacuum pump through a 3-inch thick steel pipe and
included a control valve to regulate the connection between the vacuum pump and the drying chamber.To test
the quality of soybean seeds after moisture reduction using the vacuum dryer, Chiang Mai 60 soybean variety seeds
with 18% initial moisture content, harvested from a farmer’s field, were used. A portion of the seeds was sun-dried
to serve as the control . The remaining seeds were dried using the vacuum dryer at four different temperatures:
45°C, 40°C, 35°C, and 30°C, with a constant negative pressure of 650 mmHg. Each temperature treatment was

replicated four times. The seeds were then tested for germination percentage and vigor.The results showed that
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the sun-dried seeds had an average germination rate of 88%, while the vacuum-dried seeds had germination rates

of 809%, 849%, 86%, and 85%, respectively. These results indicate that the germination percentages of the vacuum-

dried seeds were comparable to those of the control group. Therefore, the vacuum drying method can be

effectively used for reducing moisture in soybean seeds, maintaining a germination rate of no less than 80%, which

is considered acceptable for commercial seed production.

Keywords: Vacuum Dryer, Seeds.
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i3 pseuwianuUanALF @Sl s AN Awn g
sumeihoonanudnldinng uilgangihigudeifeuy
amzUnd uardatelianuduasiiane Snviadeagli
Uszndnnia uazanissnu Tutunoumsanaauesy
HARWAANUT Ffuenuidediehnisdnwnazesnisan
AruufBlATaseULUVAY Y IMARDALA A ATLS Y
wiorfuuumdlunsianiswdaiuglvduszansamia
893y uazwaluladfildaneuidedasdunainie
anuannsaussiuliiunsnanudaiug ivvedlne Lile
nansuliuszmalnedugudnans (Seed Hub) whnawugity
s nduukazioldeluouinn aiuLRULlUNgNSAEnS
Audnanaiudaiug wa. 2558-2567 Tumsimunedesiiely
ﬂszmumiwﬁm%qLﬂuﬁ%ﬁaﬁugmaﬁuaqumimﬁmLuﬁm
Wug (@dnauimunInermansuazsinalulaguuif,
2559) finsaimnnunsliFuLeUMNENNTENTINNYAS
wazannsal Tnquszasdueslasiniside (i ol dewamn
Funuukezdsnsliiumnzanvound eseuluuanusfy
pmAdwmsunMsanauTuLEatus iAo waz N
nseuud Feldviinsfnwinavesgumgineosidus
nssenvesdniugiavdosasduegisls
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1yn1sannud udeisnismnuanid el dudn
AIUA(control)
2) vhmannaesieiAiesoUanmINTY LUUANAILEY
2.1 oaoufumdniusiundosiug mniTednl
60
2.2 naasun1souanaudu lagldagungia
AU A 30 35 40 45 BIALYALTYE Uiazguu)l nnasd
4 ﬂ%ﬂ(rep) mmﬁuqzyzmmﬂmﬁ 650 AadLuaTUTen JU
natlunisanaudy wéanh Tunadeumuanissenuay
Aruudussosdaiusudiniseuananuiy
3.) MedeuAuATIIAATUEIAIN TaUSBUTIBUAUNTS

AnuLaR(control)

4.) ATILIHANEDA

95n19759999UAIU98N (Germination Test) ABN1T
As19aUAmAIMNTIIN W alsinsuTnudaiug e
tanwngluanmiadeufinzauavanansaasyduln
Wusugouundludniiiesazivinla(Figure 1)
FBnrsiwiziuan

Figure 1 Different method of seed cultivation.

nsUssduiuaay

1575799 §N¥AIE 115980 VBIFUBOU TIaoNe8NaN
wiad e Tnefdudidynieg Iaun primary root,
hypocotyl wagludes nmsUseiiuduseud 5 Ussuameail

1) dusauuni ﬂamuaawumumﬂm oA 590 81
) mf! T A.7.1973 v alsnﬂiu
LLaJLULaEJaLﬁ]immuimaumamamm%mLmuim

Wududivsioly

Um\ \\\‘\&\

"/‘(NK‘ A u‘\h

h'f /I’" . Normal Seedling ff

~i¢‘

/)\,f \H(»‘v‘

n,} { ,Ov
.\ }/‘\"fl\ﬁ

;*’q

Figure 2 Normal seedling.

s1ni Tudesgniaresnnniiaiy

Figure 3 Abnormal seedling

3.) waauds Aowdafidinsdnvarudsegauiaiu
Yugavierenistu il esindeideliaiunsanadu
(Figure 4) dndnlUlusdaviliudaldaansasenla

Hard Seed

Figure 4 Hard seed.

4.) winanlisen (Fisure 5) Aowdnfisensanin
wallaifinvieluseneenaidiuauisiuiuadaareves
51U Lare13zIanlaNIUITATYIA18AISIAMY LU ANS
DUMBANNSDUNIONINULAA LAY N15Ia5LAdl

Figure 5 No germinate.
5.) widnae Aewdaiimeniondwdadounas
Unaguiisidondunaldanudaasniuasidnsasae
1 LLasﬁﬂéumﬁu (Figture 6)

lOw'O(ggyp ‘f-i e e
= .
=0

- IE=Dcad Seed
Figture 6 Rotten seed.

s rmedavaILdauslagIsn1misany
(accelerated aging test ,AA test)
LUuaﬁﬂﬁ’iwaﬂwmmmim Delouche uag Baskin
Wudneainlunisiiusne
(storability) v80tud aWus wazdsaruisaldviuie
puausalunmsaenluanmls awnsausuldiumdanug
fimdounnuda laefiisnsaailde deufivzdnudaiugly
wnzazgniluiseny visibiudaiudideunmnin lng
duudauglulineldaninuina oud L nunzay
° 9 2 o o & ] A a
dmduwdaiugiunies 15eengigungil 41+0.3
= & o o s § s &
DIANYALYYE ANNTUAUNUS 98+2 LUosidun LUu
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szpzian 72 9alus +15un9 udanhdnlunsiadeuniny
DNUINTFIN warUseidiupusenaunueiung laun du
gouund AussuAnUNA Wanuds wananlisen Laziudn
e A9y 5 uar 8 Yu ndamns Murunazsvaunady
Sovay lnvSovazainusenndinisisseny feilulosazaiu
W 15998 LUA ARG (ISTA Rules,2025)8198 9910 ISTA.
2025. International Rules for Seed Testing, Edition 2025.
International  Seed  Testing Association.  Zurich,
Switzerland.
'35’nﬁmomaumwﬂwumﬁﬂﬁ’uj
mm%yumﬁmﬁ’uﬁ:ﬁa ‘U?mmsuamfwﬁl,l,mﬂagjmu
auaneueadaiug Wuesduszneuddyvesudaiug
waziutladeiifinansenudenunimveawdaiug 38n1s
asrvEouAtuLay 2 FeRemsasieseulnonse laun
FoUA18AINNTOULAE N1TATIVADUNID DU LU 514

4 o z o
1AS09IAANTL wuuwAN LYl uEUINAY Figure 7

“' L ) ;:‘E:-:~

Figure 7 Seed and Moisture meter capacitance type
nsnsnaeulngnss Aon1snsnaeumauty
voaudaius eflienauisseiuanutunielusdaius
ozt eldusylovdlunisufulssanin waznisauay
Aaunmudaiuguagzldlunisiuiuiliangunsalas Figure

0 p
U hmtamamyudasndts
Toaewrtu

-
]

Figure 8 Direct type moisture testing

Wedduimnuduanansamldainaunis (1)
%MC=(M2-M3)/(M2-M1)x100 (1)
oy M1=uu.vesnszlasounsonn(g)

M2=uu.nszUasauniouniuas ae.wdaiugnousu(e)
M3=uu.nszlesnunioudiuay newdaudndau(e)

3.uanazIansal
1um13wmaaa§1ﬁm%nauLLﬁaLLuuqzycg'lmﬂ IIN
drulszneunanesniadu 2 diumieiu fe 1 d@1uvesios
DUUNY 2 a'awumﬁmqayiywmﬂ wananann1siaulan
Figure 9

-‘5 ¥ Wosouu
qoyyInA

Figure 9 Machine and Equipment
Wodauuwie

Mn1sesnuuukavasduvesdeuwiuiugy
NINTFUDNNAUEUHIAUINAI 0.75 AT d1unseend 1.20
wns wadseuvhanwdnusune 6 Jadwnes wazdidiui
waziievosdsouiiudnvazlduiennuudauss vinns
peanuuuYeNandndueidunszanlarsnanauin
wWurgudna 0.20 wns freuillida-Unnseladigansu
udausedignudaduds shnseenuuutunaazazunssld
waadundoudiovssludiouwis lnsagunseazdvuin
N9 x 812 0.52 x 1.00 LAS 919 Figure 10

Figure 11 Assembly machine and Equipment
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Relationship between %MC and Time at different tempurature

i 19 =-3.1725x + 17.79 . 0253
11 uae Figure 12 e ! y y = 18.313e
2 17 W, Re = 09871 Re = 0.9848
3 1
P < 16 o _ 0.228x
\ U» g1 -',:,.-r.l. y =17.57% e
B o’ o }‘31 s R2=0915
1 = “"&"-‘!z y = 177867 @35c
v 2 _
o 11 33 R2=0.9011
10 "‘*f.-_.-, 40 ¢
9 *‘45.
573 MWasc
0 1 2 3 q

Drying time (Hr)

Figure 13 Show dehumidification by using vacuum

dryer at different temperature

910 Table 1 wae Figure 13 (unanisouanaiuiuy
WAANUSE 62018999102 0T uUszaI 16-17%Lan1s

Figure 12 Seed moisture drying YSuldgugmgiiniseu 4 szauae 45 40 35 30 841
3 a 1 al a U v
3.1 HANSTIAEBUNISBUAAAINSL wadganuingamgiluniseuiinalaenssiudnsinisanas

104A1ANTU AanisasgungTgeagyiliduananiingd
n13nsgngiinuaziinalaenssiviaiildluniseude
gaumngdgazldinadundt lunisevanauiuainie -17

Table 1Result of dehumidification by using vaccum

dryer at different temperature.

Time/Temp | 45¢ 40 ¢ 35¢ 30 Wesigud Mailuniseudssunni-3.5 vu Tusyiu
0 17.1 175 162 162 AT UFUNNS V0981 ALAL VA TIWING B3 (ambient
0 17.6 17.8 16.7 16.7 temperature)

0 18.7 18.2 16.1 16.3 X
3.2 HANITANAMNIUAIYAITAINLAR

0 18.4 18 16.6 16.8
1 14 14.6 15 15.6 Table2 TablelResult of dehumidification by using
1 14.2 14 15.1 152 sun drying
! 143 143 154 154 Time(Hr) MC (96wb)
1 14.6 14.7 15.6 15.3 /exp no repl rep2 rep3 rept
2 11.8 115 11.8 12 0.0 17.0 17.0 16.0 16.0
5 " 18 115 1o 1.0 16.0 16.4 15.0 15.6

20 15.0 14.9 135 138
2 11.5 11.4 11.7 12.4

3.0 13.8 13.6 13.1 12.9
2 1 1 111 123 4.0 12.0 118 123 12.7
3 8.4 8.4 8.5 8.7 5.0 10.0 10.4 10.5 10.3
3 8.3 8 8.4 8.4 6.0 9.3 9.1 96 9.4
;3 o1 52 o1 56 7.0 8.2 8.3 8.4 8.5
3 8.2 85 8.7 8.1
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Relationship between seed moisture content and Drying time

by sun dryin
8 [ | repl
""""" Expon. (rep1)
y-=17.318e 0105
.I R = 0.9583
€ 130 = """ l
2 120 o |
- 11.0 — e ey
¢ 100 B--. a2
(%] 90 e 2 S0 g .
8.0
7.0
0 1 2 3 4 5 6 7 8

Drying Time (hr)

Figure 14 Show dehumidification by using sun

drying
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Table 3 Result of soilbean seed germination testing
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FoyamansadeuunMsAmTLS A WEDs

’LumsmaaamwLLmumimaaaamam‘uim (Comp etely
Randomized Design, CRD) 41 4 41 yhnseudaiusia
widesTigaumgiisng 9 $1uan 5 ng5aids léun

1. n35IBAIUAN (NFANLAR)

2. auitgaumal 45 °C

3. guitgamadl 40 °C

4. auitgamadl 35 °C

5. auflgamgil 30 °C

mydnTevidaya

Joyan15dwes liun 1Wesiduiniseen (%) uazeiy
wauss (%) lne3Biseeny

UUMIATERANULUTUTIU analysis of variance (ANOVA)
wazFeudisunuuana1IweIr e sluns asvis AL e
7% Duncan’s new multiple range test (DMRT) i szuY
ety 95% TneldTusunsy Statistical Package for the Social
Sciences (SPSS)

Table 4 TablelResult of dehumidification by using

vaccum dryer at different temperature

Experiment Germination(%) Strength (%)
Sun drying 87.25a 78.00 a

Vac drying 45°C  81.25c 74.25 c

Vac drying 40 °C 83.50 b 75.50 bc

Vac drying35 °C 85.25b 75.00 bc

Vac drying 30 °C 85.00 b 76.00 b

Av 84.45 75.75

F-test x> x>

CV (%) 1.41 1.26

- anadvlureduiifiertufinumesisnesuiouduly
wansnaunsadnionSeufiouanaiesaeias Duncan’s
New Multiple Range Test (DMRT) fisgfumandesiu 95
wWasidus

- uanenafuneaaRTissaumuesiu 99 wWeddus

NAYBINTOUT gaungiiang q danissanuazaay
udussvaamdniugfuvaa

mﬂmiﬁnwwaﬁummiaumama’mamwﬂmma 9 fo

Weddudnsenuaranuudauswesuda wuin e

wUsiianuuansnafuegeditodfyn1eadfiseduaiy

Fostu 99% uandliiiuingumgiiluniseuiinasenmunin

wiaiugiuvdeseg1siaiau

1. Wefidudnmssenvaawdawugaamaas

o n3IABMUAN (M3mnuan) Tidesidudnissen
quiigafe 87.25% Fauanmsanynnssuisieu
AILRUNYIRN amauuammmaaﬁ“

o gumifidsraliedidudnissensiigade 45 °C
Tngldfrniade 81.25%

o Mol 35 °C wag 30 °C WinalndiAssiuniuny
1nTign (85.25% Way 85.00% mNEIFU) uading
WANANAUNIEDA
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2. Anuudaussvaadaiudiamass (Ing33i5e01y)

o winfusiwdemnnssiiimuguiinnuuduse
gegaiuniu Ao 78.00%

o Mol 30 °C Wanuudausweandagady
BUAUADA (76.00%) UaghANF199INNTINITATUAL
Tugeata

o amadl 45 °C dwalderonuniausivenuin
Wusimdonnniign (74.25%) uaguansnaain
nIsUISAIVANeL il Any

4.83UNan1naeg

Lﬁaqmm:ﬁmiauLﬁuqﬁuimmawwdwqmmﬁ 40-45
°C azdamaliiadosifudnmasenuazauufusmonnde
Wugdundes anasegadalay nseuigamgiisndsiu
a3 (30-35 °C) deanunsasnnunnuan ey luseu
InalAesiunssudsatuau(control)

i sumglifmnzaufigadmiumsoumandilagl
nsgnustenssenunniinamseglaiiu 30-35 °C

5. ANvBUAN
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Y
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yadouRMnMLAATUS naeaauynains Seilieifed
dusamuthumne
6. 1ONE1TH19B4
Anfnm Ygnsvuiug, algna gilavenn uag azya A,
2013. Mmypundaindniuginndoniaeinioseuuis
wuutumnueu. J Sci Technol MSU. 32(5): 622-
625.
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Effect of Moisture Content of Happy Egg Chicken Manure on the capacity of a Vertical Roller
Pellet Machine
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'
a

uansngAnssusssuvAtumadeddldensuaifuenanagldlaliudadldyala uitoidsvesyaliluideiiulivilidina
wifu Fesldfiuilunisdafuann faruduiiunndieiu uagendenisldou dslutiagtuiimeluladnisndntedunid
saudiauiiolazmnlunailuld uesfivinu drdunuiseifalingusvasdiftefnwshramutuiiazinadenuannse
Tunsvhauveseiesdaiia shnsAnudmivtoyaietuyaliliuasnissadinte TnevinisAnwautu 5 vdmdu
A9 30, 35, 40, 45 uar 50% (§1uden) warlinsivviteyanisvaasslusUwuuguauysal (Completely Randomized
Design, CRD ) msfinunud viaudiuvidl 1 faruduewyalndl 300 (gruden) Sanuansnsomnzauiian Tnednwasly

msduidudied waviaSaswndinaunsaviauls 18.71 kg h

dndy: yalnlvensuald, Anudy, Anvaisalunisininy, wiewdnde

Abstract

Free-range egg farming, also known as happy egg farming, allows hens to roam freely in an outdoor area
with grass, enabling them to exhibit natural behaviors. While this method produces eggs and chicken manure, the
latter poses challenges when stored. Chicken manure emits an unpleasant odor, requires substantial storage space,
exhibits varying moisture levels, and is difficult to handle. Consequently, organic pelleted fertilizer production
technologies have emerged to enhance utilization and storage. This research aims to investigate the impact of
moisture content on pelletizer performance. Data on chicken manure and fertilizer pelletization. The study
examined five moisture levels: 30, 35, 40, 45, and 50 % (wet basis). Utilizing a Completely Randomized Design
(CRD), the experimental data was analyzed. The findings revealed that the 30% moisture content (wet basis)
treatment exhibited optimal performance, characterized by excellent pellet formation and a pelletizer capacity of

18.71 kg h™.

Keywords: Happy egg chicken manure, Moisture content, capacity, pelletizing machine
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[

1 (d@inanuadaidmindunys, 2556)
nsidelnldunisviensaidedldlyorsuald uns
deslduuuddeslilieanuuenaenielsaeuldodng
sasladuiuiiingililale Teuanangfinssusssund
Wi aandu nstesve n1sanAudy dn wuas ililnd
ANEY (nsuUAdnd, 2565) guamudauss wazorsuald

danalianuwaizvaalvuniariidiudaaun druluunssiddy

= o

wazyuiay il etuvsuduomsezlinnnuventuuas

o
aa o oova

savfa dnvegadiiudualsiuninninlaligegeamnssy
fie 7 w1 @318udu1nnd 3 Wi wazlinsaludulowdn 3
11NNIND9 2 111 (35500035 Fesed, 2563) agdlsAnulunis
dedlnldorsunifuenanagldluliugdaldyald wideide
vosyalluidefiulivilddeindumiu dosldfiuiilunis
Jatfivunn wazensenisldnu @inanuladaidmin
Junys, 2556) Ingannisfnwdiasieiseyinyalnluoed
smlulasiau 1.38% Woanesa 5.39% Inunaidey 1.84%
wAaLBEY 5.75% wunililey 0.44% (Suing gvgndud was
Sayaseal Asmvena, 2552) mathdeyalaldlud awnse

innandnd1Iug nu 23 lasesay 16-34 Fedeyalntude

)

v '
= o a

Jndudedun3dtud susidanil esindeyalntu
UseNausigsfemsiidanuvainany (euuv guaian
wagAMy, 2537) aenaileesdeviliaudiuuiniiaig

osnsivgimulayaliiiodndiungnisvinnunsunnau

Tutlaguiinafauimaluladiniesdaiingodunid
vaneUseLnm Ly a3 esdaianuuinden 1n3essauuy
ANNAsuLIRs wazLAasdauuUgNNAILLIUBY (digwa o
Aven uazAE, 2565) MIANWTHILAMUT A uTuTes
”mqﬁ'uLﬂuﬂﬁ]é“aﬁﬁzyﬁﬁmaﬁiamsﬁugﬂLﬁmﬂﬂ TnsAnuty
Awnzaudmiunsdadindeandeasn 190 uazunay

@ 4

ol ag”lmm 26.66% — 33.33% (Uuz il AT5353 LazAe,
2559) i n1sAnuiifadedunnudureayalidad
A EFyeEaE

A g UsrasdiiofinuBvinavesdnanarmiy
vesyalnliensuniffiiiiednuazuazanuaiunsalunis
v19rurenns 098 niagnna suuads Taosandalsina
msfnvndusumanniinuasnsuazdaulalunisidendns
At Uil ngaudmyunisudadesaita i olils
nAnfausATaunm azendensdaiu vuds wazthluld

uegetiusEansanlusuae

2 gunInluazdsns

21 359 inieudlouszgunsal

2.1.1 indesdadinle wlagnndsnuads uaimesiu
frdavunn 3 HP nieuukuSiadmiusadn dnvasamnay
WuluAUgNa1e 12.7 cm 19133170 0.4 cm

2.2.2 yalnldersunid Usunasin 75 kg

2.2.3 \WauUauseu Binder U FD 115 (E2)

2.1.4 \w3psdatntindavia Sunford Ju ACS-30-JC21

2.1.5 guUnsalialy: dawaw, 99y, ihiddn, wiitndu
van uavgUnsaltuiindeya (W Loun, aun, Unnn)

22 YUROUNITNNADN

a1

n1sAnw1dniwavesanuduyalnlyeisualfse

v
d

Auanansnlunsineuresad assaing nnd uuadal
anfduniswazdmivieya Ineldununismaassuuudu
auymﬁ (Completely Randomized Design, CRD) fidumou
Fasteluil

2.2.1 tyalrlversuaiftamn 75 kg wagniad
Tiiddueg1eiads anduguifufednaietiluiae
Arauisudusiuau 5 feghe Buanmstahmindeusy

wanhdimevanseuiaamall 105 °C Wuvian 24 Falug
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190N UITIUINTNNGIBU WA IATUIUNIANLUDS LG U

ANUYUSUAUNNFUNITN 1

(Ww_Wd)

MC,p (%) = ( )x100 @

w

el MCup = AnAudukuUgIulen (%)
Wiy = ntinveIieg1eNousU (g)
Wy = UNENUDIAIBE WA IBULIAS (g)

2.2.2 wisalifingrindidnuudaeenidunes |
8z 15 kg 91UU 5 No9 MntanfsiiieUsuAnuduves
yalnusaznoslwldmud AvunaliluTable 1 Inglsian
mmsﬁuuﬁlﬁag'mﬂwdu +1% vosAtmung eufu
auduldnudesnisuda Wulayaldudazneseaniiu 3

419 ag 5 kg tieldlunsmaaswndinsely

Table 1 Moisture Content of Happy Egg Chicken Manure

Experiment Moisture content (wet basis)
1 30%
2 35%
3 40%
4 45%
5 50%

2.2.3 n¥snuiuanuduyaliuds Tiigalius
azaly 5@Lﬁﬂﬁ’;&Jm%'aaé’mﬁmqﬂﬂgul,mé% wiouiu Yudin
naldlumssnidin veusazdretsasdun Tuseninans
daulin awdes dusedradiadeildifodunndnumznisdy
fududa ifmﬁq@mmmﬁaaé’u WU ANLLUL AHLDaUS
LLazmmaﬁ%ammauﬁmqg sntutnandivudinl3ly
fMumatanselunsueuasesdng Tngldauns
fi2

C =

w
e 2)

g7l C= ANEILNTY0A3099nS (kg h™)

'
a a

W= intnvesingaunteutinios (kg)

q

t = nanlunisvinau (h)

2.3 AnTziiteya
thifeyarnuannsalumshaureandosdadinieils
ANNIINAADIUNINITIATIZIAUWUTUTIU (Analysis of
Variance, ANOVA) Lﬁ"aﬁljmmLLmﬂm'Nﬂuam'uaﬁa
mmmmsalumiﬁwmiwdwﬂq'ummaaﬂﬁ'ﬁﬂawu%u
FNAU MNNUANULANANDENTTBEAYNNETH 229113
WisulisuAad 83e1719nq M 2835 Duncan’s New
Multiple Range Test (DMRT) 71 5¢@uA21319 o5 u 95
wWoesidus (p < 0.05) Ingazldlusunsudnsagunisads

SPSS lumsinseteya

3 Wawaziansal

N1SNAADYU WU Qalﬂ'lsu'mauaﬁﬁﬁmméﬁyuﬁ'mé’u
30.18% (g1udlen) twaldlyluiuarudunudiua
LLazﬁwmié’mﬁmﬁast%"aﬁqﬂﬂ?;aLLuwﬁgﬂLLé'a AU
auasalumMsnuvenAsossasin wui neaiuid
5 yalrlafifinutu 50% (gruden) farwannsalunis
vhausnndigneg 28.36 ke b sesasunfie vi3mufusii 4,
3,2 uag 1 ﬁﬂ’nmmwﬂumiﬁwwuasﬂjﬁ 23.15, 20.81,

19.70 uay 18.71 kg h™ mua1du uanns Figure 1

40,00
35.00
30.00

25.00

Fertilizer pellet mill capacity (kg hr™)

20.00

15.00
1 2 3 4 5

Experiment
Figure 1 The relationship between the moisture content
of chicken manure and the performance of a fertilizer

pellet mill is critical
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W OATIZUN NN AT TTAUAULT LU 95% (p>0.05)

nuAEnsatunsiuvesaIssdadade Tifiaaw

=

LANANNAUNIEDATEWINNTALIUNT 1 wag 2 SIUDI N3A

' o

WIUNT 2 ka3 wadanuuansanun1sainegnalvednnsy

FENINNTALIWIT 4 bag 5 WITmMIniuii 5 azuanadd
AMUAINITOIUNITVINUGEA wiNN1TFUNe Yalnld

) 2 @ v & & v o v Adg v @
mmmamaaﬂmmumﬂlmaa GZNLUUSUE]S,I“aﬁ']ﬂiyVl'UIWLﬁUT]

AANNENINTaluNMIYNulguiesegufigtealiasviou

SR NvDINENS TS HansANYILERIT Table 2

Table 2 Relationship between the capacity of fertilizer

pellet machines in each experiment

Experiment Capacity (kg h™)
1 18.71a
2 19.70ab
3 20.81b
a4 23.15c
5 28.36d
F-test ns
CV.(%) 20.48

Note: Identical letters within the same column indicate no significant
statistical difference based on Duncan's Multiple Range Test (DMRT).
ns = not statistically significant at the 95% confidence level (p >

0.05).

Figure 2 Physical characteristics of pelleted chicken in

each experiment

dedunndnuazvesyalilvorsuaifdauislundazns
yaans WUl vERUAT 1 annsotusuldd Tanvundy
vious fdnwasdudofentu Safatuuiu uasidui
lianansnduguldludiinadides (Figure 2a) n3mdfusiil 2
anunsatusUldisnuuensduiiuduwidy Snsdui
Auuiy Hirvrunadnndan1sensiuauann (Figure 2b) n3n

v sl

bHUN

<& o

Winfigndsesuwnndn ludanuuduvesdn (Figure 2¢)

3 aunsadugulafidnuazveanisdududuurisdu
v3muuil 4 ladaunsetuguld fanvarnisduiiudude
v 2 Ao P | . a
ey W dneonu1dausugega (Figure 2d) Wagnin
wWiunidl 5 ldanansadugUlafidnvarlifinnsduiiuduga
fAnusugegs dauues (Figure 2
ANLELI0TUNNTINUYR AT BT LIRS A UA NI
v v & < ' Mo ¢ = Y ea a
vosnsiuduludin wudyalalvansualdlunIauiuni 1 4
ANENInIatunISadin 18.71 kg h' Jeyalnlvensualadn
Ay 30% (g1ullen) Yeaenndesiuaigna ilazenn
(2565) leina11i1ianiaznundniens aagaluugnnas
LUIG IR DINANTINUA wardANUTUUTTUI 10 59 30%

(§11u08n)

4 @5y
NANISANWIAIUYTUNTNARBAINUAINITAIUNITYINY

youmsewndade wui dnvasvesyalnlvasualidade

'
[

TanYULsUNTIANANABNIMLIUNT 1 TANUTU 30.21%

U q

=D

]

(g1wden) darnuarunsalunisyineu 18.71 kg h' 4
Snwarnissuiaiuduurisen fnsdusfuuiy Wedisn
Laifiseounndn Lifiiauwandinssn denszuiunmseaiin
Anufeugeszmingnnauasususaisiliyalinigluusiu
S uAnn1sudeiag i ldnnssaldnaiuiu d1usns
mm%yumaugaidisdﬁﬁwffu dawalanuanuisalunng
‘vT’]musuaam%qﬁmﬁmﬁqm’iﬁuﬁ’;EJ wiinfisneanund
Snwaznmsdusafududaldlidess uidiinisifiuduves
Snanutulugalisnifuluasiiliyalnfigndnesnand

Snwazivadliddusndududia
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U
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dinsedailadeiionsiauigusy ienuiung 9
AY kazdadu. UMEaITAIN: WINGITEUNIAITAY.
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The Environmental Data Logging System in Thai Cardamom Farms Using Google Apps Script

Integrated with Embedded Systems
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unfnge

ATeiNTnqUszasd i emunszuusalusiidmiunsifutuiinuasiamudeyaaninuindenlunlaslgn
nszulng S’quﬂmJ'ﬁzavf]zymmn%’ﬁa%aﬂaiuﬁuﬁmﬂﬂa svuviinanusamnelulad auesnailei (Embedded System)
dmsun1InsaaianimauIn war Google Apps Script (GAS) dmsun1sds 3 uasuansmadoyauuunannasunaim
FEUUANNTONTIVIN QN Autudiivsluenna, aruduussenie, Uiy, wasanuidimosas dadoyanuy
Tuipa GSM/GPRS T8 Google Sheets lduuuidsalysl annimesouniaauslusasnszruaied o Wahiou 2 funy3
\uszezian 365 Ju nuiszuuienldegaafivsuazsieiilos lnsdsteyann 5 il doyadiannuuwiudr aenndosiv
ANINWINABNATY warszvUiaNunuMIUieanIneINIAneuen n13lY Google Apps Script Frsanaududoulunis
Fansprudeyanazidsnnes vilviszuudanudaveuuazialddno inwnsnsannsadhfedoyaanmuaindonliuuy
Boalnyl Fedeld vivnsdanisulasugnldesnaiiussansnimanntu uanduiiugiuddgydmiunmsuszgndldlununie

LNYASHUUEN

AAIATY: NMINTIVIAENINUIAA DY, LNWRTULUE,NTz11Ulne, SyUUEREs GSM/AG

Abstract
Automated Environmental Data Logging and Monitoring System for Thai Cardamom Plantations

This research aims to develop an automated system for collecting and monitoring environmental data in Thai
cardamom plantations, which often face challenges in accessing data in remote areas. The system integrates
embedded system technology for field measurements with Google Apps Script (GAS) for transmitting, storing, and
displaying data on a cloud platform. The developed system can measure temperature, relative humidity,
atmospheric pressure, rainfall, and light intensity. It sends this data in real-time via a GSM/GPRS module to Google
Sheets. Field tests conducted in an actual cardamom plantation in Pong Nam Ron District, Chanthaburi Province,
for 365 days showed that the system operated stably and continuously, transmitting data every 5 minutes. The
data proved to be accurate, consistent with real environmental conditions, and the system demonstrated durability
against external weather conditions. The use of Google Apps Script helps reduce the complexity of database and
server management, making the system flexible and low-cost. Farmers can access environmental data in real-time,
which enables them to manage their plantations more efficiently and provides a crucial foundation for applying

precision agriculture concepts.

Keywords: Environmental Monitoring, Precision Agriculture, Thai Cardamom, GSM/4G Communication System
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nszulve (Amomum krervanh) Wufinasugivddny
fiugnunnludl uil gre1vesszimalne lnsianizaia
pzfusenuaznianziuan lasangiuivgnludamie
Funy3 waduneldandou vinanfieniassan laed
fuiugnunnni 2,000 15 (ndueyinsnszudum 2552)
nsUgnnsznudesefoanmwindeniinzay Tagiany
L?aaqquﬁ AT wazUsuralas(nTuIvINIsiAenS,
2545) n1sAnnukarUseiiiuteyaaninwingenluwlas
‘Uqﬂashm'aLﬁ'aﬁﬁmmﬁwﬁmaa'ﬂﬂﬁlwfaﬂﬁl,ﬁaglﬁuim
HANA® WAZAMNINTBINTZIU 8g1alsAnN Madrdaulas
Uanluiiuigundindulegnesite vildnaiuteyade
A (du n153ndede) WuiFessn Mdnaiu was
yarudeiles dedmwalinuasnsliausadadulalunig
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nndedrindina1 nmstinaluladundszgndliiile
Wawszuuiuiuiindeyaanmuindeunuudaludfdadu
Asdudueenebs AdedTajntuniseenuuuuazsiamun
szuviinausanesnailsiaievihmininsaiadeya
ey warldusgleniann Google Apps Script (GAS) 3
Wuunasosumsiannuuaadivigliausadeuse
wazdnn13Uoyaiuu3nIi1e ¥ Google liagrednene
(st aauiianiem, 2565) laeilidmneiieaiaszuud
anusaifivtudin uanina wazgiuieauazaInlung
AnTgndeyaanmiInaesdmIuINuRINIUgNNIEI

nguszash
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Iakuudnluda

24 efmunnalnnisdsdeyaainaueenailadialud
Google Sheets Im&ﬂﬂﬁuqa GSM/GPRS wag Google Apps
Script

3 flovasouUszavsnimuazaatosuesszuulung
Wutuiindeyauazdoyaluaninwindonasiveulas
QEEeaM

2 gunsaluazisnig
N500NLUULATNAIUIZNIALIS
msidenlulnsmeulnsaaes: donlulasroulvsawesd
finwanunsnifissmesensaiuauisuwoiLaz NS oA

\u ESP32 %38 Arduino wauluga GSM uagn1sldng
ded13 LoRa (Long Range)diouAdaymluiiuilifidaa
GSM/4G

nsiBoneares: Fadenwugesiimvinzauuaziiniy
wdugdmivnsesiaingunad, pnududsimgluennie
(1aonld SCD-40 SensoniarAlNULTuvaLas (Laonld
BH1750)

NITeRNUYNITUATUSEADY: a5 aasiloudawuges
Aululaspaulnsaiaes wasluga GSM/GPRSUAzLATEYNY
LoRa wiouumadnewaseuilunzay (Wy wusmaesuas
uralwansiwas)

n1599ALUYNABIU: a3 1anassuTinunIuAsan
ornAntguen (Futn fudu) tiedesfueUnsal
ddnnsetind

Figure 1 Equipment circuit for the environmental data
recording system in Thai cardamom fields.
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App
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auldreie

ANTNAIUT Google Apps Script wag Google Sheets

1738579 Google Sheets: L9383 Google Sheets @115U
Jaiudeya Wnefmunaedutdmsuusiaznsdnes (W
Sufi-1aan, g, ANududuinslueinia, audy
mimmﬂ,ﬂ%mmﬁwsJuLLazmmvﬁmaqLLm)

719917 Google Apps Script Web App: \aulan GAS
Wi 9379 Web App %38 APl Endpoint 7l 111505 UA20

ASINEATINYUTTENAYDLBLTY

(21]



4 7 N3UsERINNITANANIAINTTNN YA TEIMNALYY S8AUYIR AT 26 TSAFE
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e 18 — 19 fiUgngu 2568 0 OIUTEYY 7 FU 5 8115 1 NIUALATUNITNYAT NJIVNLNILAT 2025
v L L4 (9 2 27 26.87 94 94.24 5412.78 6141.94
HTTP POST/GE;F Wiamaagamnqﬂﬂimlaumnaﬁlqm Sk X o7 5746 5 0851 w5153 547736
Wewdayamantuatlu Google Sheets fifnun 4 1 .32 70 eos4 2 175
& v o a £ v = 5 26 25.39 63 63.23 2296.5 2316.25
N1969AINITLVIAN: NIAUAGNTNITLUI8S Google Apps 6 23 23.18 68 68.47 3953 428.06
. 1% [y v v 1 7 22 21.01 74 74.25 3534.17 3577.5
Script Web App T au1sasudeyasinateuaniaedns . . o - o s soees
‘Uaaﬂﬁa 9 29 30.54 60 59.53 298.17 980.83
10 34 33.93 52 51.29 2694.33 2949

Wm - Mﬂﬂﬂm w_
I— =
J—— | 3255 1,01079 50140 5476 179583 1433 oo N

91272024 1:3727 200 3255 101069 58600 5519 255417 1428 000 |
3236 101075 59500 5525 206833 1442 000 | ole= -

3257 101077 591.00 5502 141750 1444 0.00

3255 101087 50400 5452 140583 1428 000

3272 101087 591.00 5383 154333 1425 000

91272024 1:3229 200
01272024 12728 200
91272024 1:2228 200
“ 9N2/2024 M:A728 200

Figure 2 Information displayed on Google Sheets.
nsnagdaunazUsziliuna
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msinsauasneaeunpauiL: thszuuluAndduulas
Ugnnszruadluiuiidmane shnsiusufindeyaosns
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1 . 1shdou 2. dunyd
MINATIFYVoYa: ATIVADUANNYNABI ATUNIU LAy
auadiesvestayafilé¥uuu Google Sheets
msUsduna: Usydiiulsedvndnmaesssuuluiiuais
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Table 1 Calibration results of measuring instruments

(Sensors) used with standard instruments.

Light
Relative
from a Wet bulb- Intensity
Temperature Humidity Light
thermo dry bulb from
id from SCD- from Intensity
meter hygrometer BH1750
40Sensor SCD- Meter (Lux).
(°C) (%Rh) Sensor
(°C) 40Senso
(Lux).
r (%Rh)
1 29 28.77 87 86.1 3430.28 4192.78

Paired t-test
data: temp1 and temp2
t =0.049303, df = 9, p-value = 0.9618

alternative hypothesis: true mean difference is not equal to 0

-0.4937135

95 percent confidence interval:
0.5157135

sample estimates: mean difference 0.011
data: hygrometer and Sensor

t =0.29515, df = 9, p-value = 0.7746

alternative hypothesis: true mean difference is not equal to 0

-0.2732409

95 percent confidence interval:
0.3552409

sample estimates: mean difference 0.041
data: LightMeter and Sensor

t =-2.8551, df = 9, p-value = 0.01893

alternative hypothesis: true mean difference is not equal to 0

-738.83081 -

95 percent confidence interval:
85.60919

sample estimates: mean difference -412.22
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Figure 3 Installation of environmental data logging

equipment in a Thai cardamom plot on Khao Soi Dao.

Figure 4 Equipment for recording environmental data in

Thai cardamom plot.
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and maximum recorded in the Thai cardamom plot on Khao Sei
Dao, Pong Nam Ron District, Chanthaburi Province. 2024
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Figure 5 The graph shows the minimum and
maximum temperatures recorded in the Thai
cardamom plot on Khao Soi Dao, Pong Nam Ron

District, Chanthaburi Province.
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minimum and maximum Humidity recorded in the Thai cardamom plot on Khao Soi
Dao, Pong Nam Ron District, Chanthaburi Province. 2024
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Figure 6 Shows the minimum and maximum relative

humidity of the environment.

minimum and maximum Atmospheric Pressure (Kpa.) recorded in the Thai eardamom
plot on Khao Soi Dao, Pong Nam Ron District, Chanthaburi Province. 2024
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Figure 7 Shows the minimum and maximum

atmospheric pressure of the environment.

Rainfall(mm.) recorded in the Thal cardamom plot on Khao Sol Dao, Pong Nam Ron

500 District, Chanthaburi Province. 2024
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Figure 8 Shows the amount of rainfall measured in
the Thai cardamom plot.

Light Intensity(Lux.) recorded in the Thai cardamom plot on Khao Soi Dao, Pong Nam
Ron District, Chanthaburl Province. 2024
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Figure 9 Shows the maximum light intensity

measured in the Thai cardamom plot.
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Figure 10 Cardamom is grown in an automatic
greenhouse that uses data from a system that records
environmental data in Thai cardamom fields by
Google Apps Script combined with an embedded
system.

finfinssudsenia

HATuveveunm §3mauLazid i avitues
AUEITENYATIAINTTUIUNYS an1duITeinunTimnTsy
nsdrninneas iddndslunsiaunnuddedliduse
qaslared vaveuAm nauNuAINIHUgNNIEIMYTIUTY
nsruws o 1venou 9.4uny3 wagngununansiuan
NILINUABLATI ALNTILVTI B.488ANT 2.IUNYT MTUMNST
Srneanuazanluieswasanuiinaaeulazduuzily
n3UgnnIzIu

4 1@NA1591994

NFUTVINTNEAT. 2545, ﬁ%aqulwmazm%"aqmﬂ. i
189-193. Tu: 19na15Us2NaUNTUTEYN NAIWINING
Usza1d 2544 1@y 2. nTUTVINITLABAT 20-22
NOBAIAY 2545 a0 L59hIULaY VIAe9 37 seutiion
imen Jaminvays.

NAuoRINYNTENUIUNYT. 2552. N150USNVUIANIINUTTN
yywayulnanszudunys. 19 wih

U AMAANLAIN 2565. NANN15LTEY Google Apps Script
wasankds@gmail.com: poeclub.org.

LoRa Arduino ESP8266 0T a¢lsfa LoRa 9411 LoRa

aedls. unasloya

https://www.allnewstep.com/article/136/1-lora-

arduino-esp8266-esp32-iot -lora Winile 14 figuieu

2565.

ASINEATINYUTTENAYRLBLTY

[24]



TEAE
’ N\ A a ' o A o A

-/@ ; ﬂﬂiﬂi%‘qm’l‘lﬁﬂ?iﬂu?ﬂm')ﬂ'ﬂﬂiillLﬂ‘lﬂ(ﬂiLL‘Wﬂ‘UiSLVIW‘LWEJ FEAULIG AN 26
X &/ 19 t% ] ] a

18 — 19 nuy8U 2568 o ‘Viaa"diz‘qu 7 YU 5 81A17 1 ATHAANFTUNITNYAT NINWUATUAT

TSAE
2025

LoRa Arduino ESP8266 ESP32 loTn15l441u LoRa
SX1278 Ra-01/Ra-02. wnasloya:
https://www.allnewstep.com/article/137/2-lora-
arduino-esp8266-esp32-iot-arduino-lora-sx1278-ra-01-
ra-02 Lidadle 14 Squieu 2565,

ASINEATINYUITENNAYRIELTE



nsUsEYRlvINTaNIANIAINT SN ERsSUsUsEmAlng TS \E

AU

SERUTIR ASSN 26 Tudl 18 - 19 Ausneu 2568

M VeeUsEyn 7 AU 5 1A15 1 NUALETINITNYAT NTUNHLVIUAT

1A389UBNLUABNNENE1IUINDUNTINYTHUUDN LUSIRA

Automatic Diamond Shape Aromatic Coconut Peeling Machine
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Abstract

Diamond-shaped aromatic coconut is a processing product that is popular for both domestic consumption
and export to foreign countries. It looks like a coconut with a green shell completely peeled off and trimmed into
pentagonal shape like a diamond. These steps require expertise to make the coconut have smooth skin and a
beautiful shape. That makes the current production still uses mainly human labor. As a result, there is a problem
of shortage of skilled labor. Therefore, there was an idea to research and develop automatic machinery for the
production process of diamond-shaped aromatic coconuts. For supporting farmers and entrepreneurs in shortage
of skilled labor. production efficiency and support the market for aromatic coconuts both domestically and abroad.
From the testing results, it was found that the machine's performance was close to manual labor. The machine
can peel coconuts from the top and sides in an average of 60 seconds per fruit, with one worker, equivalent to a
production rate of 60 coconuts per person per hour. Compared to manual peeling, with two workers has a
production rate of 64.3 shells per person per hour. Choosing a high blade feed speed will result in a shorter peeling
time. But this results in an increased chance of the coconut swaying or falling out of the gripper. And it may also

affect the smoothness of the surface after peeling the coconut fruit.

Keywords: Coconut peeling machine, Peeling process, Aromatic coconut, Diamond shape aromatic coconut
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Figure 3 Dimension of aromatic coconut

Table 1 Aromatic coconut dimension

Parameter Average Max Min

(cm) (cm) (cm)
H 17.93 19.60 15.90
h 9.59 11.10 8.60
B1 5.36 7.00 4.00
b2 2.88 4.40 2.10
D 15.62 17.40 14.00
d 10.78 11.40 10.00
al 2.30 3.30 1.50
a2 2.56 3.40 2.00
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Figure 4 Coconut gripper
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Figure 6 Head peeling knife
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Figure 7 Coconut holder
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Figure 8 Automatic coconut peeling machine
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Table 2 Average time of coconut peeling process.
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The evaluation of mitragynine in dried kratom leaves using near Infrared spectroscopy

technique
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uNAnga

wiedlnawnlnsalnBdursisagnilng (NIRs) lUAEMInTvaeussduszneviivauenisnnnmaelurestaninwns
Tnglavhanedaedns Wuisnsfududuazsini lunsAnwidlfudunsimunssuiunsdmiunsussdiuauium
anslunslafiu (Mitragynine) loagasinsuazldinanadiedns 9andregdlunsyvieneuwisrinensinainisganduues
feidulres NIRs wuunnmiitrsnmue1Indu 900-1700 unlumng UuuumTIauvuasioundu Tasvinsmaasuly
Doy itemanudulldlunmsusuduauimuamsimelatu feyamananduuas wasdeyausinaasdidain
megralunsgrionuriadiuig 30 freee gniunaawuuInaeINsyiungsiemaila Partial Least Squares Regression
(PLSR) saufudoyatsinaanshimsladuildannios foinsumsgiu suituuudiassandegislunsevionusiilasu
n13UTuusadayariedsng Savitzky-Golay first derivative Wwamav‘fmwﬁﬁﬁqm Tnefiardudszans nsdnauls (RY)
WU 0.73 ALAIALARBLLIATIILYBINTII18DY (SEC) 71 0.126% (w/w) aunisviiueludesiudan B oglutag 0.66-
0.81 asahldldladuiunisdaiion (Wisngy) uaznisussauaeg ey Siasdesiinisuiulssmnuusiug1ves
aunsvihweglunsaiiunisesly

Ad1Aty: Nnsyview, arninsalnUdunsisngulng, lunsilatiu

Abstract

Near-infrared spectroscopy (NIRs) is an inspection method that is applied to evaluate the quality of
agricultural materials without the need to destroy the sample. It is also accurate and fast.In this study, a rapid and
non-destructive method for mitragynine quantification from dried kratom leaves was developed. The absorbance
was measured using a portable NIR sensor in the 900-1700 nm wavelength range using a backscatter measurement
method. Preliminary tests were conducted to determine the feasibility of mitragynine quantification. The
absorbance and active ingredient quantification data from 30 dried kratom leaves were used to construct a
predictive model using Partial Least Squares Regression (PLSR) technique in conjunction with mitragynine
quantification data obtained from a standard laboratory. The model from dried kratom leaves modified by the
Savitzky-Golay first derivative method provided the best prediction result, with a coefficient of determination (R)
of 0.73 and a standard error of simulation (SEC) of 0.126% (w/w). The initial prediction equation had an R” value in
the range of 0.66-0.81, which can be used for selection (clustering) and rough estimation, but the accuracy of the

prediction equations still needs to be improved in further implementation.

Keywords: Kratom, Near Infrared Spectroscopy, Mitragynine
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1 uni

n3gviou (Kratom; Mitragyna speciosa (Korth.) Havil.)
\Dufivanulnsfifinisliusglovtinegiaeniuu lushiuen
Tusamansauy ansadnwienisin asddyiinululy
nsview Ao anshumsnlailu (mitragynine) fignslutanafie
CasHsoN20s (Figure 1) G aifuansngudulnasaniaosd
(Indole alkaloids) Wunni ansesaz 66 lagnszviou
annsaeengusseiutnld Snadradesiosniwesiiu Fad
anudululdagsevonwmundundasue d1aq Aads
yarwiiy InednaemdndoUssimaanigeiuin

watla NIRS afenannisinalnasunisaandunasues
answiazviadflanaudfangluanavesansfiifusy C-
H, O-H %0 N-H Fadussdusznoundnlunandnnunsuaz
awns uAEnsiildsuniseensuegaunsranelunisinan
ATIRERUAMNINAETUNANEANIINTNYAS

ML FURUULaEITNMInTITnUSuaEn Ay Tu
nanfuganinszion meawmadalesdunsisaanina
108 (NIRS) WuAsnsUssfiuviuaansdfadnnilas an
mMsiivzdesinmsdinegnauiiolnseiviinaansdfydie
BsunsgiuluriesfoRnng (HPLO) dsldszeyinanluns
Ainswifiun Snmadadumsinmeiuuurhatesiedng
wazdldldanglunsiinsesiiia Tnedelsiuseuriogauiu
vosnsitimatdadesdunsnsalunisusziiudsuiu
ansdfFoduisnsuuulivhaneshegisuarsings snia
Safimuuslugiluseaunis fimaninuidedestunisi
wiatia NIRs 11ldlun1sussidiuvnuninluianinunsegng
unsuane wazinisfineinisldimata NIRs lunsiasizi
YSuaistunsladulunanseviausiug duun oy
WigulieuduiSuansgiu UHPLC-MS/MS daegely
nsvviougLivaIn 4 l,mduwwﬂauﬂﬁ"mimmlm NANNS
3Lm’wﬁﬂ’;mé’mﬁuéwuﬂﬂmmi@mﬂﬁuuawaqé’aaéﬂaﬂy’a 4
9n danudunusivessdidudAnludeuin (> 0.98, p <
0.01) uagdlanuduiusigauinluseavasivuiuaenslum
51491u (r = 0.755-0.824, p < 0.01) (Phongthanaphat,
2024) sl uF s aanud uldle 7 avinada NIRs 11
Uszgndldnunisusziiudsuuanstunsladuluiiv
nszvionla

O CHa,

M. :
1)

]
\1.;:»]
|
0.
-
oL |

Figure 1 Mitragynine structure.

2 gunsaluazdtns

21 MuATYUTI0EN

fegndlunseviontusiuunsniiud o.naemans 4.
Unusnll ifuiAeafienguszana 30 Ju gnihundadiuly
undugen waranradutubn warihluananutude
idasannnutiunuutiunuieu heat pump THoumnilu
nsanauduil 43:2 ssrngaldea [uszezinan 20
Falus aumdennud ugaieuszana 10 Wedifud
W195g1uden) a WU uRnIsreInguideldmnssumnas
ﬂ’]iLﬁULﬁmLLazLLUigU 7.ARBIVT 8.AABIVAY SRUY gty
(Figure 2)

Figure 2 Dried Kratom leaves sample.

2.2 MIIAMINITHANAULEI

Tunsevionudis gninuuuadudiegdens dretvas
15 nsu uﬁmmmi@mﬂﬁuuaua?{a 5 ade/fegn e
L5uLwas NIRs WUUNWAWI DLPNIRNANOEVM (DLP®
NIRscan™, Texas Instruments, Dallas, Texas, USA) €1 % 34
Ms¥aAnfiaanuenandu 900 1 1700 wiluwwnas (Figure 3)
warldlusunsuAIuAuN157971 DLP NIRscan Nano
Reference Software v2.1.0 (Texas Instruments, Dallas,
Texas, USA) lnedeyaiiliainnisiaruszneulusmedeya
ma@mﬂﬁuﬂﬁ'mma WAL y LLaz%a;Juammmaﬂ?u (spectral)
wnu x inrmaniden 3.5 uiluwns SeEy 228 929Rau
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Figure 3 DLP NIRscan sensor

23 msueTzisusarsiunsleiu
n&sniiviinsinanisganduuasiiegislunsgyien
memalla NIRs daegrdlunsevienazgnirluiiasizvinen
Ysunaarslunsilatu Ae38n1531A519kUU In-house
method on journal of AOAC international Vol.100 No.1
(2017) (Mudge and Brown., 2017) A %esUfyAn15u09
TN gudveslfuanisuazidenianisunng uay
NITNUATURRDLETE 1A (W) AMARC

24 MIAATILTBYAUALNITATNAUNITAYULINTT I

ﬂ"]aL“LJﬂm'%’maqma@ﬂﬂﬁuLLaqﬁlﬁmﬂmﬁﬂﬁwLmﬁﬂ
NIRs gnidoyaiade wazadrsannisannesidadusiie
LMAilA Partial Least Squares Regression (PLSR) 1@ ol
1U5Nn3uThe Unscrambler (Camo, Norway Version 9.8)
U 30 M08 NMTIATIEeIAUIENBUNAN (principal
component analysis, PCA) gnldiudeoyaaiunasy vie
#32991AIRAUNA (outliers) VosatUnmTu iN15USTULAS
Yoyaarunnsuveinsganduaiuasiild (raw data) Lilean
navIn1TnIzIdsnaslualunnsuA18IMAT AR 199 19U
Standard normal variate (SNV), multiplicative scatter
correction (MSC), moving average smoothing (MAS) (15
point), Smoothing Savitzky-Golay (15 point), Savitzky-
Golay 1° derivative Wag Savitzky-Golay 2™ derivative
(segment = 15) uaauluassaunisniomaiia PLSR wan
vaunisi e luldlunisviunearlunsladu Tnea
Wi ugIveIauNITaIuITaUTELIIUaInA1 Coefficient of
determination (R?) A1 standard error of calibration (SEC)
Ju anfivendeaunsiiasstuannsaildlelunsviunen
alUlafnialu A1 Standard error of prediction (SEP) 1Uu
Afluansaussauzvasn e Wuiileea Roasazilan
84 WagAn SEC uag SEP msTleinen

3 Wawazdansal

31 anvasyeuduaiUnns

wamma‘mqmnnwmdaﬂmﬁﬁﬁwLﬁumﬁﬂizﬂauwé’ﬂ
yliiAansdouiuiuresiinnisganduuasesiuariia
mi@jmﬂﬁuu,awaaaﬂﬁﬂizﬂauﬁﬂﬁmﬁu q fiddnysionis
Jins1g9t TugAae1RAuT 1400-1500 UlAT UARS
geRUsznaudALiun1sduresiusy O-H fle1au1a1n
A uvaslunssvion nSowuss CH way N-H§ uiu
drulsznevdraglulaseainswesunsilaiu duanslu
Figure 4 Fafuteyanisgandunduuasiliiunisyuuss

Tasaluanmiunisgandunas NIR axdifiaiiUiuuas
L udn 1 esuannandaniesnisinuasasulng i
osfdsznouvasilutiinadigs neevieufiBunidlufieiis
Umnaniiuduuszneuiigatuiy saannsiifiuiunm
indududsznewhliifenisdouriuiuvesinnisganiu
LLawaQﬁmasﬁﬂmsqmﬂﬁuuawaqaaﬁﬂszﬂauﬁﬂﬁ@ﬁ'uﬂﬁ
ddy iteidunisuenfiafiiiudndu Tafesfuudsdoya
awnasumenszuIunInadineans tauiisniseyius
Sudu 2 (Savitzky-Golay second derivative) a.dumaia
Flldumimosiiaiidaauty uasviliaiidanulng
futunenesnainiu egrslsfmuiinvesanadudiléan
N5USUAIEITAITOURUTIUAU 2 N UNIAIR 1A
(Miyazawa and Sonoyama, 1998) ﬂﬂ'ﬁﬂ%’ULLmﬁa‘c’ﬁ%mi
au‘wuﬁaumu 2 mu,am‘l,u Figure 5 LLﬁmm%mUQ‘Uaﬂ‘Wﬂ‘Vl
Faautu wu fifuminnueaduil 1008, 1194 way
1363 \inloneslnusuduil 2 vesiuse O-H, C-H wag N-H
Tulasead1aues ArOH, CHs RNH, 1 A214819AE U 1430,
1586 waz 1670 wiluiuns iinleesinududuil 1 ves
sy O-H, C-H wag N-H Tulassasnavaa H,O, CONH,, cis-
RCH=CHR' (Osborne et al.

, 1993)

Absorbance

900 1100 1300 1500 1700

Wavelength (nm)

Figure 4 Raw spectra data
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Absorbance
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oome A 1363 nZ:
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Figure 5 Second derivative pretreatment data

3.2 USwaarslunsiladu
Usunuanslunsilafiuvessiegnalunsevien 31w 30
fag1a wuhilmeglugie 1.61-2.24% fawandly Table 1

Table 1 Descriptive statistics of mitragynine in dried

Kratom leaf.

Min Max Mean+SD
%(w/w) %(w/wW) %(w/wW)
Mitragynine 1.61 2.24 1.96+0.24

3.3 msasNaunITyeysinaarslunsladu

AINIAANGLILEIYBIRIBEINTEYIBUWNIEQNUTUTaYAME
Bnsneadinatansluguuuunneg loun Savitzky-Golay
Smoothing (SM), Standard normal variate (SNV), moving
average (MAS),
correction (MSC) 1% derivative, 2™ derivative tJusu e
WTULTEUAMURN UEIVDILUUTIADS WUTILUUTIaDY

VU DIAUVDIA 208 19 UNTEVTBUWITITIUIY 30 AID819N

smoothing multiplicative  scatter

USuwsstayarmeinaila Savitzky-Golay smoothing $3ufiu
1" derivative ¥@engudayaasiaauns (calibration model)
ff1A11uusuggefian e R 9 0.73 A1 SEC iy

0.126 % (w/w) (Figure 6) kard@1IUAUNITNIUADY
(validation model) Taefian R? 7 0.70 A1 SEP 11y
0.136 %(w/w) (Figure 7) fauansly Table 2 ngen R flog
Turas 0.66-0.81 tuvsuendsaunisviueldlddmsunis
Anden (WUangw) wagn1sussanaeeg1amvigIus n1suda
AMUNUIYVBIAT R war R fanandly Table 3 (Williams.,
2007)

9 22 R? = 0.73 oo g
3 22

T o1 SEC = 0.126 %(w/w) CS@

o O o
£ 2 O

: I

§ . 1.9 o .- (@)

S &8 [eF o) o

= 1.7 CD 9J0)

kel (0]

% 1.6

5 15

[

& 15 17 1.9 2.1 23

Actual Mitragynine value (%)

Figure 6 Scatter plots of calibration results of Mitrgynine

from partial least squares (PLS) model.

2.3 2

s R® = 0,70 N §
[ o SEC = 0.136 %(w/w) Lo

4] ’ Q- C&: '

[= .

O - SN B ©
. 19 o) LCh

g 0

g e o

> 1.7 2Ep) %)

£ 1.6 e}

K 1.5

a 15 1.7 1.9 2.1 2.3

Actual Mitragynine value (%)

Figure 7 Scatter plots of validation results of Mitrgynine

from partial least squares (PLS) model.
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Table 2 Calibration and validation results of mitragynine in dried kratom leaf.

Method R R? RMSEC SEC Bias R R? RMSEP SEP Bias PC
raw data 0.88 0.76 0.112 0.114 -3.537e-7  0.79 0.63 0.148 0.151 -0.005 4
SM 0.87 0.76 0.115 0.117 -3.179e-8  0.78 0.63 0.150 0.153 -0.006 4
MAS 0.87 0.76 0.115 0.117 -1.093e-6  0.78 0.63 0.150 0.153 -0.006 4
SNV 0.51 0.27 0.255 0.259 1.07e” 0.32 0.12 0.289 0.294 -0.004 1
MSC 0.83 0.68 0.133 0.135 1.987e-7  0.80 0.66 0.144 0.146 -0.002 1
1st derivative 0.84 0.71 0.127 0.130 -3.97e-8 0.82 0.70 0.135 0.137 -0.002 1
2nd derivative 0.86 0.74 0.122 0.124 -5.16e-8 0.79 0.65 0.145 0.147 -0.004 4
SM +1D 0.85 0.73 0.124 0.126 -5.16e-8  0.83 0.70 0.134 0.136 -0.001 1
SM +2d 0.83 0.69 0.133 0.136 -3.57e-8 0.75 0.58 0.158 0.161 -0.004 3
MAS+1D 0.84 0.71 0.127 0.129 -4.371e-8  0.82 0.69 0.135 0.137 -0.002 1
MAS+2D 0.85 0.73 0.124 0.126 -5.166e-8  0.79 0.65 0.144 0.147 -0.004 4
SNV+1D 0.56 0.31 0.247 0.252 9.537e-8  0.38 0.17 0.280 0.285 -0.004 1
SNV+2D 0.42 0.18 0.270 0.275 8.345e-8  -0.02 -0.11 0.325 0.331 -0.013 1
MSC+1D 0.84 0.70 0.130 0.132 -6.755e-8  0.81 0.68 0.138 0.141 -0.002 1
MSC+2D 0.86 0.74 0.122 0.124 -5.563e-8  0.79 0.64 0.146 0.149 -0.004 4

*SM = Savitzky-Golay smoothing with 15 smoothing points.

SNV = Standard normal variate.

1D = Savitzky-Golay 1% derivative with 15 smoothing points.

2D = Savitzky-Golay 2™ derivative with 15 smoothing points.

MAS = moving average smoothing with 15 smoothing points.

MSC = multiplicative scatter correction.

R = Coefficient of correlation.

R? = Coefficient of determination.

SEC/RMSEC = Standard error of calibration/ Root mean square of the calibration.
SEP/RMSEP = Standard error of prediction/ Root mean square of the prediction.
Bias = The average difference between actual value and NIRS value.

PC = The number of factors used in the calibration equation.
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Table 3 Guidelines for the Interpretation of R and R’.
(Williams., 2007)

Value of R Value of R? Interpretation

Up to + 0.55 Up to 0.25 Not usable in NIRs
calibration

+0.51 - 0.70 0.26 — 0.49 Poor correlation,
research the reason

+0.71 - 0.80 0.50 - 0.64 Rough screening

+0.81 - 0.90 0.66 - 0.81 Screening and
approximate calibration

+0.91 - 0.95 0.83 - 0.90 Usable with caution
for most applications,
including research

+0.96 - 0.98 0.92 - 0.96 Usable in most
applications, including
quality assurance

+0.99 > 0.98 > Usable in any
application

s
a a o

duuszdnsnisannosvesannisvinuie (Figure 8) Wu

Ladaa

Fuuszansiasnsnadiauenedy 1430 urluuns Ju
Aunen13 C-H bending lunydatau (alkanes) lagiang
MLAdU (-CHz) o (-CHs) Tne CHs" Tulunsnidu
FRERRGENE GTfaLﬂumMaﬁﬁﬁ’umqmﬁﬁlﬂizﬂauﬁw
aznouA1s vounilsornoud sudusznoulalasiauaiy
ovnox (CHs) Wiluve 3ty wjufiadagBadntusumisd 7
Yp3srULIudUlaa (indole) naliiin 7-lansendlunsd
3flu (7-Hydroxymitragynine) wagfiAnue1IAdL 1670 w1
Tuwesdusundadugsiiddyuazinastavendas C=0
stretching (carbonyl group) & anuldluaisuszneunany
¥iln U Alau (ketones) (C=0), woad laa (aldehydes),
NSAANSUBNTAN (carboxylic acids), Loawwes (esters), #3e
wolud (amides) wsenmiansuetiald wu o,B-unsaturated
aldehydes %39 ketones ooy -C=C- stretching Tu
Loafu (alkenes) Inglanizuoafuifinsunuivareny
(trisubstituted, tetrasubstituted alkenes) @ s10uarunils
vaslassasglunsiladiu

AULIIVBINTITA UTDIRUSEABAISYIUIBUS U
ansardalulunsevienuia (lumsiladiu) Tnseadnsiinny
g1anauiAgTestunIsdusaiiauuanaIsaInAIAIIL
gmpdumaeiiitinue Wewnanaududeuvessinegi
Tunsevionusis fidesAussnounainrans Tnedieaue
pAufifiauaenndsatusuansly Table 4 (Osborne et
al, 1993) wagmunuslulassasrsvesansdrdglulunsevion
fifnasianisaunisvinne dauansly Figure 9

20000
1670 nm B

15000

1430 nm ~A

10000
5000

0

Regression Coefficient

900 1000 1100 1200 1300 1400 1600 1700

-5000
Wave length (nm)

Figure 8 Regression coefficient of the model.

OCH,

H,CO0C

Figure 9 Main indole kratom alkaloids. (Mitragynine, 7-
Hydroxymitragynine)

Table 4 Chemical determination of near-infrared

absorption with high regression coefficient (Osborne et

al, 1993)

Wavelength at | Wavelength of Structure Symbol
high regression chemical (Osborne et
coefficient assignment al,, 1993)
(nm) (nm)
(Osborne et
al., 1993)
1008 1000, 1015 ArOH, CH3 —
1194 1195 CH3 @)
1363 1360 CH3 o
1430 1430 CONH2
1586 1570, 1580 CONH o
1670 1660, 1685 cis-RCH=CHR' o
4 @3y

ANSNAUINTZUIUNTAMTUNTUSELHUAUT U MENS
lunsilaidu (Mitragynine) laagn9siatsuaz i vinane
§19879 91NA298719lUNTEVOUDULKIAILNITIAAINIT
AANdukaIAIBduLes NIRs WUUNNNITIFALE IR
900-1700 wiluwns JULuuNTiaLUUazioundu lagyi
msveaevlutesdy wWemeanuduldldlunsdsedue
USuauanslunsilafiuannsiegialunsevianuiasiuiu 30
Meage gninauuuasmsiuememaia Partial
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Least Squares Regression (PLSR) WU7 1L UUT1889910
HogrslunszvionusiafildSunisusuusadoyadiomaia
Savitzky-Golay smoothing 33ufiu 1% derivative ¥@4nay
U93aa31981N15 (calibration model) fA1AIUKL UL
fign fif1 R2 1 0.73 @1 SEC wirffu 0.126 % (w/w) uag
dmiuaunisniuasy (validation model) a1 R? 71 0.70
F1 SEP Wity 0.136 %(w/wlammsviuneidesiuiiaiisn
ndegndlunsgvionusia 30 fegn Twuliiiazanunsn
UszuAUSunadanalativludegnslunseviouwidls Tag
Haduiidmwari R Alsigsunnensaziindiuiudionsiivos
swisnsinAinisgandunasuiaegndlunseveuuaiy
falidorinseninadueesivlunseviedmanonmninues
Yoyafionagnsunuseuasnmeueniiolvaunisinne
faneuusiugfinnnduy Safesdinnsuiutgsauusiug
yaauvudiass Inonddluuuimissvugeoiudiui
Fretne wieutawaugUunsainenaalidussAng am
WinganiunsinAIdaeg1alunseianuie dmsuiauwn
uiedesdodmiunsussidunaunmiensevienlunis
dndususeluid ot uwuaniddunisussduuiunm
asdfiisiags wazududdmiunisnTiadeunanoe
TunsevisuneunswlszU vsediean NauNUIsNITUINTIIY
Tuvesjiifing ldsveznalunsinnesiiiun Snvads
Junisiasgiuuuianedieds uazdiailddnelunis
AAT1e9iiiga

5 naAnssuUsEne
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dwiuaniuil ds81wrsanuazninuazgunsailunis

ATuN1TIY

6 LONAITD19BY

Miyazawa, M. & Sonoyama, M. (1998). Second derivative

the
characterisation of proteins. Journal of Near Infrared
Spectroscopy, 6(A), A253-A257

Mudge, E. M., & Brown, P. N. 2017. Determination of
mitragynine in Mitragyna speciosa raw materials and

near infrared studies on structural

finished products by liquid chromatography with UV
detection: Single-laboratory validation. Journal of
AOAC International, 100(1), 18-24.
Osborn, B. G, F. T. and F. P.H. 1993, Practical NIR
Spectroscopy with Applications
USA,

in Food and
Beverage Analysis. Longman Science &

Technology.

Phongthanaphat, M. O. Y. A. (2024). QUANTITATIVE
ANALYSIS OF MITRAGYNINE IN RED VEIN KRATOM
POWDER FROM FOUR CULTIVATION SOURCES: A
COMPARATIVE OF NIR SPECTROSCOPY AND UHPLC-
MS/MS. Procedia of Multidisciplinary Research, 2(9),
25-25.

Williams, P. 2007. Application to agricultural and marine
products. In: Ozaki Y., W.F. McClure and A.A. Christy
(Eds.). Near-Infrared Spectroscopy in Food Science
and Technology. John Wiley and Sons Inc.
Publication, New Jersey, USA. pp. 165-218.

ASINEATINYUTTENAYDLBLTY



N5UTEYUIVINTANIANIANTTUN AU sEIALNg TS \E

AU

SERUTIR ASSN 26 Tudl 18 - 19 Ausneu 2568

M VeeUsEyn 7 AU 5 1A15 1 NUALETINITNYAT NTUNHLVIUAT

nsfnwtadedugamgliiawanssuumanininduusniauians

Study of temperature factors for developing a virgin coconut oil fermentation system
U ortuidhuna’* aydn andui’ 3s¥ad Benszga’ Uyadanl egveduns’ avss srayyne’
Preecha Ananrattanakull, Anuchit Charmsingl, Jirawat Chiatrakull, Parinyawat Yoothonginl,

Kochathorn Angboonpong’

LanduIduinunsiningsy nsUInNIsnEas AgNns 10900

! Agricultural engineering research institute, Department of agriculture, Bangkok, 10900
*Corresponding author: Tel: +66-8-76967184, E-mail: sullus2013@gmail.com

UNAnge

Anntafesugamplifiewmunszuunmavsinglusifdmiuldlunssuiunisndmisiunendnuiavsmeisnmandn
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Solumflunsnanthiuneninuiavditnismusuanmuedenlunisuindenisussgndlivinnmsmanuieu Ussvin
nisrruuazAlddglaiidosnit uasnuimsilvinfeuiigungd 37 °«C Tiussavsamlunsadauuneninuians
a9an uaznmsAnuszesatlunssuiun vy nudnsalduindusendusans i 12 b luaesiiniswn
FeissssurRdslifimauendvenitunendnuiand uaswuifiszeriaan 18 br. uay 24 hr. WesiFudnsarmingy
N3N INININAIEITEITUNA 7% Uae 4.4 % Aua16U

v
o [

AmdAey: WdungnsuTans, 3nsvdn, ssuunisudin

Abstract

This research aims to study the effect of temperature to develop an automated fermentation system for
virgin coconut oil (VCO) production, specifically for farmers and community enterprises. The primary goals are to
reduce fermentation time and miticate the failure rate commonly associated with traditional methods. An
investigation was conducted to determine the optimal fermentation temperature. However, it was found that the
automated system using thermal radiation consumed a significant amount of energy and incurred high electricity
costs, and the heat transfer to the coconut cream was inconsistent.To address these issues, a new prototype of
an automated fermentation tank was developed, which applied the principle of thermal convection for
environmental control. This new system proved to be more energy-efficient and cost-effective. The results revealed
that maintaining the hot water at 37 °C yielded the highest efficiency for VCO extraction. Furthermore, the study
on optimal fermentation duration found that VCO began to be extracted after just 12 hours, while no oil was
obtained from the traditional method within the same timeframe. At 18 and 24 hours, the developed system

showed a higher oil extraction yield than the traditional method by 7% and 4.4%, respectively.

Keywords: virgin coconut oil, oil fermentation method, fermentor
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Tngseuiie¥nuanimuandeunigluddidommnfiaad
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in3estiufindoyadnlulfd (data logger)

Figure 1 Experimental setup for the steam curing

process
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i 65-70 °C mmimmammmaammu AN dvues
anmameludsulen ﬂwqmmmaaﬂimwimmazia
wazduiindeyanisvaassiie Datalogger Graphtec 1n 1

hr. WWuan 24 hr. nan1snadeuLaRsa Figure 2

80

Temperature (°C)

a 4 | .
| ¥ ® Coconut milk temperature example 1

o Coconut milk temperature

30 g % Coconut milk temperature example 3

H * Temperature inside incubator

—*— Water temperature
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Figure 2 Temperature profile of hot water and coconut

cream over time.
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ﬂimswiuumaﬂamqmmumeuamwm uANAATY
pamginieludseuletivssua 5 hr. vesnszuauns
niin LLa%ﬁ]%%uaﬁEJEﬂu‘lf’N 40-55 °C FufuFumnITg
vosloeduned azviuldiisnseudaelod Tnsusenm
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Usmahsusgni i ldlndifdssdu defud eidunis
Usendnalganea1und s 39in1svmeasudny1aiy
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Y299 g Hu09u1foui 30-35, 3540 wag 45-50 °C
wWisuilsuiunisninauisnisujuiRveanunsns lana
NINAABURI Tablel

Table 1 Comparison of virgin coconut oil yield from the steam curing system and the traditional method.

Steam curing system

Traditional method

Water Coconut cream  Coconut oil yield  Surrounding Coconut cream Coconut oil yield
temperature  temperature (%) temperature temperature (%)
(‘O O o) (*O
30-35 31.1-37 23 24.9-32.2 26.6-32.5 20.8
35-40 32.5-37.2 24 25.8-37.9 25.2-36.4 18.6
40-45 34.8-48.9 18 27.4-38.9 27.7-38.5 18.9
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ugnduIqrlfivudentu Tnewunsldgamgihieuta
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(convection) sialy
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Figure 3 The developed prototype of an automated

fermentation system for virgin coconut oil production.

Figure 4 The heater and PID temperature control

module used in the fermentation system.
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Figure 5 The temperature profile of hot water and

coconut cream over time, as recorded by the developed

fermentation system.
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uieglutasiivensuld femudrszuumandndaunsoadn

WgiunenduIavsla

3.4.99a0UAnw1U9980715919 U uasnnaevUssIduna
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3.4.1 minegeudnwiladesugumgiaenisiia
hifusgndusand

NnMamageuAnwIvessTUUMITSATlIMdn AT
anudoutrediunuin quugifivnzaneglurig 32.5-37.2
°C ushid ewasunildndnnisminusou a1swriman
oumpiiadunsfinnisvihnuvesaunisvinliAnnswsinly
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gamgilidu 3 sedu Ao 35, 36, uag 37 °C Wi 9T LU
gaungAlunisuinnsogung fvesnTungif vuizan
Wisueuiumsvdnissssui aaeetiaiainisvdn 24
hr. HaNSNAFBUAY Table2

ASINEATINYUTTENAYDLBLTY



TASAET
N\

P o
s

N3UsERINNITANANIAINTTNNYATLUTEIMNALYY S8AUYR AT 26
18 - 19 fiugngu 2568 o osUseysl 7 T 5 815 1 NTUALATUNITNYAT NTUVNUNILAT

TSAE
2025

Table 2 Comparison of virgin coconut oil yield from the developed automated fermentation system and the

traditional method.

Automated fermentation system

Traditional method

Water Coconut cream Coconut oil yield Surrounding Coconut cream Coconut oil yield
temperature  Temperature (%) Temperature ~ Temperature ("C) (%)
(‘O QO O
35 34.5-35 21.0 28.7-38.3 26.5-37.6 18.6
36 35.1-36 20.8 23.5-31.9 22.5-31.0 19.0
37 36.4-37 27.7 25.2-34 25-34.0 21.6
NANIINAADU WUIINISLURAULUUTZUUNITIIN
SnluRfinnszfugumgihdoulufuargnmafieduny 4 ayu

annsodmsataiiusendnuiadlaynnismeson
warlfuTinahiuewdusansinnnhnaviinlngds
5ITUYF LLazWUﬂﬁqmmﬁﬁﬁaﬂuﬁa 37 °C uaggauuni
AlLNETITa 36.4-37 °C LARnsafnuaglFUTInainy
ugwinuIavsgefian fenuinsldgamnithieuluy
wargamgfindungifiinhilfuuliulduinuhiiu
uENF1EN

3.4.2 MsnegeuAnwIdadeaualunsyuIunig
wdfnronafmindungnduians

Naﬂ’15Lﬁ‘Ui’JUi’JiJ‘ﬁEJ;‘JJaﬂ’]ilﬁﬂmiaﬁﬂﬂfﬁﬁﬂu
nszuuMaminluksastsanfiuanmatuiefivnarlunis
wiin 12, 18 way 24 hr. lawnans Table 3

Table 3 Comparison of virgin coconut oil yield over time
from the automated fermentation system and the

natural method.

Virgin coconut oil yield

Fermentation Automated Traditional
Time (hr.)  fermentation systerr  method (%)
(%)
12 20 -
18 20 13
24 23 18.6

wunsldszuunsuindnluiaiiuunlduiiviean
nalunsusindsusendnldlnosuAetiuiinan 12 hr.
yauziEsinuuusssunAlifinthiy fansusin 18
wag 24 hr. Usinashsiufiiuieldannmsldsyuuniswin
SolusiRganinmsmsinlagiBsssudidieldinanfivindu

sruumanindalutfflflunssuiunsnamitu
ugniuiavsuuuldndnnsuieudou (radition) i
nsfuthdoudeimnefuazauaunviuegSnlu
figaungiithfeu 70 °C dswalfgangianinuandeunsly
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Optimization of Anchovy Waste Separation Using an Ordinary Least Squares Regression Model
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wwanarngdn lneUssiiuansyeziaanlumsdnueniay uazliuuudiaesnsnanesdudu Ordinary Least Squares
(OLS) \ieTiameiuaganfimngauiignuosiudsiany nmaaesidunisuuuurinneea Tasdinismagoudn 3 ase
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AR YUAZLNSY, 8n31n13taw, ANLIIWBINITAY, WuUTIaeINTsanaeeLBadl Ordinary Least Squares, N1388NKUY
winvaisea

Abstract

This research aimed to investigate the effects of sieve angle, feeding rate, and vibration intensity on the
efficiency of anchovy waste separation. The efficiency was measured by the waste separation time. An Ordinary
Least Squares (OLS) linear regression model was employed to analyze and determine the optimal values for the
three variables. The experiment was conducted using a factorial design with 3 replications for each condition. The
regression model achieved a high R-squared value of 0.951, indicating that it could explain approximately 95.1%
of the variance in separation time. Statistically significant factors (P-value < 0.05) included feeding rate and vibration
intensity, which showed opposite effects on separation time. Furthermore, the interaction between sieve angle
and vibration intensity was also found to be significant. The model-based optimization accurately determined the
combination of parameters that minimized separation time, and the results were visualized using 3D surface plots.
This research demonstrates the effectiveness of OLS regression as a powerful tool for analyzing and optimizing the

anchovy waste separation process.

Keywords: Sieve angle, Feeding rate, Vibration intensity, Ordinary Least Squares linear regression model, Factorial

design
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Figure 1 Manual sorting of anchovy fragments by
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Figure 3 Operational Control Circuit Diagram of the Anchovy Fragment Sorting Machine
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gean Sadudvnaindunaud) egiivinadiiyunzunse
f wardnsinstlougs udnendmasnsi)

asUli1 MsanuuveInzLNTs MionaiiudnIInIg
Hou (vieraesegresiuiy) wvdwmalinailunisdauen
wwUanfuwalindiudu lunanduiu windesnisan
nalunisdauen madenldyunsunssdigedu vield
Sammstoutishas viemdewumesauiu Tnafinnny
L59VDIBINSAUATIOUAIT 0.46 mm
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miﬁﬂmﬁyﬁi’mqﬂisawﬁﬁ"a’?Lﬂiwﬁuamﬁu
UsgAnSamvenndasdaueniauuaingsn Tnefiansan
Uadeuan 3 U9de laun yuazunss dnsinisdeu uas
ANALTIVBIN5EU Fegnesnuuunsnaassluguuuy
winvel3ea (Factorial Design) A® N188NLUUYANT
naapsfinageuynnsTiuessERUvestladesing 4
AN UALIATIEIMBLUUTIARINTTIANBELTATUNY A
(Multiple Linear Regression) lngltinatia OLS

HanTIATIERLanslAuIIwUUSaesiiusEans nm
Tunsnensal InganunsaeSuisanuwlsusiuvestoya
169 95.1% (R? = 0.951) wagnuindadefifinangned
HedrAgsoszezaalunisuen lawn ensinislounay
Auussvain1sdu tnednansenulufianismssiudam
uenaNiSamuUAduiusAid Ay sevinmunzunssiu
ANIAULSITBINTAY

NMIAIUNIIATMLEAUNEAINRUUTIER VI A

annsafmuarresisnUaNAliRadnS s Aauen
iwlainzdniianan liun yunzunsa 25 degree 0o
n3Uou 1.31 kg -+ s™1 LarAINLTIU9uOLA0TLUYN
0.456 mm @sliszezianlunisfauenawiinensalls
siland 87.42 s Kriunuidedialdifuinuuiiaes
oLs ueseslefifiuszansnmdmsunmsdnseiuas
WinUszavEnmueanszurunsuenvasdeanuainzen
Faanunsainluusegndldluidsgrainnssud oudiu
UszAnSualunisndn anfuyuusanu wazifiuainy
wdlugweanszuIumMsAnLenAwUailaluouam
wwmndlumsauaunszuIuNslusEAUgRaIng sy
fisvanifondsil 1) msmvaudasnisdeu denis
ﬁmﬁgﬁvwmwﬂmﬁ"ﬂuﬁﬁ (Feeder Control) it a5nw
mmau1Lamaﬁumamﬁmﬁﬂaulusvavm’a 2) n15USU
AIULSIUBITDIWDLABSLVEN 1 D991NNITRLAIILLTS
Guaaﬂ'ﬁamvma‘[,wuamaamLaﬂaaﬂ"meﬁuu meaaaa
iumauLﬁumw"l,mﬂwuummaﬂLaaﬂivmawmwﬂma ety
asidenlduemesduiiannnsausussauauussldogng
wilugh uLarATIIdOUAINIATESURINSEUaE A IaLe
Aniilsidsyansaingegauszana 0.45 fi3 0.50 mm 3)
NMINITUIU U us 59 m'wm“uws (Interaction
Effects) wmwmmmmLmsamwuaa AUTEAUAIY
LLN‘UENJJE]LGI@iL‘UEJ’] muumsmmumuLmiqmiwmim
muqﬂmmau LU mﬂ‘mmauqa mmaaﬂgmmmsaw
LiduauAuly Wigl¥nsusnivssaniam fafugise
wuzd liiunun1snsIvdeunaznnansgoalulsasu

(Pilot Testing) LN oivuAftaunaf inszaud qalu
ANIMUWINRBNATY Lag 4) n1sUszendlduuudnaemig
adAluszuuaiuay 9eamnsariuuusiassd Ly
Uszgndldlussuuaivauuwuudoundy (Feedback
Control System) Ll aU§uAdmeslilndiAssqad
wanzauuuuseluslA Wialszanamlunisnan uazan
AufuLUITARNIgEd namlagTaunsnuaNAIes
Sasnsounazmnuuswosmeinesivg ey lutisd
wugi TngAdafananIenuINYUAZUNTITINAIY T2
aunsnananlunisdaneniawlaingdn 1l uaw
uiiud1veInTEUIUNS waztiuUszAvsnmlagsiuves
seuuAnAyUanesin toegaliuseansanluninujon

5 fAaAnssuusznA
mu%%’sﬁlé’f%’umsaﬁuawmﬂﬂmximﬂiimmam%
umInedsunsianvuaiuns ludusauiiuagas
g1urgAuaraInlunIsAniuuidy ITevenans
ANTEUAMUINE1IE1T T g 2 nlsanundnan
NEANMINWIAS siualeiaezie 8kneaneys Jaindnmd
dmduiuuginuistunszuiumsdauenasaingdn
FIudeveveUAMAMYFUNTAdaY ulyun LazAuen
Wl vefanun dvfuanutemdslunisuiledamd
Redesiuszuumunuuanaiosdniawaingsn
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Development of low temperature dryer with heat pump for cannabis
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\n3esanaudufssruutuanuieu (Heat Pump) Wumealuladnisanaaduguuuunisiidoniunldlunisan
auduiildgumgdisn (osnnaunsoasuimaansddynelufisdyulld (THC, CBD) manaasuanauTudae
\pauLUUIER U ATRN s ueAnwAnudulUly uastafsenfifdedudowiu figaumgd 43°C nudranunsn
anALTLIIN 80% (rmsgiuden) mdermudusnit 10% @nsguden) fesveznatlunisanutulssan 20
Hlus nedlasuifieutumsannnududeisvennsasnsiilisvesiaa 7-14 Ju (gamgd 21°C Arwduduing 50%)
ﬁ"uaqaﬁzymﬁmuﬂizmuﬂﬁa@mmsﬁuqmjﬂﬂimiwﬁﬁmmmiéﬁm (THC, CBD) wazinAnd 1isuLisuiuisess
NEAINT WagNITARANTURIBLATDIeUANTBY (Hot air) Tlgamgdl 43, 60 uay 103°C wudtUium THC-A fuwaldudiay
wWasuluidy A9-THC mmqquﬁﬁqaﬁu A1ANETN L* vasitegsiiviyunlunisnaaeuiuisnisvesnunsnsiiaiiy
wansnefuegeiitfuez iy (0<0.05) A1 a* SAuusnFnaiusEinsnsana L usae tuaudou (43°0) uaznsan
mLTudeIoEnnLTuL Ao (60°C) peslltd Ay (p<0.05) wagel b* finnuuanseiusewinensanauTy
etiuanudou (43°0) uarmsanmnutuaietanAuEuLUUaLEeU (103°C) agrafidudiey (p<0.05)
Fdnday: A, THC, CBD, intpsanauuiesyuudunudou

Abstract

A heat pump dryer is a popular drying technology used in low temperature drying because it can maintain the
active ingredients in cannabis plants (THC, CBD). A preliminary laboratory prototype dryer test was conducted to
study the feasibility and related factors at 43°C found that the dryer could reduce the moisture content from 80
percent (wet basis) to less than 10 percent (wet basis) in approximately 20 hours. When compared to the farmers'
dehumidification drying method that took 7-14 days (at 21°C, and 50% relative humidity), The cannabis plants were
analyzed for their active ingredients (THC, CBD) and color after the drying process. Compared to the farmers'
method and drying with a hot air dryer at temperatures of 43, 60 and 103°C, it was found that the THC-A tends to
convert to A9-THC as the temperature increased. The brightness L* values of the cannabis plant samples tested
with the farmers' method were significantly different (p<0.05). The a* values of the heat pump dryer at 43°C and
the hot air dryer at 60°C were significantly different (p<0.05) and the b* values of the heat pump dryer at 43°C and
the hot air dryer at 103°C were significantly different (p<0.05).
Keywords: Cannabis, THC, CBD, Heat pump dehumidifier
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1 uni

Waiyw1 (Cannabis sativa L) Wi uiivnen (flowering
plant %15 @ angiosperm) luana (genus) Cannabis & 1y
Audanannuszimaiu wazdinnsugnegraunsuateiialan
annsnsyivlaldfluiuiinfienniadou lulsemelng
‘W‘U’J"lﬁ‘ﬂﬁiﬂqﬂﬂufyﬁmu’](ﬂg%m'@ﬁm INNANFIUN
UsgiRmansfifinsdudinegluraed 2199-2231 gnldidu
drudsznevludisue waznisliusslovdanidulelagngy
1217 Anslauselesianiyyog1angiaie

ansUseneuilinneiildanndonsninadeveivfiyynd
Juuszlend ansaduunlalutagiu 560 ¥ila (Chandra
et al,, 2017) wusnquansardgeanidu 3 nqu (Bonini et
al, 2018) 1.nqu Phytocannabinoids wansa Ay i
Usglemimenisunmd Suszsnas 120 4din Feansnsouuald
10 ngy 1) delta-8-THC 2) delta-9-THC 3) CBC 4) CBD 5)
CBE 6) CBG7) CBL8) CBN9) CBND 10 CBT 2.ngu
Terpenoids \Juansiifindunenvesituiaw fuszana 200
g mﬁmﬁwumnﬁqwﬁa 1) D-limonene 2) Beta-myrcene
3) Alpha-pinene 4) D-linalool 5) Beta-caryophyllene 6)
Caryophyllene oxide 7) Phytol 3. ﬂﬁjm Flavonoids wgnw
Lﬂﬁ@dlw] L U perrottetinene, macamides, guineensine
Lee panaxynol

wanamsdfgded TUsiu wasuafunensyine
(essential oil) Tuiudnfiuiwn arsfiddayldun delta-o-
tetrahydrocannabinoid (THC) 1 ua5cannabinoid (CBD)
(Figure 1) AildM19n1TUNNE wagoraziingns 7 lafis
Uszasdldine winldldldlumenisunngnselduundlsl
Qn¥ios waz Cannabidiol (CBD) tuanseengudasaiudy
iy THC

THC
Figure 1 Structures of THC and CBD.

CBD

A3AInLs nieanmud urenandyen 35n15Und
(33n15v00nuasns) (Figure 2) avdosnviutonanludibu
wazila lurraiandwuizay audulsyan 50-60%
oaumaiisening 15-21°C Feafinmanyuideuenniadia usils]
msilauialnudenanlaenss Mnarlunisanrsdunely
1-2 &t Feldisvoznanuu wazilaldanslunszuiums
anautuii Aoutage udfduisnnsfivilingn fasid
@mm‘wﬁﬁ (@sn# wazAny, 2564)

b R

Figure 2 Traditional cannabis drying.

nMsaneLtusuUTARSeu (heat purnp) Wun1san
mufuseszuuivielunstuauseu Tagldudnnis
viaumuiginmsvinumaveslilaufinduiefiFen
31 Camot Cycle Mla11150AIANSOUINUUEIAIMY
Youudahlumewluuinaddesmaanudould Tpinsms
Fnuvestuanudeulidnuasuiistussuumsriiaan
\funuudale (Mechanical Vapour Compression System)
Afinsuszgndldalasnaluluiiosusuenia fnafu
Wissustuenufeuasidenldusslondnnduaudoudu
wanuazAIUANEMMRAUANS UL UAI IO Y

nMsmuAIpsanmd R esEuLduauteu (Heat
PUMpP) 1’7iLﬁuis’uuﬂﬁammm%ué’wqmmﬁﬁhiqﬂmﬂ ey
wunasldauuislunisanaudueensnudadael 3
muwsauﬁ’umiaﬂmm%uiuwé‘mﬁm%ﬁﬁﬂ%mmmiﬁwﬁzy
flafifiisu viewdaiug tieasaunmuomansusily 39
Wuwwamslunisudlaiiiaainguuuy A3aRATNTY
WU Tlevannsaansveziatlunsananuty wazding
ShendSunaasddey Wunisaiuauaanm

2 gunInluazdsng

21 Msn3Yui 1079
o | Y . o o |
AIRyaNTARYYN (Figure 3) Qﬂmmmmmﬂu fan leaves
wagsinluiegseumlueen dnlu sugar leaves aan #8E1
Udug i luTasgimAIA Y WS uAuA 1835073
NI

Figure 3 Cannabis.
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22 mseenuvuszuyliunISouduLYY

\AosuLuUdaUanA I HenldkTiiosaneniu
Tl duauiufumnufouietesiunisaiemaiuiou
nnglueenludinisluuen Tnsssuuduaudoud
gunsallumsyhaundng fe aownsawed \nduuudu
1éa Aedeibu medefou fiandsnsluddmiudmsuan
AuTuianszyion wunARNITERNLUUNTARALTUR Y
svuuiluenudenlu (Fisure 4 and 5)

™ m n
Evaporator Condenser Cod
6 -~ N e
DB =38°C. S5%AN DB = £.0°C. 25%RH
ArFow > WBRZTAEC
ERNTC | g WEESEC
DF = DB = WE DP= 187C
1 -
Suction line L < Hot gas Inlet
Liquid 5 Expansion V.
Squed e C = A — L »=— Hot gas Ouliet

(Atmospheric Pressure = 10325 Pa)
Figure 4 Conceptual for heat pump system
(91UU, 2566)

Evaporator Condenser coil—, —Blower
\

[ =T

Compressor
[

Figure 5 Conceptual design (Close loop system)
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23 DIMAFOUNITNILYDUATOITULUY

yAAEUNTIUYATDIARANTURLLUYY L eedy
TuermsuFuanis a nguidedmnssuvdsnisiiuienay
w33V TuiinArgamnfuasarmduduingniely uas
meuaniesanaiutu [Wgamgilunisanaudud a3+2
°C ¥imafiudaegng andadnin w9 1 9alu et
FMuammA1A10d U wdnideyadi lduniinszin
srozhafivne wienusuUesEanEam 1wy Uuuss
mﬁﬂsvmaamaﬂmmmua uazvihmsSeuiieugma
vosfidguiiiiunsanaud udaeiad aaammmw
Fuuuy fUTBnIsvennEnIng uaznIsannTIuReLAdes
AnALTULUUANSDY

24 MTUATILVIAANINYOINVAYY)
J3uadans (THC, CBD)

‘1/15'&%’1ﬂ‘1/|‘1/TWmiaﬂﬂ’JWJJ‘ngf’JaEJ"NW‘Uﬁ’QJﬂﬁﬂ’JEJLﬂ%Iaﬂaﬂ
audunuvduanufouduuuuuda fegsivdguign
ilUAasigsiniAUIuiaEns THC aeisnisitasiziuuy
Thai Herbal Pharmacopoeia 2012 Supplement 2024 i
Vol uRn1sves USEm Audiesfuinisuazidemenis
UWNE LAz NISNEATILIALOLEE 9110 (M1A191) AMARC

nyinAnd

@i’wLﬁumiﬁwG“hasmﬁ'suﬁ’zgsmﬁsifmﬂ'ﬁammwwﬁyuﬁ’h8
nsldtuaudoufionmafl 43°C uazmsauanautude
1n3 osauaNTouT g unnd 60°C uaz 103°C uAznI5an
aududaeiinisvennuasns 21°0) n1sTar1daae
\A3093nd Konica Minolta u CR-10 Alvinadwinisindnd
Tuilufiduuy L*a*o* (Lab Color Space) au 91ANUJURNT
Ingnsndamafiuiefivan neditouasiamnineinis
vdansiiuifeuassgUnanNaLYnT

3 wWawazlansal

31 svyvaanmdusuytumwiouduyy
sruvanauTuLuL uauseuduLuud MUl
nadevaneLTufitanadtydsnnufousnidesdu
Hunshndeszuuiueudou lnevhnsdaudastuguddu
Wiofinwguiuunisanaudy msdanaandue A
Julule uagnanmeIndnfusifuuiediiiunisan
arwiuluszduiesufofnig (Figure 6)

Figure 6 Heat pump dryer (prototype)

32 Ussaninmnisaneauduuuuiiunausousuiuy
AMIVAdRUanAINT uTe s Tty 9xvin1an
mm%uﬁqquﬁﬁﬂmﬁu 43°C TnpfiUTinanisanaudy
feiIosiunuusERUTsUURNIfeseuliiAY 2 ke Tny
MNamdnfugigeIvuan Inglianunuivesdiysluiiios
Fuiiea (lddouriuiu) $1uau 4 anadedu savua 5 Fu
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(Figure 7) mamimaamu aamuwmwmmsaqmmmam
mqmuwszmmﬁmmﬂmﬂmmsmu 80% (umsgnulen) T
\WABANTURINTT 10% Wnsgruden) Areszeviiaihy
MsanAuEuUsTINA) 20 $2Tus TnedloruSeuiiouunis
anPNuRuEE R nEAsNSdsTaTIan 7-14 Yudaenis
pnluiosgumginasaududusivdi (guvgfl 21°C
AL LEIS 50%)

74 / m
Figure 7 Heat pump dryer with cannab|s samp
) 19,8494 79 vy an 199 VY mmsmaau
LﬂiaﬂWULLUUiuﬂ‘U‘Via\‘IUQUWﬂ’ﬁ (Figure 8) fiAadef 42°C

o 200 400 600 800

1000 1200 1400 1600
Time (min)

oHz ©H3 cHa

cHs

cHe

cHz

cHE

)

Figure 8 Temperature during testing.

33 AUNINYOIHUNYY)

YIunadans (THC)

ﬁ%ﬁmmﬁﬂhuﬂsvmumﬁaﬂmmﬁﬁyuﬁau%’aaLLé’mﬂ
U lUdasgiuSutmansaasy (THC, CBD ) g vinns
LU?SUL%EJUHUi“’WJ’NW?Jﬂm‘U’m ammwmummmaq
NWASNS (21°C) N15ARAINNTURIBLAS aaauamau (#
9auuNi 60°C Uag 103°C) LaENSARAILT URELAS B AN
mmwLLUUﬂmmmaumuLLwimUmwgummi‘w 43°C
Lwamnaauu,auL‘Uswmauwa‘umqmmwmamms
WasuuasesUSunaansddaluiivdye nuiiusuna
@13 THC 993298 Y1 911U 11 19818 Wundlen
ag 119249 0.95-3.59% USU104a1s THCA 15.93-16.57%
dauUsinasans CBD tulsianansansiald (Hesaniusunn
fiforniuly) fawansly Table 1

Table 1 THC, THC-A and CBD value of cannabis samples.

Content (%, w/w)

CBD A9-THC THC-A
Not
0.9485 15.9302
1 C-21TD detect
Not
1.1404 16.5176
2 C-43HP detect
Not
1.1824 16.2519
3 C-43HA detect
Not
0.8459 16.5676
4 C-60HA detect
Not
3.5869 16.1819
5 C-103HA  detect

Remark C-21TD = Traditional cannabis drying 21°C.
C-43HP = Heat pump dryer 43°C.
C-43HA = Hot air dryer 43°C.
C-60HA = Hot air dryer 60°C.
C-103HA = Hot air dryer 103°C.

THC-A W uansiafunas A9-THC & wsnoainud iy
415U52nauT faenun15iUad sunlasnisadnoud oy
nanetlu A9-THC msduaszei THCA Wadulagiouls]
wmgluduiye de THC-A lisuanudeundeuas UV ag
gaydonay carboxyl waznateidu A9-THC &4 A9-THC
9193z ldlALAn9IN THC-A ag1atfen Louluianisaasna
A9-THC anansduluieyunléaae (Fisure 9) 910 Table 1
wuihigamaiigs 103°C fuualiumsiasuuasann THC-
A LUy A9-THC wnndngaumadl 21, 43 way 60°C

0 o
o ENZYymMe JH OH
- LN :
@ heal or light H @\/
R ‘-'T“[:. T
THC-A AATHE

+ CO;

Figure 9 Conversion of THCA to THC.

ANd

Nan1TIiAszdAnd ey TiHIunsanaudusae
a3 ssanaa1ud uuuud uaudeudunuy sEau
wosUfoins funisanautudeiBnsvennumsng uas
M3anANNT USRI BIanAMLT uLUUALSaY 1ASeTnE
Konica Minolta § 4 CR-10 (Figure 10) wud1 A1 L* A3y
@314 (lightness) fanuunns1aiusTninan1sanAIL Ty
fredumnudeu (43°0) uaznisanautuie3snisves
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WNERINT (21°C) ag1elidedAy (p<0.05) A1 a* (ALT8INE
una) fauuannetusEritamsanaud udaeduang
¥ou (43°C) LATNITANANLTURIBLASBIANAMLT UL LAY
$ou (60°0) aehaflTaddny (p<0.05) uay b* (EGuded
Wideq) dAnuuananetusewinamsanautuseduay
¥ou (43°C) WarNN5ARAINLTLASBIEAAINT LU AL Y
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Figure 10 Konica Minolta model CR-10

Table 2 t-test comparing average L*, a*, b* value of C-
217D and C-43HP.

Table 4 t-test comparing average L*, a*, b* value of C-
21TD and C-60HA.

Parameter
L* a* b*
C-21TD 45.00 2.82 19.32
C- 60HA 42.94 1.84 20.82
t-test 2.14™ 0.78™ -0.90™

Remark ns = Not significant
** = Significant at 0.01 level
* = Significant at 0.05 level

Table 5 t-test comparing average L*, a*, b* value of C-
217D and C-103HA.

Parameter
L* a* b*
C-21TD 45.00 2.82 19.32
C- 103HA 43.3 5.42 21.02
t-test 0.96™ -0.84™ -1.39™

Parameter
L* a* b*
C-21TD 45.00 2.82 19.32
C- 43HP 42.14 4.16 15.32
t-test 2.84° 0.86™ 1.36™

Remark ns = Not significant
** = Significant at 0.01 level
* = Significant at 0.05 level

Table 3 t-test comparing average L*, a*, b* value of C-
217D and C-43HA.

Remark ns = Not significant
** = Significant at 0.01 level
* = Significant at 0.05 level

Table 6 t-test comparing average L*, a*, b* value of C-
43HP and C-43HA.

Parameter
L* a* b*
C-43HP 42.14 4.16 15.32
C- 43HA 43.56 1.88 19.00
t-test -1.74™ 1.84™ -1.08™

Parameter
L* a* b*
C-21TD 45.00 2.82 19.32
C- 43HA 43.56 1.88 19.00
t-test 1.36™ 0.66™ 0.16™

Remark ns = Not significant
** = Significant at 0.01 level
* = Significant at 0.05 level

Remark ns = Not significant
** = Sjgnificant at 0.01 level
* = Significant at 0.05 level

Table 7 t-test comparing average L*, a*, b* value of C-
43HP and C-60HA.

Parameter
L* a* b*
C-43HP 42.14 4.16 15.32
C- 60HA 42.94 1.84 20.82
t-test 117" 221 -1.71™

Remark ns = Not significant
** = Sjgnificant at 0.01 level
* = Significant at 0.05 level
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Table 8 t-test comparing average L*, a*, b* value of C-

43HP and C-103HA.

Parameter
L* a* b*
C-43HP 42.14 4.16 15.32
C- 103HA 43.30 5.42 21.02
t-test -0.72"™ -0.42"™ -1.89%

Remark ns = Not significant
= Significant at 0.01 level
* = Significant at 0.05 level

4 @3y
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Study and development on palm oil mesocarp cutting machine for oil palm bunch analysis
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Abstract

Palm bunches consist of oil and non-oil parts. For commercially fairness, Department of Agriculture has
established palm bunches analyzing method as a standard method for statistically sampling palm fruits from bunch
sample, and then slicing, drying, and extracting oil with Soxtec system from mesocarp only. These need to know
exactly weight of each component of the palm bunch, such as stalk, spikelet, mesocarp, kernel nut etc. Currently,
mesocarp was sliced manually from kernel nut by skilled labor. In long time period of work time, most of them
occurred finger lock problems. Causing demand for machine set to support palm bunch analyze. One of machine
in palm bunch analyze set is palm oil mesocarp cutting machine. The machine consists of a palm fruits feeder, a
107 of diameter of blade, outlet channel for sliced palm oil mesocarp, outlet of the palm kernel and motor. The
results of the experiment with 25 palm fruits per sample and testing with 100 samples showed that they could
slice palm oil mesocarp into sheets with an averager thickness of 1 millimeter, with a working speed of 11.54

kilogram per hour with 85% of mesocarp cutting

Keywords: cutting machine, palm oil mesocarp, bunch analysis
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Figure 1 Drawing of palm oil mesocarp cutting machine;
(A) Outside of the machine (1) Palm fruits feeder
(2) Outlet channel for sliced palm oil mesocarp and
(b) Inside of the machine (3) Blade
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Figure 2 Internal characteristics of palm oil seed
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poulall, 2556)
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(B)
Figure 3 palm oil mesocarp cutting machine; (1) Outlet

channel for sliced palm oil mesocarp and (2) Outlet of
the palm kernel
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Figure 4 Sliced palm oil fiber mesocarp and palm

kernels from palm oil mesocarp cutting machine
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Research and develop a paddy separator for testing purposes to evaluate rice combine

harvesters according to TIS 1428-2560 standard
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Abstract

This study aimed to develop a rice-straw separation device for combine harvesters and evaluate its
performance in accordance with TIS 1428-2017 standards. The prototype consisted of a sieve unit and a peg-tooth
threshing unit. Two key factors were investigated: the grain-to-material other than grain ratio (MOG = 0.004, 0.008
and 0.013) and the clearance between the peg tooth and the upper concave (UC = 80, 120, 160 and 200 mm).
Laboratory experiments with a single rice variety revealed that the threshing unit at UC = 120 mm and
MOG = 0.008 achieved the highest separation efficiency of 96.79% and grain cleanliness of 93.06 %. The sieve unit
at MOG = 0.013 yielded a separation efficiency of 95.30 %, but grain cleanliness decreased to 89.98 %. Pearson’s
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correlation analysis showed a strong negative relationship between UC and both separation efficiency (r = -0.88)

and grain cleanliness (r = =0.92). Field tests with three rice varieties indicated that nv49 performed best, with a

threshing separation efficiency of 93.61 % and combine harvester threshing loss of 1.29 %. High-moisture straw in

actual fields caused wrapping around the threshing cylinder, which could be mitigated by reducing UC to 100 mm.

The prototype demonstrated strong potential for practical use and adaptability to varying field conditions.

Keywords: paddy separation device, combine harvester testing, TIS 1428-2017
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figure 1

Figure 1 drawing and prototype of rice separator
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Table 1 Test results of the Sieve set for separating grains

that have fallen out of the panicle

MOG

sorting grain
efficiency (%) cleanliness (%)
0.004 93.80 + 0.19 91.00 + 0.09
0.008 94.68 + 0.78 90.36 + 0.04
0.013 95.30 + 1.20 89.98 + 0.19

MOG: Grain to material other than grain

AFUNANNIARNUUTETNENINNITAAUEN:

ML MOG 970 0.004 Ju 0.008 %38 0.013 ¥l#
UseAns A udu (~3.5-4 %) usl 0.008 U 0.013 Ll
wHNE19Y

AFUNAN TG IUAIINTZDINVOUUTATT2:

MOG 0.004 lviauazeIngsan (~90.78 %)

MINABINITUTEANTAINGS 919AD98BUTUAILAYETA
anawantioy (~0.7-0.9 %)

JalauaUUs:

NINABINTANNATENINUTEANTAIMUATAILATEIA
\dan 0.008 MNABINS AUALDINGER Lien 0.004

NTIATIENEANFUNUS (Pearson) dMTUYANTLNTITOU
AuUsEANSAINNTARKEN WU dauduiusnisuings
U MOG (r = 0.892) uite dledmsaufindu Usvavsam
gy fueuazen wudauduRusnI9aua I
(r = -0.982) mnedudlodhduiiutu anuavenanas

MMTIATIZRAUNITONDDYLTILEY ﬁm%uﬂsvaw%mwmﬁ
ﬂmLEJﬂ ‘Ui a@1501m=93.01+178.57x (MOG) uuﬂa‘m 9
AsLi g uves MOG 0.001 9z likuszans ami uiy
0.18% &@1UTUAIIUAZDIA LAAUNIT: AITUAZDIA=
91.27-128.57x (MOG) /ufe: %n 9 Aa ud uvos
MOG 0.001 agvilinuazeInanas 0.13%

NTMLAAIANUENNLS vosUTEANSAINLay MOG: WUl
nymuansuIltinivtudadudniouudnsd Fisure 2

R*=0.7959
85.00

sorting efficiency(%)
s od

80.00

0.002 0.004 0.006 0.008 0.010 0.012 0.014

MOG: Grain to material other than grain

Figure 2 Grain sorting results_Sieve set to separate grains
that have fallen out of the panicle

NTINTEIIN ANEZIALAY MOG: NS vuanLullily
ANAIRYNTALIULAAIAY Figure 3

100.00

95.00

w00 | R |

85.00 y=-403.27x+92

80.00

0.002 0.004 0.006 0.008 0.010 0.012 0.014

grain cleanliness (%)

WAAMOG: Grain to material other than grain

Figure 3 grain cleanliness results Sieve set to separate
grains that have fallen out of the panicle
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MOG 0.013 (laUse@nSaIn ~95.3 %) unfessousUAIY
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0.004 (lamuazenn ~91.0%) LLm'iJisa'?w%mW%a&gj'ﬁ
~93.8 % qaaunaiiLuzi1: MOG 0.008 Tiaunasening
UseanSn I (94.7 %) wazANazan (90.4 %)
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g9gn LA MOG 0.004 Fedainafiatdiude UC 120 mm
nvNzautuIUAanT? Ylrkenmdnainsléd UC
wAU (80 mm) “Send19 (160 — 200 mm) 813¥11 I LUER
Beomovdedauonlivus Snadiasizineadnsdl
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1. WadlAs1z9 anova (Two-way ANOVA) 58731961
wlsdase furtua

1.1 UszdnSamnisAanen (%): UC wag MOG fina
py1idud1AYRaUszdnsnIn (p < 0.001) Interaction &
foddny (p = 0.028) wansimaves MOG Jusgifu UC

1.2 anwdazeInveuNand (%): UC wag MOG dwa
a1l Tud1AYsaAUEE1A (p < 0.001) Interaction &
fodiay (p = 0.016) wansimaves MOG Tusgifu UC

Table 2 Test results of Threshing set to separate grains

attached to the panicle

ucC MOG sorting grain
(mm) efficiency cleanliness
(%) (%)

120 0.004 94.85 + 0.07 91.88 + 0.09
0.008 96.79 + 0.10 93.06 + 0.11
0.013 95.73 + 0.24 90.86 + 0.47

80 0.004 77.52 + 0.61 89.14 + 0.45
0.008 7731 +0.29 91.27 + 0.34
0.013 77.35 + 0.28 88.19 + 0.29

160 0.004 69.50 + 1.67 88.93 + 0.36
0.008 71.13 + 0.41 91.21 £ 0.33
0.013 72.71 £ 0.52 87.36 + 0.45

200 0.004 69.49 + 1.50 89.72 + 0.50
0.008 70.19 + 0.87 91.32 + 0.45
0.013 72.05 + 1.55 86.86 + 0.53

Uc: Upper concave clearance

MOG: Grain to material other than grain

2. mmswtanduiug (Correlation) 14 duusyans
Wesdu (Pearson's r) s¥riInedalUsdase (UC, MOG) uag
Aaulsnn (Usednian, anuazenn): Yeasd: UCH
ﬂ’améf’uﬂ’uﬁ‘@ﬂauqﬂﬁ’uﬁgﬂﬂizﬁw%mwuam’;mazam iy
Ao UC Bant1e Uszdvisnmuazanuazeinidsanas MOG il
ANUFUNUSI3auIntuUsEansam wadeautdntesiu
LA

3. MYLATIEvinnney (Regression)

31 Jadeiidwasiouszansnimnisdauen

UseAnSn1n=98.21-0.15xUC+120.5xMOG
-0.62x(UCxMOG)

asuelain:

UC: 90 1 mm Aty viliszavnmanas 0.15%

MOG: %A1 0.001 T adu virlHUseAns anmA udy
0.12%

Interaction: nawes MOG azanasiile UC tiutu

32 Yaduiidwasioniuazen

AINUALD1R=92.10-0.02xUC-85.3xMOG

asuelein:

UC: A 1 mm it vilfanuazenanas 0.029%

MOG: )0 0.001 Tfixtiu viluazenanas 0.085%

4. Ueagluavlalauouus

Hadeiifnauniiande: UC dwmailsausorssyansnm
wayALaze1n (120 mm Winafiian) MOG 0.008 Tiauna
sIn9UsEANS ANuATALEZ A WIndaAn UC = 120
mm ez MOG = 0.008: UseaN50W ~ 96.8 % A1NUdLeA
~ 93.1 % Taiausluy: laan UC 120 mm wag MOG 0.008
Lﬁawaé’wéﬁﬁﬁqm wandee UC > 120 mm ns1svile
UszansnmiazaAudzainanas

323 WUTGUTEUUTEANENINGIGAYONYANLIUN TITOULEN
LERTINGAIINTIUALIAUINENNEATIANTI T2AY
wovuguinIg

AsUTeUBUUTEANTA NG ean LA Table 3

N3M5EnI1UEANEAINNTLENUEAR UATAINAZIAVDS

yausnwanfnsaaile UC 120 mm uanssis Figure 4 uaz

Figure 5
100,00
............. .-v.v..,

O S i AU B N
g 9500 Py
e y=-77632%2+1417.4x+90.421
£ 9000 R =0.9759
g
o 85.00
g
£
b

80.00

0.002 0.004 0.006 0.008 0010 0.012 0.014

MOG: Grain to material other than grain

Figure 4 Grain sorting results_Threshing set to separate

grains attached to the panicle UC 120 mm.

100.00

95.00

50.00 y =-81919x%+1279.5x +88.07

R?=0.9387

grain cleanliness (%)

85.00

80.00
0.002 0.004 0.006 0.008 0.010 0.012 0.014

MOG: Grain to material other than grain

Figure 5 grain cleanliness (%) Threshing set to separate

grains attached to the panicle _UC 120 mm.
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Table 3 Comparison table of maximum efficiency of Sieve set to
separate grains that have fallen out of the panicle and Threshing

set to separate grains attached to the panicle

. sorting grain
) Optimum o )

section - efficiency cleanliness

conditions

(%) (%)

Sieve set to
separate grains
that have MOG 0.013 95.30 89.98
fallen out of
the panicle
Threshing set
to separate ucC 120
grains mm, 96.79 93.06
attached to MOG 0.008

the panicle

3.3 NISNAFBUNIATUIN
wamsnageuidasiulunaauy wuiwhedniensiy
g9 uaziudnlugnuinvesyauin 4 auanssanly
vosUfoRnsiivedndaudutoondt FaldvhmauTuusds
yunadssvesauraieudlivinliiAansindnvesing
wazUsunsslvnIug awenzunsIvLanas NLANT
T893 9I 9T AT UAZUNTIVY 120 mm Lnde
100 mm e lvnsiishusluguieduiatuaiuiandeuld
wnniy annIRndalugaInLENEARNTI MINUREN
ANAALIY WATNITNAABULAS BIFULUUAAAUIY LARIRs

Figure 6

e
Figure 6 Field sampling and field testing of
prototypes UC 100 mm.

AINAADULATDILENUAAT1I88N1NNIG Favadilaun
INAITLAUAIDE19IINLAT DA BIUINY 1A WA BT ULALAY

AerauazuUas uiazuaadudnauaziug uiaziiodis
Fuluifudl 2720 m? wlasay 3 91 udavdndiinandnie

A ganzinssouLenuEnTivanaingaauds loun

1. UsgansamnsAnueniuan (%)

2. ANALeIAIAR (%)

B. gaguanuenudnfingae laun

1. Usz@vSmnmsAaueniuda (%)

2.AUEE0ALIAR (%)

Inefitoyausenevluusiasfiiegia laun

MOG AL AR (% wb) A1NTUINS (% whb) Al
WAUfeEne (m?) nandndalunyasasa (kg rai')

waziloldrntnandnuda wilumuamransiiuie
veuAseuRIIndnfuAueg s Ineditua vie
Aviune taun AnugydeannisAnneniazyitaly
av010 (%) Augydeainnisuan (%) Tunszuaunisiiy
Readeniounndedenii o

HAILATIZLUU RCBD (Randomized Complete Block
Design) Tnglddayaarnainauns (3 wug x 3 51, uAazan
18U block) I1AT19% ANOVA dwsuudaziuusudn ns
\WasuisuAnans (post hoo) uasdedunmdedn il

1. #aN153LAT1¥3" ANOVA Table (RCBD) dsuusiazsi
wUsnan

A. Uss@EnImnIsAnUEniuEn (%) Yermneunsasey

asu: ludanuunneiseg19dved 1Ay seninawug
(p > 0.05)

B. Uss@nBnImnIsAnUEniuan (%) Ye3yngiuan

a3u: danuuanenseg 19ddsd1A gy senI1anus
(p < 0.01)

C. AIIUGYLTIINNITAAULNUALYIAINTL DA VDI
iASeaieananta (%)

asU: Tuullduunna e (borderline significant,
p = 0.058)

D. pmgadeInNIsuInYeuASeNALININTII (%)

a3y: dennuuaneveg 190 ved1AgysenI1anug
(p < 0.05)

2. Post Hoc Comparison (U3 8 UL UAINAIITEWIN
itus) uiaeduiinaded

2.1 arudsganSamnsAnuen (%) vesyaduin (p <
0.01) 914 Table 4
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Table 4 Average sorting efficiency of Threshing set to

separate grains attached to the panicle_ UC 100 mm

Rice varieties Average sorting efficiency (%)

N 49 93.61 a
Ny 79 92.43 b
N 61 91.13 ¢

NUNGWAR: AI9NWIANNNYU (3, b, ) PUIYDILANA1TY

agslitpdAy

2.2 AUANNGNLEEIINNITUIAYDAATBUAEIUIAY

(%) (p < 0.05) A3 Table 5

Table 5 Average threching loss of combine harvester (%)

Rice Average threching loss of combine
varieties harvester (%)

Y 49 1.29 a

N 79 1.34 ab

N 61 1.40 b

NUELR: AI8NYIA1NU (3, b, ) Mungdauanstaiy

pgslitudAy

3. Yadunn Block (41/udaq) lifinaegnsdiduddalun
FuUs (p > 0.05) WAAIINAMULUTUTIUTZTIING IR AN

Table 6 Mean Comparison Table

wafifANuuAnessEInaiug Ae suuszAvEamAnsAn
LENLNAATDIYALINLAT DIAULUY WazAINgAEaInnIs
waveAonieani1n nu 49 lriszansnimnisdauen
wingsganazamgyidsnnnsnaveeisnfsinndn
tiovan du nu 61 WiUszAnEnwnsAausnmanuaziaie
Renuandnimugydsnnnisuingsan

NanN1IlUTBUBUAINATY (Mean Comparison Table),
NadnaLIUS (Correlation), Wa Regression figedd

1. a31aFeuLisuAInas (Mean Comparison Table)
wanIny Table 6

2. waanduus (Correlation Matrix) W@nsss Table 7

3. Regression

Tuipa:

Y = UseAnsaannisdauen (%) v0eagduan

X1 = MOG, X2 = enaudn, X3 = mnaduvha

AUNIT:

Y = B0+ Bix1 + B2x2 + B3*x3 + €

NAILATIZN:

R2 = 0.23 (23 %)

p-value (574) = 0.34

lufidudsdasylafideddey (p > 0.05)

B1 @nsrdruuda/nng): 91.2 (p = 0.29)

B2 (Praifuisidn): 0.18 (p = 0.56)

B3 (Prsiituh): 0.04 (p = 0.79)

Aauwdsusenauldaunsaviuneysednsaingduanla
RANEEETGE

Rice sorting grain sorting grain MOG Grain Straw sorting Threching
varieties  efficiency  cleanliness  efficiency  cleanliness Mc Mc and loss
_ Sieve _Sieve set _Grain _Grain (%) (%) cleaning _combine
set (%) (%) sorting sorting set loss havester
set (%) _combine
(%) havester
A 49 96.79 96.53 93.61 93.21 0.0110 232 676 1.05 1.29
nY 79 96.63 96.28 92.43 92.12 0.0114 245 66.4 1.17 1.30
nY 61 96.19 95.88 91.13 91.15 0.0109 223 63.6 1.24 1.40
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Table 7 Mean Comparison Table
var X /'Y sorting sorting sorting Threching MOG  Grain Straw
efficiency efficiency  and loss Mc Mc
_ Sieve _Grain cleaning _combine (%) (%)
set sorting loss harvester
set _combine
havester
sorting efficiency_ Sieve set 1.00 0.62 -0.58 -0.59 0.21 0.16 0.14
Sorting efficiency Grain sorting
set 0.62 1.00 -0.71 -0.68 0.25 0.12 0.09
Sep and cleaningloss _comb -0.58 -0.71 1.00 0.67 -0.17  0.13 0.16
Threch loss _comb -0.59 -0.68 0.67 1.00 -0.10  0.11 0.08
MOG 0.21 0.25 -0.17 -0.10 1.00 0.33 0.28
Grain Mc 0.16 0.12 -0.13 -0.11 0.33 1.00 0.24
Straw Mc 0.14 0.09 -0.16 -0.08 0.28 0.24 1.00
RHULYEA:
ANudUTUsTAWYTR: UssavBninguin (%) dugadedauens (-0.71)
Sasiauwan/Me, AnutuwEn, Anaduvhe ifieuduiusaddeddyduatnandn
HAAIUNITNAAOUAIAAUIN WUTT Y 49 §
UszdnSamsAnueniuingeanuazias oaieiuind 0000
98.00
gauderasanluyaduin AUFUNUSTENI19d s 5600 g -
UszneuruAinandnsn Regression linuduusvinuneg S
Aa o o o g 9200 y =-34547x2 + 1103.2x +88.007
NUUydaIALY g 9000 R2=0.46
96.79 gn 88.00
—~ 7 96.02 95.70 £ s
E\o/ 93 81 - 84.00
g : 93.33 93.44 82.00
g ‘a::. ;a::‘ 80.00
@ E;;. = 0.0050 0.0100 0.0150 0.0200 0.0250
é MOG: Grain to material other than grain
v 1N 49 2na 79 3n4 61
g
= Rice varieties
3 Figure 8 Grain sorting results_Sieve set to separate

H 7anzunseseulaniNGaTivgnanesy B 1agusauenianiinga

Figure 7 Grain sorting results  Sieve set to

separate grains that have fallen out of the panicle VS
Threshing set to separate grains attached to the

panicle _UC 100 mm

grains that have fallen out of the panicle_UC 100 mm
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y=-38002x%+1149/1x +88.584
R?=0.7424

grain cleanliness (%)
0
o
(=]
o

0.0050 0.0100 0.0150 0.0200 0.0250

MOG: Grain to material other than grain

Figure 9 grain cleanliness results Sieve set to
separate grains that have fallen out of the panicle
_UC 100 mm

100.00
98.00
96.00
2122 T TN AT o g oo
90.00
88.00
86.00
84.00
82.00

80.00
0.0050 0.0100 0.0150 0.0200 0.0250

y = 18455x*- 578.75x +97.688
R*=0.3177

sorting efficiency (%)

MOG: Grain to material other than grain

Figure 10 Grain sorting results_ Threshing set to

separate grains attached to the panicle _UC 100 mm

y =-19468x* +697.61x +86.096
R*=0.1829

grain cleanliness (%)

0.0050 0.0100 0.0150 0.0200 0.0250

MOG: Grain to material other than grain

Figure 11 grain cleanliness (%) Threshing set to

separate grains attached to the panicle _UC 100 mm

4 agd
miteildwannedeusniudadinudonsanain
W19 UsENBUMETEUUARLEN 2 YAMAN AD YANTLATS
sounazyaguIn FeliUssansawnsvinaluseduiivn
wola AuUsEANSNIMNITYINY NuIYaRsLnsITeuld
UsgAnSnmasiiszana 93-95% dmumdndingnain
5208 Tuvngfigaduananunsalidssansnmg i
96.79% dmIULuNANATIANTI AuAImEzDIAYDY
win nudviaesszuuliauazesluseiy 89-93%

oglunasifivensulddmiunisldnunaaeunaauny
AmnsfiinesiiunzausyuosUURnng arsdean
sxog9iau (UC) 71 120 mm uazMOG 0.008 Toinadwsi
fiigalunisassaunaszninasyansawnisuenuas
AUALDIN AUMNITANTURUTTY T1IWUE NY 49
LAnIUTEANENINGIqATDIAS BIFULUULATLAS BALA B
wandniifuiiegsiinisguydedesiian Flmduis
anuddgreinsdenldiadaddiinunzaufudnumy
Wt msnegeuluanmaianeliiutymdAnyde
Armturassdniigandluviesjiinng vinlAnnns
fhudslugnuan Fadesdinsuuupeenuuulaensuiu
UUATUILABULAZANTTEEVIAZUNTIVNAIN 120 mm
a9 100 mm L aud Tninisaadaluyauan
TalauakurnIsUTUUTe MsuTuwsisssuulvimunzauiu
amwmm%wuaW\hﬂuamwﬁuﬂu?ﬁﬁﬁﬁgﬁm%’um‘s
ihluldmilusgiuaeaaun msoonuuuifiaudaneuy
TunsusuAmsfnesanen sseiuyssansamnis
yhaluanmundendivannvane

wdasiunuuiifidnenmlunshluldnunidused
maau Instavngilefinisuulsdimngauiuanm
Aud uvoersluanmaie uazmrsnaaouR g
aINMANENUG

5 fAnAnssuUsznA

YouoUAM Anan. i linuide Tufiedszneuns
whousnnatrussnsmsnslufuidainmeuudy 7
Tanuswieuazid ol outasisedmsuniamaasy
s Wmihiyaviuidldiseu fiviemdosaielu
n9a1e warmaneaeufuuUlunuiTel

6 1ANE59198e

e JUITIU, AUVIY VIUYAN LAITIIN NEBY. 2544,
nsUseiuaugayidsanmaiuiesdnn. sans
398 1. 6(1), 59-67.

m PUFITIU, FUYY YIURAY, I PALLNNILNR, 13130
weou wavassed Jeyey. 2542, anugapdslunisiiv
\Aertmeungalagldussnunuuarlfineaien
WIR. MTEASINY 1. 4(2), 4-7.

AUV YIUDAL WALIUA TUFITIN. 2554. DNTNAVDY
nseRNLUUYIALINYBIATaLAaRd LU R
unuiddemugydsanmsiiuiieadleiuifidng
NoUNLH. NIENTIY W, 16(3), 252-260.
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Electric tractor driving assistance system using artificial intelligence on embedded systems
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mﬁ%’af‘:ﬂwLauaszw‘&aEJ-?TUGTJ'mLmsﬂL@@ﬂﬂﬁﬁé’ﬁiuﬁaé’asJﬂzyiymizﬁwﬁuuizwamamaﬂaﬁa Tngldndoudie
pyaeUdsinunaaziuiedeu szuvasansnduinquardmegnsnlaeselififiotestugtfiveg wioudsdya oniou
Tudsifmunu 1neld Raspberry Pi 5 1uniieuszananandnidousistundasiunin uarldluaa Yolo van fisimunlag
Roboflow d115uns193udng 1w Al sasusd 503058 sadnsetueus duld wasdndsing 9 wWu qiv 37 wazaae
Tusunsufannlaglénm Python iieTiamesinmuasauaunsvgandeuiiilonuasinens nanmeasudesiuuans
Tt sevuannsansnduyaaaluvuAuliusiugie 97.22% uarluvazdals 83.33% seuudanmsavhaulddly
Fraandwaziu seanuudugl 95% uaz 85% auaiu eglsiniu Tuanmuasioeyisnasiu anuudugiana
Wae 40% udanunsaufisu 90% iedinisiiuuas ssuvdanuududilussduiiannsadsegndlildate wazuansd

finaamaes Raspberry Pi 5 lunsifumbheUszanana Al dwsuinunsdaaseyluouian

AdnAgy: Electric Tractor, Raspberry Pi 5, Yolo V8n

Abstract

This research presents an autonomous driving system for electric tractors, incorporating artificial
intelligence on embedded systems. The system utilizes a camera to detect obstacles during operation. It can
identify objects and automatically stop the vehicle to prevent accidents, while simultaneously sending a warning
signal to the controller. The Raspberry Pi 5 serves as the main processing unit, connected to a camera and running
an object detection model Yolo V8n developed using Roboflow. The system is capable of recognizing various
objects, including people, cars, bicycles, motorcycles, trees, and animals such as dogs, cows, and buffaloes. The
software is developed in Python to process image data and control vehicle motion based on detected
obstacles.Preliminary results demonstrate that the system can detect walking individuals with an accuracy of
97.22% and running individuals with 83.33% accuracy. It performs well under different lighting conditions, achieving
95% accuracy in the morning and 85% in the evening. However, accuracy decreases to 40% in low-light nighttime
conditions, which can be improved to 90% with additional lighting. The results indicate that the system achieves
a practical level of accuracy and highlights the potential of the Raspberry Pi 5 as an Al processor for smart agriculture

applications in the future.

Keywords: Electric Tractor, Raspberry Pi 5, Yolo V8n
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1 uni

ﬁaqﬁummﬂwmﬂﬁuﬁﬂaﬂﬁwﬁam%mﬁmmﬁwﬁm
2 U5n13 A NIVIARARLLIINY War ANABIRILAIN
Uaenseannsltiedesdnsnadidosdidu dedsuanseny
TnensaieUszansamnisndnuazanudsduvesnainuas
(Walsh et al., 2019). andgymininand viliuiaa Smart
Farming Wagn1sNAUIE1ULNERIoRLUN® (autonomous
tractor) I suanuaulauindu oy aduliieg eadns
amsvhauldienues annsianusanunyed uag
Wiupnudasadelunaauny (Noguchi et al., 2019).

widlumaluladudniivilvsounsninossmlui@idulule
A ® GNSS-RTK (Real-Time Kinematic Global Navigation
Satellite Systern) Feanansaszysiunislduaiugluseiy
wuAlas uazgnihluldasduvansamidoitensimialy
ﬁuﬁmwmmumimj (Oksanen & Visala, 2009). ag14lsh
A3 wn1sisasiauktiugge ue Anuvaeadely
nsnoUALDIReAIRATILUUSUNEY 1y uynd dn vie
Sngilndeudidunlng Ssnaduniuvinmeddy (Milioto
etal, 2017). vt o5 A3 uTyudl §ed nnsranue
1NASFILAING 1SO 18497 Mdneauaenieveuaiosing
WNunIERLUIR (1ISO, 2024)

ag19l3in10 nanen1s@nwrduiuiesiuinsgu
Fanandilinsounquszuuild Al fulvl wagdududed
NS4S UWUINIT 8L wAuUaendelusuian
(Griepentrog et al,, 2022). YgLABIA Y T15 ALIS
ABLNLABSTUIALANBENS Raspberry Pi Alasuauaulaly
FIULMNEUTZLIARATIAQN WANe wagausainluly
laa3sluauinunsdaaios ulasddoai A 1UNaINIS
Useanawa lngiamiz Raspberry Pi 5 fifiadad fidnanim
Tumssuluea Alladndnsuneu widinsegnnglddednin
Frundanunazntisnnus dwhlinisdenldlunad
Wiy U YOLOVS fiaaudAgyeened e (Boddu &
Mukherjee, 2025).

diolrnswaudululaess euddeild unanvesy
Roboflow #1115UN1585 194 TAN15Y AT 8L anININ
annuIndouas dui ufi inuns WU AL T2 AY waz
sodnseueud lneyadayaninaiigniiuidnasy (train)
waz de08n (export) Tuguuuy YOLOVSN Fimnzausunis
¥9uuY Raspberry Pi 5. nssuiunsi ldilesusiaonades
Auwualdureeuwideananiu Al in agriculture LRgTU
NIVAERU Uszansnim Anuulugl Lagtainin v8953UU
Tuanmuandeuaisweanunsnsulneegraudussuy

Wabcam 1080p

LiCLuie udavun

Camera direction

TIVIT INUUNTISTON

=

Figure 1 Overview of the equipment and installation characteristics of wab cam cameras on electric tractors
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TgUszase

1. v avadeunsla Raspberry Pi 5 lunns
‘Uismawamwﬁm%mmumsLﬂﬁauﬁmaasaLLmsﬂLmaé
oRlulf

2. Wioriinanuvasadlunisldnusawnsnmes
SalusfAlufiufinums

3. 1 oUsELTuUSEANS AnuarT e nveg
Raspberry Pi 5 lun1sussendltiussuuinunsdnlusia

2 gunsnluazisnis
2.1 sounsniesinih
910 Figure 1 LLammiﬁmﬁgdﬂéjad Wabcam
waruesn Raspberry pi 5 vusaunsnwasind eiasa
Juvesanvimnssuingu aondumaluladnszaoung
WiRamsaInnseds lnelisvasdenvetgunsaivaese
unsnmesinihaaiansly Figure 2

\ Line 220 Vac 50Hz
Neutral
' CE
o —rE—
3R
Station Charger Typell Plug—‘m

Line 220 Vac 50Hz

TeqneN

Solar cell 270W

ZHOS 9BA 022 8un

+38.8Vdc

Neutral

* Type i circuit
On board charger
48V 10A

*Motor BLDC
22kW

+58.4Vdc

+58.4Vdc

Converter

+51.2 Vde

-51.2 Vde [

+51.2 Vdc pd

-1
=

\M Wﬁ@

Model Battery LFP 51.2 V 30Ah 1536Wh Lighting 12Vdc

+12 Vdc I +12 vdc I
-12 Vdc -12 Vdc C.%
"

Triaction Baterry 12V 120Ah
1440 Wh Control Box

Figure 2 Electrical schematic diagram
Fesaunsnmasluf1fildnaaaunisvineul siae
AnusIgeaail 10 kmv/hr ilasndedrdndivumness
ﬁwmuqaqmﬁ 30 Ah Tngnan1sAae UL aefuvessEUY
SOuNINARS IR o HadnS A denndesiunisfunnly

Usvuaanaves Rapsberry pi 5 UaE7i saunniaasdu
wieuiinnusanne lnemaaeudl 3,5, 10 km/hr 8
s1wazLduansldndauvessass Table 1 (wiinsa
160 kg)

Table 1 Energy consumption testing of electric

tractors.
Speed | Voltage | Current | Power | Running
(km/hr) (V) (A) (W) time
(minutes)
3 53.6 15 804.0 114
53.6 21 1125.6 81
10 53.6 29 1554.4 57

2.2 Rasberry pi 5

sEUUtIstULAE ausaunSNLReS SluTAT ausly
ATeH eenuuulnedwinuuafavessruvanesnaila
1 (Embedded System) & sl¥n15UszutananIniu
UnyayrUseAuguuuiseusiBean (Deep Leamning) wienis
nsaduingluanimwindeunianisinuasiuuisealngd
Taaagld Raspberry Pi 5 ¢ el i reUszutana ARM
Cortex-A76 LUy Quad-core Lazsoesunsiduluina
Al LUULU" (Lightweight Deep Learning Models) L 9w
Uszananananlunisussananaiioilngliaeddd GPU
neuen UNIalsuNINAe HD Camera (1080p) fnds
Uihasuuwesisounsninediitlfunuyuuesueas

1Y

7 Tovdstoyaninuuusiewos (streaming) fiuTsnna
fign insuduslu roboflow telannsaidenianiza
fifosnsmsadulilasialumaszoglugures YOLOVSN
(nano) dmiun1snsinduing Jsaseunquuszinning
W alului uit inuas 1y yaaa 72 Aane g1
sodnsenueud {Wusiu
wé”qmuﬁm%'mzwﬁwmmgﬂﬁi’mmumemaﬁ'
12vdc uaziivsiouuas 12v/5V fiamnsaanenszuals
agraLiadlifuszuumuauuufise mnldunaadie
5Vdc anaeuenaeliniu Raspbery pi 5 Arsiinalu

2819188 5V/5A #5811nN31 25 W

2.3 lmavansiasuazn)suseulanaluing
ruvgaNdsNaudulagldniwn Python $7u
Aulaus13dfey Taun Ultralytics, OpenCV wag Torch
FYNUTNuNsUsTIIaNan I nLazluanlina YOLOVS
o U U U a L4
dmsunsasaduinguuuisealng lnelumaves YOLO
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(You Only Look Once) 3834ud 8 {Juuu single-shot
detection &s@13150/1WI bounding box kazSIMUN
Ussaniagldnglunsussinanandadie vilvianuse
Tuldluszuufiidesdadunsineins wu BUUALS
nailea lunided LaaﬂisﬁaJLma YOLOV8N (nano) szm
Wuesfuvuiadnd dmuay Ultralytics YOLOv8 i
sankuudbivhauldungUnsalszananasuindn u
SnweauuiudlvieglussAumingauiuiunsadu
defmunsluiiuiinuns

nsRnluLea (training) AtdunIsHIULNaR WD T
Roboflow §aduszuuuuuaandiisesfunisasiauas
UIMsTansyadeyanin Taufmsmsulieasniy GPU
Ieluszuvesulay Inedunsunisiinilsieasidendal

Lsweudays vN1TTIUTINANA18IN T
1599 9Uszneuietagudivang 1wy au $2 ae gl
sa¥nsEuEus wavsaeus antun1sAndae ity
(annotation) Feiedasiialu Roboflow

2. N133AMsYateya unanwesuvzdnuuideya
Wu 3nqu ldun ¥ailn (Training set), AnsI9d0U
(Validation set) uagyanagaoy (Test set) mudadu
80:10:10 ImiumﬂdsﬁaiﬂaiuiﬂiLmimﬂ%'ﬁgmm 137
3U (Figure 3)

3. MsUTuusweya l¥ilaesves roboflow lu
mnﬁwﬁ’ayjaimaﬁmiuﬁﬁ WU NISNYUATIN (rotation),
nM51UA BuAINET (brightness/contrast), kagn15Ld
noise 11 BLA HA1LNAINNA1E Y97 DY AlAT AN
overfitting

a. msfinluiaa 1#luiaa YOLOVEN fiilsogluszuy
Roboflow Tnatdanldilefdu transfer learning Ll 43
nszuIuMsSeuduugdeyaitldnaulsiin

dlewasadunisiln Roboflow avdseenluinalu
sUnuuiiaansathanldlussuy Ultralytics leviudi Tned
1ud pt dwsunisiuandiu Python API %’qgﬂamﬁumag
14911l Raspberry Pi il ol¥anunsansiaduinguuy
Sealnduugunsaluaneni

Tunsnageuszuuldnmauludanndauainiile
naaeudT 1wzl ounesluaa v unaluladnsy ey
ndndnunmsaianszds deniduninilivlsusingg
13 100 nMmkariinistafiawes Ao Tauesd iyunn
Tagnsingg iy wazvinduamanasi 8nduau 100 U
200 U

drunmdnd wldnndad 2 vlafie wavaneil
pranuldmuituiinanunsvedineg sUduatusuam 50

3U uazihuduaduanldiamesuuugUvesynnadn
1 87 5U Aawanslu Figure 3

o
@ i
plole‘c“oﬂ fo.. _ 137 Total Images

2025-06-15 11:21pm
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K
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=
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Figure 3 Training models through Roboflow with 137

images

2.4 wann135%19714Y8¥ Deep Learning UU
Raspberry Pi 5
NTEUIUNITUTZUIANANINUY Raspberry Pi 5
Tduann1s Convolutional Neural Network (CNN) Tagd
ATTNITUIUAIT 4 VURDUAIT
1) Convolution Operation NMANWIUNLIDTIINAINGE
a@unng (1)
M-1N-1
Ii+m,j+n ve Km,n (1)
. M=0 N=0
1ae?

I; = dunanm (image input)

K = Wawnos (kernel/filter)

fij= AflaasTisuma G, j)
2) Activation Function (ReLU) se@unns (2)

a = max(0,z) (2)

Toedi

11 auvasandadulidanuldidadu (non-
linearity)
3) Fully Connected Layer n15570f 190517 asndy

NRSNSHBANNITN (3)
n

y = aZwixi+b 3)
i=1

Tngil

w; - Ahin (weight)

x; = BUNMIIN neuron feunIN

b = bias

O = lsAtu activation
4) Loss Function 1y Cross-Entropy @m5un15anuwun
Tageneaunis (4)
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C
L= =) yilog) )
i=1

Tl
C = Snnupaasaun
y; = AN target (ground truth)
$; = 1 probability luaariuig

3 nauazInsal

3.1 AIILLUEN

NIINAABUITNAGOUAITULY UTI1VDINUIY
Uszanaraananiisudianlugiaaidie iievsven
Aukdug1ven1sviauluganaanfi gty Taud
nane T LU wagnaNAL N1INAABIRLIIN1SNAaRIlAY
sl saunsnmesienaerusa 10 km/hr wasd
AULAUNIUA Sz 3 5 10 4WAS A9 Figure 4 waLaIN
Figure 5 \Jushegnaniniindosanunsnduyamale Tuta
natnaneTulazduy

Figure 4 Images of an electric tractor driving at 5

km/h at various distances during the day.

Figure 5 Images of obstacles detected during the day
and evening

=
Figure 6 Image of an obstacle detected at night is

incorrect

91n Figure 6 Lunsdunmlutasiainaisiu
ilindaslaaunsaiuingladauitlinsadunari
Juau ?NLﬁu"LwLLaaa’iNﬁwﬁﬁaLﬁa@msﬁwmuﬁ'ﬂﬂ%

TunisiAuadeyaidsad i emiszozuaz
Pranaiivnzan ethdeyaluuiuusseld 1y iy
STULLUSA R dedieu e un1svieusaufu
wugesaug 1udu Feaiiv 3 A ldun Aade dw
\Deauunmsgu uazdsmnuideriu

1) fiede () gnsild  X= 2

n

2) f1 Standard Deviation (Fuldgauusnnsgnu)

gosild  s=

3) fi1 Confidence Interval (Fa9pToiiu)

\Huraeiilduenin Anadselavessyang vrazer
Tugstidhennudedunudidinua wu 95%

g v = S
gnsnld CI=XeZ o9 72
Tnei

X= Aadgannguiioeig

s = dudsavunasguresnguiiedn
n = YWIANGUAIDENS

Zapgr = A1ANA119UNR
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Table 2 Record the distance between the car and the
person behind. Raspberry pi 5 will process that if
there is an obstacle in front of the car, it will
immediately stop the motor. The tractor runs at a

speed of 5 km/hr in a distance of 3 meters.

People walking past at a distance of 3 meters
Distance between vehicle and person (meters)
No. during evening Nighttime At night
the day (No lights) (lights)
1 1.2 0.8 - 1.2
2 0.8 0.7 - 0.8
3 1.1 1.2 - 1.3
4 1.0 - 1.2 1.0
5 0.6 1.3 - -
6 - 1.1 - 0.8
7 1.0 0.9 - -
8 1.3 0.8 - 1.1
9 0.7 0.5 0.9 1.2
10 0.9 1.2 - 1.1
Caught 9 9 2 8
(times)

%Error 10% 10% 80% 20%
- 0.86 0.71 0.22 0.87
S.D. 0.37 0.32 0.47 0.47
95% ClI 0.60- 0.48-0.94 | -0.11-0.55 0.53-1.21

1.12

Table 3 Record the distance between the car and the
person behind. Raspberry pi 5 will process that if
there is an obstacle in front of the car, it will
immediately stop the motor. The tractor runs at a

speed of 5 km/hr in a distance of 5 meters.

People walking past at a distance of 5 meters
Distance between vehicle and person (meters)
No. during evening Nighttime At night
the day (No lights) (lights)
1 3.4 2.8 - 25
2 2.9 3.6 - 2.1
3 3.2 3.0 - 25
9 3.0 3.2 1.8 2.3
10 2.8 3.0 - 24
Caught 9 8 1 8
(times)
Y%Error 10% 20% 80% 20%
X 3.12 3.25 1.80 273
SD. 0.19 0.23 NA 0.15

95% Cl 2.96- 2.96-3.28 NA 2.27-2.49
3.22

Table 4 Record the distance between the car and the
person behind. Raspberry pi 5 will process that if
there is an obstacle in front of the car, it will
immediately stop the motor. The tractor runs at a

speed of 10 km/hr in a distance of 10 meters.

People walking past at a distance of 10 meters
Distance between vehicle and person (meters)

No. during evening Nighttime At night

the day (No lights) (lights)

1 - 8.6 - 2.5

2 8.2 - - 2.1

3 8.0 8.0 - 2.5

9 - 7.8 6.4 -

10 7.7 - - 2.4
Caught 7 6 1 6
(times)

%Error 30% 40% 90% 40%
X 8.03 8.15 6.4 2.38
S.D. 0.22 0.24 NA 0.15
95% ClI 7.87- 7.98-8.32 NA 2.27-2.49

8.19

wansnnasslagliisaunsninesaoudsiavaneiiiy
uARaszesA1ae Laun 3 5 Wnsiiennnuiisaunsnnes
5 km/hr wagMAgaUT svey 10 1AT AI8A1AL5ITD
unsned 10 km/hr lesnndoaduguiviuldn el
sgiinanuisounsnnes i i oguadild Tnsnns
maauﬁy’maﬂﬁwaﬁa Table 2, Table 3 iaz Table 4
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Figure 7 The graph shows the test for the accuracy of
detecting people passing in front of the car at
different speeds, namely 1, 1.5, and 4 m/s, 18 times

each.

4 d3U

nanisnaaoad esdunanslfiiudn sruu
au130n59TuyAnaTsLAulauauEg1aa 97.22% uay
yuzAld 83.33% snvadwhaulaludianansunasidy
FauAuLL U 85-90% WAz 75-85% AUEINU 7
S38z199EnI9E iATIaESauNSNmas talHa 3-5
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Influence impact Factors of Cacao Sortor Design
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Abstract

The size grading of cocoa beans affects the roasting process and the sorting to ensure uniform bean size,
which helps maintain the quality of the cocoa beans. Farmers who process the beans into dry form for export
typically sort the beans into two grades: large and small. They also need to separate flattened beans and beans
that are stuck together, often done manually, which is labor-intensive and low capacity. Literature review indicates
that cocoa bean grading machines include vibrating screen types, rotary screen types, and shaking screen types.
Factors influencing their design include the size and shape of the cocoa beans, the flow rate and volume of beans,
the screen pattern, desired cleanliness level, operational capacity, and potential damage or loss of beans during
sorting. Initial testing with laboratory-scale grading machines revealed that round-hole screens with 11 mm
diameter, inclined at approximately 6.6°, with a vibration frequency of 40-60 Hz, are effective. These screens round
hole type achieved a separation efficiency of 96.27% at feed rate of 2 kg h™. This data can be used to develop

prototypes to enhance the grading capacity of cocoa beans.

Keywords: Sorter, Cocoa, Dry cocoa seed

JaqUu AudiTeRvaruyuns Wumhenuiiduunds
susmiusinlfvedle safeimuniugafanumnzas
funsuanludsemelne e Wiuginlignway

10T 2559-2563 TnlAléSuAMuTonnnniu dewalsiud
Ugnuazwandeiiuiu fouas 14816 sell uay fouay

1 umi
Inlfiduitwiignindnanvanlulvedie 100 nd1Uneu us
Wui§dnuasiimaiidinniiefnyidnisugneg19a3es

P

Wie 50 Unou lagdnivin15999nsuivInIsinens Lag



/""'2"5_"'\\
7, AN
é‘;@ :\. '
O &/

s o

mﬁﬂﬁxﬁgu%mmiamm?mﬂﬁiumwmmaﬂizmﬂim SEAUIG ASIN 26
18 — 19 AU8NYY 2568 & ﬁmﬂix‘*qu 79U 5 91015 1 NSUARFTUNITNYAT ATUNNURIUAT

TSAE
2025

109.04 519l auaau wageliiiesnaduaiuaeni sy
Uszine dawaliuSunaunisiiduudalnliwagnansueilnld
Wudu Sevay 18.72 sed uazfesaz 7 nsuwmuliiu
(2565) dtinauulevigiasynseansn1san Liansen
Arunisnatnveslnliuazuandue Tul 2566 lnedsoon
Inlduagndndueilnld sanduyas 87 auwmseyansy
(3,008 §ruvn) warlud 2567 Reusiiounnsiay- e
fusneu Inedsesninliuazvesugausafiviionnlald (Ju
yaf 74 Suvisyanss (2,630.7 Auum) iindudesay
16.4 Insfinandsoondfnyuaziinisvensdaf e qUu Ju
Wguun wAuIan ansgemsuledisnd andgaiuin
Suladide wariade InlduasndnsneiSadududinunsi
fnnudesnisvesnarauindusazduwliuiinsvened
untu ulenadivesdudinls 1wl 2565 -2573 mann
vonlnuanvialangnainnisalidvlndesay 4.4 aed
dinnuulvswazensmansnisen (2567)

Tud 2564 antudTeinunsianTsy lneAudidenyns
Amnssuduny3liidesuuuuiniosdnsnainuasdiniuns
wls3U Ae 3esiwalnld IsamnwdalnlAuuuaseniing
wazinspseuanlnld etisania uswu way uidemm
mim5miﬂifﬂuﬂhmfﬂwuﬁﬁﬂmﬂmmsaammm%uiﬂiﬁ‘lﬁ
A1ud 04013 weitas 09d e 1A s nsnainun s 191y
nsgvIunTuUsgUERlnld Safimaianldasunnduson
wardavnuaaund oslowns esdnsfivuais vuinuduasy
A0u2(2023) uideilsadudiunidweinisdavuinudn
TnlAuisifinisdseanuaglfiduingAunislulsemeaiio
Judunaulundasasiinld unaruidiunsieses
anrunsainisnanlnlf A3msudssuuaznsléiadesioly
M3LUTFUNNTETINIEUUUEBUA LA NI TVIAFEUNY
foyannisuftfvennunans fuuszl luwaiuil Smin
Funy Aduundsiudowdelnld uaznisnmaaeuienas
in3osileflddmiunisuussuwdnlnlAusia ilonisiaun
1A3 eeAnvuIaLudalnlAwuuLsedu (Vibration sorter)
dmdunsuussumdelnliiiionisdseen

2 gunsaluazisnig
21 @1audeya
Tduuvasuniuuuudauvatsilndunivalinunsns
Andnuazulsgumaalnld ludwmiadunys $1uau 10 518
iWethuadle lWldeenuuuliimnzaufunsufuives
BRSNS

2.2 iiudayaniangnInveuuaninliusia
guilnguudalnliniaangusznouniswusiliudn
Inlf Aidauendeiie Tnsusndu vuiadn ng wasudn
du-Ain F1udu Aaeg1aay 300 wan wiudayanianienm
vpaudnlnlAuis Tavunawdn (nI19xe1xnun) AeLies
\Hoanadwed mnuasiden 0.02 mm. Faimindieedes
FamnuazSeanedon 2 Fun LaTAsIIEEUAINTY
wandenislia3 eseusuuandeu (hot oven) au1n 53
fns aufl 105 °C 15 Falus warisesideyarmogasiiens
04 Ine Ato Bart-Plange, Edward A. Baryeh. (2003), Pedro
Garcia-Alamilla, Efrain De la Cruz Lazaro (2012), Jaiyeoba
Kehinde Folake, Ogunlade Clement Adesoji. (2017) ﬁﬁﬁ
mm%ummg’mﬁkm (MC, %.) = S %100 (1

w
w = WIUnAausU

d = dndnndseu

\3/ L+w+t

Adunsenay (Sphericity) ¢ =

durhugudnansdalnliuuidadiy, B = w05 (3)
WulugudnaawuuisuIagin, Dg = (wLt1/3 @)
L= A3e77

w= AUNIN

t= AUV

& oda L
WUNNT (Surface area), S = — (5)
28

2
B2L

- TU
Y3u195 (V) =
6(2L-B)

Tagd B = ldurugudnatauuldady duanan
dunis (3)

L= A8 (Garcia-Alamilla et al. ,2012)
AaauUAnIInMenmessuialnldauisadnlyldfiansan
Uadeiifinasionsoonuuuiaiosdasua lunisidenuuia
JULUU ¥893R2UNTe JuLBEanzunSs way AwAlunsAY

(6)

AT

2.3 959A0UONTTT

funi1 nsremeulenansialssinsnalnunsilddmiu
wdsgUdnlnl nunAe LenansEsdsiitisados uwas
d91938nsldieTesdledmiunsuussuindalalusses
inwmanslufiud Jwiadunys Wedmdnnsdanen un
Usultlunseenuuy muddisnismaaeuiai osduluum
nanngun1sAnuen Ussgndsiuiuranuayisn1su s
gaununIng Iasowunuvamisaneuland ufitymises
LS WA mEIsalunIAaLeN
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2.4 Apsreitadeivududmiuniseanuuy

nMs09nLULLAT BadAvuaLAalnTALTY G893
e nvesudalnld uaziadenisnavesszuunsdauen
AfinasioUszAvsamueaaiest WU YuIALALIUTIeY
winlnld Ysunauardnsinisivaveaudalnld uwuug
ATUNTY YULFBIVDINZUNTI SERUAINLALDIAT HDINS
seRUvRLTduTviiudandoudl Saaaeunsdnuuia
Hegraudalnlideins osdnuuinseduriesufuanas 14
AEWNTIVEIELBINBSIYEN (Vibrator motor) 220 V 60 Hz
NAABUTLIA JULUUNITINTINAZUATY HALUUNAN WAy
WUU393 wuvae 3 9 Taeddnsnsdoumdn 2 keh iy
A1Usza@nsaimnisdauen 1t eud udeyalusedu
WoaUufudants midadei inuigandmiunisadie
\n3esduLUY

3 wawazdvnsel
3.1 annmsalnrmwanlnld nsaldnw 9. 9unys
nsugnintAluiiul 2. $uny3 seoes n91n uas assui
drumnnifunsgnuuuiivus Tuaunals Tneduvasisu

& &

FoLUANAA LU UNTMINTUNYT M50 wavaszui Wiowys
[~ ¥ I3 v 1 [ % 5
sUulnlnuanutiadanan 1WunsLdwsMIUAUNIRUAN

Y 9
v v

TuRDU AIMANSIAUNA HING MTALUAR AINLES LazAn
YPWIAER InEHAANINLINTFILLAALNTALTIVDINTENTI
\nwasuazannsal (2551) AvuawdnalalAidnann fe
waelnlAdlid s Wduadeiddmiuruiu lideme
nuuas ldiumdnsen wanny wiedu wiedt wée
wan wazimuanasinan el lnededliudaduly
131Au 1.5% waanzwdauanvuldiin 3.5% lidindu
Anund Lifluwaamdels mutumidndoslaiiu 7.5% saus
fidsuuanyUasutulaiifu 0.75% wistunmunin 3 sedu du
feiw w1l 2 warimumnaTsuawEn Ty 4 vun fe
aun 1 i 100 g 100 Wwén (1 ¢/seed) wunm 2 i
100 g 101-110 4u& M (0.9-0.99 g/seed) vurn 3 Yaniln
100 ¢ 111-120 i (0.9-0.83 g/seed) wazaua 4 vmin
100 g 11NN 120 Lwén (Yoenin 0.83 g/seed)

3.2 HamAUTaYaN NN I8N MYOULFA N TS

1NUBYANINTTIUNTAALNTAVIUTENBUNITUUTTU
wiaslnlAurafiedsonn (Vayaa1nNI5d1539, 2567) WUaNT
Annsandu 2-3 szeu e Tng) wavidn n3e Tng) nane Lan
mununmesdnlnlilulsaziaggninan Tnediudn
TnlAdeslsifindndu wanfa uardudouudug duiieeis
wdalnld tnsa Tng) 180 uazdu & Figurel LileTnAnana
MINBNIN HANISAEBUNUIN WaalnlAfeg1s daanw

wLUwads 656.5 ke m” fegaudnvunnlng divn
Win 300 win Yiviinade 1.06 o/seed Sudhuwunilug
nanmssIu B 1 uasinedeiilusdnuadntiin
1988 0.56 g/seed Fuduvundiogluinasivnn 4 (s
wRsgUAUA IS Amduvesihegisisaesunegly
19 6.12-6.89 % FalsiiAunauinasguastuiivensuls
YBINTHARAATNLAWIAS
AaNUANIINEAMTBUNEALNLALUUWERR Lazludn
Sulnfia) fimmnudunsinauveaudainlfsegs win
vunlneg) vuiadn wazswanau 1Wu 0.61, 0.60 uag 0.55
AuEWU AnduRTuAuENaRUURduTeudavualgy
dnwarau Wu 9.88, 7.93 way 1.69 mm. udsiu ALEu
dugudnatwuuisnade veundaruialng 1@n wazdu
U 1267, 10.23 uag 3.11 mm. AuUARIveLEAUR
Tug) 18 wazdu 1u 427.25, 334.89 wag 31.94 mm.?
Table 1 aziiulaan Aranudunsainanvesudnluguay
dnfiAlndlAesiy uvwaduruaudnatsuuLBuEy
LAZLUUISAGER YeuudnTieauingn dauuansafiy
Fovau WWutladefingandmiunsiansanidonsuinuay
FULUUIAZUNTY
Table 1 Physical property of Sample dry cocoa bean

Physical property of dry cocoa bean

= o

=5 2 5 £f £ I
L 106.22  6.12 0.609 9.89 42725 713.38
S 56.31 6.89 0.602 793 334.89 577.17
Dud 53.96 1419 0552 169 3194 996

Figure 1 Dried cocoa bean large, small and dud type

3.3 NUNINITIUNTIUTNY 1T

weluladnsdnnenwandamanunsfitanvazduwde
(small particle) i ldUsuila suarnnisdndisasnn 14
AUt g wazaudulas Jagtuiniediedmiunisdn
wenRARHaN1INISNERs Wuwianssuiildaeufinnessiu
ysuldlussuu ’rumaiianisdnassnisueaiiu (Artificial
Vision) faesfiuarnusalunisfanenudnlnld wazuen
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AMNINVBIHAANANITNTAT faunslda3asiie Machine
Learning 5auAulUsunsu MATLAB 2536 ladin1s@nwnlag
1A uaut'@n13nseids (Bouncing property) 7 31 A7
FuUszananisaush (Coefficient of Restitution) 783udn
TnlAukaiioniseenwuusasadinniesinvuawgalnls
wui llannseldananifdlunsdauenuiald (i
LazAY, 2536)

Lﬂi@dﬂfﬂEUU’]@LlJafﬂﬂiuW]EJMLLU‘UG] zunaslen lagn
iy Tngldnzunssdnuinuuugnag $1uau 3 $u
YIALFURNIUAUINANT 12.62, 9.37 Wag 6.35 mm. l4iin
anwvuusaismiguduuin 1 hp Wuyarhaiuazenn
dudouu nagauiinuli150UN1IUYY 306 rpm WU
ANNAI0luN13YL 391.62 kg h™' nszifisuldene
WUULANYT 3.40-4.42 % laewvidn (ToTanl uazame,

v <
2559) YANZUNTIAAUENILAANIUNNZA LUUNTINTEUBN
vyuluiuIvey YuaduruALENas 360 mm. 813 1200
mm. IUIATALENTI 8 x 20 mm. ldusinesvuIn ¥ hp
I - -1
AULTITEUNYY 24 rpm 130 0.46 ms” ANAINTalY
N139119U 1200 ke h™ Fyaduazane (1.U.U)

Figure 2 Coffee bean sorter

Lﬂ%ﬁﬂLLﬂﬂ%’ﬂ@@ﬂLLUU@sLmiagﬂam 2 YUING
ATLASI 6 wag 5 . Tuemesvun 1 use iWuduids
naaau ANUSlunslonnzunse 3 SEAU A 5.8, 6.08 Lay
6.83 m/s ﬁqmﬁawawumiq 3 5¥6U fp 7,15 wag 30 ©
Wu31 LUeslEuANISAALENT1IMBNIUIA 6 mm., 5 mm.
Fa5euu way n1saaide 1u 92%, 3.52%, 4.65% uaz
0.33% US¥ANTNINNITAALEN 65.09% LAANUEINITANT
Va1 §alAen 1.26 ke h' (97361 warwawn,2561)

\nsesfnrunidnsaueunliussduliiansiunzunss
gniauFulaeuisvlulssmaunda  edosnudalnld
gneenuuukaziamuIululssimaduladide (ednuen
A MazyALazo1nAnl AL LASBfuLUTLIN
0.15 x1.4 x1.1 m. (NT19x817x §49) UTLNOUMEATUNTILUY

gnay U 3 Fulpoduit 1Lﬁum3LLﬂia§muﬂﬂLﬁuer1u
Augnans 15 mm. Fuil 2 1 unzunsegauinduniu
¢ ~ I P o
AUENA1YUIA 10 mm.ifianeniudalnll 3 1un 1ag Win
gy (@uindnunndd 15 mm.) winnans (unwdned
! <@ @ @ v 1
NI 10-15 mm.) tankan (Vuaaauasni1 10 mm.
WowWes 220 V 1 hp 1usumds nanisvmedeuluIsuiiioy
AUNISARTUUIAAIBLIIIUAY WUIT LRNANAINIT LY
A1991197% 10 1911 (WS99UAY 16.12 kg h™ LAS BIAULUY
17241 kg h' ) Usz@nSawnisanauialyunne19iu
Rahtikal et al. (2023)

w3 ssrnauIawuulduemeasdu (Vibratory motor)
Waunlnsudvvluunda 1a3osdniudanuunzunsavay
uay L3esfnwdauuunzunsslenluuuisedu gnlddmsy
nadeuURnIUAEAINLY Wiodenaiasfivanzauiunisdn
unEalnld 91035 nsaaadimtnvesdade feil 30%
ANNULT 0D (Reliability), 30% Aunu (Cost), 20% A
drlunsvinanuazein (Easy cleaning), 13.3% N3
$nw1 (Maintenance) Lag 6.7% ANUEINITALUNITVNY
(capacity) HANSIATIZI WU 15 DIRALIAALUUAZINTS
Tonluuuasesv finnumsnzaunniign tnedleildainns
fhamitn s wnnndn dlewFeudieuiuiAsesinasuuy
F 9@ nrswaunlildns3iasiesiaae Machine Vision
wazdanediu Artificial Intelligence AnuaNUAAAMAING
WaEABAMAIN AI8N151Y Math Lab wan15ld luiea
supervice learning T9A1 90.5% SVM Lawani1snaaeuldoa
ﬂaaﬁﬂumsmaauﬁ’mLL&Jmuﬁ@IﬂIf’f WUHUIEANSA NG
B MSc Kelvin et al. (2022)

13 9 ATUIALLUUAZILNIlEN YUA 813 1.4 m. 1379
0.75 m. kaggs 1.1 m. fuias waweslniuwn 1 usedh
1400 rpm @9ANE9HIUAIENIULUUAD V )RODALUULAY
NAFRUARTWIAAAINLA AaenguNIIFNaL WA 14 mm.
nagouwenuuIn LU 3 guia As auatug ( >15 mm.)
YUIANAIT (10-15 mm) wagauIaLa n (< 10 mm)
Auansalun1siaued e 172 ke h” Rahtika et al.
(2023)

HadufifinasonisAnuenuazyinauaze1nuenIasdn
wondad1n Aldundnnisaugrssunng 1eun shsanis
Jou anuiiisevvewmeunsilen uazanuiaulunisga
dasmstieugs shlvdadevunandnann mnusiaudesay
WlFaadeUunnAaunn nan1svageu nui snsnisileu
Wind13 300 kg h ' wazAMSIANgA 1.5 m s' A5
sounzwnsslen 250 rpm sduefivanzay %ﬂﬁﬂﬂiqzyl,ﬁa
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WEAT111.36 % wardadeUuiiviedns 0.43% Jaduedl
gausUls Uoenad uavaeg (2558)

i3 pafnLend U AN WUUATUNTIVQUNEN 119
B4 5 93 ufinIIITeU 35.67 rpm @mnsafaLen
n39n Furiadn gua wandlianysal Anwaiunsa
NM139119U 181.82 kg h™! Usz@nSamnisAnuend1aden
99.92 % Wesiudgadetiiuden 0.077% wmana wag
1519351 (2559)

nswdsgulnlimeisufiRvesnunsns Jamiaguvy

1nN3d15I935UFTRves nuasnsuusgUlnlALie
n3esenn “gsenlnld” 0.989 2.5UNYS WUl NdINLEe
gnunzeonanualald fduneuismauaznisldiniesdle
Faroludl Tuneuniin: wdalnldgnvsnludsivianld
WA 1 x 1 x 1 m. (1319 xe13 x 89) AguAlenseaeuliy
wifnfialy egnetion 7 fu anduihlumnuiafioananiuiy
wide 7% lneainuulds au1a 1.5 x 3 m. (1919 x 817) Y
Fremntne Tieszutauty witgymiinu fe nandn
wn Auiimnios lesaniinananlnliunluraegguu 3a
undgulag ainlulsusounarafinnsanisnluan wres
Uszaudgwidesnsndnndunarnisindeiwdn wWie ety
winRniu uavannisiinites

Figure 3 Traditional cocoa processing

FeszniemnEnazfonnaswdaseussnuay Wowde
WALET FENARKENMENENLAMELTIUAY (figure 4)
Tnensldnzunsananadin nielfzfidemane Iaznaniu
nsve ludupeut Wuduneuildussauann wazidu
wssnuifanudiunglunisdawenuuin anuaiuisoly
NMIAARENTIUINAIBEAIEAT 1.25-7.5 kg h'!

Figure 4 Dry cocoa seed manual sorting

3.4 Y997 d0anon1500nl UULAYNITORNLUYLAT 89AR
YUINUAAINIAUUUFY

' a < v o & oA A
neuilwdnlnldaggnirludiiienseimnziuiionaen
wazgnuUssuidulnling iiensudsvenlnuan e walnli
PJu IJuAinIsARTUIALAEINAINALDIRIAALN AW
wialidldunsgruniswdnwdnlnliwisdmsunisdseen
waziioshwamnmradinliuussy Tunisesnuwuuiaies
Favuaaalnldwrsiuidadenietos aell YuInLay
1 @ v a 1Y) I3 v
sUs1venudnlnld Usinaumazdnsnisivaveawdalnll
PUIAKAETULUUTATUNTI TEAUANATRIAT A D3NS
ANENNNTOIUNTINNY kagAEEIY AN deRN
ANSARVUIA

Tusudseddudiund weinsidouariauiaiodn
undalnld ensesnuuuesesinvuiauuuldueimnes
&u (Vibration motor) mammﬁu%yjmﬁyaaﬁu Jadenu
Fns1nsluavesudalnly waslaenaaaunisuanuanalnls
K28LA3 DIRATUINTEA UK DINAGS NANISVAADUNYN
AZUNTIINAUTUIA 11 mm.  HULBUIVBINLUNTIANTUIN
6.6 pd lunsdu 60-60 Hz WHudeulafianunsadauen
16 96.27% Tnedasnstoudi 2 kg b

Toyaainnimmaaouid osfuaunsaruldlunis
PONUUUKAYAT A ULUY YUIAUTIY 80-100 kelneld
BLADILYE 220 V 3000 rpm YnUuTOUNTAU Waawsh
ANEZRIN LazAaLenwandu fin Tdnzunsauugnay
UM 12 mm.Ag Figure 5
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gosldwaninliui

ATHATILYNTUIN mﬁm

mqaamu?«mﬁ'qnﬁmwmm

Figure 5 Model of Cocoa sorter vibrator type

4 &5

9

msfmvauEalalAiinasetunounisiaudalnliuas
Snwnunmvsadalnld Tasinumsnsiiuusguidundn
InlAuiadiedsenn wonvwnwdndu 2 inse Ao vunlng
wazYLIALEN Tigedinsdnudnauiazudaineon Tagld
W59UAL §eanuansaluniseud eswinaiy
W08 wazuIAAINTIUIY 2INNTTUUNIUITTUNTTY
wuinesesdavunuiuuunzunsden WUUAZ LAY
wavLuURzLNIIEY Feiladeiifinasensesnuuuiiiisades
Ao vuauazgUsveaudalnld Usunauazdnsinisiva
gouudlnld seduauaze1niifesns Anuansaluns
U lazauLdenig mmgjzyﬁﬂﬁLﬁmnﬂmﬂ%'m%qﬁm
WiguiiguiunsAnalgile

wanllA7l S usaegs TAdusUAUGN AU
\Eureaman auelug) 1an wazdu 1 9.88, 7.93 uag 1.69
mm. AUEIRU ANFURIUALENANL UL IAEIATDLLAR
uelvie) vin wardu W 12,67, 10.23 waz 3.11 mm.
fAuwanseiudaiau nnsmegeuluseduiaaujuisinig
WU AZUNTIUUINANTWIA 11 mm. @1unsafnnenlad

ANUAsaAnLenlA 96.27% ﬁgmﬁ'awammma 66
USunauuazsnsinistnaveaudalnlasnseilasldnnud
1158 UTDINLLATI WUI1ANAIUNISAY 40-60 Hz 1u
sUnuUnzaniudnsnstoud 2 ke h'  Fadudeya
fanmnsailuldlunisadredunuuiiaifinauaunsaly
AsAnvuaanlnlald wavdeslinisnaaeuluniu seau
ANAZEIATIFBINTS ANNEINNTlUNISTIIY LavAL
deny mquyt,ﬁﬂﬁLﬁﬂmﬂﬂ'ﬁiﬁ?m%aﬂﬁmum dloads
AULUUTUIAUTTY 80-100 kg

5 AafnssuUsEnIeA

1%
v A d,\lya.l a

MATedsale dewveveunu Augten 1agns 1Wves

LR 9
Y o a A

awgselnld Junys Aliaveuaseriveya waziases

9 Y

o ° v @ v A < ¢
Anvurakuunzunsalen dmiuinuteyaiiluyselov
A NNTUNITOONRUULATBIFAULNALUERLNLA

6 1ANa591989

ASUWRUT AL 2565. LamnsldTauiTmAsygAalnld.
nganne: nesuluneuazukun s HAR nsuiannfiAu,

NIENTINNYATUALANNTAL. 2551, AIMUANINTTINGUAT
inwas uanlnla arunseT1vUY g au9 g IuEUA
NWAT WA, 2551, AV NILNTRNUATUALANNTAL.

936l 2UANTA, nawmn LegaLily. AseRNRUUKATAIY
\n3esfnuendanen. MTATNWATNILITAL. 15(1),229-
237.

FUINTLF FTunTAuIa, unINT AITIAGIATT, LALY WY
w3, Asedus Tainydsened, a8, Tashw Juans.
2566. huInan1sduasun1swlssulald nsdlfnw
FamAaguruiman@ulnlidudos) nyo n aszui
9.M1A187 2. UATAS 535U31%. Journal of Spatial
Deviopment and Policy T 1 avui 5, 1-12.

Fo Yo wrduiandvd, 35@na Tnue, aues eugns, adn
WA Shurn, USu sudesdn, auey Ineuv, sy wil
Tofl, auguu Wuas. 2559. Anwiuassiaunnsounsuas
ANYIANAUNTHTIEUNUS. NVAL: NTUIVINTNYAT.

ugna Nguinl uay 1595554 untey 2559. NI3ANY LAY
saunaesatrasiugaan e s UlsIaT s UTITY.
UATUFY: ANETAINTTUAIANT NILNILEY
UAMINGIFUNTATATENS INSNUAN NI,

sllvdy Wumeon, Audds 33037, viede 1191ugW35. 2536.
UNARERIINITE DONUUULAZaIINIATOIRAYLINIIGR
Inlilneltnaaudiinisnszin. quduinnssumalulad
wa enasinuLliea. uva v 0w, a:
https:/ / www. phtnet. org/ research/ view-
abstract. asp?research_id= wf240. L9 14" 3 e 6
NUATUS 2568

Yogna WATuLM, Ingn winungny, Ussend AmMoLSY,
uazdsednd yine 2558, dadefifinadenisdausnuay
¥ANUALDINTBALAT D3R PKENLUART 1T anAmLudn
Wugdmiuguvw. 2.3me.01., 489-492.

a8 wnu, Ve o1duisaung, fiua yiidus, dvmi s
fAidana, adns wya’an, uul. ouasiaunnTesde
uazimaluladnisusguniun. nsunw: nsUIvINNg
NS,

an1wideiivanu. 2564. MsianIsmaIuginaluladniuan
InlA” ngawwe: aanduddeiivanuy nsudvInsinens.
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Abstract

This study aimed to analyze the problems and obstacles in applying machinery for coconut sugar production
in Samut Songkhram, Samut Sakhon, Ratchaburi, and Phetchaburi provinces. Data was collected through in-depth
interviews and participatory observation with five groups of coconut sugar producers. The findings indicate that the
production process across these areas is similar, from the collection of coconut blossom sap to the final molding
of the sugar product. Sap collection occurs twice daily at 5:00 AM and 3:00 PM, with a collection capacity of 16.67
kg/h (0.06 man-h/kg).The boiling and simmering stage to evaporate water uses approximately 40 liters of sap, or

an amount dependent on the daily collection. This process takes about 1.5 hours, yielding around 8 kg of thickened
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coconut sugar with a suitable viscosity. The thickened sugar is then stirred off-heat to cool down, either manually

with a spring-steel whisk to remove air bubbles or with a machine. This stirring process takes 7-8 minutes, depending

on the sugar's properties. The sugar is then rapidly molded into various shapes within 5-10 minutes to prevent

solidification. The entire process is highly reliant on manual, skilled labor, with at least two individuals required at

all times. Based on the data analysis, the primary challenges are the aging agricultural workforce and a shortage of

skilled labor to manage quality control during the boiling and stirring processes. This leads to inconsistent

production standards and limits the ability to expand production capacity. Therefore, research and development

of machinery and equipment are essential to reduce reliance on manual skills, increase production efficiency, and

align with community traditions. This will ensure the technology is accepted and implemented, helping to solve

production problems and elevate the sustainability and competitiveness of coconut sugar production in the market

Keywords: Coconut sugar, coconut blossom sap
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Abstract

This research aims to investigate non-destructive methods for assessing durian maturity using durian
image analysis and acoustic tapping techniques, evaluated through artificial intelligence (Al) models.
The study utilized datasets comprising images and acoustic tapping data from Monthong durians
cultivated in Chanthaburi and Chumphon provinces. The images were analyzed using Convolutional
Neural Network (CNN) models, while the acoustic tapping signals were transformed into spectrograms
using the Short-Time Fourier Transform (STFT) technique. These spectrograms were then used to
train @ CNN model to learn the acoustic patterns of durians with over 80% maturity, enabling
classification into two categories: immature and mature. Analysis of a dataset comprising 150 durian
samples, consisting of 87 mature and 63 immatures, revealed that the acoustic tapping method
achieved an accuracy in maturity assessment that was 15.2% higher than that of image-based
analysis.

Keywords: durian maturity, durian Al, durian Analysis
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