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Performance Evaluation of Internal Surface Infrared Drum Dryer
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T L TRCTS RS ATt 2T EAMNIMYBINARS MY ArunIseULIHARSuel 2 Usziande
1) @sazarguealaangvsy Tnofmualisnsdiunsuanvesiareuoalaandvsusify
2:1 w/w LLau‘i'Jamsmvrm'ﬁﬂmmﬂimaumaammumiammq 150 175 wag 200°C ANULSITOU
mimwuaqaﬂnaa 0.108 0.226 Wag 0.453 rpm NHANTNARBUNUIN AILSI50U 0.108 pm
wazgun)il 150°C Juanmensiuiefimunzay ﬁzjwﬂwamm%mlﬁlummmﬂw wazdl An
Usy awﬁmwiumimummammmusaaau 33 2) duz gyunannoalaangniy lnoivuali
gaumngfinsouliainiy 150°C A21U5950U 0.105 rpm AL SN IEIUNNSHANTB L ZY A BYDa
Immﬂ%mull.o.s 1:.0.7 1.0.§ waz 1:0.5 w/w NNANITNAADUNUINBATIAIU 1:0.8 w/w Lﬂyamw
nshwianyilindndaiiladinsunamands aeaauiniuiesas 22.53 uagdiA1 SEC sande
52.22 kl/kg.
AndARY: Lﬂ?@nauLLﬁwuﬁamaTuQﬂﬂf?iual,muéumqL‘m, ANTIOUE, NoAlAANTVSY, NeUu

Abstract

The objective of this work was to evaluate the performance of prototype of internal
surface infrared drum dryer. The infrared heater, scraper blade and conveyor screw were
installed inside the rotational cylindrical. The performance of the dryer was evaluated in
terms of drying ability and product quality by drying two materials. 1) Maltodextrin solution,
with 2 : 1 mixing ratio of water to maltodextrin (%ew/w). The study factors included the drying
temperature of 150, 175 and 200°C and the rotation speeds of 0.108, 0.226 and 0.453 rpm.
The results showed that the rotation speed of 0.108 rpm and the drying temperature of
150°C were the appropriate drying condition because the product did not burn and this
condition provided the maximum drying efficiency of 33%. 2) Tamarind juice mixed with
maltodextrin, the drying temperature of 150°C, rotation speed of 0.105 rpm and the mixing
ratios of tamarind juice to maltodextrin at 1:0.8, 1:0.7, 1:0.6, and 1:0.5 w/w were used in this
test. The results showed that the 1:0.8 mixing ratio of tamarind juice to maltodextrin was the
appropriate condition because it provided the highest yield of 22.53% and the lowest SEC
of 52.22 kJ/ks.

Keywords: internal surface infrared drum dryer, performance, maltodextrin, tamarind
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HAKAANIINSINYATUAY m'vmmqsuummmumml,ﬂuqmma mummml,ﬂumumaqmmi
diushwniioldlinandnminniside ezmmiL,ml,aaﬂuaqmmimuiwmmmmmﬂmmm‘uaqmm‘du
93AUTENOUNANIUDIMT (FanBuavAmy, 2555) Yugfimaiuinwmieinsouone szl
mmiaLﬂmﬂw’lmwmvl,wﬂmvl,m Wunanuidy ImSJmiauaummimamimumLﬂmﬁmwuau
Uszndn 1‘8‘1mﬂummsﬂiul,ﬂmuaam dnuaznald nMsvihuaduitananuduluemsuderily
mmiumwmumaaamwwaﬂuaa Lwavl,zﬂmaumammiaLﬁ]immuimim dawalenmslaiinnis
iy T,mﬂmimumiammmuaaﬂmﬂmmﬂ.wmﬂmam nsouwisiliemnsiiradasady (1
&en, 2555) wavvihliemsivminiun anu3unns sliazaandaniauds nsuslng Sneds
mmﬁﬂuﬂﬂmu’;mqmﬂumﬁLLﬂigﬂmaLuaammﬁaus] wagasndndasinifidunadonves
N‘Uﬂmmﬂsuu

Lﬂsaqammmmay‘zjumumaﬂwmumuuamammﬂmqnu T ldnudeadonlvimangay
ﬂuwamm«fmuu 9 amiumimammm‘mavwamnmmmuuuaﬂmmaaauLLmLwauNaa (spray
dryer) uay meammmwaﬂﬂaq (drum dryer) LLmLmaaaumeLLuuwuNaamamﬂmsawwu
LﬂiaqammwaqLLavlmmmvm‘uaammwwum mumiaqammuw‘u Lmuanﬂamaﬂwm“muﬂa
umwﬂumiwamm fissovnantunsyudedu EJﬂVN‘EJN’]E‘JG]EJﬂi‘“‘U’J‘LAﬂﬁNa(ﬂLLamJﬂ’laﬁﬂﬁNaG]aﬂ
(UnAuazAe, 2554) LLmamﬂiﬂmmmiaanLLWquaﬂﬂmmemmammmiamLaammiau
DONAINTTUULAY mﬁaqmummsawmaqmmniwmumswwmqmawmmuiumaqaﬂﬂamumsd
Yo andeu visloth mmmamimEJmmwmau‘imamsmmwmausumaﬂﬂaﬁmﬂmmﬂuammu
18N LLawmiwwmmiauLLaumimmwmaumﬂmaﬂﬂmaﬁummamummymammmLmamvawu
maﬂﬂaq maa’tmmmsammawamuamLmaaumauaﬂammmma muumwmml,mﬂmiu
miﬂiuﬂsamumsmLLwalwWamawaqmamum&meﬂuafmaqLLaJLGULmaammiaummma
auWﬂmemmaamﬂmwmwmmamu@ﬂ,mumwmaumﬂﬂaiﬂmiLLmﬂaLLaumimmwmau
Lwaammﬁqayﬁawamu

5n1sAnE

mswmaauamsauvmaaLﬂsaqauLmquumma‘luaﬂnaqLm‘uaquwLsm lagyihmsiauinay
aswmsaaammwumwmlua nnadldurdunssadumadianudou fdulssnovreundos
QUUT I

Figure 1 Internal Surface Infrared Drum Dryer
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1) szuubinnuieudululfuvisdunsusasnn 1200 W lsinnusoulst 300°C Aaduuu
maqamaqmamnmmsﬂu 4 cm 2) 1ua,msummlamu‘[.usumamaqwmmmmwammmaanmﬂm
aﬂﬂaq 3) aﬂiml,amm‘wmmmwammsmaaﬂmﬂaﬂﬂma‘uu,m 4) 5% wﬂauwamﬂmmaammw
UNUDULIRS 5) armaaa‘umesummLauLaumuﬂuaﬂmq 40 cm 871 40 cm 6) uamaimuaﬂﬂm
AIUANAILLTITBUSY Inverter 'waﬂmﬁmmummmimammqaﬂnaamimmuawlmima Tk
mimmammmm mmmLiasawmaamswmmummﬂuummii’]auﬂuaqmmwmaﬂmia‘umem
uludfsouusis mﬂuuaﬂﬂawuuwﬂmmmmmaamawLﬂuLLNUWauummm%amwmmmu
mwmaummmaauﬂmm LuaLquWaumaauw"l,ﬂﬁmawit,mium Tuumﬂﬁ]vmmLLmuWaum"Lﬂmaﬂ
imLamaaﬂmmﬂaﬂﬂanammq

MsnRdeUNsoULTILLoaniTy 2 daudiae .

1) nageuMsauuisansazanguealanngviu sudulnenisias suansazarglusnsidiu
ﬂuaqmmamaaimmﬂwsw 2:1 amauwmmsammmawammm 150°C AuE250Uf 0.108 58U
AoUIT 7 175°C A11315258 U7 0.226 rpm 71 200°C A1ALT258UT 0.453 rpm ¥IN1TBULIAY
A158¥a18971U7U 300 g Wunan 1 h LﬂumaEmm"L'Ummmmmwmm 2) wmaaumiammnm
uEvNELIDAlALANTYISY ﬁﬂmamwmuwaummawmﬂmaﬁﬂmmmmmmaamgﬂuuﬂLLa ALY
(2558) I@mLmismumwumNammaimmﬂsumwamwmmmmmwmu 5:1 mﬂuumamaaim
Lmﬂwwmmmwmuum g mseNDalAANgvIY 1:05 1:0.6 1:0.7 uay 1:0.8 (w/w) mmsavms
vhugvudeniilddautiuandy Table 1 mﬂuummiauLmqmamiaqa‘umeuwﬂuaﬂﬂaw
gamgil 150°C mwmiaiawaqaﬂﬂaw 0.105 rpm ouusauniTlifiandamsosnuHinaads 1
Flais 50 wi f\ﬂﬂu‘u‘H”ILLN‘UJJJU’]EJI‘LJU@IML‘LJUNGLLauW]ﬂ’lﬂmﬂTWWNG]

Table 1 Properties of tamarind mixed with maltodextrin

Ratio of Tamarind to maltodextrin

Properties
1:0.5 1:0.6 1:0.7 1:0.8
Viscosity (Pa.s) 0.11 0.32 0.53 0.92
Total solid (%) 40.43 43.9 47.13 49.68
Moisture (%) 59.57 56.1 52.87 50.32

Usznluaussouzveanns osounialaeiansanaine 1) mmamﬂaaqwawmmmu
(Specific Energy Consumption, SEC) Fauandlinsiudmdsudildlunissamenn (Aud)
U 1 kg 99NANWARAUNTUINIDULAS (FraTmazAME, 2556) Tuiinusuianisianaslndi
#e Kilo-Watt hour meter 7idouliiuinasountia Inean SEC amnsarmuialldanaunis (1)

SEC :L(E) (1)

. Mwater
e SEC  @® mmamﬂaaawawumqummﬂiumumiammq (MJ/Kwater)
E Ao WﬁNWIWﬂNWW;JWI‘ﬁiJﬂﬁ@ULma (kWh)
Muater A Uanau (mwmu) mﬂmaaﬂmﬂmamﬂm NIV (Kguater)
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2) Usy ammwmiauLmeﬂ.mmﬂammuﬂimmﬁumLLGUW]aﬂluwammwaqmﬁammmu
ﬂimmsumt,lfuwuaaiumia aefithineuutanldainaunisa 2)

Output
:uipuxloo 2)

input
3) USunaunsaviaviun (Total acidity) Jiaszidisnisimdndasidiuiu 5 ml naufuLh
ndus Y 10 ml Tdasluvingnousy wiouvamenansduiamadadly 3 veaantunislnmsa
fganTay mamm%m‘lmmaulamaﬂlﬁﬂ 0.1 wesila Audsgred arsazarsasiadudvuysue
Usmmimmulamaﬂlsmﬂﬂi’ﬂﬂ‘UwﬂmamlﬂmmmﬂimmﬂimL‘LJuL‘UasLsuumamimmimm
(W1, 2548) Faaunsi (3)

VxNxm
Totalacidity = ———* x 100
U (3)
e V fio Usunaswesmaiildlumstnmsa (ml)
N fio ua%ﬁaﬂuaqmaﬁ’t‘fﬂumﬂmmm
Mw fio umuﬂiuLaﬂamaqmmmimiﬂum 0.75
U fio Uaanameswandasiildlumslyimss (mU)

NawazITalNanIsANEN

WANIVAFRUNNTEULsaNTAYAeRalalANgviTUNU T Luaamwnumiammqawwﬂw
mmmaumaaqwaqmumwayumawummlﬂma Imawammu 150°C S miomdey
wwuuawam Luaqmﬂnawﬂﬁi’ﬂumimLmﬂﬂaLﬂmﬂuLLaumammwimammmmnmaﬂuammm
aumwamnm%anmﬁimwﬂmmLaaumunmaamammm mmwam’twmﬂivamﬂwwmivmmm
flandods Table 2 } }

AN INAABULNLE Y LHANNBALALANGYISUNUIN Lﬁ'aﬁmwmuwmma‘f,mLmnsz?m'%uLﬁw'ﬁuv‘h
’Lﬁmmwyﬁumﬁaawﬁmuﬁwwaamaa Tnefionsrduuealaangnsui 80% Wuangnseuwiei
TEauduldandudnumizeingn 52.22 kizkg (Fawansly Figure 2) ilasanarsdinigagli
a15ay awwmmlmﬂmmmmumiuivmwﬂiwmumimLmaamahwl,umsumamﬂmmanm
lmmﬂﬁuuwﬂmmﬂﬁvawﬁmwmsmLmaaqammummammmlu Figure 3 dusnamudunsnves
LEINUT Tz LR e Rar STl dLRsy mmmﬂmmmwamaummaaT,m
LANTNTULATUTU UKL ﬁﬁ'wmmLﬁuﬂimamamﬁaé’mﬂdauwauLﬁm%u Lﬁ'mmﬂma‘f,m NGV T
LmuaqwmmmLaammﬁm1zwuaammmaﬂumwmmﬂwﬂimmmwaaiumu ¥ULANANAY
GYHJ?JG]S’]HTIJ‘U@Q@J@@IG\Lﬂﬂ"’d‘lﬂiu‘ﬂLWlIGU‘L! mummmwﬂwmmwmﬂuﬂsmamvmumummmm
u”luu‘U’liiLiﬁJGmLuENf\]’muWLUUMQLR]E]T\]NWJ’]MLUUFWWLQJE]ivLMEJN’]@EJﬂlTJLLﬁ?VI’]IMﬂ’]ﬂ’J’]JJL‘U‘uﬂiﬂ
Wududusuansly Figure 4
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Table 2 Performance evaluation of maltodextrin drying

Conditions Performance Evaluation of Drying
%Moisture .
Temperature  Roller speed SEC content Efficiency Ch?craCtZHStics
P t
(°C) (pm) (ki) (%wb) (%) of rroce
150 0.108 11.28 0.942 33 Complete
175 0.226 12.23 0.785 30.35 Slightly burn
200 0.453 15.78 1.372 21.16 Burn
60 25
58 20 -
;OZn 56 7 go\ 15 -
> 54 A =
=2 3 10 -
O 52 - o
L ‘O ]
o5y l = 5
L
48 - 0 -
50%  60%  70%  80% 50%  60%  T0%  80%
Ratio of maltodextrin Ratio of maltodextrin
Figure 2 Specific energy consumption tamarind Figure 3 Efficiency of powdered of

powdered tamarind

M Tamarind juice M Tamarind juice mixed MD M Tamarind powder

Total acidity (%)

50% 60% 70% 80%

Ratio of maltodextrin

Figure 4 Total acidity of powdered tamarind
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NaNINAFEUATazaIsalaANgNIUNUIN annznsviuieiinnmEiseu 0.108 P
wazgumgil 150°C Wuanznsviusieimunzay mmﬂwmamm%wléﬁ‘luLﬂmmslvm wazdean
Usz ammw‘tumimLmnmammmmaﬂau 33 druhugrmausealaandniu nui ishsdiy
1:0.8 w/w Lﬂuamaymimmefvmluwammmmwlmumﬂammwawammammmmaaau 22.53 uaz
fiAn SEC sanfio 52.22 k/ks.

LONE1581994

e vsuiidening. waluladmsvhudauuuneunany : mi‘mmﬂmwaauamammmmmi‘vﬂa
foanudou. MIATITunariaw uas. U7 35e0uil 2umwen- $iguneu 2555

uf wadnadys, giv ASTaleBu aeay dusiusiaalan uagfinang eginen. 2544, Jadelunns
mamﬂmwamﬂmEﬂ,ﬂumaqauLLmLLwaﬂﬂawuu Msaniseuazaun w9s, 39 24, atiu
‘1/| 1, i 69-84.

wgun Us1eUs, sl 3e1ussa uag nsgld AseussA. 2558. Mmsiisuliisudssaninimues
mimwmumamaﬂivmumimLmqmwmmﬂaﬂmaLmaqammuw‘uaﬂﬂaq nsussyu
JennsanadnssunensuiiUssmelnessunAndiit 16 uunwandd 8

W1l AEUNSAANG. 2548, HAYDIANTYIBYIUATATAN 1IN SV oaN URKGA g lun1IxEn
LEHIlABLAS B ILUUNLNSEANe . Anennusam T afinane3vimngsue g
WIMedenaluladnseanunasuys. 93 u.
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99231 walid, an1358d evdna wazrynsun gﬁnm%ﬂa 2556. Jaduvpanisounsienumas
NHITUANUSDULUUNITN WAL mmmaammsau‘wma%auwamamua AMNINUDY
winlneen. aﬁmi’m&nmammw Uw 18 Q‘U‘U‘Vl 1. 166-180 .
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WHQC) LLauia’c’Jauﬂ’liamLﬁﬁJU’MUﬂL‘L!E)W’]ﬂﬂ”liauaw (% Thawing lose) nuhmsAne ns
msudtdenude way EJﬁli’m’l‘iLLGULEJEJﬂLleN NANITNARDINUIN amamLumuazﬂumﬂmwmamq
ﬂa‘LmﬁLL‘ULEJE]ﬂLL“?NW@MW]ZJTUUWL@E]G]L‘U‘uL’Jm 40 Ui msmjLaanummamwaamawammm -
25 mmLsaaL%muammmmmﬂmamasmwlwu 18 aernwaldea 1aan 7 49lue 54 il wide
474 Wit Snsnsudifenudweadonesadu SAvindy 0.30 wuRwns/Aalus feidunisududs
wuudn (Slow Freezing) mamqvmaﬂa'nmmsauﬂﬂiﬁummumsmL&Jamwwaamawawmu
gaUszasluriosduls
ﬂ'lﬁ']ﬂﬁy: Maama‘u, ﬂ'ﬁLL‘ULEJ@ﬂLL‘ﬁQ, ﬂ’]iﬁﬂa’]qmsﬁﬁﬂmmmw

Abstract

Hard clam is an important economic clam of Trang province, but it is perishable.
Then the freezing process as preservation method was selected for this clam. The study on
preparation process as boiling in water (30, 40 and 50 minutes) was studied. pH value, total
volatile base (TVB), water holding capacity (WHC) and % thawing lose were investigate for
quality evaluation. After that, freezing graph and freezing rate were studied. The result
showed that suitable boiling time for this clam was 30 minutes. Thermal arrest time to reach
-18°C at the center of sample was 7 hours 54 minutes (474 minutes). Freezing rate was
0.30 cm/hr., which was slow freezing. This condition could be used for freezing process of
Hard clam in local fishery community.

Keywords: Hard clam, freezing, food preservation
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unin

VoUARY iJﬁlIEJLiEJﬂEJ“LJ“] Ao oanszUn weemu eely uwiaiudeniseuduiu uazd
mmﬂmmuamma vuiudvriviediniy viinlaifans uwifiduuas iaﬂuLmeumuﬂUﬁuau
Waensaden endemuiiutiemeia '1/1L'1J“LJ'1/1$’1‘&J wazlaauvunse Tuwmiiy (Sunun uay
ARy, 2552) neglunguviesnduiivateyin wusrannsilsenalneuasil s iadunsiu fiddalaun
wiin Meretrix meretrix wurnmsilsenilne wu Sorinnsia FJUNYT T899 INYTYT UTeIUATIus
YUNT Wazg 3193511 wazalla Meretrix casta wumﬂwmihaumuu uazuoudminaymsaens
YaUS 'ma'amaUuaﬂmﬂf\]uuﬂmaﬂuiﬂmﬂmawaLiJaamLm Jallnnsunziiiefied e
FnaUssng esnduriin M. meretrix fisnAnsinmneyssanuATansuay 35-50 VN druain
M. casta fiUTinasnnuaziisingnndi AeflaniuasUszunm 15-20 vw (3ede uagam, 2530)

miauaummﬂmﬂmmaammmmﬁmuwsﬁﬁmﬂummuu.m Manmiwumﬂuﬂmm
Wonudade miamammmaammﬁmwaawmamwmummlummam ganfudfisemns
Fumiineluls Immlﬂmﬁ]vmummwm -18 °C ‘mammw Fadndfayfe nsdsuannivvesi
Tummi‘mLﬂummmaﬂmﬂuuum Lwaﬂmmuummmmﬂwummmiuﬂgmmmm wagldidu
afuami‘vﬂwﬂumaaaumwﬂumnummﬂm (@nw@uu, 2539) ﬂmuuﬂgﬂmﬂmﬂmmmimufuq
dulng) ﬁ]ﬂWﬂUiﬂUW@mmmmnﬁ -18°C (wi3e 0°F) laluszesiaa 6 Wieu fs 2 U foanuiu
ivmumvimmaummumimmmmmmwﬂmlm lngianzaduvsdvin Psychophilic Organism
emmaL'«Jimmuimlﬁluammumm 5 pamuwaidea vhldmsutiumludestilaly wmane gounnil
oF asmmsm 0-5 epwaLdea (Unau uay Wndnd, 2538) ﬂ’li’LJ”I’ViEJE’JG]@‘UM”ILLUiSUL’LJUNamﬂm‘MLL‘U
WWanuds uaﬂmﬂwﬁmmﬂuuwmm'ﬁLﬂuwammw%ﬂwm oy Meritrix sp aaamﬂ,ﬂma A28
ANAIMNNLATUINIG WAZATINANVNNE LYY Fudawaduzite (anticancen) (Xie et al,, 2012) A5
muqumwauaummaswuqmqmu immuno-regulating (Xie et al., 2012) mua%aéass
(antioxidant) (Jiang et al., 2013) anAI1uA ULa f;l%yﬁys[,ul,ﬁ'mﬁam (antihypertensive and
hypolipidemic activities) (Xu, et al. 1999) uanantuiiilaainaisaunesdssinisnaninniiely
3Uves nutraceutical product iflasanniiesrusznouves nsnexiludase uaz wWulnd (Wu and
Shiau, 2002) dwiuesdUszneundnvesiilevesty azdanuunndreiuluusazyiinvemesnis
?mﬁzﬁaﬂﬁ‘dwﬂauwﬁﬂmaqmsmmﬁﬁyﬁimﬁamam%’mumms 7 ¥fn laun nosuwAsa
VIOBUNAS M1BBUNITH vieBNTd viegldEe vesvasn uazveunzwe WUl Usinaanseslu
wesudazyiiniinnuuansiaiu andmdnitevesan 100 nfu wudi fldsiu 6.9 - 22.3 nfu
mslulainsm 0.58 - 1.6 n3u lusfusaw 0.4 - 1.4 n$u upaiBen 14 - 98 fadindu vesviiniillusiu
mmnam Ao voBwaa msmﬂiummﬁulmmma%mam]wmmnam druvogngnaillugiusiuuin
mam LuaLﬂsaumsunmuaw (muwlmmuu) wudn JAlUsdu 20.14 3 lusfusiw 12 nfu uas
uaiiey 9 fadndy Swsiuled Luawaauiﬂﬁmﬂﬂammﬁmuam wadlladusiutasnin wagl
ARGy (Tumn wazmne, 2552) mwasmaummﬁwmumﬂmmmﬂmuﬂn1 708
mauLlJuLmawmsnumanmuu B12 LLa.U‘Uiuﬂa‘ulﬂmamimmimmﬂiwLmawam (fi5u"4, 2559)

mmnmmaummmsumaamawuﬂwaammﬁﬂ%aqmmmmqmamawmﬁmmﬂm
Femsutionuds fesnvesnduiinindemdedis dewanimmnae sitldanunsatuldy
wusluNsHaReERd UL onLdavaIuIUTTI Lwaaswiwaléﬂwﬂusqmummizmmlﬂ

Aen1sAne

1. msanwansfinzanlumsinssuesnduiounisudiBenuds
dmeenduannguyUszasludnneiuds a.n%e mmqmamﬂﬁwﬂﬂwaumm wavana

fethnaunaeiuadLy 50 ppm Tnewesfigemnazvhnsnaasdluriuil tmesveiafiniiunns
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mqmmmavmmLLaammq‘Lwavmmm mﬂuummmmmﬂLmemmum Sasrdunessiet
windu 2:1 (umuﬂ/mwun) winhluguludiemfuszeviaan 30, 40 uay 50 wnit Asradeu See
amﬁamLaaumuﬂLuaamﬂmﬂwmmsau (% Cooking lose) InAnudasisnisuas AOAC (1995)
LLmLuawaaLwﬂmmﬂaaﬂ ‘mLua‘maama‘uNauumawsiﬂamwmamﬂ Im‘&m*mﬁmmmﬂsum
\onesuazimesnouinsugienuds mﬂuummammawmumimﬂLLawumasmimmmi
mmwiiﬂumwmamﬂlﬂﬂmmﬂmmamawmwuﬂ mﬂ‘uu%’]miLL‘UL‘EJ@ﬂLL‘UWIE]mMmJ -25°C 1Ju
1381 24 mim ﬁuammma\iama 911 Hong and Choi (2016) uwammfmwimmmmiawmaumm
(Thawing) Iaesituiinluatduiiat 30 Uil (Hong and Choi, 2016) fadonaniizlunisdui
winnzau lngiansannaaudRnigg dall
- mmmﬁ]uﬁimm& ANIBNITVRY Hasegawa (1987)
- ﬂ%mwﬁaﬁizma}ﬁ ANI5NN3U8Y Hasegawa (1987)
- Sogagnsgaydeininitiesainnisliiainuiou (% Cooking lose) lngdinuuasisnis
299 AOAC (1995) 3
- Anuansalun1sauy (Water Holding Capacity: WHC) a113§n15vas Hong et al.
(2008) o
- Fewazn1sgidsu viniieninnisazaty (% Thawing lose) ANUTEN15U8Y AOCAC
(1995) . . .
2. MsAnwanneAmunradlunsundenudalevesndunautivies
inSpuvieund Uit UTe 1ImlsﬂamfsviumsmwLumvammmaaﬂmﬂmn% 1
wmmﬂuummamwawmumsmﬂLLaumua&’wﬂ,mmﬂmimmjwiiﬂumwammnlﬂﬂmmﬂmma
w3odanin vnsutidenuduezdnmnsudiBenudeded
2.1 nswinmsutidenuda
ﬁﬂmmﬂv\lmwﬁ@aﬂt,lfﬁa AUIBNI5VR Boonsumrej et al. (2007) Tagiinsuaiden
LL“UQGI’JBEJ’N Maguruda (e Haier U FZD8V3333 nénlay u3dvleens 8 Bidansa (Usznelne)
1A9) wam‘wﬂm -25 °C SINLUWLLGULEJaﬂLLSUWmm‘mm%lmmlﬂ i”lﬂ’liﬂ,JLLWﬁ WINADIN18NOAN
mimaaqaﬂamnﬂsum Uuwﬂammmaamamwuﬂimammmawmmﬂmqmamq wiry
-18 °C mmmawumammu (Data Logger Temperature Imﬂ%maLasmvuq"l,ﬂmaﬂa']wawu
ilavon UuwwqmmmgmmﬂmwaﬂmasmmLLmqqumimuﬁ]umqmmm -18 °C
2.2 dnsnsudidonuds
ﬁﬂmé’mwmsl,mi@am,vﬁa (freezing rate) InaAunasnsINIsuddonuds auaunis ves
Pan and Yeh (1993) siail

Freezing rate (cm/h) = Minimum distance from the surface to the thermal center of sample (cm)

Thermal arrest time (hr.) to reach -18°C

NANTSANEILAZNISIVTAL

1. nsfne 1dnzfimnzauluniswSeuitesvesnduneunsudidanuds
ﬂﬂ‘mamamLmJ%azﬂ,umiLmsmma81maamamaumiwwamm TngvinnisAumeoy

maU‘LumLmammuaunmmqqﬂu 3 5¥AUAD 30, 40 WAy 50 W mﬂuummimmmmﬂa AR

Wunsaang (pH) Usuausnsiisemels (Total volatile base: TVB) mmmmsa‘iumiamm (Water

holdlng capaoty WHQ) miaﬂaumiamaﬂumuﬂLuaﬂmﬂﬂ’liLL%LEJaﬂLLm (% Freezing lose) uag

ia&JaumingLaaumumummﬂmiauaw (% Thawing lose) HaN13NAaBLLanIse Table 1-5
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Table 1 Effect of boiling time on pH value of Hard clam meat

Boiling time (minute) pH Value
30 7.06 + 0.05°
40 6.98 + 0.04%
50 6.95 + 0.03"

Remark: -The different letters within the same column indicate significant differences between treatments (p < 0.05)

INANST 1 mmmﬂumm (pH) vesvREndUTiHIUNNSRUTiszoZIaENg Aunudn
ﬂ'ﬂmmLﬂuﬂimﬁhwawaamé’uﬁuﬁéfmﬂuiwmam 30, 40uAZ50 W19 SlAYIAY 7.06 + 0.05,
6.98 = 0.04 UAY 6.95 + 0.03 MUAIWU Faszeudn pH fanandusyauan pH vesvesaaundnda
Lddmsideuds nn13fny Jo et al. (2014) FavinAnwInszuIUNITLUITIUOIMITAIANNALES
(high hydrostatic pressure: HHP) ﬂiw’U’J‘uﬂ’liﬂﬂﬂa’]’JL'LJ‘LJﬂ’ISsL‘Uﬂ’J’miﬂuﬁJLWE)ﬂ’LJEJlJEJ’I‘Vﬂi WU
AThEAINeY 0.1 MPa, 100 MPa, 200 MPa, 300 MPa, 400 MPa tag 500 MPa A" pH GUENM@E‘J‘W‘l@
TAININY 6.31+ 0.15, 6.30 + 0.04, 6.05 = 0.01, 6.35 + 0.01, 6.45 + 0.03 Lag 6.45 + 0.03
AIUAIAU

Table 2 Effect of boiling time on cooking loss of Hard clam meat

Boiling time (minute) Cooking loss (%)
30 24.79 + 3.09°
40 26.94 + 0.98°
50 27.40 + 1.16°

Remark: -The different letters within the same column indicate significant differences between treatments (p < 0.05).

ﬁ]’]ﬂﬁ]’]‘i’m‘ﬂ 2 'ﬁasaumiamaaumuﬂLuaamﬂmimmﬂuiymnm 30, 40 wag 50 w9l 8l
LL‘L!’JI‘LKLILW@J‘UU “INLLH’JI‘H@J‘U’ENS@EJ@”ﬂ’]iﬂmLE.‘{EJLu@\‘ﬁ]’]ﬂﬂ’]ﬁ‘lﬁﬂ’l’]uiau%LW@J‘UU@’]QLﬂW«J’]ﬂﬂ’ﬁ?{ﬂJLﬂS
mmﬂmwmu ?J’]ﬂﬂ?ﬁﬂﬂ‘lsﬂsllaﬂ RGIGEEE (2542) ‘wmwwasuamﬁl,l,avnaﬂumﬁa’mwammam IﬂEJ
a’m‘maaLLmammszLamLLavmmamﬂuwm 2, 6,8 Wagl0 U ‘W‘U’JWLMEJSL‘UL’Ja’lsLuﬂ']ia’JﬂUWU“UU
NARA YIS SoUazUDINANER (% vyield) anasInNIovaz 18.76 L‘U‘L«!iaﬂa‘“ 16 67 Eﬂ’]ﬁiﬂﬂ’]iﬁ’)ﬂi‘ﬂ‘u’]
Lﬂaﬂ LLavamaqmﬂsaaav 22 30 Lﬂuiaaav 15.99 mm‘umimfﬂ,am Kdamiamawamamammu
‘1/1‘1NLﬂ@]"\]’mﬂ’]iﬁiULﬁEJU’]MUﬂV]LWMGUU

Table 3 Effect of boiling time on water holding capacity (WHC) of Hard clam meat

Boiling time (minute) Water holding capacity (%)
30 47.67 + 3.40°
40 47.42 + 3.26°
50 37.05 + 31.46"

Remark: -The different letters within the same column indicate significant differences between treatments (p < 0.05)

NN 3 mmmmiﬂumiauuwawaUmawmumimumm ¥y nmmmﬂuﬂa 30
40 uaz50 Wil dA1anas (p < 0.05) Luanaﬂummmwmumﬂ 40 Wiy 50 Wit U561 (2545)
ﬂana']msLiJasmuﬂawmamﬂiuﬂauwmmuLLauLuaamamaaLuaammaamuﬂiumum{mmm
ﬁaumuﬂuqmmuLLasiwznmw‘Lﬁu nswasuudasiiiiude ldud nsgadoaiuasnsaluniseay
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1h (water holding capacity) n151n¢i3 (shrinkage) voanauile uaziliieduida (texture) vaq
91115 UAsuulasiy %amimﬁﬂuuﬂmﬁdﬂa"nLﬂumammﬂmnﬁaamwmsmwﬁﬁuaﬂﬂﬁau
(denaturation) TUsAiuwsazviinaziinnisideanimsssuniluaniiziiuaneieiu waznisyile
WsAufansidanmsssuniiivansds Buis fe nislinnuiou Tusivluitedaisziinnside
amwammmimmumammuﬂswmm 57 fis 75 sariwalgod Feavinadodnvuzideduda
mmmmmlumiammaumimmﬂuaﬂmaam

Table 4 Effect of boiling time on total volatile base (TVB) of Hard clam meat

Boiling time (minute) Total volatile base
(mg Nitrogen/100 g sample)
30 Taiwu
40 Taiwu
50 Taiwy

NA151971 4 wan1sENYIUSIUANsTiszimeld mamaamﬁuﬁnhumicﬁmﬁuiuﬂwnawiw]
i 'W‘U’J’113JW‘U‘LJ§1JWQJWIWI§WL‘V181®W‘iu*c’J £1381M15A4 30, 40 uaz 50 Uil Fanan1snaaesiild
denARDIuNISANYIVE Vg (2548) fmﬂmsnmimmﬂmwammaawammm 5 9L TA U
wag NAUTNT (2550) smﬂﬂ‘mmimmﬂmmmmaammmm -18 94ALwATEE WUIIAINNITATID
SineiUinasiissmelfer iinuuiinassiissme§luafindusnvesnsiiuine

Table 5 Effect of boiling time on thawing loss of Hard clam meat

Boiling time (minute) Thawing lose (%)
30 14.68 + 5.82°
40 12.35 + 4.15%
50 8.82 + 3.35"

Remark: -The different letters within the same column indicate significant differences between treatments (p < 0.05)

9NAN5197 5 ASenaz miamLﬂamvmﬂLuawmmia“mmamaamawmumimm
i“’ﬁJ“L’Jﬁ’W]”N"]ﬂUWU’J’] LuaivavL’aaﬂummumeumiaaa”mﬁamLaaumumummﬂmiavmsm
mamaqamwuamﬂmmnaam (p<O. 05) anaflesnn mwmﬂuwmmwﬂma&a ﬂ’]iﬁﬂJLﬁEJ
dminilosannsldeudou (M151371 2) waz mmmmsﬁlumiammamaﬂ (93797 3) 1ilesann
mﬁsmLUunmmumﬂﬂﬂﬁmmaamw Fansdvanimuadlusiu mmamamiamLaaauum‘i,umiau
uwaﬂﬂmu (Zayas 1997) uuﬂamammmuiumnmmu Maaﬁ]yammsmmm dlevnnutidonuds
vm&mLaaummm]wumiammamaaﬂmLummﬂmﬁa SEVRELY mewummaaaaﬁlumaauaa

2. ﬂ’]iﬁﬂw’]aﬂWﬁzﬁkﬂﬂ’lzaﬁ.lﬂluﬂ'ﬁs!;l,‘lilﬁ@ﬂLL’TNLﬁEJ@GEJﬁéIUNﬂﬁJ&’]ﬁ&MaU

2.1 ns'w\lmsuﬂilﬁanuﬁuﬁawaamé’uwauﬁﬂﬁwaa AsAnwInTmnsLYEanudalneyin
mmmaammmaammu Air-blast freezing mamvmu -25 peraldiva Yuiingnmgiivediedne
auﬂiumammmawﬂmﬂmﬂmama -18 ENFI’]L‘IJ@L%EJ&I@EJI‘ULﬂiENUUVIﬂE]mMﬂM (data logger
temperature) HAN1IVAABILAAISI Figure 1
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-20 ~
-25 - 474 mins (7 hrs 54 mins)

Temperature (°C)

Figure 1 Change of temperature during frozen time of Hard clam

La,JawmmwmﬂmwgmiLLGULEJEmLLm (Rahman et al., 2002) nsAnwInsIudLEonuds
ﬂuauua‘maama‘u (Flgure 1) ‘memw 1 (A-S) L@Jammamuuawaamaviﬂmeammmuamwm
Sudu A ammmaqmamw ammaqLuaqmnumimamwmauama (Sensible heat) ﬂuaﬁuﬂ,u
mamuuamamau ﬂumﬁmwﬂmwmmm (super cooling : S) au. wuammmmmammmwm
Laammﬂuaqm Ao 0 aammawaa widdliAendnthuds Sadntuanenouiiosinndntude daedi

2(s-B) deduAandntuds ey :,Jmﬁmamwmauﬂummimmwaﬂmamwmauum (Latent heat)
4299 3 (B- Q) L’LJumiL’LJasJuLLiJaaamummuﬂuma‘c’JNLuam‘c’maUlﬂLUumLLmIm&’Jamvmmz
ﬂaumqmmmammu -5.3 mmmamaa “Lusvmwumumimamwmauumaaﬂmauﬂsvmmaam
Luaﬁaamaumummmm a4l 4 LuamamaLuamaamammmﬂumLLﬁuwummmeﬂmmm
mnmmwalﬂamummufuw amaﬂﬂaumwummuammmmmammaamlfuq Tughailasiinng
mamwmauammaamum msmaamﬁaummﬂmLaammmawaamauwammm -25 89N
ERIGER aumvmammmmmﬂmwmLua%aamaumammm -18 peALTaLTYa Tsmm 7 4l
54 U7 %39 474 Ul

2.1.1 dasmsuaidenuda )

Anwidnsinsudidonuds (Freezing rate) vosiiloviosndu Ingfuiudnsinsuy
\Wonudsmuaunis (Pan and Yeh,1993)

Freezing rate (cm/h) = Minimum distance from the surface to the thermal center of sample (cm)

Thermal arrest time (hr) to reach -18°C
2.40/7.90 (iufiins/419)
= 0.30 Wufns/dlu

’i]']ﬂﬂ'ﬁﬂﬂ‘lﬂ’]ﬂ(ﬂﬁ’]ﬂ’ﬁLLsULEJ?JﬂLL“UQ“U@QLU?JW’PJEJG]aU Imammmmﬂamﬂ ﬂ’]ﬁLL%LS@ﬂLLﬂN
PUI E]G]i’]ﬂ’]iLL‘ULEJ’e]ﬂLL‘UQ‘UE’NLUE]ME]EJG’]@U llﬂ?L‘Vl’]ﬂ‘U 0.30 L%u@mmi/‘lﬂhﬂ LTJ‘Uﬂ’]iLLSULL‘UﬂLLUUGU’]
IﬂEJ?JG]i'Tﬂ'ﬁLLGULEJ@ﬂLL“UQLL‘U‘UGU’] (SLOW Freezmg) N@Gﬁ’]ﬂWSLLGULEJ?JﬂLL“UQ?JEJI‘LHJ’N 0.2-0.5 LYUFALUAT
(ﬂ?ﬁ]’ﬂllﬂ 1‘Uﬁ’]1ﬂi‘uﬂ']5LL°ULEJ?JﬂLLGUﬂJ‘IJa'TW]TUU’]WGLMﬂJ (Bulk Tumamumamm (Air BLast Room)
(ﬂa 2547) LaBell (1991) ’e]ﬁ‘U"IEJ’J’liu‘Vn'N‘Vlllﬂ']iLL‘ULEJ'E]ﬂLL‘UQ@EJ'NTJ@Li’lﬁ]uLﬂﬂNﬁﬂU?LL‘U\?ﬂ’]ﬂiu
L%aa“ljdﬂ’ﬁmﬂNaﬂ’i]uL‘lJubl.‘U@EJ’NﬂiJ']LﬂlJ?JW']IMLﬂ@ﬂ’]i‘I/]’]ﬁWEJNUﬁL"UaaLllllL‘Ui‘u%aQEJﬁm LLWQ’]Lﬂ‘L«!f‘ﬂﬁ
LL‘ULEJaﬂLLGUQLLU‘UGUTLNa%aﬂL%a’JﬂWEﬂut‘ljﬁaLﬂﬂﬂWﬁLEJ‘LJGYJLL‘UUENS’m ’ila;ﬁJﬂ’J’]ll@]L!l’fJ‘l/]LLWﬂ@]%’iﬂU
sum'msuaammmaiuuauLézjaamauaﬂ WWIWUWIUL%@@%%@'EJE]ﬂJJ']ﬂ"IEJ‘L!@ﬂLLa’JLﬂ@LUuNaﬂ‘U’]LL‘UQ
Lhae u’lmasluvvaa%mmaaaa WWImNﬁWNWiOLUUNﬁﬂu’WLLGIJQIG] GN'U‘H ﬂ’lﬁLL“ULLﬁUQLLUU“HT{]\W]’]SLﬂLﬂG’]
ammmﬁaﬂmmmnmw LLG’]ﬂ’]ﬁﬂﬂ‘lﬂ’]ﬂiﬁum'Qﬂi“UﬂWiLL“ULU@ﬂLL°UQLL°U°U6U’]L"LJ'P]\?"\]’]ﬂL‘lJUﬂ’]iLLGULEJ@ﬂLL"UQ
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fanunsaafiunslalegldfuiidonudasaliaannidn nquynivssusidesnsuusgunesnaulu
anwazvomesnduwtBonudaunsanidunsle

d5d

., ﬁ]’]ﬂﬂﬁﬂﬂiﬂﬂiuUQUﬂ’]iLLﬂjLﬂ@ﬂLL‘UQ‘MEJEJG’]@UW‘U’N mﬁLmﬂumamwaﬂﬂaumiufuwaﬂ
wdalnonisauduszeziian 40 wiidanuming awam Luawmmmmmwmaﬂmama waziiloth
malﬂumaammwammu -25 paAgalged ﬁ]uammmmmﬂmwaaﬂﬁuawaw wiLdonudadl
Ay -18 asrwaidua 19an 7 $9lus 58 Uil nSe 474 wd Imauamﬂmi widanuds
Wiy 030 wuiuns/galus iWunisugudsuuuda (Slow Freezing) mimmumnmaaqu
mﬂanmuﬁam*&mamwamiwmaaﬂ‘wﬂmauﬁmaﬂﬁvmsmEJE]a mmaammﬂiiﬂma AN B8 LY
Wanudla Luaﬂ"\]’lﬂmSLL‘ULE’J@ﬂLL‘UQLLUUU&’IM”IiﬂW]“UE]G]LLGULE’JEJﬂLL‘ZN‘VI’ﬂ‘Ui@

AUBUAN
YaraURUMINedemalulagTvnaaTIty dmsuruaayun1sinideluasal

LONE1581984 )
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Automatic Control Systems for the Growing of Plants
in a Controlled-Environment System
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UNANED .

nsiauszuumuAuenluiidmiunsugnitalulsuieussuuln Idnqussasdiiie
DONUUULATET9TE wmumamwLmaamm811415@LiauLLwaqumﬂimaumsJ gaunl ALY
Fuims msmmuLLaqmaumnmamlw ANdUNIA-ANY waY msmlvxlﬁwaqmiaymavﬂfﬂumi
Ugnity mumuLLavaamuaﬂﬂmmammﬂivmama Namwmaauﬂivammﬂumimmusvwmi
muammium WmmmmLLmusJﬂumimUﬂuammmasJa“ 99.60 mimmmmwmuamwm Sy
a¥ 99.82 ArAnudunIA-Ag (pH) vodasazaIwsasas 99.00 Ly mmsmi%lﬂ’maamia a1y
(EC) Sovay 98.75 mmam’dmJmLLaﬂ,Wf\nﬂwaavaWLLaaam"l,mamumummmmmmaqmi q
Uy ammw‘LumammmmmuLLammmuamwwmaaa'ﬁaaau 42.66 LAz 26.83 AINEINU AL
L‘UiﬂJENLLﬁx‘lﬂ’]ﬂﬁﬁ@ﬂlWLLaaaﬂL‘WWﬂ‘U 227.35 umol/m?/s Fefleuiioanenanisdansiziuames
el

o o

AdARy: sruumuANsnlulif, Tsaeudgnity, msdgniivwuulildiiu
Abstract

Development of automatic control systems for growing plants was applied by using
in a closed system greenhouse. The objective was to design and create an automatic
environment control system in the greenhouse consisting of the control systems such as
temperature, relative humidity, light control, acidity and alkaline including the electrical
conductivity (EC) of the solution used in growing crops. Control of measuring equipment for
processing. The results of testing of the environmental control system indicated that
temperature control accuracy was 99.60%. The relative humidity was 99.82%. The pH was
99.00%. The EC of the solution was 98.75%. The light control from the light-emitting diode
(LED) bulb can work precisely according to the setting value. The automatic control system
had the efficiency in controlling the temperature and relative humidity around 42.66% and
26.83% respectively. The light intensity from LED was 227.35 umol/m?/s which was sufficient
for photosynthesis.

Keywords: Automatic Control System, Greenhouse, Hydroponics
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uni

{]wuuﬂumﬁlumwum'ﬂmmmmﬂzumaasumwmmﬂﬁuuT,msm Winlaannisidenuslaa
ormsivasnansiie 017 nluszuulelnsuanddslivutouarsiaiilufu (Jeonghan Hwang,
Hoseok Jeong, and Hyun Yoe,2014) Ineinlaslusiing uay sainlaealudulng 9z zUgnlu
IﬁqLsaumam&amm'ﬂmmimu vieoraluldanaiedl (@orciuiduinermnsuamelulaBuiseme
e, w. °d 4.) LmeuUsumﬂlmeuUsvmﬂwaﬂummau (57v7e LazAy, 2015) amwnummﬂu
mmJawuﬂmmaammuqmma Uswﬂauﬂ‘uam’gﬂamauwﬂmammuawu (EUNT UazAE,
2557) danansgnusianisiaiaiulnveity linandnlaned waz AAINATRT UONIINQUNAT
LLaumsmaamamummmm ﬂmm‘wm A1501%15 ANULTLVDILES ﬂaamamamsmmmﬂmaﬂ
Ryeuiy faiy mmLﬂummumimmﬂmﬂuﬁmwmmuaumummmmmiﬁuaqummau
yiln (841914, 2560) Imsiu‘ﬂ%wmmiwwuﬂiaLiauiuuwmqummmamummamiiwmwaq
m (Evaporative cooling system) mEJm%‘daaaiwmiﬁamuumﬂiumwﬂaad e (Cooling pad)
mwmamvmmmﬂmﬂmauaﬂLsuﬂmiaumuﬂaamwm wﬂuammmamm (mmmu 2557) LLmam
mestuImiauﬁlvmmammmLLmamemmawsamLLmﬂmaﬂuliJ Tuagiuszozvnara U AgAY
LINe ImawwmalumLmuwaaiﬂaumuﬂaaqLme uammwmmwwwmﬂﬂummewaamq
LLNUﬂaaQLLWW mwmuamwmsmmunu (umaﬂ uazAY, 2558) FretesfieatiumuLanaaes
aﬁu‘mmLLa“mwmuauwmmsﬂ,uiiaLiauivwﬂmwlmammuamaﬂfm Jslatinsthszuusiunuen
LUUSTLsTR iy (Gunns uas AL, 2557) meaamwmmﬂiuﬁwuuwammmawu gl
f\]“m'ﬁvwwwmmwuamiumLﬁmmLWmﬂivawﬁmwiuamammulmmwm wigumgduag
mwmuamwmanlmwmaammﬂmawlmmaamfgm GU‘L!EJEJﬂ‘UEJm%mJﬂ%‘J‘uEJﬂLLaumiLﬂﬂ‘UiﬂiuUU
NUNNBNOALULR aﬂmimiausvwﬂmLL‘U‘UM‘UmJamm:umamiivmwaauﬂwmmLL‘UUIUS&
was ol Rl auuamnsssuRlunsdanssiorns suwﬂﬁ’lmmmmmmﬂwmﬂm'ﬁULLaa‘m
L%M’]uﬁMLLauL‘WEJJW@Iuﬂ’limLﬂi%%LLmL‘W@ﬂ’NQJLﬁ]iEULGl‘UIGl

ety AidpdeinunszuumurudnluiRdmsumsugnivlulsaseussuuln iowdUeym
LLau‘UE]mﬂWUENI‘NLiEJu‘i ‘U“U“LJﬂLLUUﬂQUﬂMGmMﬂMWQSﬂ’]ﬁwLMEHJENL!’]@W@”I’J 1EWAIUITEUY
AIUANRUMYH ArAuduig Arensdunse-nng anistilainvesansazans uas ALTILE
ﬂ‘ummaﬂumsmLm'wmmwaqwm Imaaslumwmmvamm msamammmaamwaawmmmaﬂ
Tagszuuiiitmunaui mmmaauﬂfdﬂiusmm‘“hmuwwﬂLmamummmmmmaqmﬂmmdﬂ

WBmsAnen

1. eanuuunazaiilsuiauvgniyszuula vu1n (1919x819xg9) 220x300x220
wies Tnelivdnyszneutulastuaslanteusuasmivednemumnunn 0.8 wufies i
Fuuenuarduly Tnsfideriamsanatsszrinauiueinniie 5 wuiiuns dwsuldlunisiad
sruumvAudaludAargunsallunisimnzUgnitvuuulyldiu

2. 89NUUUTTUUAIUANSALULR Uszneume gunsaimuaugumyil Waauszuigeina
aUmmaswmwmuauwm‘lummﬂ aUﬂﬁmmummmﬂmUumm s gunsaimuAuATNISh
Wivosansas ya1ed1msunN15Ug Nl Touuulil9@usyuuf sihdn (Dynamic Root Floating
Technique)

3. sanuwuuszvunsinasdmsuldlunisdunsiziuasvasiiy lnglivasnliueads
IneflszerAUNTIeTEnINannT 30 WUALAT 817 120 WUAlLAS kazilnugeanseuulgnivgiuy
Lail4Au 40 wuRwms
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4. maaumsv‘hmmﬁmé]’uwaqizwmumammﬁLLaSﬂmu%ué'uﬁwﬁ‘ma“lu’Lsaﬁau
InswSsuiisuiugumgiuay AuAudng euenlsaon Sufindinglulsadeunasnisuen
TsaSaunn 1 T pandeustiagn 7.00 1-18.00 u.

ﬂﬁ‘wmaamuwmumamhmmmumiﬂaﬂwﬂuismaumuﬂm Tngldanniivnzan
mmumimﬁuLmuimﬁuaamﬂaam flA1 pH Bgj5e1dne 5.5-6.5 EC 1.8-2.0 wazgaumqilegszing 25-
30°C (8A91@, 2560) dufansvoulasonlss Wsuisummmmmamumiuﬂi YUIUNTALATIEN
was deglusniaiosas 0.03 Asutrsasinazinnifissmessnuden svesily laslulsaiou
ivwﬂmwm%aammuLLavwwumwmammmmﬂ Fovz ganenAaneuondidnelulsasou ¢ Fatu
Uanaieadueulnsenlsstneuonuas melulsadondslifinnuusnsety

5. MedaunsinnuvesszuuaruquenlulifdmivimizUgniivlulsaseussuuta
LAZATIAMULTULES (Photosynthtlcally Photon Flux Density) Iﬂamm m‘u

1) gumngd 25 °C uagANUTUFUIS Touay 75 maauimf[fzjmemmammmmu
AT Lacer Easy EL-USB-2-LCD TauaziiuAgaumaiiuas AT UETS

2)  Amstlad (EC) vesansazans 1.6 uS/cm naaeulagldiaieaindn Waterproof
EC testril+

3)  eaudunsa-ane (pH) 6.0 maaulmsﬂ,mﬂianmm Waterproof Meter PH868-5

4) mmmmmuLLaawaaQIWIuwaqLaaqwm faraande Tpuaaiiourian 6.00 w.uay
18.00 u. Tngl#in30s Spektrales PAR Meter 8% UPRtek $u PG-100N fgtaTosiiainnrmidy
wasTiszazvieaanmaentiuead 40 wufiums LLaﬂﬁumiaama%nm

mmimaauuavmwuwmauawﬂﬂ Falag Lsumm 7.00 u. - 18.00 . Wurian 7 Juih
%mawmaawnmiwmma mamaammm Y© mwmuawwﬁ (RH%) ArA 3T unIA-A1g (pH)
wagArnsAlaih EO) LLawmmaﬂuﬂmUm Unnaenidosity Jnszilagldatnaindesesas (%)

LALIATIERAIAIINLIUEN (Accuracy) L‘W’e)‘Vi’]‘Ui%ﬁ‘V]ﬁﬂ’]Wﬂ’]i%’lﬂ’]u%aﬂiz‘U‘U
X —X

Relative error = Tmea Tt
Xl (1)
%Error = Relative errorx 100 .. 2)
%Accuracy = 100 - %Error . (3)
e Xmea A ANFILERINN1TTR (measure value)

Xi  fA® A1939 (true value)

NaN1SANEILAZNI5IRT5a] )

1. Iiﬁaul,wu%ﬁaaﬂbmuLLaxa%’N%uﬁmmm 319 220 WwuALLAT 8717 300 LYuflLn
wazge 220 wwuins YantleapsdumouiuansnuasanumuIvuIn 0.8 lwuiluns sdiuuen
warsily Tnefvosinensenanssy ginusiuasnueianie 5 lwuiiung Uwummmuamiw
UBTANUN 1.2 LURLUNT mmﬂ%"lumimmmaaUﬂimm‘ummam‘wLnﬂaamauiuwﬂaﬂwmuUlﬂf[ﬂj
#u (Figure 1)
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Cooling set for

temperature
Exhausted fan
Nutrient pump and LED grow light
water condition
X Hydroponics
Greenhouse planting table
control svstem .
Solution tank
Nutrient mixing system

Relative humidity

2P
n3
Uﬂ'ﬁmmumwuaa% aﬂﬂimmumwLLEJa%mwmmmnmsﬂiwmawamaﬂﬂmﬂiwmﬂ’a (Figure

du
Y531
dusulinasiuieg (Figure 2)

Figure 1 Closed system greenhouse for automatic environmental control system

2. inUﬂ’J‘Uﬂllﬁﬂ’TWLL’JC‘]@EJ@JLLUUEJG]INJJG]TJ‘JuﬂEJ'UGYJEJGUG]L"'ZI‘LJL?IEJ‘N]iQQQﬂﬂWEJﬂJMﬂ@JLLaN
'WLI‘U‘LJﬁlIWVlﬁ L"'Z]‘LJL?IEJTJ@WIWJ’DJLU‘L!ﬂi@ A LLauﬂ1ﬂ1§u11Wﬁ1‘U@<lﬁ’1'§a a1y "'l]x‘lL“lﬁ«!L“ll’e]iﬁ]Jl/l’]ﬂ’ﬁ
ammsua:uau,a”m‘ua:uam‘mWmummmvmmiﬂi“mama Lasam,m% mmamiﬂs“mamw

Wi@ll‘l/l\‘!ﬁ\iﬂ?ﬁﬂLWEJI‘VIW]Lu‘Uﬂ’ﬁﬂ’JUﬂM@‘Uﬂ'ﬁuﬂ’lUﬂM@m‘lel @ﬂﬂimﬂ’]UﬂMﬂWiﬁi’Nﬂﬁ?N‘lﬁu
WNEUBIDINIA WARNTLUIEDINA E]UﬂiiuNﬁllﬁ'ﬁa‘“a’]tlﬁ’]ﬁ]’e)']%'ﬁLW’eJUiUﬂ"lﬂ’l’]ﬂJL‘U‘Lmﬁﬂ A
ﬂ’1ﬂ']ilﬂl‘l/\lﬁ’]su@ﬁﬁﬂ’iauaﬁﬂﬁ'l‘MiULW’]u‘UQﬂW‘U 'i’JlI‘Vlﬁﬂ’]‘éﬁ’]UﬂMﬂ’]iLﬂ(ﬂﬂﬂﬂﬁ@@iWLL@a@9]

Touch screen

Temperature Sensor / Humidity Sensor

&

Electrical Conductivity Sensor

& -~ e

Positive potential of the Hydrogen ions (pH)

Ultrasonic humidifiers

OO

Dosing pump

Programmable logic
controller (PLC)

Exhausted Fan

Plant grow light

Figure 2 Environmental control equipment in the closed system greenhouse

3. szuuldwaaiiendnsuldlunisduaseinasaanalaglduasainvasnliueada

U 3 107 81078 120 LUURLLAT LwiavLLmﬁa"wmumaamLaaﬁﬁ 2 Y800 ITYLWINITUINUD

U

maamiﬂuaaam 30 LWURLUAT IG]EIG]ﬂmﬂﬁ%aaﬂlmmaE]fﬂllﬂ’J'liJ?lW’lﬂIGl“‘UﬁﬂW"ULLUUlﬂ"Uﬂu

iu‘U‘Uﬂ\‘l‘lﬂaﬂ (DRFT ) 40 9ufLUfg
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q. Naﬂ’]i%@]ﬁﬁmﬂ’]iﬁ’m’mL"ﬁﬁNéfinUUﬂ’J“UﬂZLI@Uﬁﬂuﬁaﬁ’lM%Uﬂ’]iﬂaﬂﬁﬂuiiﬁL%EJ“LJiu‘U'U
Un awnsainargungiiniglulsaseuldgegauay mam 20.31 °C wag 18.94 °C auainulaedl
am‘mmaaa 19.55 °C ﬂwmwmuau‘wwmaqmmﬂmmimmamu,avmamaam 90.75 Layvsouay
74.31 snuddiu TneiiAnanuiuduindiedsevay 82.07 LLauwamaaumauaﬂIﬁaLiauumammu
immamt,aumam 39.50 °C lag 25.28 °C AUaIAU Imauammmaaﬂ 34.10 °C AP LTS
m"l,mmaml,a mamaaa“ 91.25 LagsSegay 43.25 MUaIAU Imaummmmuauwmmaaasaaa“
60.05 ammumaiuiiaLiaumm’lmauaﬂiﬂLiauﬁaﬂaw 42.66 mwmmua:uwmﬁmsﬂ.uiial,iau
ﬁﬁﬂ?ﬂﬂﬂﬂU@ﬂIﬁﬁLi@Uia‘&Jau 26.83 UﬁwawﬁmwslumimwmammuLLaymﬂmuauwmaLaasﬁaﬂau
42.66 Way 26.83 nua1au (Table 1 wag Figure 3)

Table 1 Comparing between the temperature and relative humidity (both inside and
outside of the Greenhouse)

Average temperature Average relative humidity
Time Outside Inside Difference Outside Inside Difference
greenhouse greenhouse greenhouse greenhouse

O O (%) O O (%)
7.00 25.28 20.00 20.89 91.25 89.44 1.98
8.00 26.19 20.00 23.63 89.38 90.88 1.65
9.00 28.69 19.56 31.82 80.00 90.75 11.85
10.00 30.94 19.56 36.78 69.69 88.81 21.53
11.00 35.13 19.00 45.92 57.94 84.00 31.02
12.00 38.50 19.00 50.65 48.38 80.94 40.23
13.00 39.50 19.63 50.30 44.75 78.75 43.17
14.00 38.38 19.63 48.85 45.25 76.88 41.14
15.00 39.19 19.88 49.27 43.25 75.88 43.00
16.00 38.88 20.31 47.76 43.63 74.31 41.29
17.00 35.69 18.94 46.93 49.88 74.88 33.39
18.00 32.88 19.00 42.21 57.19 79.38 27.95
Average 34.10 19.55 42.67 60.05 82.07 26.83
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Figure 3 The difference between temperature and relative humidity within the house and
outside the greenhouse.

5. HAN1INAADUN1TVINUYRITEULAIUANS aludRdmTun1sUgnivalulsasoussuuln
(Table 2)

Table 2 Testing of automatic control system by setting control system (Temperature 25 °C,
Relative humidity 75%, EC 1.6 uS/cm and pH 6)

Temperature Relative humidity EC pH Open-
) Close
Time measured measured measured measured
Accuracy Accuracy Accuracy Accuracy LED
Value Value Value Value
bulbs
6.00 Open

7.00 2494  99.76 75.00  100.00 1.62  98.75 593 9883

8.00 25.06  99.76 75.19 99.75 1.63  98.13 587 97.83

9.00 24.75  99.00 75.19 99.75 1.62  98.75 590 9833
10.00 25.00 100.00 73.44 97.92 1.65 96.88 591 9850
11.00 2519 99.24 74.69 99.59 1.61 99.38 6.11  98.17
12.00 2544  98.24 74.56 99.41 1.63  98.13 6.14  97.67
13.00 2494  99.76 74.44 99.25 1.61 99.38 6.24  96.00
14.00 2494  99.76 74.06 98.75 1.60  100.00 6.20 96.67
15.00 24.75  99.00 75.25 99.67 1.58  98.75 6.11  98.17
16.00 25.00 100.00 76.00 98.67 1.60  100.00 6.14  97.67
17.00 2594  96.24 74.75 99.67 1.61 99.38 6.17  97.17
18.00 2531 98.76 75.88 98.83 1.61 99.38 6.01 99.83 Close

Average 25.10  99.60 74.87 99.83 1.62 98.75 6.06  99.00
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5.1 msmuaugaugiinglulsasewhnisaseulaemuuariguuginelulsasou
1571 25 °C waziuiinAmne 1 a9 Fausiiaan 7.00 u- 18.00 u, wmwmammuma’tubmauu
A1E9ARAVINAY 25.43 °C LLau(mﬁﬂL‘Vﬂﬂ‘U 24.93 °C mmamu‘lmaumammmaaa 25.10 °C 8313
‘1/1’N’]‘u‘UENﬁu‘UUﬂ’JUﬂMEquMﬂmmeLLEJu‘EJ’]ﬂG]L“LJ‘IﬁEJEJau 99.6 (Figure 4)

5.2 mimuﬂumwmuau‘wwammﬂmsﬂuiiqLiaummwmaau‘lmmwummmqmu
auwmamEfl,uiial,sau"bmaaa“ 75 Uummﬂmmuauwwﬁwm 1 mim Fausitaan 7.00 . -18.00
. wm’lmmmsuuauwmmsﬂuimLiauumaaamaﬂav 75.87 uag Gl’lﬁiﬂi@ﬂﬁ”?ll 06 MIUAIAU
Tnefneududuimiiadodosay 74.87 ek svhauTedss Uumumm’lmuauwmumw
wiugrandusesay 99.82 (Figure 4)
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Time
—@—Temperature  =—@=—Relative humidity
Figure 4 The temperature and relative humidity in the Greenhouse by setting temperature
25 °C and relative humidity 75%

5.3 N1TNNIUVDITE Uumummmsmlw%wmmsa mwiiﬂumsﬂanwsu lngy
m‘vmmmmsuw”lvdﬁwaamiaum&mmaqmﬂaw 1.6 uS/cm?® mmsmammLLauuuwﬂmauaMﬂ"] 1
dla o mLLmnm 7.00 4.-18.00 u. WU’Jﬁmmim"l,w%‘ummsavmammwaﬂwmmamme‘u 1.65
pS/cm LLavmamm 1.58 uS/cm TnefiAadewindu 1.62 pS/cm mivwmummmiu'ﬂw%ﬂm
miaumaummLmuaﬂumimmuﬂmLﬂuiaaa” 98.75 (Figure 5)

54 msmmu‘umsvwmummmmL‘Uuﬂim ma‘uaamiavmaamiumﬂwwﬂaﬂm
nmsnegeulasinunainudunsa-aei 6.00 LLavuuwnmmm 1 $2lus mumnm 7.00 U.-
18.00 u. @1u15atnaAanudunsa-anelainfu 5.87 - 6.24 anuaisiu Inediainnudunsa-ana
WwaAsWAU 6.06 ﬁwumuammmLﬂuﬂﬁm—mqﬁmwLL;Ju&T']ﬁmﬁ‘;Ju%bUaz 99.00 (Figure 5)
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Figure 5 The differences in solution, EC and pH by setting EC 1.6 uS/cm and pHé6

5.5 N3ihauvesssuuaIuaun1sla-Uanaealndmsuldlunshivasdmsuiiy Inevi
nssaanlunisdeluman 6.00 . LLavﬂmlﬂ/\Imm 18.00 Y. KANNTNARDUITTUUAIUANNITIUA-
Yavaenlueadd szuva1unvinn1side ﬂmlWlmmmﬂauiwmuum LATNUIIANULT U La
(PPFD) annvasnlilueadfilanadamiafy 227.35 umol/m?/s msasmmqwamaammaam 40
wuRes (Table 1)

GEAL
9 a Va o

ivuummué’m‘luﬁﬁém%’umsﬂaﬂﬁﬂu‘liqSausvwﬂwmaaaamwmmvwmuwuu

U

aunsann vy uag mamnmaqiiuiaui ‘UU%LLUUMUW@qummamsi ROEERE
(Evaporative cooling system) mimmmﬁammuammuLLavmwmuﬁ’uwmﬂﬁmw wagldanuise
mmﬂﬁwﬂmmmwmmvama%w ENWEJIUﬂ’ﬁﬂﬂLﬂS’]”ﬁLLﬂQ Imaiv‘uwm'«maammuuavwmm
A110AUANY UYL ATudnS Al wazaudunse- mwaqmiaumaimmmmm
AN%UA ImummLmuaﬂumimumammmmﬂusaaav 99.60 AU uduINSAnTuSenaz
99.82 AnAdunsa-Ang LLavﬂwmﬁuﬂw%ﬂummsavmaﬂmL‘Uuiaaav 99.00 wag 98.75 mua’]m‘u
ivwmimuﬂmmﬂmaammmLUmeu,aﬂ‘vxlmﬂwaaﬂimwaamlmmqLLmummmmmﬂa i’JiJ‘VN
’lwmmmmmamauwmwamamsmmiﬂvwmemwm W anunsaUdusaan ammummmu
dusms anudunsa-ana nsihlnivesansazane narlunsaUnuadlul "me:ummmadmisuaa

Nuwsazvinle

D,

ﬂ’WJEJ‘Uﬂm

VDUBUAL FA. ‘W\‘iﬂﬂﬂﬂ szjaﬁumam Uy 3A.AT.59U0 (N’Nﬂﬂﬁ] VI‘ZI’]ERVTW]Uiﬂ‘HﬂUﬂ'ﬁVIN’m
398 mamammmmmmwmnmmu AUSENTHT MM']’J‘V]EJ’]&EJLH‘HW??HG\? INYUVANULWILLEY B
auuauuwu‘tumimma Wﬁ@llL@BLW@HG’WH‘V]I‘LJWWEV]’N’]U’Nsz,‘uﬂiﬂu

LANE19819899

Insas sredeu. 2548, TsaSaumvdanssuumUANAN1IEING oL UUSALLIR. InenfinusuSaya
In, uninedemalulagsvinanyiuesn Ienuniunys.

nsudaaunsinues. 2549. Msudadnlalastudndlulssmelng. ngummy, nsgnsiunuasiay
annsal.
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nsuduaiunsinens. 2558, nsugndnlelaslsiing. Auviadedl 3. ngamme. yuyuannsal
MsinuRsLiIUsEINAlngdie.

ﬁmmam%wﬁ%uﬁ'q wuwes nsuaRwesuaznsldiu. sugnsinsiinn $1ie, gamne,

5UINT UMoUTUNS UaE BFNT LESWAILUWI. 2557, 5 UUAIVANGUNRTTLAY mwmuauwmﬂu
Tsasaumnzugniiliau LL‘U‘UWmmL&’JummﬁmiiuLWJﬁJadu’li’JuﬂumiaLﬂi‘c’Jauaanm
wuualusta Taeldsy UuAUANLEIMITNzLUUlUILN Sl Msansivmsuminendeda
isueidy athAnemansuasmalulad atuineimansuasmeluladti 8 (Q'U“U‘VI 1)

5UINT UMoUTUNS UaE BRNT LESWALLI. 2557, 5t UumuwamuﬂuLLavm’lmuauwwﬂu
IiﬂLia‘ULWT"‘UaﬂWﬂJ‘li(ﬂ‘uLLUU%ﬂﬂ’sﬁuw‘u@%‘mﬁﬂﬁi“’L‘VIEJ‘UENUWi’JiJﬂ‘UﬂWiﬁL‘USEJa“’E]ENU’l
wuudnludia ImsiﬁuiwuumuquLsuamiﬁﬂwLLUUIﬂiLmiulm, w. 98-111. lu 1sasInng
UNINeSEBasUeLTe atuineimansuazmalulad. unInedudaiisuelde, 39uin
Unusnil

5UN5 aau’uml,aa war Nadf Laules. 2557, 3¢ Uumumaﬁawmﬂamiummmvmsﬂanwms
1aimwauﬂa Iu N15UTEYNIVING AsHAILYUUNT Sadu adelt 4 Usy m*f] 2557

“Rethink : Social Development for Sustainability in ASEAN Community” 11-13
fgungu 2557, Unusnil.

UATIA wewda, JyIwa SUEJ’LJi”La'i% ANTINT aQALanL, BNSLA%Y mamm WAZNQUYYT WALNYS
d94. 2558. NMINAIUILAY maamuuummuqmmuLLaumwmuauwwﬁ‘iuT,iaLiauLL‘U‘U
Evaporative cooling. Tu ﬂﬁﬂissquemnm'ﬁa;j’lﬂﬁmﬂiimﬂwmuﬁwizmﬂvlma'ﬁsé’mﬂa
ATIN 16 UseA1U 2558 wALIEAUUIUNYIR ATINS, ayns1usInig. .

Unulnlalas, u.U.4U. Tsaifoudgnidnlalasludnd luidoslne. wnaafi un: http://
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amumﬁ]m‘wmmamua“LwﬂIuIaEJLLmUi”mﬁimsJ 2555. ﬂf\]fﬂwmmmmiLﬁ]‘immuimsuaawﬂi
A, uvasfian:

afivn f3azann. 2560. Anlalasluiing. aynsanas: u1A1 Buwmesiiie.

gnaIvnssudLannsedndlne. u.U.U. 1fulees (Senson) Aeesls. unaev un:
http://tmec.nectec.or.th. 2 uns1AU 2559.
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wa%aamiﬂe’hausﬂa%wiaﬂmmwwamu'n
Effects of Brassin-like Substance (BS) on Lime Fruits Quality

o £ o
NIFANA §I3N3E

Songsak Thamjumrat

AugmAluladnisinues sinendevdgmesys Jmiamesys
Faculty of Agricultural Technology, Phetchaburi Rajabhat University, Phetchaburi Province
Corresponding author: songsak427@gmail.com

UNANED

@15AA18UTIETY (BS) ;Jmammlmwammmmwlmawmwum wad9lauin19398lu
UTUN mua%ummmaﬂiwmﬂLwaﬁﬂmmmmewmmuamwawwmﬂ UNMNANZUIT YIINTT
naaesfiaIuLe unsummwmﬂ'ﬂummwuawmwaaq Jandnumasys (13°08°07”N 99°45°02”E)
UNUNINARBILUY Completely Randomized Design 91W2u 4 9@y 1 i Wuans BS wiudu
0 (gaAuAY) 0.4, 0.6, 0.8 Uag 1.0 ppm AUAUNzUIIENE 2 WHaunawiuied wull uzunf
165y BS mnadudu 1.0 ppm finrmniiewainnndt 0,0.6 uaz 0.8 ppm usliiuansaiu 0.4 pom
AILTNGY 1.0 ppm wgundivmdanaunnndt 0, 0.6 uag 0.8 ppm AVMLTNYY 1.0 ppm Yun
Lﬂaaﬂwmmmmwmaaa AULTUTY 0.4 ppm mﬁmmmmummmwmmum LLauM'USJJ’]iLJ‘Lﬂ
fusiominansesay 42.54 A21adu 0,0.4,0.8 WAz 1 ppm 3o s siiazanerlaly
UANAISAY miﬂmamwaeuuwﬂmmmeulumamaﬂimmﬂimmlmmelm NANaNTITeuandli
Wivhaedeusaduenadudu 0.4 uar 1.0 ppm anunsaniivewn tiainuasUsinahdures
nanzulel
AEATY: ANIAABUTIETY , UPUTD AN

Abstract

Brassin-like Substance (BS) have been widely used for increasing the quality of fruit,
but have rarely been examined in lime. The aim of this research to determine its optimal
application in “Pan Kaset” Lime. This research was conduct at lime orchard located in Nong
Ya Plong distric, Phetchaburi Province. (13°08’07”N 99°43’03”E). The experimental design
was completely randomized design (CRD) with 4 replications and 1 replication per tree.
Brassin-like substance solution was sprayed at 0 (control) 0.4, 0.6, 0.8 and 1.0 ppm .The
brassin-like substances were sprayed on lime fruit age at 2 month before harvesting. The
result showed that application of 1 ppm brassin-like substance had higher fruit width than
0,0.6 and 0.8 ppm but not significant with 0.4 ppm. Application of 1 ppm brassin-like
substance has a higher fruit weight than 0, 0.6 and 0.8 ppm. Application of 1 ppm brassin-
like substance had higher peel thickness than all treatment. Application of 0.4 ppm brassin-
like substance had higher Juice than control and 42.54 Juice per fruit weight. The total
soluble solid (TSS) °Brix of the fruit were 0, 0.4, 0.8 and 1 ppm was not significantly. All
treatment was not significantly in titratable acidity (TA) (6.32-6.84%). These data suggested
that BS spray from 0.4 and 1.0 ppm is in optimal concentration for Lime fruit enlargement,
fruit weight and Juice.
Keywords: Brassin-like Substance (BS), lime( cv.Pan Kaset), quality
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unin
o msHdnue unwmmmwmiqmummmwammm wazduilna lawn vunanalng Usuiu
AN Ay wﬂwmwmﬂim‘mmauuunlé’tuiwmwawu Iu{]awumammmmnmmmwmm
MSE’]’JEJﬂlJiuﬂﬂiﬂ‘IJQﬂEJ uzuNivWINgNLan mammmaﬂl‘uammuaﬂu sl g lallgen
Faussldvhmsfnyifofiurunvestauzu Ima‘lfna’ﬁmmm’mﬁ]immu‘[mﬁumwsﬂuﬂamm
UTadluaLiasesn (Brassinosteroids, BRs) mmﬂuﬂamawﬂasﬂuaLmiaamu Huansiivennly
Fowmaauasisauns gmnhansaissessduased 18un arsadeusiady dulslums
NARRIWNY anseatgus1aduluaisdaunsiy ‘wm‘vmwuauwuLLavqmﬂmaumaaiuamaiaﬂm
AN1N3ANTEAUNTUULTATUAT YL IBTUIAVDUTAR L NTEFUNITENLA wavduasunisiiulauaziiia
NANAANIINITNYAT (aaa agAMY, 2556)

mﬂsﬁmiﬂmsmmmmwawmummmwmawam fisgaulilulinaaroviln agdl, 2553
WUN mﬂ‘zjmﬁﬂmwiwa%umummmmmu 1.0 ppm mmﬁmwmmmLLaumwuﬂﬂuamau 3129
Wugumunle rlvnauzaheivunslnegtu Tnefhhwdnuaaniiviy 35 Waesldud lsuiunsniis
AIUAY TUIAAITUENIVBINAAIUENY N9 UATIUT VDINANE mqwuﬁwwumwmu 18 12 uaz
11 Wosidud muddy #enAABINUUITBYRs algned, 2553 vin1sAnyinaves BRs fifinng
LiJaEJuLLiJawaqmawmawuﬁmmaﬂiﬂma‘wummmwmu 0 250 500 wag 750 lulasnsuredns lu
w8y 30 Tundsdiang Wmmvmwﬂ,mu BRs 15¥AuANLINdY 500 lulasnsunedns dvuin
umuﬂma Waen 1ile L@Jammwmummam LazaenAdBIty yiatums, 2548 Anwwaveanisnu
BRs 7iaadudu 0.00 (n35u38AIUAN) 0.004 Uaz 0.01 Tadnsusednsnuin n3ld BRs fau
Wit 0.01 fiadinfusioding wﬂmaﬂammmimmwam

mmaUummLuumsmmwaﬁuaamiﬂmauswa%umaﬂmmwmaawawunLwaiﬁlmLmea
1umﬂmmiﬂm&meammwawwmﬂmmwwamuunma"l,u

AnsAne
wmﬁwmammmumumwaamwmﬂ{[,ummamawm’]ﬂaaﬂ wmmwmus (13°08’07”N

99°43’03”F) Aadonuzunszey 2 Weounswiuismananfidanuainaueiu wuaisadiaus
ATULTUTU O ppm (yaAUAN) 0 0.4 0.6 0.8 LAz 1 ppm S'mﬂuaﬁsauiuwut,ﬂuavaaﬂwﬂumu

UmaimgamwumimmmqwﬂmduLuummau $U1 (Useuna 1.25 ansnanu) ml,aiﬂ‘wwmmsm
NEAINTUNUR 119uNUNITNAARILUY Completely Randomized Desngn LUismmsmmLaasJImmﬁ
Duncan’ Mulhpte Range Test (DMRT) ¥INN131na04 4 ems] ay 1 Ay mummwawumuamamu
5 eundeanaen Sfumsdunndin Wasnua uwazawiana tuanadnsiuiu 80 nasedwnass
(allinun1sAnaunn) muwmama ToiuA mmmwma (Hadung) ANNEINE (Hadung) AUNUD
maaﬂ (Hadung) Imaimanuasawaﬂt,ﬂas Yhwednwa (n3w) I@&J’L%mmmmaa 2 fuss Usunanh
ﬂu (addnT) Usmmmﬂumammﬂma (%) USunaveandeiiaz mauﬂm (Total Soluble Solid :
TSS) (°Brix) faewedes Digital refractometer warUSinansaibamsald (titratable acidity; TA) (%)
AUIDN15989 AOAC (2000)

NaNTSAN®ILAZN1SINTAL

AUNILAZEINE

nsTwans BS Aiseduarududu 1.0 ppm vilidfiaunsmauinniinisvansfianu
i 0 0.6 war 0.8 ppm wagnsTians BS irmuidudu 0 0.4 way 0.8 ppm livilianuniieua
uanA1afy wagnIslians BS fiaududu 0 0.4 0.6 waz 0.8 ppm LivhliaueImaLZYY
WANANAY WATIIINUIINITIAENS BS Aududy 1.0 ppm viliuzuiianueinanInniiau
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\udu 0.8 ppm \lalF ULl uruIne AN UIALLINATEIUAURINEAST (UNY.) ) nlgdnnslo
a3 BS fiannududu 0.4 uag 1.0 ppm mmmmmmmmmauumﬂmaiuma vuranad 1 el
(Wushgudnarssaunnnd 45 fadims) (Table 1) Wiuldiugunneuauesiaas BS finsdudu
04 uaz 1.0 ppm I lviunanarintu Tnsnrnududuilifanulndifowaraenndosiunald
U 9NNUITBUBIQUAITTA UagsUEdY (2555) 51891U @nsARBUTIATY 0.5 1.0 uay 1.5 un/a.
memmmaaﬂﬂwm giupududu Tnslanzedefissduanudady 1.5 un./a. ansnsoifia
Anunanadleld 45.13%

DRVDRIE }

nnslwans BS fimududu 1.0 ppm vilfugunadvmdnnaunninfieanududu 0 0.6
ey 0.8 ppm wilaiunnesfuiinududu 0.4 ppm (Table 1) aamﬂaadﬂm?mﬁ]ﬂiuuumdmm
ﬁuuﬂmimummmsmmasuumvmumwwumu 1.0 ppm mnmmwmmmLLauumuﬂﬁuaamauumq
dtusuvaunls vliauzahaivnalvgiu neddwidnuaaniuty 35 Wesidud Weufunssuis
AIUAN (A6, 2553)

AMUnUIUGERN

nslans BS femnadudiu 1.0 ppm viildvwadonuinndnamaaes uaznislians
BS finnudiudu 0 0.4 0.6 uaz 0.8 ppm’ Lildmmumusadenuansnety (Table 1) donndas
funuidoves algwsd (2553) finiuansadrousaduanududu o, 250, 500 waz 750 lalasniusie
amunuymaumaﬂlfﬂusum 30 Tundasinua wmmumwlm‘u BRs fiszsuamdudy 500
lulasnSusiedns flvun thoinwa wWaen e Luamwmummam

Table 1 Peel thickness, fruit weight and fruit weight of “Pan Kaset” Lime at harvest

Treatrment Fruit size (mm) Fruit weight peel thickness
width length (mm) (mm)
BS 0 ppm 43.18" 39.38%° 40.77% 1.80°
BS 0.4 ppm 45.09%° 41.46% 48.25%° 1.81°
BS 0.6 ppm 42.99° 39.76" 41.54" 1.74°
BS 0.8 ppm 43.20™ 38.47° 40.31° 1.69°
BS 1.0 ppm 45 53° 41.99° 48.83° 2.11°
F‘test * *% *% *¥%
Qv (%) 3.27 4.07 10.44 8.83

USunanihau u,auﬂ‘%mmﬁqg'wiaﬁmﬁnaﬂ

nsliians BS wmmmmu 04 ppm wﬂ‘mmamumawimmmmmamwmmumLLau
wenaniidanuinnisliens BS finnundudu 0.4 ppm mmﬁmwu Usmmmﬂumaumuﬂamlmaa
ay 42.54 FeagluinmusinanIwa LIRS LB sHANE U Usinanhduseihanldfosnindesas
40 vowminNa (Table 2) 3

Usuawaudsitazaneinlf(Total Soluble solid : TSS) }

nslians BS fiaud 0 0.4 0.8 waz 1 ppm lilvhlisinamesudsiiavarsildvoma
UEUNWANA1IU (Table 2)

BGuansaiilamsald

nslians B yaanududulifinaseusinansafilamsald dedlaagseming 6.32 -6.84 %
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Table 2 Juice, total soluble solid (TSS) and titratable acidity (TA) of “Pan Kaset” Lime at

harvest

Treatment Juice Juice per Fruit weight TSS TA
(mU) (%) (°Brix) (%)
BS 0 ppm 10.97° 26.97° 7.13% 6.83
BS 0.4 ppm 20.53° 42.54° 7.10" 6.84
BS 0.6 ppm 13.40% 32.25% 6.87° 6.80
BS 0.8 ppm 12.50° 31.00%° 7.27° 6.41
BS 1.0 ppm 1577 32.30 % 6.90" 6.32
F-test * * * ns
Qv (%) 33.47 23.93 3.15 7.44

ASlEns BS Tumﬁvavmimmamﬂmqmmmmamtasmmmwmawmﬂm wisg 1u
mwmawmmamwmimmLmuimaq \ioewnans BS A1U1I0NTEAUNITHULTAAUAL VBN
Youwadls (Bad wazaay, 2556) IﬂaLﬂENﬂUVLiJNa‘UuG]EJuVI‘u%JNWHﬂ’]i BS uRnananlugasiinadl
amwmsmmmu‘lmaq alodanussozatraienauazvengdon (am‘um%mv-ﬂuiawammmu
\Aien, 2555) Wgdnniueny 7-9 dansi Huaneenuiu Jussosinansiinsiaunidona (wdan
LazAE, 2560)

Figure 1 Fruit size and peel thickness of “Pan Kaset” Lime at harvest
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Gl

nsldans BS Auidudu 0.4 wag 1.0 ppm mmiaﬁmmwmum m‘mumLa VSinath fu
YoIANLUNILG fiszsuanudutu 0.4 ppm vilinaus mmﬂimmmﬂumammﬂwaammmm
Faunistimnududy 0.4 ppM UNLNTAULAY sUseninenldsnelunsldasadreusaduiite
WALNAMNNNANZUT

AvauAN

WidvveveunmanTulTouadaaiufay iamsiy wnwmaﬂmﬁmgm%m franfuauy
wmaaiumimmumsma uazLNE3ALNeY e InwnsnssunenuemgUdes Sainimesy3 7
914miwmLLﬂanuwunmmﬂi’ﬂumimaEN

LaNE1581984

y3auns a1, 2548, HaveIuTIatluaIAYTIsA JULUDLTAAY LarRNTURDNITIOSYLAUlATDINE
ale. Ineninusuygrinermansududin. sninerdeidodl, Bodel

A3el auniy. 2553, NAUBIAITAGIEUTIATURBNITUAUMUAINIINEA I NLALTILATIYDIHANL
Wugumaun. neninus Uiy ineemansumdadin. svninendedoslul, Wodlul.

fswad dnewidly. 2553, navesunadluaifiosessiifienisiudsuulamomgahtuginenld
WenlinusUTyy Inemansumdnde. winetdeded, Wedvl,

welon gl giim Fona uayy surdnd way susds WuSinwiugu. 2560. NaYaa GA3 NAA Laxds
AGBUTIATY (BS) AiavunnLaziniinvamalneiuglsaseu. 115a15nyns 33(2): 175-
184.

d0d nIfiz 1NA o uAT ASAL ATTONNA gTen AuRITanl uaznused sdfumTINg. 2556. a3TINen
YBINY. ATUNAURUINGNGUNYATAIERS, NTUNN. 273 nid.

antiAfemaluladndsnisfiuien. 2555. sreauativanysal lassnmsmsiiaunsyuiundandile
AUTEUUINRTTIUNEATBUNTSeIiudnunmnsdsoen. smanerdeiednl, 1@edvsl.
71 wil.

QUAIIIA Shunine1nTal wavsusde NUSINWUEY. 2555. NATBIANIARIHUTIATURDAMNTNNATDT
aleugae. MIaTITBwazaLasIITINITNITINYAST 29(2): 8-14.

AOAC. 2000. Official Method of Analysis of AOAC International. 17th ed. The Association of
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The Study of Determining Ability of a Cane Billet Measuring Board from
a Chopper Harvester
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AYINET NUIIANETIUATNISNIEEFIvDI8 Deviou saesiin1siiaed sunnaisfuagdlid
tydAnyy1eadia (P-value > 0.05) uagiimuaunsnlunmsinauevieudesreanszauinaIy
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Abstract

Sugarcane billet length is a one of many factors studied chopper harvester operating.
A research team made a simple board applied to measure sugarcane billet lengths for using
to study sugarcane billet length cut by the chopper harvester on field. The aim of this study
was to evaluate the capability of the simple board to measure billet length and distribution
by comparing with a ruler method. Both of the average billet length and distribution were
different but not significantly different (P-value > 0.05). The average measuring ability of the
simple board was 4 second/billet. Conversely, average 6 second/billet was occurred by
measuring with the ruler. When compared between the measuring capability of the simple
board and the ruler methods, the measuring ability of the simple board was higher around
33%.
Keywords: Sugarcane Harvester, Sugarcane Billet Length, Billet Length Measuring Board
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indelunsfinudesziideya
NMSANILAEINEE MINTE R TesAANE LS BeTilEnsaRadosviou
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mmﬂmwﬁwﬂlmaammsm (Sendell and Prestwidge, 2004) LLavmﬁamLaaaammvmumm
(Khawprateep, 2018; Whiteing, 2013) maammﬂmmwmaaaawamm Tugaesearinesonisfiuae
T5e0ruthana (Solomon, 2009) Wudu n5¥mennugnrleudenidudmisiifinuaidmivly
nMsvaaoUIAnges lnglawzisnsinvuiammevieudesdnuaun wﬂwﬂgummmmms
witlodn uaﬂmﬂwﬂmﬂmmmmmLLaawﬂmﬂmmmammaawuawamalm WALAINNTAN
voauUR wavmuy (2561) im‘wwmmimmmmmawauaamwumaﬂmauﬂamasﬁ’ﬂumimm
Gummmmm’mauaaawlmmﬂiamaaa smmmwuasammlumﬂmmaawaaums ogan
sududesihnisialufiuiionasudedsy LWEfl:wmﬁEmmawmmimlmmwmuaa LarReId
Lmaqmsmauaimlﬂﬂwﬂumﬁaammﬂan g lunsiaededoslufiufiuameaoudainlalyl
#xaan muuammwmamaami’mau | 3sladnwuedestiotauuudne L‘W’eﬂ‘ﬂ‘hlﬂ’li’mLLa”LﬂUG]’]aEJ’Niu
AAEWIY dUSUARTIZiAINIINSEesTesUSnam N e us sefiAnannsinvessasns ey

AonsAne

ﬂmumaEJlmJimwwmaﬂﬂimwslfiﬂummm:mﬂmmmwauaaﬂiumﬂaum Tngyindu
ﬂimmmmmmsm“luszmmimmm (Figure 1) maﬂﬂsmmumuﬂ 9 nn. Wieliielunis
LARBUENY Luammﬂg‘umm mammsmmamqaaawaulul,maqaaamaau Tagnsgauinduun
ATelunsin 1 Wes way LLUWNmimmmﬂmmmwauaawLﬂﬂmﬂiﬂmﬂaawau 8 919A74
#17 (Figure 2a) UUNIZATUIANAADU fail Ao 0- 100, 100-150, 150-200, 200-250, 250-300,
300-350, 350-400 way 400-450 aal. mummu IﬁEJ?J’N?Nﬂ']iV]ﬂﬁ@U?ﬁmi’JW{l’m De Beer et al.
(1985) S’Jummﬂmiamma’]ﬂﬂ‘umummﬂ L‘WE)LU‘LH]G]EJNENVIG]”ILLMuﬂLiﬂJm‘umi’m (0 1) ‘mmim
mmimimﬂmmaaaamumaqmummwmaau
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Figure 1 A simple measuring board

lumsnegeupuansalunsyhaunszauinaiuevieudey insinlaeldns
NAABUANINEINITIYRINTEATUREIR LAY Taelavinnisuuenisinaulansd Ae

® NSRS RYRIBE IS UNISNAFEUNTIAMIAMNULLUET Tne Tnanslydes
WugUoUwAY 3 918 12 LAau mlmmnmwmmaiammaaamuﬁu Austoft Model 1995/7000 ¥
nsRnsosluuameaeundouiaiusos s sofsosyney Iﬂamiaumumamaaaammﬂ
TneUssanad 20-25 Nn.AefeE1e (5 AI9E19NISNAEBY) ©198935N15910 De Beer et al. (1985)

° vnmmmmmmm’mauaaamaﬂiumummmmwauaawaanLL‘UU (Figure
2b) LLavmmﬁLUsaumaummaﬂmaﬂumsmsvmwﬂivmmmm’mmmauaawasﬂwuﬂums
mmal:u‘usi‘wmmm’ma’n‘lumqmmsmmae] fu Tneldognadosviouanlusuientiu Tuwsiay
Brsveaeu uazyimveaeuiammansalunsviie Fatuiinnanlunisindeeviousnsn iy
Tuusiazi8nmaaey Tnglunisnaaeussvas nsneaeungiugulumsinie e
Wit

.. MNTAMUINITNTEANBAIVBIVBUDBY (De Beer et al., 1985) lngn1siusnany
Y1WRUSETIALATULINAINEIAS 9 AU LLﬁ%‘ﬁ’]ﬂ’lﬁLﬂi’]%Wﬂ’M’NﬂﬂmLUU Completely
Randomized Design (CRD)

Figure 2 Simple measuring board description
(@) Measuring range on board (b) sugarcane billet measuring
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NaN1IANEILAZNIIAT0]

a]'1ﬂmi‘wmaaummmmmmawauaaammﬁmimam AemsinsienszAuinALe)
vioudew uagliiussvinlagmss (Table 1) wuin faaeaTsmannedisdosludfetu awnsain
mimsjnﬂmsuaqaawauwmmsuumﬂmsmmmsﬁammaasmauimmmimwlnammﬂu Tnonadwsi
IFantiaandisns danadefiuansisiuesslifitedfyn1ead (P-value > 0.05) uagnsznuin
mugvieusesfiauianandedimsiloissuiisuiunsinselsussineglutg -0.12 %
090.24 %

Table 1 Relative error in each category of board and ruler methods

o o o o o o o o
o wn o wn o ["a) o 2l
. T T 3 q 2 b i i
Billet length category = & & & & ) ) )
o wn o wn o un o
— — ~N ~N o [l <
(mm)
Board (%) 2.43a 4.51a 26.47a 47.98a 10.87a 451a 231a 0.92a
Ruler (%) 2.43a 4.51a 26.71a 47.86a 10.75a 4.51a 2.31a 0.92a
Relative error (%) 0.00 0.00 +0.24 0.12 0.12 0.00 0.00 0.00

* Means with the same column followed by the same letter are not significantly different (P-value > 0.05).
Relative error (%) = Ruler (%) — Board (%)

Data from the harvesting season in 2018.

L:uamaaumamaaaawmmﬂiammaaaﬂumm ! Ima’t%aamﬂmmamu ummaamm
EJ’]’JV]EJL!EJEJEJ‘V]Lﬂfﬂ‘ﬂu&l’]ﬂﬂﬁ@]@'EJIU?J’NWJ’]JJE’J’TJ 200-250 1. mmmmummm’mauaaﬂ 1NN
PIBNTEAUINAINENNOUD DY LAY mimmslmsswmaamaaa” 70 muammaawam Table 2
AUAINY

Table 2 Percentage of billet mean in each category of board and ruler methods

o o o o =) o o o
o n o 'e] o T2l o wn
= — I o~ Al Bl < <

Billet length category = s & & & Iy S &

o wn o v o [¥a) =}
— ~— N N o el <
(mm)
Board (%) 3.97a 7.69a 9.15a 69.66a 8.28a 1.24a 0.67a 0.67a
Ruler (%) 2.25a 5.30a 7.82a 70.03a 13.04a 1.11a 0.21a 0.23a

* Means with the same column followed by the same letter are not significantly different (P-value > 0.05).
Data from the harvesting season in 2019.

L:uawmsmmmmmsmaaeﬂ,ummmmamﬂ%aﬂmmammmmmauaaamaamw
(Table 3) smﬂumauamnﬂ 2562 WU ﬂ?ﬂﬂﬂ’m’]iﬂiuﬂ’ﬁ’lﬂiﬂBisﬁﬂﬁuﬂWU’Jﬂﬂ’)’]ﬂﬂ’]’)ﬂ@u@@&ﬂ%
Lﬁa"ILQaEJ 4 Fiineviau ‘UEL!«/V]ﬂ’J"IiJﬁ’]ﬂJ’]ialuﬂﬂi’lﬂi@ﬂi‘muUﬁim@’mﬂ’)’]ﬂJFJ’]’WIE]‘LlE] pulnense 14
nmLaaa 6 TUNiisoviou (P-value < 0.05) ‘I/N‘L«!ﬂ’]i?ﬁ]ﬂ’)&lﬂiuﬂ’1‘LJ’Jﬂﬂ’J’]EJEJ']’W]’eJu’eJaEJQJﬂ’J’HJﬁ’]MWSﬂ
Tumsinanuenaunnninnsiameldussinanduseay 33.33

Table 3 Averages of measuring capability of board and ruler methods

) Time Ability of measuring
Method Billets . X
(min) (sec/billet)
Board 153a 5.52a 4a
Ruler 150a 8.23b 6b

>® Means with the same column followed by the same letter are not significantly different (P-value > 0.05).
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Soil Moisture Measurement using Drone for Large-Scale Agriculture Farm 4.0
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Abstract

This paper presents a soil moisture measurement using drone to collect the soil
moisture values which represented of human work in large-scale agriculture 4.0. By the farmer
can control drone via command to collect the soil moisture values in each point. The drone
frying is controlled by wireless remote and installed with Ressberri Pi to receive the data
from the soil moisture sensors. For the procedure, soli moisture sensors sent data to
microcontroller in every five second, and then all data are processed and report via 3G/4G
network in order to show the data on the mobile application. The benefit of this proposed
is to help the farmer that can manage their farm as more efficiency in the large-scale
agriculture farm.

Keywords: Smart agriculture, drone, soil moisture, agriculture 4.0
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Figure 1 Model of using drone for soil moisture measurement in agriculture farm.
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Figure 2 Block diagram of design on soil moisture sensor.
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Figure 3 The satellite map of Ruzi grass under test in farm.

Ruzi 12

-

Figure 4 The arranged of soil moisture sensors and the experimental test with drone flying.
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Figure 5 The result of soil moisture in each point of Ruzi grass farm.
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Abstract

This study aimed to synthesize the multi-agent implementation model to support
learning according to the design thinking process for enhance the innovative thinking skill and
to evaluate quality of the synthesized model. The process of research are created conceptual
framework, literature review, synthesized the model and presented to 5 experts to evaluate
the appreciate of model. The synthesized multi-agent implementation model consists of 2
agents. The User Simulator Agent which simulates itself to the user of learner’s project.
Implement in the Emphathize process, and the Consultant Agent which guidance learner to
search the knowledge to be used in their project. This agent implements in the Prototype
process. The result of the evaluation is the most appreciate (X = 4.50, SD = 0.58).
Keywords: Software agent, Multi-agent, Design Thinking, Innovative Thinking Skill
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(The multi-agent implementation model to support learning according to the design thinking process for enhance the innovative thinking skills)
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YiNEYN1TAAITNWIRNTIN (Innovation Thinking Skills)

Figure 1 Conceptual Framework
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Tumsasisuinnssu ch"a%ﬁaﬁaﬂ%ﬁﬂwﬂumi&?ﬁﬁmm (Questioning) wislsiinnsnsaaeu
wWIARlATALAU Iwnwvmsmmmamqaﬂm (Observing) Lwaiq‘usamamamsmmumammm
WS HUTBUANULANFIINLULIAALAL immmaﬂﬁumwmmuma 6] musmmss’amu mmaqmﬂa
Minwen1585191A30718 (Networking) Iumﬁmamuuvm mmsmmamﬂmmuau 9 YanNTug e
1N1589719UUT18094UIAR (Prototype) LN 8NAEDU (Expenmentmg) wazUsuusauuIfAneg
AABALIAT Tayasiig 9 Pleluszninsnisiaunseddinuensanuu udeules (Associational
Thinking) Lwaaiﬂi’maamamlmmmmiwmmu THaulaass

3) %uaamzwimwu masﬂmmmiamevwamﬂimauwmmu mmmmﬂivmﬂmaq
amﬂsvaau emqLUumeﬂLmumﬁwamLamuﬂumiauuauumiLiauﬁmmsvmumsm L4
99NLUY L‘wamLaimwﬂwumiﬂﬂmmmmiu Immvlmmt,auamalﬂ

4) ?/umjmaw)zummwwu ‘Lusuumauuwwsﬂ,mmsmmuwmmmumuiﬂmuama
wmm%mwaﬂsumummmm gy T laiauauug “U?Jﬂ’li‘di‘u‘diﬁ ImﬂwLaaﬂwmmmmmmﬁma
Lawwumummmu 5 v wUaeanidu 2 ngl imm ﬂam&lL‘UEJ’J“U’]EUWM@E]MW?Lm@iﬁﬂ‘tﬂLLauﬂﬁ‘u
NL“IJEJTU']@IJW]‘LJﬂ’]iWW‘LJ']"U@WG\LL’JiﬂalIW’JL(ﬂai mﬂuummmm%wuama agunsdaAse mﬂwuu
Safaelgiiauslududaly

45



£ o a

NIENTATR. YUNIUATANANA atuIeIeansuazmalulag U 2 aduunsian - Sunaw 2562

NaN1SANYILAZNTIRN50]
A39elevinsdiesgiesduszneuidndu dvuadingUszasrvesesduseneu asradu
wuujUsuunsdlafonurilunisaduayunisiseusnunssuiunsfadesniuy iedesy

Mnwen1sAndauinnssy 1asa Figure 3
P
Tir

Design Thinking Process

N User Simulator | ]
EMPHATYZE
Agent ¢

S
v
— |||

‘ Course Content Ontology|

PROTOTYPE ¢
Consultant Agent 4_‘_ —
5

Learner

Problem Characteristic

Stimulus Base

Instructor

Y.
S —

4 ; Search Criteria

Innovative Thinking Skills ;

Figure 3 The multi-agent implementation model to support learning according to the design
thinking process for enhance the innovative thinking skills
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Table 1 (CONTINUED)

LU

518az188AN15INTUYDDLAUN

Consultant Agent

1. ﬁwmaﬁuauumﬁﬂmiL’%Uu%‘lusz‘]gu PROTOTYPE §atdudumaud
;3Liaumqmmwmuﬂsﬂumiawaﬂgumw fodlasumuuzinlung
Aunindoyasddlnadn uay 590157 LW@IWLiauummmﬂ,ﬁ] 1ai3dn
anamm Ima‘wmuﬂwamﬂmaaLLW‘U@ML‘Wammaumﬂumﬂmm
VDIHITEU

2. mmmL‘fluwmaiumimmuiﬂsmm Taensliauwuginlunig
Aumndeya mawumumamammwmLsamawa

3. LLuu‘LJ’]L“LJEJW]’.J‘U’W]LﬂEJ’JGUENﬂUﬂ’Iﬁ’miUVINLi‘&JuﬁEJ‘Umll lneiEengan
aaui‘vﬂaaLuamammaaulmmmmh

4. Tuﬂimwmmmamamaaau‘lw‘laaLuamaﬂuﬂﬂuwu LUyl
mumuﬂumiaiwmmﬂmiumiﬂummiaumﬁuuaumaimm 1y
IﬂumaanWﬂﬂwaWﬂmmaQLuawﬁ (Content Keyword) fisausiusddy
Iuﬁuauwmaqmammwmaaummm samwauammau%ﬂums

AU (Search Criteria) '1/|LLamm'ﬁLﬂJakawmmmﬂm

‘ﬂ’]ﬂi’]ﬂa”Laﬁlﬂ‘U’eNi‘ULL‘U‘Uﬂ’]i‘LA’]&IaG}L@L%u%uﬂ‘ﬁﬁ’]uﬂﬂﬂaﬁ’] ﬁ’]ll’]iﬂﬁi‘ﬂ%mﬂ”ﬂ’ﬁﬂﬂl,‘m
uﬁmﬂiilﬁ/lLEJL‘\IUV]‘U’J8ﬁUUﬁuu1MLW3JGlJu1ﬂﬂﬂLLﬁ(ﬂ\‘ﬂ,u Table 2

Table 2 List of support innovative skills by each agent.

LALAUN

YINYLNISANTIUIANTTH

User Simulator Agent 1. nwennsieray (Questioning)

2. inwen13AnLUULBNLeY (Associational Thinking)

Consultant Agent

1. vinwensdane (Observing)
2. inwgn15nAaas (Experimenting)
3. Vinwen13AnLUULBNLeY (Associational Thinking)

AUTUNNYEN15a5191A3 998 (Netvvorkmg)mmwwwmaﬂmmma yidunooulunis
Rasodeans maamumﬂmwLssJu"Lmswivaumsmiﬂmumumﬂfm
mamimwaammmmmwu T8N 15UTEHUAIIUN N AULAZAIUADAAR DIA2E

e

L%mﬂnm WERIRd Table 3 4 way 5

Table 3 The appropriateness of the theory, principles, origin and importance of model.

Uszihunisusadiu X SD AnumIzEY
1. Anavsnganesitnuageudfyeimsdaunsigisuuuy 4.67  0.58 wniige
2. Aumnzauvemgul ndnnsiugiu Adlunsdaesmsisuoy 4.67 0.8 wnilan
3. eusnzaNveIinugiFeuiidoamsiann fuuuAnuessUuuy 4.67  0.58 wniige
a. inumsnzasvesiadielauvifithunldatuayunsdanisisous 433 058 N
AMEW 458 058 sniign

’i]ﬁﬂfﬁ]’]i']ﬂ‘l/] 3 WU’NNL‘HEJ’NJ%UQJWNNLMH’J’] IﬂEJﬂ’]‘INi’JlI‘VM]H{] WANNT wmu,a AMUEALY

o

o

‘UENTULL‘U‘UJJWJ’]&JLﬂuﬂuﬁmaﬁﬂuiuﬂUm’lﬂWﬁ@ X = 4.58, SD = 0.58)
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Table 4 The appropriateness of the User simulator agent.

Uszihiunsuszdiu X SD  Arnumnzaw
1. anusanzantunmsilldaivalutunounisianisGeus 433 058 1N

2. AumIzaNvessULuUaLAnsaiugldnuy 433 058 N

3. AVIUWINIZANTDIIUANS (Knowledge base) vadlelaus 4.67 058 mﬂﬁzjm
4. ANIWNIEANYRITULUUNTIIUTaNRIIUN 433 058 1N

5. AnavINgave N N1sARiunnssuilolawiatuayu 4.67  0.58 wniige
NN 447  0.58 Egh)

101597 4 Wi eavidianuiiug Inenmsan User simulator agent A3
wingaveglusgauann (X = 4.47, SD = 0.58)

Table 5 The appropriateness of the Consultant agent.

Uszhunisusadiu X SD  enuwInzay
1. enusangaufumsiidaiuandutunounisdanisdous 4.67 058 Wniten
2. AnnzaNvessURuUdLAnsfukltIl 433 058 N

3. ANULANZANYDIFIUAINS (Knowledge base) U9u01auN 4.67 058 Wniten
4. AN ANVDIFURUUNITINUTDUBIAUN 433 058 )

5. Anusnzaveinyn1sAndunns s ilolawiatuau 4.33  0.58 40
AT 4.47 058 N

91NA1597 5 wudwﬁvﬁmmmﬁmwmﬁudw TngAInsam Consultant agent AU AL
aglusgsiunnn (X = 4.47, SD = 0.58)

LmawmimwamimmaammmwmaﬁﬂLLuuwmmmmmm amaaiuimumwam
(X = 4.50, SD = 0.58) annsoi s lunsautaiionwidmsuldnuesld fatuienns
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R o .
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sUuUU BefiFmauiiuindanununmeglussfusniign (X = 4.50, SD = 0.58)
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The Key Locker Control by RFID

Yy INg YANE" YUNUAT D3308NA WAL WIANT SATFIIUNA

Chanwit Musika®, Chananate Arthayukti and Pongsakorn Akkarathumkul®

AN Imanswaymalulad uninerdomaluladsivuinaniamn Smiangannumiuase
Faculty of Science and Technology, Rajamangala University of Technology Krungthep
* Corresponding author: chanwit@mail.rmutk.ac.th

v

UNANED

Imqmﬁé’aﬁﬁ’mﬁwuimaﬁi’maﬂsvaamﬁaaﬁ”wﬁaﬂLﬂai‘Lﬁ‘Uﬂmmﬁaqﬁ'amaamm
Ingmsneuiunes Augivemansuazmelula 3J‘1/i’I’J'VIEﬂaE‘JLVlﬂIuIaEJi’WﬁNﬂaﬂNLWW Heou
mmaawﬂLLa“ﬂ‘uﬂmLLwaaLiauT,mst%mamanammmmiwaaummmmwmaanulwmwum
15 ammiawﬁmﬂﬂumumd‘diLmsuﬂsvaﬂmwnumwmmmammwLaﬂuwuumawaiww uay
mmlwsau‘l,umimmaﬂvﬁuwwmigwﬂuaga MySQL  arupunisUandeanasulninaaey
Arduino ATMega 2560 ldlulasainddmiunsinaeunisaegvasngualudenines  waussidu
mquwa’lﬁaﬁuaqsﬂmmaaﬂmasmmmmewmmima’mmamma%llaﬂi@ammismmmmmi
ABUILADY 91U 13 AU wuiilssduanuienelalnsiadewinty 435 aglusedud wazdIu
UeauunnsgIuifu 0.60
Ardndsy: deawnes, o1senled, ensaelu, s1aweIme, msisdeu

Abstract

The main goal of this research is to design and implement the key storage locker of
department of computer science classrooms at Rajamangala University of Technology
Krungthep. The key locker can be unlock solenoid bolt for picking up and return key using
RFID technology and timetable of the lecturers or other condition. The key locker
management developed by web-based application using PHP language on Raspberri Pi and
python language for connect with MySQL DMBS. Using Arduino Mega 2560 for lock and
unlock the solinoid bolt. Using microswitch for the key detection. The evaluation reveals
satisfaction rate usability test by 13 lecturers of computer science department, average of
4.35 and the standard deviation of 0.60, categorized in hight level of satisfaction.
Keywords: Locker, RFID, Arduino, Raspberri Pi, Timetable
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Figure 1 Architecture of The Key Locker

The Key Locker Control by RFID
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Figure 2 Use case diagram of The Key Locker Control by RFID
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Figure 4 Add the timetable
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Figure 5 Assign user roles and permissions
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Figure 7 Display status of The Key Locker
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Table 1

Table 1 The satisfaction evaluation of The Key Locker Control by RFID

Evaluation Topic Mean S.D.
1. The Key Locker

1.1 Correctness 4.53 0.51
1.2 User Interface Design 4.38 0.65
1.3 Useful 4.46 0.51

2. Web-based Application
2.1 Correctness 4.30 0.75
2.2 User Interface Design 4.15 0.68
2.3 Useful 4.30 0.48
4.35 0.60
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