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Abstract

This study investigates the utilization of recycled asphalt concrete coarse aggregate in the
production of high early strength concrete incorporating fine fly ash and micro silica. The mixtures
consisted of ordinary Portland cement, superplasticizer, river sand, natural coarse aggregate, and
recycled asphalt concrete coarse aggregate with a particle size range of 4.75-19.0 mm. The recycled
aggregate was used to replace natural coarse aggregate at levels of 0, 20, and 40 % by weight. The
performance of the concrete was further enhanced using supplementary cementitious materials,
namely micro silica and fine fly ash, each used to replace 15 % of cement by weight. All specimens
were water-cured at ambient temperature. Compressive strength was evaluated at 24 hours, 7 days,
and 28 days, while water absorption, porosity, flexural strength, and modulus of elasticity were
determined at 28 days. The results indicate that the mixture containing 15% microsilica and 40%
recycled asphalt concrete aggregate achieved a compressive strength of 365 ksc at 1 day and 728
ksc at 28 days, with water absorption of 0.48%, porosity of 1.19%, flexural strength of 87.1 ksc ,
and a modulus of elasticity of 29.1 GPa. This mixture is suitable for early-strength high-performance
concrete in accordance with ACI 363.2R-11. And the mixture incorporating 15% fine fly ash and 40%
recycled aggregate exhibited a compressive strength of 305 ksc at 1 day and 504 ksc at 28 days,
with water absorption of 1.02%, porosity of 2.50%, flexural strength of 55.4 ksc, and a modulus of
elasticity of 28.5 GPa. This mixture is appropriate for precast wall and slab applications in
accordance with TIS 848-2546. Furthermore, the combined use of recycled asphalt concrete
aggregate and fly ash enhances the utilization of waste materials, reduces cement consumption,

and promotes sustainability in the construction industry.

Keywords: high-early-strength concrete, fine fly ash, recycled asphalt concrete coarse aggregate,

microsilica
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1. uni

Hagtulsamalvefinsueiedimansgia aniAgaamNTs] MANSAYATNTIL WALNIALINS
(loadien) ilhAamswsaiviaveilomans Wadlesnalq Fsmsimundsemalugasiiineni Jnsld
ninenssssumnidusgnannlunisieaing sauiniseadislassadreiuguiuasuAuouEmn e
vlAnnsIALAauTanmmsTIInR HesnTagsssumnAisiuudite ieanEuantiosatuazmen
wnnfurtiliisatagunsdulude neameiufivihilnaanudstan

auuanevdnuazauuaesestulsewdalnedulngiduinasasueailadnounin fr1as1asnenan
Fududostinstrgsinwvideysaene WelvnasasiinuandAfimunzaudenisldanuy wu msyRn
weafladneunIniuinasanfu nistfagfamaeailadrouniniuuas Mumadunduavudeulfidu
Fuitums (Pavement Recycling) wivihnsyueaiiadnaunialv Tunsdififmaeaiiadaeundmiud
ArvusnAudetvun sgdesdinisyalaionueailadaouninifuoondeu Feazanunsoldlusuiiy
mavyudould venanidlineyalafmafuuinaiduiedevionuinnnsldidsuoen wWelrauud
ANASEU axan wazdaeadedensldnu nsiiseinvmteysagndsiniangiiniaweaiiadify (RAP)
Faduresdeuniunnuetisioiios

Tanimaweailadiiy (RAP) idiunauveunasiusssuviiuinieiavay 95 Falatinstrianiioma
duvrsdruumantuyudiuud ieldlusuthseinsauy wenandddiiumasumeludunay
ABUNTALUIIUVNG LU YBUAUNIIABUNTA (Concrete Curb) AoUNInuaLY (Barrier Concrete) uindsdl
Sapfnmafunudodureadedndudnauinn suiteidislfifanfimeeadtafifa (RAP) wshng
Faugnuunnmaasi uaginldunuanusssued wendndunuareunindizuidsnalisans i
drunanvesianuiasiueuiamuweailaineuninsleida (Recycle Asphalttic Concrete Coarse
Aggregate) tiloltlunuasunInd 139U (Precast Concrete) L9u M wiontismounsndnsagy Wusu

uennil Tnievangviussnuiutihmsld RACA avdswansenusemdiiuusiasneunin us
annsaUfulsnuandadsnanlstenslitaguenleauiifinnuaziBengs Wy wWhase (Fly Ash) wagla
1As@an1 (Microsilica 38 Silica Fume) lng Yasunanfianunsniinujisenvesleaiu (Pozzolanic
Reaction) funeaidesilansenludiiinannislewnsiuvesyudumd dwmaliineaunadondainaleinsm
(C-S-H) Wity Tawanaamgy Wiinaamwuiuredlasiaigane uasifiuauudusivesneunin
(Ergeshov et al., 2025; Phoo-ngernkham et al., 2015; Posi, et al., 2019)

dmsululas@dny euniafvuiaidnunnuazivsuna@aniedugiugs Jaunsaiiaujisenla
nduaziivszavsnmgdunaiiuidsnszeriu vasfiiaseiifuyuiniuasannsaUiulganda
yomaunIaldtiuinalnuoeleauuaznaresmaiududesing (Filler Effect) Inslameidiofassgnun
viefavualviiinnuanBengedu oghdlsfinu nuidefikuanAiunsléideosandeatauiy RACA
1uﬂauﬂimméﬁamiuazmummummumm wazdnateyailSeudisulnensaiunisldlulasgdninnelsd
anmensuanieaiy Koy mmaauﬁ]ammmsnmamaamﬂmmamwmuLLaaﬂamauﬂimﬂ%maiamu
idhassaziBonuarlilastanlunouninmdssasosdiugs oussdlunadeidssn mdsia lupdadavgu
n13gaduih uazaumgu SwTaileisuiieulsyaninmesTanUaelvauiassdad onisaie
nanszvuiAnanmsld RACA wagaiuayunislitaniludalugnamnssuneainsediedsdy

Snvdlunsnamreunislisuidssaliving Wesehddinounindiddifomeromsldnuly
srpvnatdudu Tavdunaldfagifiuu iletrsusul ssnmaudduiddifitetu 1wy maiulilas

aa
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wnauAnfiazh fanAuuiinduiitnagnuldlunureuniniifuidssnsns Sslsindassui
nsseusuazunsufielilivuniidnandeafioflaniAnuiasenlditu uastedududesinswadingg
omeluneunin vilireunindinnendidnaiinty uazhnanismeaeuisuifisutumsldlalasdan
FetuaAteishmsdnwenautivesneuniafilésuidsalfnaiiddunaumesnasumenuain
weailarinouninileifia idhaesasden warlilasdam Wedudoyatugniuldusslonilugramnysy
suneadiifesfuiddnldsnia uasiileiduteyaatuayuliininifagfndnluldlunuais
venniimatnansusivendenduinldlu Sahsannislinineinssssund andunulumsdenuss an
Vinawey uazdadunsteatuayunsliianilefalugnamnssunoaineidaduladnse

2. Inguszasd

2.1 W ANYINAYEINSUNUTIIIATIIVENUSTTUMAMBIIAT I UUsaTladreunInS luiAaly
8ns13eway 0, 20 uax 40 AeauUAlanaLarautRinIINIeNIMYBIReUNINAGISRT BY AU

2.2 \laBsuifisunavesnisliidnaesandeauaylalastanunuiiyufsnddosay 15 Tasthuiln
sorfddn nagaduth aremsu Mdwin waslugdadavguresnaunie

2.3 leuspiliudnnwesdunauivannfudmiunmsussgndldlunueounindusaguiidenis

[

AB9DRNTLELAU

JUN 1 wnasumevsledannimateailadneunin (RACA)

3. 3BTy
3.1 7o)

3.1.1 YuBiud Wuyuduudvedn uaudUssiand 1

3.1.2 yeusith iWunsiene Saenudissng 2.64 uay v’hmifﬂm?ﬁmﬁw Foway 0.36

3.1.3 wasumvenussind Wuiiuyuges wua 3/4 ih feanumssunng 271

3.1.4 wmanueuiloannimueailadaounin 19a1nnsyaladimiadn 3nuuemni
vansauu suneiies Taminnuastidng Jeuhunzunsaues 3/4 i dawed 4 famumssing
2.44 Fsuansluguil 1

3.1.5 lulps@dni inseaviesufiRns
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3.1.6 01888 1ABYALLIIATDUMNIUALLNTIUDS 200 9nbsabilinualiang Jarinaiung

316 @15anLn Sikament® NN (W) dsgtan F

A15197 1 AandEnIngnMveLTan

Property Fine Agsg. Coarse Agg. RACA
AUANT NN 2.64 2.71 243
YUINDUNIA(LLL) 0.08 - 4.75 4.75 - 19.00 4.75 - 19.00
lugdaniuazden 2.28 6.04 6.42
e (hn./aval) 1697.97 1568.99 1496.12
asgadun (%) 0.36 0.86 0.26

Fine Agg.=1283731a%188m, Coarse Age.=11a5UNY1U, RACA=17a51 %8103 L9LAaa1nRIN19
woalanmaunIn

A15199 2 a9RUsENaUMIALALl Va4 Lhase wazlulAsdani (%)

Chemical

Composition, % FA MS
SiOz 36.2 92.4

AlO3 15.52 -
Fe;0s 14.25 0.33
CaO 22.57 2.52
K20 1.63 3.13

NazO 0.33 -
SOs 8.9 0.96
LOI 0.88 0.21

MS = lulas®ann, FA = 1tase

AruatAnImenrestanfuandluniaed 1 mietuiinues nasuanden wasumey
ey RACA A1 1,698, 1,569 way 1,496 nn./au.al. muansu RACA gﬂi'aw,ﬁaiﬁlé’dwﬁﬁmmmmdw
4.75 4 19.00 1. waggnvinliursiiiomhAewi g funsaavunadnnilaildthanlfidesand
wealasduazdsanysndruuann daufiunsiavuelngmuindueaiiadindousgunsdn 3.5 %
parUsznoUnaAll (XRF) veadians dananslunisad 2 iéassUsenausae S0, 45.23%, ALOs
19.94%, Fe,05 13.14%, CaO 15.50% uazdlA1 LOI 0.87% \Jutanueslaaiu Class F uazlulasdan
Usenousie SiO; 92.40 %, ALOs 19.94%, Fe,05 0.33 %, CaO 2.25 % uazilA1 LOI 0.21%

Uil 11 aduil 1 unseu - figuioy 2569
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3.2 dAdIUNEANLAT NSHANAIDYINAFDU
A5NAADIASINILITAIUNAUTIIVUA 9 FIUNEN AILEAILUAITIN 3

197199 3 drdIUNANYRIABUNTA (NN./aU.4.)

!

Mixes OPC Fine Agg. NA RACA Water MS FA Pla.
00SF -
370 670 1060 - 174 - - -
00RACA
15FA -
315 670 1060 - 94 - 56 7.4
00RACA
15SF -
315 670 1060 - 94 56 - 7.4
00RACA
00SF -
370 670 848 212 174 - - -
20RACA
15FA -
315 670 848 212 94 - 56 7.4
20RACA
15SF -
315 670 848 212 94 56 - 7.4
20RACA
00SF -
370 670 636 424 174 - -
40RACA
15FA -
315 670 636 424 94 - 56 7.4
40RACA
15SF -
315 670 636 424 94 56 7.4
40RACA

OPC = Yufuuduasnuaunussnnil 1, NA = 23853535090, RACA = 13a53umeuslafiaannianie
waaiadmaunsn, MS = lulasdann, FA = 1dnaoy, Pla. = @15aniniiAy

nsRaNABUNIANTUMASalaTIaTTTduNaLvIIaT e U keaTlavireuninlufa 1Sudae
nstyYuduiwazneluaninanuududiiuidldadlulunioman (Wansoman wagkaulidniu

udwhnsfunas e UsTIITRluan meauLRRuuazna e uLeaieiaouninileAa
Tugn A BB R vhnsaauaudai @iamﬁwmsamfwﬁLWLLasﬁwmamﬁuLLé’maamﬁuﬁas 10
Wosifud audmuanuileanuuuly dewvinimmageudinisvhanld Tasauauemsguiai 7.5 = 2.5
wufins antduilvinsdsadusuundelaslfuvundensinssuenvuaduriiugudnans 15

o o

o)
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BURLIAT AINEY 30 LuRnT dmSun1snaaeunn AMaeTuLsIdn wazAlugdadavey uaziuunas
ANUIAA IR NS 10 LEUAAT 813 10 LWUART 89 10 WURLAs dmMSUNITNAFeUNIAIAINNTULAL
n3gaButh wazuUUTEoAIUABLNTATUIA 1T 15 lWuRlLns 817 50 LEURLNT 49 15 wuRung Liu
fegramaanulifigungivionduna 24 $2lus vinrsaeauvuudailuviluiaunsuniuszesinand
AU
3.3 M megey

33.1 las9a$193ana (Microstructure) vediinassAnvuinkazlulasdant lasldinaila
Scanning Electron Microscope (SEM) WmaaULﬁaa’IQ?ﬁU 28 u (Prinya, Pornnapa, Suttipong, &
Patcharapol, 2021)

3.3.2 &8s (Compressive Strength) Hiegnausazdrunandiuam 3 Mot nedeuidlony
AsU 24 s TuradauRkEs AuLAS§IU C 39/C 39M — 20 (ASTM C39/C39M-20, 2018)

3.3.3 mmwguuazmmm%mﬁﬁ (Porosity and water absorption) lafi10819unazdruna
$1unu 3 feee nadeuliongATy 28 TunuiATIL ASTM C642-21 (ASTM C642-21, 2021)

3.3.4 fdsdn (Flexural strength) Tifognausazdiunausiuiu 3 dees nagouliionigasy
28 Ju ANUNNINTZIU ASTM C78/C78M-16 (ASTM C78 / C78M - 16, 2016)

3.3.5 lugdadaneu (Modulus of elasticity) 14feg1eudagdrunaniiui 2 d10819 nageu
ilo919A5U 28 Tu MUAMTEIU ASTM CA69/CA69M-14 (ASTM C469/CA69M-14, 2014)

4. NAN153Y

4.1 SEM, XRD vauinassuay tulasdan

AMEEaNIIAUBIANATEULULADINTIA (SEM) vaudnaseainisslniuiuny Saind1ung uans
Tiiuneunaldnvasdunsanaufiuudilng wazdvuaunnsiaiuly Tnednvugnsainaudnann
wanslFluguil 2n) wazawaieganssaiBidnaseunuudssnsia (SEM) veslulasdaniuandliiisiuia
sumafidnuusdunsnauiiududetudass uinuavedulasianduiiunadnninuavesdiaos
Wueghann dandnnanslilusud 2 (o) SswanslidiuindeTananstundideflvwadnfazdisnsins
Lﬁm‘dﬁﬁ?aﬂﬁdaﬂ’m’j’]aqmﬂﬁﬁmmﬂiﬁﬂiﬂ (Posi, Kasemsiri, Lertnimoolchai, & Chindaprasirt, 2019)

2 m

) W@kl %) lulas®an

JUN 2 nmigelaseasneganiaves n) iaseusiung, v) lulasdan
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4.2 AMAISULIION
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—
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0RACCA 20 RACCA 40 RACA
RACCA (%)

n) HaMATULTITAVRIREUNTA o1y 1 Tu

m00SF O15FA O15SF

I
[
0RACCA 20 RACCA 40 RACA
RACCA (%)

) NaMFITULTITATDIABUNTA TIDNE 7 T

= 00SF O15FA 0O 15SF

—
—E
0RACCA 20 RACCA 40 RACA
RACCA (%)

A) NAMAITULSITATDIMBUNTA TIDNE 28 T

JUN 3 naMmasuLsBnTaImaUnIn 1878 1, 7 wag 28 Ju
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an1InapuABUNINTTUiSaldTniifdunanvesnasuveuweailavinounisiluda
wansluguil 3 nnsmuandiiduiudledanduiinuvesnamimeuieatiaviaouninilefainntu
Mdsfunssdnazinualiiuanas iesanidsdnfianasiosnmanuusaiiadneunislufaiiueailas
Fundindeuiiianatiy lrnsBanzszninansdeulsrarunazainaiufidianas (Y. A. Khodair &
engineering, 2017) ﬁﬂé‘hasmﬁwﬁﬁULLsaﬁﬂﬁawq 19U meé‘fagﬂﬁ 3 (n) \dlowAsuySinareunay
wenuLoaitavimounInsluAa 7 0, 20 Wazd0 % lnesna @runay 00SF-00RACA, 00SF-20RACA Way 00SF-
0RACA fifndsainiu 239.0, 201.8 wag 170.5 ksc MuATU oy 7 Yu uanadsguil 3 () dausay
00SF-00RACA, 00SF-20RACA Uag 00SF-40RACA iifnasdawiniu 379.6, 305.7 uag 302.7 ksc mUEGIU
uazTieny 28 Fu uansiaguil 3 (A) dauwen 00SF-00RACA, 00SF-20RACA Waz 00SF-G0RACA fiindsdn
Wi 450.5, 346.0 LAy 304.0 ksc U0

wasdlevhmaiudaosvuinasBenunuyudiaud 15 % Tasdmin Wisuifsudunaflulesd
A0 wnuyudiang 15 % Tnevmdn wuh nsunuuBensidslilasdanildidesuusedaiganiins
uwuyuBiudfeidiaosmuinasden ynorgnismeaey duduiidesnan eyniaveslulasiand
yuadnun uarlidnwazidumasdaigiu (amorphous phase) Tuszdiugs deanusainufizenlsioeng
599157 (Grabiec, Zawal, & Szulc, 2015) ﬁaﬁaaamﬁwﬁﬁmmé’mﬁmq 15U meﬁqgﬂ‘ﬁ 3 (n) drunay
00SF-20RACA, 15FA-20RACA uag 15SF-20RACA fifndsdawiniu 201.8, 373.9 uay 434.5 ksc AUEU
wipgndlsfmumsunuyudiuud deodhassmnnazden Suulunsnanneunaiding esinsim
fgaveslilasdant wazidsduussdaieglunusifianusalddmivaulasiaieifuidsnldsns
dnsunundiiosy weransolfuaraveueatiavineuninleia unufiimesiusssumnaléds 40
% Tnofimadsiunsssail 01y 1 Yu Wiy 305 ksc azfndsdail 28 Yu iy 504 ksc MAIATEIL WA,
848-2546 Airfvunidsiunsssail 01y 1 Yu Wiy 204 ksc azidadad 28 u winfu 350 ksc auady

4.3 MIgagutuazUTnalnsiena

mO0SF O15FA D 15SF
800 -

6.00 -
4.00 -

200 -

Water absorption (%)

0.00

0RACCA 20 RACCA 40 RACA

RACCA (%)

UM 4 Han15paTuuIveIneunsn oy 28 Tu

v o v o

HANINAAOUNTIRATULRazUTININTIR N ATEIARUNIATISUMAIS Al InS ITldTunaues
waTUveukeaiiadnsunInsleiAa wanslugui 4 uay 5 nudau
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mO00SF O15FA O15SF
2000 ¢
1800 |
1600 |
1400 |
1200 |
1000 f

Porosity (%)

8.00 F
6.00 F
4.00 F
200 F

0.00
0RACCA 20 RACCA 40 RACA

RACCA (%)

UM 5 mausunalnssonavesnaunIn ey 28 u

nnsmuandliituindefiuiinameunasuneuwoaiiadneunisilodauniy vilvinage
Futhiluuluanas iesandnuaraumiiaveweailad@eimi i undsii dushulalfuasdumu
ASTUNIUVDIVBLMALS (Wongkvanklom, Posi, Kampala, Kaewngao, & Chindaprasirt, 2021) 1IN
ﬁ?uawsam%mﬁwLLasmmwjumaaﬂauﬂ%'msé’uﬁuéﬁuﬁaqi’]ﬂu%musﬁmamasmaim (Y. Khodair & Raza,
2017)

mNuNFUIaNIAdUgsdsHaldeieAunUURENSinnIeuYeInBunda Losanveslva 1y
5’1%%’1@;’%%%‘@ wagylimnuaiosnianivesneuninanas (Dulsang, Kasemsiri, Posi, Hiziroglu, &
Chindaprasirt, 2016) éT’;asiwwamimaaumsgmsﬁuﬁﬂ wazUnilnssoina 7 28 Tu wanafaguil 4 uas
5 fUa1AU @IUNaEN 00SF-00RACA, 00SF-20RACA way 00SF-A0RACA ﬁf-ﬁwmﬁ@m?juﬁwhﬁu Soway 5.26,
3.84 way 3.55 MUY wazAIUTIIAAUNTUIINGU Sovar 11.98, 8.82, wag 8.18 Mua1GY

wasilovhnmsiudnaesrnanBenunuyuiiuud 15 % Tnedwiin Wisuideutunadululesd
A unuyuBng 15 % Tagdndn wuin nsuwnuyuBsuidelalastaniliinisgadinh wasdiino
wsemATinhinmsuuuiuuiiediaestunanden nergnismageu Mluduiidesainns
asana lalasdan waiiassazidon shliAniaaves C-AS-H uay C-S-H Lﬁmqﬁu wamaivininu
fwifuetrefivsslvinnfioadns  wvEndfivuiudusesmiuuaniu ANINTULATIDYLANTUA
Bn Seeiuanuudusaagaumuny uenand wetasUeslearufivunadnesBon 1y Tulasaam
nsafraamindivuniuldlfifnuiAsemaeiifissesufen widainainnainanamuiuivees
Tnssa$raganiariunsvieuiiniuvessusseyna suniaveslulasdan fazdenunvimiiidu
ansiiudiy dwalirnumuuiuiazanuauyseinnavesneuninftu (Ergeshov et al., 2025)

4.4 MASTULTIen

nan1snaasufdeinveneunIniisuidssalanaiififdunanvonnanuviuioaiiad
ounislolda uwandluguil 6 mnnsluandliiiiuindeusnasnanumevueaiiadaounissleda i
qﬂéﬁuﬁﬂ,ﬁmﬁ’wﬁﬁuLl,iﬂé“msuamaun’%mﬁuu'ﬂﬁuﬁamm HosmnnafisturesinusessefifinisBans
88U (weak bond) S¥NIUIATINRE I ULDENARADUNIAS LA f"fwfa’iaeg (matrix) (Prinya, Pornnapa,
Sompron, & Patcharapol, 2020) fIAI08NANGINATDIABUNTA ﬁawq 28 Su iewasulSinameanasiy
MYIULDANANADUNTHS buLAA duNaN 00SF-00RACA, 00SF-20RACA way 00SF-40RACA HANMA9SULSI
AALNNAU 85.6, 58.8 Wag 39.5 ksc HINUANGU

o o
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wazdlovinaifuidnassrunazBounuyuBiuud 15 % lastmiin Wisuifsuiunadulailasd
801 wnuyudiaud 15 % Tagdudn wui miLmuUu%muﬁﬁaaiuiﬂi%miﬁmﬁwé’ﬂ%’uLLsﬂéﬁ’ﬂﬁmﬂiwms
WY LBLUAMEITa08UUIAaELAEA Y1NB1YNITNAFDY msqusuwaﬂmaﬁuusmmummmmammi
qu‘uumaamammwgﬂimwLﬂmmﬂﬂumuumﬂaimmum (OPQ) wagianUoaleau & edusfuniafindu
yoadsdnuazlugdadiavguresnaunin denalidsuusednfivu (Phoo-ngemkham et al, 2015; Posi,
et al,, 2019)

= 00SF O15FA O15SF
250.00

200.00

150.00

Flexural strength (ksc)

100.00 -

50.00 -

0.00

0RACCA 20 RACCA 40 RACA
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;Jﬂﬁ 6 NANAISULIINAUDIABUNTA 'VI@']EJ 28 U

m00SF O15FA 0O15SF
5000

40.00 - +
30.00

20.00

Modulas of elasticity (GPa)

10.00

0.00

0RACCA 20 RACCA 40 RACA
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3UN 7 walugdagavgurasneunin Nieng 28 Ju

4.5 Tugdatdangu

nan1snaaouTugdadangu vesneundniisumdsalinninfdunauvesnasuveuusailad
oun3esloida wanduguil 7 annsmluandiiivindiesanduuinaueanasunasumeiuusadad
pounnsluAa unntu Alugdadavguaziuuiliuanas lnsuwildufnaaenadosfumsanases
fMdssuusadn fashoddlugdadnguuesaeunin fleng 28 fu Weldsuuinawesnasmeuusadad
ADUNTH3 bR dIUNEN 00SF-00RACA, 00SF-20RACA Way 00SF-40RACA rlundadaneumifu 33.7,
33.4 upy 22.5 GPa swd iy wnnniulugdadievguldsudvinannauanifvennasy sandnnivie
TanUszaiu uazinaadunsedn (Chi, Huang, Yang, & Chang, 2003; Khan, Hao, Hao, & Shaikh, 2018)
Taevhly Aweslugdadanguigenindmiuaouniniididsdamiiiu uaniianaunmuesreundniiingi
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5. afusgnauazasuNg

5.1 efusewa

nansnaasaLansliiuiinisunuiiiiasune usssmAfeuasiuveuleailadnounin
FloiAa (RACA) denaliindsdn dsdn wazlugdadaveuvasneuninanasedsseiiloadeinyiaunn
RACA 210 0 18U 40% wiihAnisgadininnaganunsuazduualduanasinm n1sanaswesidaiana
aunsoosunelinndnuuzianizaes RACA Ssiifuweailadiadovoguufinuarm vlinsBainigssming
wanufuduudinaiuinasesss (Interfacial Transition Zone: IT2) fisgan3a1wsninuIasINHiY
535 esanueailadiidnvasluianiidanudaveuuaziindsnuion dwalfnisdousaseming
Horsuninuazinasavanas ieasuninldfunsidavioussdn sesunniinfsannsoifawazuensd
U3 112 ladendy dewalviingadn mdsin warlugdadanguanas

Tunmsaiutdy Naﬂ’]‘iﬂ/lﬁ]ﬁ@dWU’J’]ﬂ’lﬂ’]i(ﬂfﬂﬁ?JiJU”lLLa”ﬂ’niﬂNiuafﬂmLlJEJLWiJ‘LJiJJ’]m RACA #slsimns
ﬁmmaﬂﬂiqaiwmsﬂu%maummu@mmwmmﬂ,mamq ilesannsanassianaienaiinanaaandalsl
Ut (Hydrophobic Property) vestuseatiadiindouiiniasiu feihmiiidunsedetunisgusin
vonuigiloneunin dmaliirnisgaduifiildanas ufanundusadnavesouninizanasiniu
Fatfumsuseiiuamninuesneunindididiunanves RACA Samsfinnsandamfurauifimaneninuas
audALgang

dmsunislilalasianuazidaosasBeaunuiiyuiiuudionar 15 Tasthmidn wuinfanisaes
siinausntaeUfulgsantivesnouniald Insianizlulasdandslieiindssn ddadn uarlugda
favguganindnassazdenogradaiau iesanlulasdandvuineynadnuinuagiviunudanie
douguas inliAnu§asenvesleaiu (Pozzolanic Reaction) 19330157 tAnn1sasiaaa C-S-H sty
dwmalilassadqganiafinnumnutiunntu

wonanil eymavundnvedlalastamdsiminfidutanfui (Filler Effect) Insanunzaunsn
fudrluludesrinseninsouneiuuiuasinasy shlvanUsiagnusasnduauseiiose ailotag
dwalensgafutiuazanunguanas wiouafufdadnavesneuninlimiontu lunsdveadiaos
azidon uiaglimdadadinilulasdan uinisseulitivunaziBenuntudioifiufuiifnsinie
a%aLﬂ%mﬁmﬁﬁ%waﬂ%muawamaams@uLﬁuﬁdam"m dmalimasdnuayanumun e IneUNInATY
SowFeuidisutuneuniailalldlianUeslva vedsideldussuiuiumuuazanudsiu iesannidu
Sagnanassldaingnamnssunisndnliily mnuansAnuiemmauandiifiu ufnnsld RACA azdana
Tihdadanaanasanuavestunoatiadiiusinn 17 winislifanUenleauiifieuandengs Insiams
lulAs@dng a1uisatieusulsalaseainagania anaungu Lasvaenansenuaenalietned
UsgdnSam vilsianunsalsd RACA Tudndquasdis 40% dwsunisuannauninmasensveziugals

5.2 asUia

nansAnu LR YesuATe anunsoagUldReiolud

5.2.1 M3isUTIN RACA 910 0-40% dawaliidedn Adsin warlugdadanguvosnounin
anas ilesandunoatiadiindeuiuanuanUssansnmnsBainsuinusesdessninsuianuuay
Farudiwad (1T2)
5.2.2 MafinUianm RACA dswaliidnnisgadutuazanunguanas og1slsinim nisanas

fanamiuuliininanauautiliveuthestuseadtad snninisuansinisiaunlessaianeluves
AaUNIAluNNAY

s

Uil 11 aduil 1 unseu - guioy 2569



Industrial Technology Journal 13

523 mswnuijuBiuuddelilnsdanuasiinassandoniosay 15 lastniin defiumd
8n fdsin warlupdatioveu wiousandinisgaduthuazarmsuvesneunin sulunaanujizen
Uoglwmuuaznavesnmsiiufiudesiumeluiensunin

5.2.4 drune 15SF-40RACA IiaudAfTian Tnefifdednilony 1 Yu way 28 Yu iy 365
uay 728 ksc MuEIFU Napndini1 0.48% Anumgu 1.19% fdadn 87.1 ksc warlugdabavieu 29.1 GPa
é?jaLﬁu"l,ﬂmm%ﬁmumﬂauﬂ%'mﬁwé’quaqmmgm ACI 363.2R-11 (ACI 363.2R-11, 2011) iz‘ugh ABUNSH
fndsge doadifndsdnd 28 Yusfedlsitiosndn 550 ksc.

5.2.5 daunau 15FA-90RACA Tiindadafieny 1 Ju uag 28 u winfu 305 waz 504 ks
pd Begaminderinuaves wen. 848-2506 dmiunaniumineunindisogulssvkiawa iy Sty
Huprwannsliyuduuiuaniiunslifagmiefisnngpamnssuneatasndsny

5.2.6 Han1sANwIBAAuTIMIlE RACA TafutanUosleauiiiauaniBongs Insiamely
Tas8ann Wunuwimsifidnenmdmiunisudnneundamdssnssozduged Dulinsroduindeuuay
anvayuLwIAnesygiavyuisuluanavnssuneasslaegaiiussdnsam

6. TolduBuUY

PNHANITIENUINNTUIaTINEIULeETaRAeUN3AS bLAa (RACA) U1ldsiuiuidnaseaziden
wazlulAs@an am150‘W”<§umﬂaum%mﬂ"ﬁé’aé’mizSJsﬁuqdﬁﬁauﬁammsamﬁm%’umuﬂauﬂ%mﬁﬂL?ﬁ]g‘dlvﬁ"
ogslsfin wieliAnnndladdnuasvensveuvansussgndlinulusuian msiins@nnusziiiu
dusaselud

6.1 fouthwasueuseaiadsrounisledauild asiinseseaeulinnaueailasiindeui
aTIkazAuNMYsnaTINs luAaliTiaaiaue s nUTinuueailadiunndstuo1adnase
A158ALAIZUSIIUNSREABTEWINUIATINAUTLUUALNER (Interfacial Transition Zone; ITZ) AL AINARD
AUURLTINAVDIADUNTA

6.2 ArstnwautRsuaununvlusseze (Long-term Durability) vespeun3aiifidiunauves
RACA tialLfin 19y n1s@urinuaasnaslse (Chloride Penetration Resistance) n153uH Ut (Water
Permeability) AUAUNIUABNSAANT DUV WMANLESH ANUAIUNIUARTAWR wagn1AUNIUNSLAR
afuaiutu ileUssiiunumngaudmiunslinuluanimundoudigunss

6.3 MISANYINGANTIHTLOYE1IVBINDUNTATITAINALTEY RACA 19U N15WARA (Drying Shrinkage)
s (Creep) waznsuan3NaNAsUasuLasgamgd esanautadananinalasnswionignsly
NuYedlATIETIIABUNTA

6.4 psfnwAuasalunsBamieiseninsneunInuazindniasu (Bond Strength between
Concrete and Reinforcement) imﬁqwqaﬂssmaﬁuéau‘lmaa%ﬂaﬁﬂ U AU 1A LavuRuiiy Ll
dudurnannlunisihluldaumadmnssulaseasiig

6.5 MsAnwIsERUNsULTInaTImeuLeailadnouninilufafiqinin 40% wiennsld RACA
wuTlinasiuveuaun Wermundnsfanisldnunesussdiudnenmlunisldninenssladaliin
Usglowigegn

6.6 AIANYITBNTUTUUTIAUAMRAIVEY RACA fauthanld 1y mMsdvhauazen Msidndu
weailaduisdin nsndeuiadeaslesleaiu wiensusuanmiesasazaeind einwssdamien
sgwhananufufundne uaranuanszmuanduseaitadfinnéseguuiinmasay
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6.7 AIFEN1IANYINGANTINVOIRBUNIANTATUNALVDY RACA Melaaniizuindonass (Field

A o

Exposure Test) Wayn13anauNabuszoze eduduanumuzaulunsiluldlununeasneass saums
UsziiuongnistinuwaAnuAuAmMIATYgAan SuaeTans ledaiing

7. AnfinssuUsznA

nuATeilldunuatuayuan Tassnsideyuatuayuauyagiu (Fundamental Fund) Usgsid
UUTELL WA, 2569 UNTINERUALULATTITLIAADEIY INYNVAVDULNY AMEIAINTIUAERNT THa
1A39n15 FF69/KKC/057
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Abstract

This research aims to design and develop a small CNC milling machine for wood carving with
an offline system, and to determine the efficiency and evaluate the quality of the developed CNC
milling machine. The development process followed a 7-step technological approach.
The results showed that the developed CNC milling machine has a unique feature of being able to
work offline without requiring a connection to a computer. It has a machining area of 350x350x120
millimeters and a structure made of aluminum sheets. The machine uses an 800-watt, 24,000 rpm
water-cooled spindle motor with a cooling pump. It is driven by stepping motors and ball screws
on all three axes. The machine employs a robust system for securing the workpiece, wires, and
cutting tools. The control system is managed through a Mach3 board and a 7-inch touchscreen,
utilizing the ArtCAM software for design and workpiece creation. The efficiency tests of the
machining movement along the X, Y, and Z axes, as well as the actual machining tests on various
shapes, revealed that the average deviation was at an excellent level. The quality assessment by
5 experts found that the overall quality was at an excellent level, with an average of 4.71 and a
standard deviation of 0.44. The developed small CNC milling machine for offline wood carving
demonstrates high efficiency, ease of use, and precision. It can be practically applied in the wood
carving production industry, reducing the steps and time required for computer system preparation,
lowering costs, increasing production capacity, and enhancing the quality and competitiveness of
wood carving products. Furthermore, it contributes to the development of knowledge in production

technology and automatic control for the Thai industrial academic sector.

Keywords : CNC, CNC milling machine, Mini CNC milling machine, Wood carving, Offline system
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Abstract

This research aims to 1) study herbal product packaging of organic agriculture community
enterprise of Tha Kae subdistrict Mueang district Lopburi province and BCG model concept, 2)
develop pattern of packaging and graphic design for herbal products of organic agriculture
community enterprise of Tha Kae subdistrict Mueang district Lopburi province, and 3) evaluate
satisfaction of organic agriculture community enterprise of Tha Kae subdistrict Mueang district
Lopburi province on developed packaging of herbal products. It is a research and development
approach comprising of qualitative research through a workshop training and an opinion interview
of 20 participants of the organic agriculture community enterprise on production, types of products,
and need for product packaging. The opinion interview is open-ended with selected specific
informants. Results of the qualitative research are summarised and are analysed in order to be a
guideline to develop product packaging. Quantitative research consists of an evaluation of 5 design
experts’ opinions, an evaluation of satisfaction of 1 informant on herbal product packaging of
organic agriculture community enterprise via specific sampling. The statistics used in the research
are information analysis through an average and a standard deviation.

Results reveal that 1) a desirable product packaging pattern of the organic agriculture
community enterprise of Tha Kae subdistrict Mueang district Lopburi province is the one suitable
for product types, protective, convenient, and informative to elevate products using local materials
to reach beauty and brand promoting corresponding to a BCG model concept in an aspect of
circular economy focusing on an applied usage of local resources to up-valued prices according to
community-based economic promoting policy. 2) Product packaging pattern and graphic design of
product packaging number 1 is more suitable than number 2 and number 3 with a high level of
suitability (average = 4.20), (S.D.= 0.14) and a high level of suitability on the aspect of packaging
graphic (average = 4.12), (5.0.= 0.23), and 3) satisfaction of the community enterprise of Tha Kae
subdistrict Mueang district Lopburi province on developed packaging of herbal products is at the
highest level of suitability on the aspect of usage (average = 4.80), (5.D.= 0.45) and is at a high level
of suitability on the aspect of beauty and creativity (average = 4.50), (S.D.= 0.58).

Keywords: development, product packaging, herbal products, BCG model concept
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Abstract

This research aims to develop an electric three-wheeled motorcycle using a timing belt
power transmission system as an environmentally friendly and energy-efficient alternative for goods
transportation. The study began with identifying problems and requirements, followed by designing
and developing a timing belt power transmission system, which offers advantages including high
power transfer efficiency, reduced wear, and noise reduction. The development process comprised
vehicle structure design, selection of appropriate electric motors, calculation of gear ratios and belt
sizes, as well as installation of control systems and batteries.

Research findings revealed that: 1) The developed electric three-wheeled motorcycle was
capable of carrying a maximum load of 100 kilograms and achieved a top speed of 45.33 kilometers
per hour. The vehicle was powered by a 3,000-watt brushless motor and equipped with a 100-
ampere controller, a DC-to-DC converter, and a 72-volt 30-ampere-hour lithium iron phosphate
battery. The power transmission system utilized a timing belt drive with a transmission ratio of
3.714:1, while the shaft rotational speed was 58.786 rpm. 2) The performance test conducted on a
200-meter asphalt road revealed that when the load increased from 0 to 100 kilograms, the travel
time increased from 18.37 to 25.37 seconds, while the maximum speed decreased from 45.33 to
38.50 kilometers per hour. The acceleration time over 0-20 meters increased from 3.17 to 5.50
seconds, the braking distance increased from 2.5 to 4.40 meters, the maximum electric current
increased from 45.33 to 69 amperes, and energy consumption increased from 32.17 to 55.83 watt-
hours. In the dry compacted dirt road test, the vehicle performance decreased compared to the
asphalt road condition. The travel time increased to 22.27-35.70 seconds, the maximum speed
decreased to 38.73-27.43 kilometers per hour, the maximum electric current increased to 66.33-
112.33 amperes, and energy consumption increased to 51.90-99.17 watt-hours. These results
indicate that road surface conditions and load weight directly affect the operational performance

of the vehicle.

Keywords : Three-Wheeled Motorcycle, Electric Energy, Electric Vehicle, Development

o o

17i 11 2UUN 1 UN3F1AU - ﬁqma‘u 2569

o)



Industrial Technology Journal 49

1. unih
Hagtunafivarnlodevesaiossudduaruneluneliinanudssroguamedieiidedfy
Tngianizagadaainarssznaungia (Tetraethyl Lead) fifnamfsluthiuuuuiieifindiooninu
nslniilianysaldanaliarsusenounziignudesgussennia Fallouyuwdganuidiginenie
oneliAnnanszvusiogunmvatgUsens ldun Woomns 91deu nslafinans o1mstandsuy uas
anudsmeselioboauss uonaningMdiannsoaranlunszgnuasidodosou Tasanizluauss
1o wazeTonzduq Tedwaidosoaunmluszozenn (ins yueoglvase, 2567) 9ns18auaiAnisuuds
yosnsuAsIUAIISUN a Fudi 30 Ausnou 2566 wuindisadnseuesudennsidouazay 22,490,445 Ay
Anidufovar 52.54 vesdrurusafiaanzifouazaninyszima (nNguadfnisvuds NeIUNUIY, 2566)
UszinalneTadudulszmaiifinigldsadnserusudunniigelulan sesnussimaioauy azvioulii
dnsorsudidumnnueildsumnudongddunguussmaidainu Tnsemnzluginnaeide adsul
vang, 2566) vausideiu Useindalnglainadigdnuasis (Aged Society) Fausd we. 2548 Tnglul
WA, 2564 fuszansggenguiediidony 60 iulvannnd 12 dueu uardiuuiltu fesdudsaugete
wuvanysalidesaindminisiiniianasedseiies Tnefiduunmsifnifissussana 6 uauausiod
Axs Lnwunsng, 2564) Tuusunaanan m%’nimuauﬁama”dé’ﬂmaLi‘;luwmuzﬁﬁmmﬁwﬁwian’ﬁ
fssiinveageenglugne iesanlassaiuuvamdorisiiuausiunddunstud viliggeengy
aunsalinulfesaasnfonasmnzanivanminmeuazdedialunsindeuln
MNNIIMUMLTIUNTTINUIinuidefiAsadestunstaunsrunnug lnivats iy 1y
nAfovesinsina wnds (2566) Timunsaamdeliiirssuuueinesdug mmaa%’vﬁmﬁﬂmsﬂqﬂqaqm
500 Alany fszozmaionisnsa 40 Alawns uazanusrgegn 50 Alawmssednlus aenadosiuau
vosi3n Tuugnszga (2566) fleanuuvsususoiunyszasdliihfudmidnusmmnldds 600 Alandy
uennideinuiTefiiunisldnuanems Wy nuresundng uiaissal (2562) ifanTauysinih
wuuldans warauveSYaLTA ASNSIY (2563) ﬁﬁwm%’ﬂ'ﬁmulw%Lﬁamiviauﬁ&m;mu 2819l5AnA
Falimumsiaunsadnsesudandelniniinevaussanudesnsvosldorummuslususulagiony
waidunduiifianudesnmsaraendouazszudadldie sodnseusudandeilliindeseudiuny
melutlagsudelifnuansenurodunndeunazniszailddroiigedu nsiamelunguildoium vugis
Todnfinausele ‘1;15\150’1ﬂi’]ﬂ’lﬁ’]ﬁ‘lﬂﬂﬂ%ﬂﬁﬂ%ﬂﬁ?gﬂ%ﬂ@ﬂ?ﬂﬁi&ﬁ@ﬂLLax‘fjf,‘g‘Vﬁﬂﬁiﬁﬁiﬂ%ﬂﬂ?Lﬂ%aﬂﬂuﬁﬁ
Fudou mawawusadnseusudaudolindadumadeniimnzay esansruuiuindeusondanu
IwihuenanaztsanuafiviazUszudadldanelussozouds daldeliusoulusunisdigeinuiiieg
e uutudiitosniuarlifonddeuieiiuedes
iAdpilfsatunmsiaunsoinssusudaudelifilnessuudsidsasnulnids e du
wsnunindendidedudmivgldorunvurluguvy lasddedanisesnuuuiifuaiuvasnde
auazaInlunslie anumumu waznsdisednwiiiitg uinnssdinanaiaiiazdsanduu
nadumsluszezen sadualdiendnuiasaiigeinu msfidenssuvdriiduiuesddsenen
dnfiidwalnensweuszansnmuessodnseusuding Tnessuvdsmdefidenldmll loun svuule
waziiles Gaudiinazannsodshdsldfuazsesiuusedngs uwilidodndnlusunisdnuse nmsdafvesly
mMaAadsssuniu uazanusndulunmdeduasthsdnwegatiaue uenaind nsldemiluanme
fifluazoowionutuenvdsmaliszAnsamnisdsindsanauazangmslinuduas seuudeindaie
aenulnsifdadudnmadennieiiléfuanuauls ilesnnddeddunsdsideiiutiug luiinnsau

Uil 11 aduil 1 unseu - figuioy 2569



50 Industrial Technology Journal

loasgminsmenuuaziiles innuley anussduasiiiou lidndudemvidedu uazdinnudeanstngsdnm
toniiszuuly Snfadsanansndszandldtusndnsusudliihfidesnsaruareauasysyansnwly
nslnuldifuegrsiuds SsazeliAnesdanuilnllunmsimunssuuiuadeulslindmiveumvuy
yumdniansnsadludszgndldfueummuzussiandu o lusuan suazilugnisenszivaunm@ia
voulfummuzuasaunugluiumseysnvauindonoe ey

2. IQUszasn
2.1 WipenhuukasHmuITadINTusuRaLaa i lagssuvdsinasananiulngdia
2.2 ieNAapUANITaULSAINTEUEURaNaa TN Tngseuudariaaaneniulngiils

3. A5n15798
3.1 nsansadhseueudanudolni Tneszuudsdsanenulngd
MIRaLnsednseusuauds i Tnessuudsidsanenulniis $35nsiulunsddels
tinszurumsialuladifuduneunisinu simudwonaiedly dielduAtmvioausseudonis
mamuw mﬂi’ﬂumswmmimmmusumamaaiw%w Tngsyuvdsiidsaeniulngiis Usznoudae
7 Fumau fil (EvmseenuuuLaznAlulad danduduasunsaerinemaniuazmalulad, 2566)
3.1.1 @Idelaiimsimuadynivisennnudesnis TnedAseianIunsaifiaoan s
sodnserusuRandolniin Inossuvdaidsaeniulngils eanuaiis Ussndandsnu wasiduingde
Aaunndeu
312 §iduldvhnissunadoys mnmsfinmdunideyaiiiedosiome wu nénns
Ynuvemeweslui syuuwunmed msldssudsihdseenulngia Tased ez miinuessa naenau
wnpspuAIUaeades 4 Aifedes fidl
3.1.3 madenisms insundenisnsimnzaniasiunsiauas Tnefdsfeladedefuas
ForSoudieusing q wWu Usvavisnmuewewesluih uazszuudshdenewnlvsife figed
- vawesluidugunsaliimih i dsundsoilsihanuumaesliidundsnuna  iteldly
mstundeusadnseueuiaudelnih SditelamuSsumesuiienioudisuiursesundumunigly
1) UszdvBammsldndanugs vewnoslniiiszansamlumsdsundanugandn
wdossudingy Tnsaunsadsundsnulnidundsnunaldussunn 85-95% variedesudduany
melufivsgansnmiiesUszana 30-40% vilivewestnihgadendsnmiluguaruioutssni
2) WussDngeiauriGusu soweslifinaunsaasusdaldiuidusGmu ueliso
aandalaa mmsmaq%’umiusmmfmﬂfﬂLLaxmi%’UGﬁumqam%’uvLé’a&iNﬁﬂﬁxﬁ‘w%mw RIHRERLY
sodnseusuRaude i fidesmsuseiuedousaiiio
3) anarlddnedumdny wisnlsihiduuininiugomas dvaldaelunsls
NueszEEIING Bnidsannssailieszeenvesidan
4) fidsssumush sawesliiivhoulsuniuesewusdunumely Wesmnnlidmswm
udfidowads Suwamuannemadsauasiiueuazmnaunglunsida
- Fofivassrunditdsiemeniulnifs WewFeudsuiuldderinds anmnsoagUldsd
1) Sidsesuniutosnin aenulndfiohnuleuniddsngs eewanlald
AsnsTuNnsEIdeldiuiles Swhandowasduniou wanzdmiusadnseusunlnihiidenis
AnuReulunsligau

s
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2) lifesmaodu ssuvaewnilnsifslisuiudoddhiundoaumioussuule
dartnds shlvannisdnnseainasudusazdsanusn Snviadneanaldinelunisthgednm
3) Yrgefnwnine aonilnifiedlasaiadouine lideaiudmieguatos
willeulgaaings Jsagaindensldnuuazanssasiiainistening
a) thwiiniun anevdlsifisiimdndesnilddshds dmaliszuviundoud
dwiinswanas Peifiudszansamlunslindanuvessadnseusudlih
5) theneafdaldreiieanazyuuia aenulnifsarunsadeidsliagng
woiileq
3.1.4 mIeonuuulazianNsadnsesuiaudoliillagszuvdeindsmenmilniis Guan
miaaﬂLLUUS%UUiWﬁNWLLaxﬁmuwﬁwmeam&y’qqﬂmajua‘”ﬂ TsuA wewmosluii uusne? szuumuAN way
ssuvdatds mntusuiumsdauadasaeneieseudiueenuazindeszuuiuiedeulnitivl soldssuy
muRusnnssBidnvsednddemsuaimesluilviuyaifleuazanemulviflafiodeidslugdeduirdeu
Tassadssaiannansadnsesudaudeiniowud 2 Sy wieuaumnuudussuinasuusdaiie
sesdumsussynluguruuayiosdu finseenuuuszuuiuindeudunih-nosuds uazdaidontagsiuds
gunsaifimndeldie Sfumush uazansnsadentigainuliazain
Tuiiil Tuneuniseanuuuuaiaun Wedsznoududiegrslunisidentdgunsallunisadng
sadnssusudamdoliii Tnsszuvdsidsaeniulnids Ihieunanudila ewuwnveswewnes
Mdsindveasadnserusudarudoluilt TngssuvdaindsaronulngdflsAidosnisld s uidsafue
aussnuzilemuszavsnmildioanis lnegideldimuamuuslunsmadiundsvessadnseusudanude
i Tneszuvdsfidaneniulngis Lﬁaﬁw%’a;ﬂama 1 YBITUNDUNNFDNLUUSEUUIANSELEUiELED
i Taesvuvdsidaewiulnifivomn 3 afuus Ussnaulde wmauievesmewmes, maua
LuameIliflsnesrenslindanulng, mensnsauddomdanulni, msnsmasyuvdsringdaves
sruudsridsenemuliis
1) n1seenuuUTastALBImeiTiRnRatUuisndnseusuda el Tnsssuuds
fdsaneniulyaiia

et

——1| Motor

Front Wheel

wewed 3000

sruudaiie

JUN 2 MseenuuusndnseuLUaudeliih
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2) msAwnaiiiomuunavesemesiielilumstuedou (LuauuRuSawisunans)
Fupsunisinnamunvememesliihildlunisiundousadnseususaude
i Tneszuvdeidsaneniulnis
~MusstunsAdeud INNITUYUVBIED
ANANUNTS
R =K xW 1)

R = ussdunismyuvesde wibedu N

duusAnsussinunanyuvesde dawindu 0.06 (A1n1senkuunlifa

~
1l

,
whwiin) $1989 ussiunavuesde Favgys grssaiseiiy, 2556)

W= dwithuessadnsenusuiadelii LLasrﬁsﬁ’Usﬁ 280 Alansu
desniimuaanude sy W = m x g = (280X9.81)/3 = 915.6 N (Ifarnmsmsaunanude)
unuAluaung

R = 0.06 x 915.6

R, =54.936 N

AT LIIUNIIVYUENLSR AN 54.936 N

- Musshuanemadielinisindeud
finnun 1) Anadwessadnseusuiandelnlin Taoszuvdeindsamonulnii
yumdngsgaluniseenuuusagldnuluguvuiiinnuasadowindu 40 km/hr

2) ddnussnindnseusudandelnii lneszuvdetdsansnulngdis

'
a

SuAURTUT 280 Alansy

U

3) UUNUUAUDALULTEAUUIUNAY
PNYUINVBINBLADSANNFUNNT

p=— 2)
7
1 3
F.=mg+— C OV'A (3)
2
P= fMawemes (w) M = 17899950 (kg)
V= Anu5790930 (M/s) A= fuiiwingavessa (m?)
M = Usz@nsnmiies P = AVUNUILUUYBIDINA
Fr= usedusiavan (N) Cd = duuszavdusaduennia
U= duszavsusadoanuiide R = ussumsvyuvesde (N)

MIMUSIAUTINTDITaINTEUBURmaslN Tngsyuvdsiasagniulnila
Muua - sadnserusunaNds il Ingssuudinidsaraniulynifs duqa 280 kg
(5rufaputuinnin wargUNIaldIUAIULASYILUALADT)

o o
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- AduUsEANsuSUAEANIY WAL 0.060 (ArAsTiszninedofuauuRusausie
seAuUIUNaN) Bszemns a3auuseiy, 2556)

- duvsEAnBusadiiuennia winfu 0.22 (Amnan1sesniuukazide) (digwa
1418159, 2565)

- udinthdnvessodnseususiaudolnii Inessuvdsindsanewlngids A
= (1.2m)1.5m)(1.41m) = 2.11 m’

- AMUMUILUWYRIDINA 1.2 (kg/m’)

- anudivessadnseueudaudelni Taesyuvdsideaneniulvgified
Aoantsasantun1sldery 40 km/hr e 11.11 m/s
WUAAINaNNTST (3)

1 2
F =1(0.060)(280)9.81)+—(0.22)(1.2)(11.11" X2.11)
2

F =199.186 N

r

A9t WSIF1USINVRITAINTEUEURANAe TN Tneseuudenidsananiulngds davindu
199.186 N MNUUIAVBIUBLABDSINNAUNTTT (2)
- KS9PUSIN 199.186 N
@
- ANUSIFEATDITATUNITBONWUY 40 m/s
- UsgAnSnmensmatiesveasadnsenusunauas i Tnessuudeings
anenulnids whiu 4
(199.168) (40)
pP=———

4
P=1.99 kW
Fay vuavesewmesildlusasnseusudaudeliii Tnessuvdeidsanowiulngia
FotIUIN1.99 KW 30 1991.86 W
4) Armnulasastluniseenuuuuemes suaiuvasaseiiesainiinisinannse
anmzmavhauiiliaafaiiensdanenisviauresseuy nsesnuuuneLnesdlngmsidentade
fruANNUaonfUsEaa 1.5 fe 2.25 ﬁ‘mmaﬁﬂﬁa@mﬁm%’w%mmmaﬁmL@@%MiﬁiwLLamzﬁwa‘“mu
ERIE)
yurnveaeinesiAIuInle 1.91 kW Yngaiudianudasadslunisesnuuy 1.5 A1Adna
Uaoadglunseenuuuuewnod 1.91 x 1.5 = 2.865 kW futiusadenldusimasaun 3.0 kW %3e 3000 W
5) ASAILIUMITUWIAKUAADS MIAINIIAIUINNILUALADS (Battery) 0510151
wasulihde mswdauumeed 1 ads dmsuiinnstsfnnsandsedivanseesnalunisinendsy
nuuames Welddundounawmeslufindudumdwessadnseusuiandelnin Tnassuu daas
anewulngiis Fananlunsdiendrnuvesunnedldanaunisi 4
A1 P vpauainasliinwindu 3000 Tna
A7 P U9ILUnMB3TINTU 2160 S0
NAUNT
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P Bettery x 100
Time = ( ) @)

(P eletronic x 100)

wnuAluENNSA (4)

2,160 x 100% L .
Time = (——— ) = 0.7 T1lus wisauan 42 uii

3,000 x 100%
\ia P Aardalnii
AN P 989k URMDS @1115amkeanaunisi 5

INAUNTT
P=VxI (5)
wnuAluaunsd (5)
AN P UBIUUMLAD3
P=72x30
P=2160W

fatiy  wuAmasIuIn 72 V 30 A azanunsaldanuladuiiduiansindu 0.7 $alu v3e Anvduund
Wi 42 Ui

A1 P uume3 assinlnneusunnednuavsell G?Tuasgﬁ’v BMS (Battery Management System) lng
sxfiflaftundnnisvinaudszneudie muauauUasade Uiuaugamaduunned Useiliuaniuy
LUMLAES N153ANSANSoU FalnendnnisudlarausauImsansuunnestildaunun ?Tuaejﬁ’umi
3 BMS

JUN 4 szuvdsmdmnnyaseweiivyadeduiniouss uuaenulnis

6) monsmavesasnulndaasilesd@eniudeaings anmsdstdailosaeniy a
TUiflosanemnu b Arnusseuiildidlessavesewmesluii 1000 rom il
AU
i = 9nTma ANULSAseUNsasiaLesatenu a A1 Windu 1000 rpm (A1
msviaiissl undesmuaunsvhnusemes)
- (flosanenny a e 14 slu detdwuansmulniistuilesaneniu b fifluune
52 1 unuAluENng

TXT, 52
) i=(—) i=3714 7)
T XT 14

PNUU 8(5]5’11/](5]%83?{’18‘1/\1’1“141‘1/11?%@8LW@QEWEJW’]Uﬁﬁ’]WhﬁU 3714 :1
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nduimsldyaiesidenidienasaulianas Mmunzauiusadnseueuiaiuae i
Tagszuvdandaansniulngdde Aesnsmeivindu 1 : 3.714 W uaauisisaurasnaIazlsmus)

FOURIL
PNAUNT
o I3 ) I3 = s o =
NI NIITAUYBWNAT (rpm) = DATIIIVDIATBILUA (rpm) / DR IMALNBY (8)
unuAlUaNAI9 (8)
L 1000
9R315WeUNaY = (——) — 7.8 = 58.786 rpm
16

ot mmﬁusa‘u AU 58.786 rpm
3.1.5 duil 5 mavadeu vhmsmaaeunBhauvesszuuing 4 §Adeldinismaaeunisld
susadnseusudaudeliin Tnszuvdsidsamenulysia maaiﬂ,msJmwwmqmquauuammq
auuvuaLUALUSALUILNa HuszeEn 200 WA uazusiaznIsadaUNIATiuAUIEdaIUTTNMn
0, 25, 50, 75, 100 91WIUANTVINNUTTHARY 3 udwnANaaY WemALadsUsEansnmnnsyineu 1ned
msvageussisluil (1) anfild (2) mudagean (3) aniss 0-20 wms (@) szeziusnil 20 Alawnsse
s (5) nszualviiihgean (6) Snsnslindsalulin
3.1.6 uil 6 MsUFuUzAly dnanmedeu e eRlarUSuU s Wy s
USuusassuumunuanuid viensuiulgsszuundauuaime’ ldudly sussasideailaduiinlily
%umaumﬁmmaawi“ﬁw%mw Tislanuauysalsoly
3.1.7 4wl 7 mavssdiueg ﬂivmumamimu:daﬂmaiamwmmmmuauammaﬂiwaa Jiit
Pvielsl luduaussour mnnuihddqeiidesitanfaunsodounduluviulslutunouifendes
3.2 B|nsanfiundelunisneaevaussaugsadnseueuiaudalii lnessuudimdsaeniu
Tnidla
3.2.1 Audunmsvadeuwas i UNaUNaULAINE LLaxUuauuﬁugﬂ%’ﬂuﬁuﬁﬁ’mi’@ﬁw%
3.2.2 ‘maaummL%";qqqmma‘lﬁﬁmﬁﬂminﬂﬁumﬂ@mﬁu Tasnsmageunisiuthuiin
UsIN 0, 25, 50, 75 waz 100 Alany FIUUIUUAINY WAz UUUURUS LT sULnans Wuszeznie 200
LIRS ﬁmiwmaauﬁmﬁﬂmimmﬂﬁ”’wm 5 s¥eU LU 0 Alansy, 25 Alansy, 50 Alansy, 75 Nlansy way
100 Alanu Tngmsvi 3 61 Litemaade
323 watoyaildliun nariléiade Gund), mnuisigeamads Flawnssodlug), nanss o-
20 wins G, sEozLUINAl 0-20 WA (wms), nszudlniigean (wowd), Shsmsldndanuludi (Gadsie
Halass)

4. Nan15338

4.1 wanmInausasnseusuRaude i Tnessuudaidsasnulngils neldnszuiunis
ymanelulad 7 duneu annsnaguldnwiolud sodnssusudanudelai neszuvdsridamenulnii
\usadunuuiilieenuuunazimunlaefivunn Amnie 1.2 wns AN 1.5 WAs ANNgs 1.4 1563
Tassadesadnserueudanudelii dhudnsasiuwiniu 280 Alansy muﬂmﬁaﬁﬁLﬁumuquéﬂamﬁﬁu
50 WURLUAS wandandeiawiawinnu 25 Jadawwns leumdinuemesydaliulasanuauiamnnu
3,000 Jas napsneulnalas, naos DC to DC Aounesnes, wunnesaotleosuneamn vty 72
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o

Tad 30 wond syuvdsidsldarenulngdiasinfuilesaroniu Inefisasmaminfu 3.714 - 1 dawalet

ANUSITBULNANTULIAN 58.786 SEURBUNT

Naﬂ1swmaaamaiéfﬁmﬁfﬂmimaaam wuszuvdsdsssaenulmifdsanansagenenas
mﬂuamaéﬂﬂmaaﬂuumaau"l,mamamaLanLLaqusvaMﬁmw Tngldnuernsaulaavesareniunionis
amaamawmwamamﬁLﬂaaumaﬁaamauwmﬂm wansliiuinanenulngifiway WLWaamawmw

@aﬂLLUU&Jﬂ’J’mﬁ’lﬂJ'ﬁﬂiaﬁULLiﬂﬂ\‘lLLﬂuLLiﬂUﬂﬂLﬂﬂ‘U‘uﬁ]’] ﬂu’]MUﬂUii'ﬂﬂﬂﬂﬂaT}‘lﬂaﬁlN LANNTEU

o™

(e 200 WIS e )

L

JUN 4 niseenuuusadnseusudauaelnin uagnsvaaeUanssaususINmn

v

4.2 HANNSNAABUANIITOULTRINTEUEURENAD TN Tagszuudarnasananiulngid

A13199 1 NANSVAADUANTIOUEANITT SEaenne 200 wns ifltminussyn (VuauuaIngns)

FZHLLUIN 3ns1n1slY
whwiin paild | Awdagegn | 1ade 0- i 20 nszualni | wdanw
assdl usINN Gunil) (km/h) 20 m km/hr GG i (wh)
(kg) (uni) (11n3) (wawd)
1 0 18.5 45.2 3.2 2.5 45 32.5
2 0 18.2 45.5 3.1 24 46 31.8
3 0 18.4 45.3 3.2 2.6 45 32.2
Aady 0 18.37 45.33 3.17 2.5 45.33 32.17

QST 1w m'ﬁmaauamiauvmm% 388N 200 AT (UUAUUAIAELTY) In1snegeu
ﬂmuﬂmsmim Imami‘m 3 61 WievnAaay fll mwuﬂ‘ussmw 0 ﬂIaﬂi;u nanfildedswiniy 18.37
"Emm mmmaqamaaa 45.33 Alawnsrodilus, a3 0-20 WAs ARRBWINAY 3.17 Wfl, sseziusn

7 0-20 wns ANEABVINAU 2.5 WA, ﬂﬁzLLﬁlWﬁwqaqmaammﬂu 45.33 woud, dnsinslanasauludin
Wae 32.17 Sansetalug

AITT 2 HANISVAFBUANTIOUTAIIULTY 2829119 200 e dmilnussyn 25 Alansy (Luauuaingns)

FLHLLUIN ansnsly
viwitin wailld | arwidagege | wans o- i 20 nszualudt | whseu
asdt usINN Qi) (km/h) 20 m km/hr gegn Inidtn (wh)
(kg) (ui) (n3) (woutl)
1 25 19.8 44.1 3.5 2.8 48 35.6
2 25 19.5 44.3 34 2.7 50 36.2
3 25 19.6 a4 3.5 2.8 49 35.8
Aade 25 19.63 44.13 3.47 277 49 35.87

s
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PNINFIT 2 WU NITNAFBUALTIAULAIAE STEEN19 200 LA (ULaULaIAE) Snsvageu
dhnifnnisussnn Taenisi 3 61 dewanade fil dwinussynd 25 Alandy nanifléiadewity
19.63 U, mmﬁaqaqma?{a 44.13 Alawwpsaedalug, 1aLse 0-20 WwAs ALadewinfy 3.47 Jund,
SEELLUTNT 0-20 AT ANRAWINAU 2.77 WA, ﬂi:LLﬁlWﬂwqaqﬂLaﬁmmﬁu 49 woud, onsnshanasanu
Tniade 35.87 Saddedalug

] < T o a o
AN 3 NANITNAFDUANTTOUTAINULID T8N 200 bUNT UINUNUTINN 50 ﬂiaﬂﬁll (UUDUUaIRNYNY)

FTYLIUIN 3nsnsld
whwitin wadild | anudigegn | vansio- i 20 nszualvid | wdenu
adsit usIvn (ui) (km/h) 20 m km/hr GRG0 Tl (wh)
(kg) (Fund) (uns) (waut)
1 50 212 42.5 4.1 3.2 55 40.5
50 21 42.8 4 3.1 56 41.2
50 21.3 42.4 4.2 3.3 54 40.8
Aade 50 21.17 42.57 4.10 3.20 55 40.83

NPT 3 U MINAABUANSIAULAIANGI SEEEMNG 200 WIAT (UUAYUAIAL1) Sinsvedeu
twiinn1susTnn Tnensvi 3 91 emAade il daminussynd 50 Alansu anfildiadewiity
21.17 3undl, mnudrgeaniade 42,57 Alawnssedalus, 191155 0-20 WwAs ALAABYINAY 4.10 Fud,
588ELUTNT 0-20 1WAS ANRABNAY 3.20 A3, nszualrliigsgaiadowintu 55 wewd, Sasinnsly
wianuliiade 40.83 Sasisedalus

o 2 Y a o
AN 4 HANITNAFDUANITOULAINULTT TEHENI 200 LUKT WINUNUIINN 75 ﬂiaﬂill

(VuaUUAUAIAENY)
FTYUIN ansnsld
viwitin wailld | arwiagege | vauseo- i 20 nszualvid | wienu
asdt usINN Guni) (km/h) 20 m km/hr GG Inidtn (wh)
(kg) (un) (lps) (wawd)

1 75 23.5 40.2 4.8 3.8 62 48.2

2 75 23.8 39.8 4.9 3.9 63 49.5

3 75 23.6 40 4.8 3.8 62 48.8

Aade 75 23.63 40 4.83 3.83 62.33 48.83

mﬂmmﬁ 4 WU NISNAFRUANTIOULAIIST S28EN19 200 LIRS (VUIUWAIALN4) Tn1sveageu
5mﬁﬂmsumqn Tnon1s¥in 3 4 ilevnAalie il ﬁwwﬁﬂUﬁinﬂﬁ 75 Alansu nafldedewindy
23.63 U, mm%aqqqmaﬁa 40 Alawnsreadalug, 1187159 0-20 WAS ANRABINTY 4.83 Jufl, szoy
LWUsnT 0-20 WAS ARALWYINAU 3.83 WwAs, ﬂﬁzLLﬁiWﬁwqqqmaﬁmmﬁu 62.33 waud, 8MTINTIINEI9Y
Tnifady 48.83 Sndradalus
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a & T o a o
AN 5 NANITNAFDURNITOAULAINULIT T8HEN 200 bUNT UINUNUTINN 100 ﬂiaﬂﬁll (VuDuuUanYN9)

FLYUIN ansnsld
whwitin waitld | arwiagege | Lans o- i 20 nszualnid | wdenu
afsdt usIYN Gui) (km/h) 20 m km/hr GG vl (wh)
(kg) (uii) (uns) (waud)
1 100 25.4 38.5 55 4.4 68 55.2
2 100 252 38.8 5.4 4.3 70 56.5
3 100 255 38.2 5.6 4.5 69 55.8
Aady 100 25.37 38.50 5.50 4.40 69 55.83

QIS 5 WU AITNAAEUALSTOUZANEY 28EN19 200 LA (VUAULAIAENT) Snsnadeu
dhaiiinisussyn lnen1svi 3 61 diemanads fail dniinussnnd 100 Alanfu nanfildiedonit
25.37 AU, mwm%uqqqmaﬁ'a 38.50 AlaluAsAolue, 1981139 0-20 1UAT ALRABLYINAY 5.50 U1,
S2EUTNT 0-20 AT ANLRABWIAU 4.40 WA, ﬂizLLﬁlWﬁwqaqma?{mmﬁu 69 woud, ens1n1shunasu
TWitiade 55.83 Sadaedlug

v

A519H 6 HANSMAFDUALTIALEANE SEzMe 200 Wins ifhmidnussyn (Uuauufugnia)
FZHLLUIN 3ns1n1slY
viwitin paitld | AwSagegn | 1ade 0- i 20 nszualni | wasnu
adsdl usINN Guni) (km/h) 20 m km/hr GG It (wh)
(kg) (uni) (11n3) (wawd)

1 0 224 38.5 4.5 3.8 65 52

2 0 22.1 39 4.4 3.6 68 515

3 0 223 38.7 4.5 3.7 66 52.2

Aady 0 22.27 38.73 4.47 3.70 66.33 51.90

PNMNTNT 6 WU NSNAFDUALSTAULAINNGT T2EEN19 200 LUAS (VuauuFAugns) In1snadeu
‘13’1‘1/1ﬁﬂmsmmﬂ Tngnsvh 3 61 iilemeads el ﬁmﬁﬂmmﬂﬁ 0 Alan3u nanfilfiadewinty 22.27
9, mmﬁqqqqmaﬁ'a 38.73 Alawnsredalus, 1ands 0-20 was Awaswintu 4.47 3ufl, sveziusn
7 0-20 WwAs A@ABYINAU 3.70 WA, ﬂizLLﬁlWﬁwqaqmaﬁaLmﬁ’u 66.33 wand, dms1n1stonasnulni

1@a8 51.90 Tnenadlu

-~ < ¥ @ = o a o
ATV 7 HANISVAFDUANTIOULAIIULIT F88EN19 200 WIAT UINUNUTIVN 25 Alansy (Uuauumuqﬂia)

FTULUIN ansnsldy
thwitin wailld | anudagege | Lans o- # 20 nszualniin WA
afadi usIn (Gu) (km/h) 20 m km/hr GRG0 Iniln (wh)
(kg) Buni) (3ns) (waud)
1 25 24.5 36.2 51 4.2 72 58.4
2 25 24.2 36.8 5 4 75 59.2
3 25 24.4 36.5 51 4.1 74 58.8
ﬂ"lmgﬂ 25 24.37 36.50 5.07 4.10 73.67 58.80

o o
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PNNTRA 7 MU AISVAAEUALSIAUTAINLET T2EENI9 200 WA (UuauuAugnsY) dnsmedey
ihifnnisussnn Taenisi 3 61 dewanade fil dwiinussynd 25 Alandy naniflfiadewity
24.37 U9, mm%aqqqma?{a 36.50 AlaluAsAodalug, 128139 0-20 1WAS ALRANAY 5.07 Jund,
SLULLUINT 0-20 WAT ALasWniy 4.10 WS, ﬂi:LLﬁlWﬁwqqqmﬁ?aMﬁU 73.67 wouy, 8mn51N5LY
waalniiaeds 58.80 Tndsedalus

AN31991 8 HANITVIAABUANTIAUATING S¥aENNe 200 RS dmtinussyn 50 Alandi (LuauuAugns)

FTYLIUIN 3nsN3lY
afsdt whwitin wadild | anudigegn | vansio- i 20 nszualid WA
usIvn (ui) (km/h) 20 m km/hr GRG0 Tl (wh)
(kg) (Fundl) (uns) (waut)
1 50 271.8 334 6.2 4.9 82 68.5
2 50 27.5 33.9 6 a.7 85 69.8
3 50 2719 33.2 6.3 5 83 69.2
Aade 50 27.73 33.50 6.17 4.87 83.33 69.17

NINTRA 8 NUI1 NITNAABUANTIAULAIUTT T28¥N1T 200 LUAS (VUauuAugnsa) 913

naaeuiiniinnisussyn lnensvi 3 61 illemanads fail dmiinussynd 50 Alanfu naniildiade
windy 27.73 Fundl, mnadageaniads 33.50 Alawmsaedalug, 191159 0-20 Was ANEABINAY 6.17
Fu, szeglusnil 0-20 WA ANRRBINTU 4.87 s, nsvualilihgeamadewinty 83.33 woud, 8ns1
nslindanuliinieds 69.17 fadsedalug

o < Y a o a o
AN 9 WANITNAFDUANITOULAINULTI TEHENI 200 LUKT WINUNUIINN 75 ﬂiaﬂill (Uumuu@lu@jﬂiﬂ)

FTYLUIN ansmsld
thwitin vaitld | arwdagege | wanseo- # 20 nszualuin WA
afadi usImn (Gui) (km/h) 20 m km/hr GRG0 Tl (wh)
(kg) (Fund) (Lns) (waut)
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Abstract

This research aims to develop an intelligent Thesis Retrieval System using artificial

intelligence (Al) for educational institutions, to test the system's effectiveness, and to evaluate user

satisfaction. The system consists of three main parts: a thesis data storage and management system

using a MySQL database, PDF file uploading with embedding for data conversion into semantic

search vectors, and an Al chatbot for answering questions using Natural Language Processing (NLP).

The system was developed as a web application using PHP and phpMyAdmin, offering various

search tools such as title, year of publication, author, and semantic search, enabling the system to

understand user queries. Experimental results show that Al-powered searching is significantly more

accurate than traditional systems and reduces search time. A satisfaction survey of 30 users using

a 5-level satisfaction scale revealed a high level of satisfaction (average score of 4.52, standard

deviation of 0.56). Most users felt the system improved research efficiency and supported learning.

The system is suitable for implementation in educational institutions and significantly enhances

academic knowledge management.

Keywords : Artificial intelligence, Thesis search system, Semantic search, Embedding, Al Chatbot.
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Tugatagiuiinalula8fdvianinadesyuunsfinwiaznisdnnisesdanuiiduegraunn eswn

'
a
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wazInerdmusdeyaifnnueunn Wesndunadnsannsinuduairograduszuu fnmssusmdeya
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flunug, 2568) lidnegndlsima Gawideyadinaniaiimesndnmsiigs udlunarsandunduidaym
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fduignies niolislassairademuedineninusoravsdoddinadumiuiu uazeralailduadwsi
aonadosfuaruiesnisiifiogaie Snadeyanielulid POF vesinerfmusdauunndslaigniu-lsly
nszuumsiuAy Seihliszuudumdrinamedeyaislassaine wu JeiFes duss Vil vidoundnge
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TughenangBiisiiuan mswaunmaluladdgygruseivg (Arifical Intelligence: Al) wagnis
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1) szuugudeyaineniinus (MySQL) sessuwailu MySQL 8.0.36 FulU finsiii Vector
Data Type FUSUUAU Al / Semantic Search Taglaniy
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nSANY

Tuguil 2 wunmnszuateya (DFD) vesszuvAuaiInendnussaniosietyysziug dms
amitumsfing annsaesuneldaed

nszuuMsT 1 ihdszuu Wunseuiunsdnssuuiieldau svuussuuduaiinendnussanies
fedyauseivg dmsvanidunsfne  Tasduunaninisldou wadu 2 dssam léun flganu
ylU uazdpuaszuy Weiihgssuulimsldou Sednld simin Aeglduimeiiihgssuunudvives
fdaudy

nszUIuNsh 2 madansdeyagldauuazduaseuy Wunseuiumsigauaseuu Tunisdanis

Foyafldnu liendudeys fldmunly werdguaszuu Tumsiiu avu uily deya loud swadldonu 3o
¥ sfary Fo-umanagld unumild weafu/gelivihly) wagTu-naniiais
nsgUIunIsT 3 nsdanisdeyainerinus unsruiunisidouaszuu Tunisdanisdeya
Anordnud lumsifin au wily doya lidrezdudoya stainerinus Jei3esn1vilne Joides
avndana {3 / {33 1anseiuinen Iiif vemuieansn undade Jelvid POF dulnan
Fuiiindeya Suiudlvaanlaesinndalu@@ wi fldaunly aunsodumdeyauasuansseszidon
Joyaivenfindla

o

v Ty

n3EUUNIST 4 33ANTT ai chat log Wunszurunsigldauinly Tauusmriu Al a¥eady
1uteyalagdnluda
AszUIun1sf 5 nnsadasaundn Wunseuiunisfianndn dnnsadasamedeunisldan ssuu
AuaITIneinusdaasermelygyiusshivg dmsuanidunsdne
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1) N1980NLUULEIATINE (Logical Design) N1300NLUULTINTINEYDITEUY UsENBUIY
Tassafegudeyaiidoulostorainendnus ulyagussivg ednaduszuu nszuiuns Embedding
ultlunisudasdeniuvesdeyainendnusifuuuuinmes iesesiumsiumideannuvine {ldau
ANU1T0AUNIAIEANDINTITUTIA LA tneTruvazUSauisuinnesveIAInIuiuInnesveRendans
Fnendnudsneanuadnendsuazdmadnsiistos dunsinsodldamazgnesnuuulildanude el
Aumdayaldsingiuazgneies

2) MseeNLUULEINEAIM (Physical Design) stuugnesnuuulassadiamaluladiisessy
n1suszararateyauaznisvinussuulyalseivg  Taelda1wi PHP war JavaScript Tun1siaiun
szuvaglugunuuiiuueundindu Wenlosgudeya MysQL dmsudaiudeyainerdnug {léau uas
UseTansaunun agluzUluga Al Embedding wag Chat Completion (Mitchell. 2024) Tnga1dainalulad
97 OpenAl tlelduszananateyanislulsld POF doyainerinus uazihllaiisnnmesdeyaids
ATAVINY (Semantic Embedding) dwiuldlumsumanuduiusvesdoyainenimus ol
fanu sruvtzdadeninuludsluma Chat Completion 189 OpenAl Litayn1s3AT1giA LM ET
101 uazaddnaufiaenndesiuiomlugiudoya ilinsdundauuiugigs uazausaney
Aanandadnld dqwlnd POF deyainenfinusazgninivlulawmesundiviaesinenss lasadaninge
uledld Bootstrap lunisiamn ielsesiunngunsal ;:ﬂ‘*z’fmummmv‘mwuﬁgwmshuwﬁ’lLEJULam
#un Aumiineniinug grsasiBoadeya dasnould Al Tnsniseenuuuidameninidaelfssuurha
ey 1de uazsessugldanulad

Chat Completion ldlgvwmindil3eufisunnmesinenss Tuszuu Embedding way Retrieval-
Based Al Mst3suiiisunnimesazinludumeu Vector Similarity Search (1u cosine similarity) #daan
%19 embedding u&1 @21 Chat Completion lia¥1admouainteyafigniaun (RAG) miraaeuldde
Loandnenssuszuuiiuen Embedding, Vector Search Uag Generation uag 2 asaeuldniisunen
A similarity naulsen Chat Completion

users thesis
user_id (PK, INT) thesis_id (PK, INT)
username (VARCHAR) title_th (VARCHAR)
password (VARCHAR) title_en (VARCHAR)
fullname (VARCHAR) author (VARCHAR)
role (ENUM('admin','user’)) is referenced in | agvisor (VARCHAR)
created_at (DATETIME) year (YEAR)
ai_chat_log

-+ category (VARCHAR)
chat_id (PK, INT) abstract (TEXT)
Ussr_id (FIK, INT) pdf_file (VARCHAR)
thesis_id (FK, INT, optional) created_at (DATETIME)

7
quéston (IEXT) updated_at (DATETIME)
answer (TEXT)

created_at (DATETIME)

N

creates

3U# 3 ER- Diagram szuuAuaiiveniinussnseymetyausehivg dmivaadunisnum
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A15197 1 Data Dictionary s3uUAUAIINednussaasszmelyguszivg dmsuanitunisdnw

«a

71914 ai_chat_log
Halad viindoya GE] A193 U
chat id INT(11) PK LAYAIRUITIINITAUNU
user_id INT(11) FK—>users.user id ﬁﬁaﬁlﬂsﬁﬁﬁ?mimu
thesis_id INT(11) FK—>thesis thesis_id | InenfinusiiAeadesiu
A0 (913)
question TEXT - %’ammﬁwmuﬁpﬂ%ﬂﬁ Al
answer TEXT - fmeudl Al eundugld
created at DATETIME - Fufi-vaniituiinnsaunun
1974 thesis
Foilad viiadoya Ad A1B3UY

thesis_id INT(11) PK SHEINETNUS

title th VARCHAR(255) - Fodosnwlng
title_en VARCHAR(255) - FoiFosnwdangy
author VARCHAR(255) - IRV / £33

advisor VARCHAR(255) - 9sEiUS

year YEAR(4) - YRR

category VARCHAR(100) - NUIANYYIBE1U
abstract TEXT - UNANED

pdf file VARCHAR(255) - ol POF #sUlvian
created at DATETIME - Huiifisdoya
updated_at DATETIME - Fuiudlvargalaosuinn

SnluilA
A1319 users

Yalad viadoya GE] A1B3UY

user_id INT(11) PK Syan U

username VARCHAR(100) - %aﬂ’m%é‘iﬁﬁ

password VARCHAR(255) - SWaNIU (O 9FALA7)
fullname VARCHAR(255) - Fo-uwanarld

role ENUM(admin','us - unungld (Loniiu/gly

er') )
created_at DATETIME - Fu-rranii

& o U o/ =

N1309NLUULAZNIRAILNTEUUAUATINENTnuSaasuzmelygy1Ussivg dmsuanitunisfine
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(2) mihdnsiows AsuaniTvasBentayainenulayaanitus Asgun 4()

Thesisystem Thesissystem

AaAaLs

fuddaufurindssuudaivuazduminendwus

anumatulatwmiu

JUN 4 (n) wthusnuesszuud (V) nihAnfeLT1veITE UL

(3) wihvewingszuy Wumihmailvigldensmaly uazdauaszuu nsendeyaderlinu uay
a1y eisruuAun A inussiaierde gy seiug dmsuantunisin ﬁag‘dﬁl 5(n)

(a) wihvoatasaundn Wunihmediligldaurlatasaundaly nsldauszuuduaiy
Inentinussansesmedyguseivg dmsuaatunisfing é’qgﬂ‘ﬁ' 5 (2)

slinssudn

datd

s darled (Username)
admin padet1994@gmail. conmf
sWasiu
da-vuana

m ——

B
(n) ()

3UN 5 (n) nthasidngszuu vesszuun (1) nihvealinsaundn vedssuu

(5) wihaensAuvAneninus Wuntheedmivildauily WdgszuuFeuiosudn
anunsadumdoyainendnus 16an Jei3os Vifust uaz guda Tunisfum Ui 6 (1) nihae
swazBeatoyainerdnug Wefldnuinluidendeyaineninudauls insnaduseaziden Wennty
seazidunteyaingrinus udrszuvazuaninateyaineriinus faguil 6 (1) wiheedumdeya
enlinug s Al Chat vndieants Audeyaineinusaiuneu Al Tiihnsideniuy aumeuAl ssuy

yzuanang WEldnuiluasunu Al s uag Al asyimsmdeyainetiinug amingldanunm ds
U7 6 ()
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ThesisSystem N Aol unaarn fudn e i TSSO

sunsino g

Tuanduaineiinwug

ThesisSystem

Al Chat (OpenAl API)

JUT 6 (n) nihRensAuMIneinus vesszuu () nthaesvazdeadeyaine inus veeseuus
(;A) nihaeAuTayaINEI NS Mg Al Chat vedsyuu (@wmsugldanuily)

(6) niiven1suImIsnIsdnnsinerdnus  unihsedmsudauaszuu Iadngszuu
Boudesudy aunsnais au udly wazdum doyaineninug faguil 7 (1) nhesnsuImsdanig
fldau fauaszuu anunsoatis au wily gl¥aeuilvuasiuaszuuld U7 @) wihesdumdeya
Fnendmud Wegguaszuu sty Al Chat szuvazuanssa Chat Al wagUszdRnisaunmn Chat Al
vosgldauitldarunam Al fagui7 (@)

rerm—

Thesissystom vt Saptrsbus b el ment b mnhnstamElEe

wihuiwsdamsineivug

Thesissystem

Al Chat (OpenAl API)

seifinsaunun Al

Chat U T

Gtion B e

sUN 7 (1) wiaen1suTMIsn1sTansineinus  vessruun (0) n1ven1suTusInanisgldanu

Y

Y945 UU (A) MihveAumdoyaIne1inus My Al Chat uagUseifinisaunun Chat Al vaeszuU®
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3.1.4 mwmuuaziluly (implementation) F3deldddunsimunszuumunuuiidinual’
Usznauelugaduivanlild POF ssuuwlasden POF 1y Embedding szuugutoyaimeninug ns
Feusio APl vasilnyq1UseAng Open Al Lile3093UN1AUAULUY Semantic Search wagn1snouAInle
iudl wieudanisdeyauaznmsdumegiadussuy

AMendsnsiau seuulagniluneaeunisldauaseiungudiedne laud e1asduninetde
inwadaudin $119u 10 A 9038 $1uau 10 A wastnAnwiuli 2 antumaluladneiy S 10
AU (WUUI12R9) TILTAY ST 30 Au iileUssusyiuaufianeladenisviaiuressruuludiu
anugnies Anuazmntunsldiany uasussavinmlnesa waannemadeuil fdutaeligideauns
seydeunnseanaziluuiuuganeuthszuululdanuets Welvlmuiaiosuazneuaussdeninudoanis
voafldunnBedu.

3.1.5 N15U1395n¥1 (Maintenance) nasaininszuululdauaia laaitiunisungeshwssuy
ielszuuasuszansamuazsesfunisidanulusrezenn Aanssuil fosdniunis ldud nsudly
foRananfiiAntuseninanisldeu nisusudgsluea Embedding iileriuanuuuglunisdudu n1s
diudeyaimenimuslmiinggrudeya mesummssuuliannsasesiulad POF AfivunelugBetu wagns
Usudgaiuarnlunisdundoya wenanisuudadalentaliglfiausuuzanufaiiu deasgn
firsanluimunszuulinouaussnufesnsgldanldfgtu

3.2 Foeiiun1sidy

3.2.1 WsgusvuuAuATTIMEinussaatesay Al

3.2.25705u @I inusuasdoyadsednuiu 500 18013

3.2.3 9Ulwanlna PDF wazad1s Embedding

3.2.0 YnmsvedeuszUL 4 1u fuaz 10 ade 1R

- AU VDINTAUM (%)

- ANUYNFABIFBAININTIAIINYILNEY
- nawadglunsdudu Gui)

- maideslssdnmifuilom POF

3.2.5 JuiinualumskanIsnaaau

3.2.6 vinnsussiiufanelagldanu uazasuua

32.7 Wnesinadeadnnugiu Idun

- Afouay
- fnade (U Sesfing, 2565)
3.2.8 ayunaiiotiausluaiuide

4. HaN15338

mMefuiFesmsianszuuRuaiinerinussaaios e tyyussivg dmiuantunisdne
Ifagunan1sive mufagusvasddai

4.1 Wemuszuuduniinerinudsaaieysemalulad iy seing dmivandunisnw

¥

HANISWAILITEUUNUIN S2UUAINNT0YIULARTURIUAILAIINABINIT VDK LTI Iﬂm:w%’mﬁmaz

Y

UIMIN1sInn1steyaing inug dn1svessunisiin uily au uazAumdeyalad wieuilsituduluan
d POF uazUssananasileviiiedaivluguuuy Embedding Aevisluimanasnszuiuns lunarimiii
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wasteanufudiaumansiii 1y text-embedding-3-large 970 OpenAl Fsa1aiininesuuavaneu
7 nsvvaumsfenisihdennuddlunaiieadsnnmesunuaimnevestenuty nadwsldasgn
Jafvlusunuunneeslugiudeyaiisesiu VECTOR tievnluAuimnaalndidss (similarity search)
d1§UIUAUMILTIAMUMAINELAY S U Retrieval-Based Al Litel#lun1sdunidsnnuvunelé uas
wonani seuuiimaianluga Al Semantic Search wag Al Chat ansnsavharudlasmanuuasdenles
fuilomvesienansidernagnies smdsdszuuuimadaniadidony

syuumuavhashuduseundiaduuy PHP uazgudeya MySQL wiounisesniuudiufise
{4 (UI/UX) fe Bootstrap itelldarudne 1ulinsdedldvegquassuuuazildnuily uazsessums
WuuugunIainaInviaty ka1 seuukandbiiuitssuuianuanysel wiangausenisinluly
atuayumMsisuiaensianisesannuiluaadunisdne

4.2 Lﬁamaauﬂssﬁw%mwszwﬁm%ﬁwmﬁwuﬁ‘a"m%axﬁwﬁ@mmiza1-&5: drvfuanndu
n3fny1 wansvegeuUszansnm lnelingudiedamegeuszuy $ruau 30 Au wiseendu 3 du
LouA (1) AMuLdug1999n19AUNT (Accuracy) (2) vaarlunisuszuiana (Response Time) waz (3)
ANuansalunsAunBauvanelagld ey useivg neasusiedayainetinus d1uau 500 40
LU%EJ*ULﬁﬂmwdwﬁ%ﬁ"umLLUUﬁEﬁﬁ%@f?ﬁy’nLﬁmﬁmwuﬂzymwisawﬁuw Semantic Search Tun15ld
grudoyauazlid POF yaufeniu lidsudeyaszwinaaaey THyadAu/danideaiu Susuminiu
aduwmiloutiu mupunageulvinguiieiusenuandRlindidusiu Tdaunsal inseviy wasinaeiinug
(Accuracy, 13a1) Lﬁmﬁ’unnﬂ%’a

§ o [

715197 2 HanN15NAARUUTEANSAINTTUUANAIIINEITNUSsas oy lyy1UssAys d1msu

o«

dondun1sAne (n = 30)

ad Y a6 acd .
S18N1SNAFAY AAUMLUUAGIASA | S2UU Al luuSemantic ayUwa
(AaaY) Search (Aa8Y)
ANULNUEIVDINT 63.5% 89.4% SYUUAI AANuLkue
AU (%) gani
ANUYNADIABAINILLTS A gesnn S¥UUAl W ladnnu
ANUNUY WTUSUNA
waaaglunsEuAY 1.82 1.35 SEUUAl Y laanI
Gunil)
nsiweulesdanuiv ilila ild SPUUAl Weulgsdaya
¥ e
Wiy PDF 194

a & =

Hansneaeulun13199 2 wuindeygy1useAvguuu Semantic Search dAaiugINSAUNTFES

o«
a ¢

4 89.4% TuvnueiiERuuUUAGIssIualARies 63.5% wandlidiuinruansoveslyy s fug
TunsiBeslestoyaidenumnslsfninssuuifuegadaiau uaﬂmﬂﬁﬂﬁymwi:awﬁ AUT0NDUAIDY
Afdadudould lurneisdumuuuidvldainnsoiild anadslunisdum JyyiuszRusuuy
Semantic Search asﬁ 135 3wl Fadandszuvuuusanuildnaede 1.82 3w
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1A5UUAD mamimaausﬁiﬁtﬁuﬂﬁwu{]zyigmizawimu Sernantic Search fiUszanSandia anunse
Aumdeyaldsingy wiugh uazaeulandmslénuiunisdviudeyainerinusuinninisnsdunmuuy
A

4.3 LﬁaﬂizLﬁummﬁd‘waslﬁ]ﬁuan;:ﬂ%muﬁﬁsiaiwu Aadeladienarsussifiufianelalviungy
AE19T U 30 AW USEUmMBLUUARUAINNINTIEIY 5 S¥6U (Likert Scale) nan1sUsediunuin Lol
aufianela “sedunnn” ndu Fansnei 3
A5t 3 Han1sUseiliuauianelavesly szuuAuaiierdnussansesmetyyuseivg dwms

an1un13@ne (n = 30)

grufiuseidiu Anade 00 dautﬁmwummgm STAUAUNIND TR
ANUEEAIN AT IEIU 4.60 0.52 110
ANUTINLSIVBITTUY 4.55 0.55 110
AUYNADIVDINITAUM 4.50 0.57 10
ANNEIN1Svee Al TunisneauAiany 4.48 0.59 110
ANNEIBIULAZINTENUBY UI/UX 4.47 0.56 110
AMUNIwelasIy 4.52 0.56 N

9INM1919913 HansUsziduaufanelavesdlideszuuAunininerinudsansesiae
Unyayrusedng dmfvanidunmsfnen wudn glalianuienelalusedu “un” ynau Tnefiaades
452 wardrudonuunasg 056 defioiegluszduann smuigldlinzuuugeande anuaznluns
T4a1u Tdnade 4.60 drmudenvunnigiu 0,52 595a37A0 ANUTINEIWRITEUY TAedy 455 du
Desuunasgu 052 uay Anugndesuesnisum flrieds 450 dmidesuusnmsgiu 0.57 waasli
wiudszuuseulandlunisléau Tusuanuannsaves Al lunsneudany feades 4.48 dudsauu
1M5IU 059 wansdsanudesiuvesildnulumsiumiGenumang vasiiduanuasnuwazay
wianzanwes U/UX dpzuumeds 4.47 daudenvumnasgiu 0.56 Seszuuiifimsesnuuuiinnuduiing
sofld Tnszauwda fldenufienelalusedu “un” yndadin azfioudissuuansansuausiniia
foensnshupininednusididusgrsfuazldnuldagsazaan

5. afuTgnanazasung
NsRAUIsTUUAUA T INEtnussansesiedygyiUsehivg dwmsuandunisdnw laaliunig
9 o o aa . =
AUNTTUIUNTNAIUITEUULUUI)INTTINTZUU (System Development Life Cycle : SDLC) #iUUMWINIS
APFUNSERNSUBENININaUITIUNITIATIEY DBNLUY BATHRIUITEUUANTAUNA addnabissuuntainy
aneoe wilug Laznaulandnuaiudein1svesldnu Nillaennqesiuiuifnues Tu dnua (2567)

a

fiszyin SDLC Fheifisdszavsnmuazarmanysaivesszuuiimunlaegiaduszuy
HANITNRILITZUUNUT SEUUainsadany dan1s wasdududeyainenfinuslinsudu sauds

5935un155UInanld POF wazUszanana Embedding wiothluldlunsfuniieninumane (Semantic

Search) smewalulagUgyaussivg ﬁﬂﬁiswmmsaammﬁwmmm;lﬂ%’lé’asmﬁﬂ%ameamm%w
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v
a6 a [

WnNNIIBAUmLUUASASAALAL donndestiurues launda Suwadidud wide (2567) uaz Laurence
M. (2020) ﬁ%ﬁ?ﬂ@mﬂﬂi%ﬁﬂi annsosiunuTInmarANLKIuS weITEUUA W dRgaR

Han1INAaaUsUUlagNguAiIg19911Iu 30 AU nudlsidussuulayayuseivg LUy Semantic
Search wagEmbbedding A111KLUE1FINTINITAUNILUVUNG ﬁ&niuéjmmmgﬂé{m N9 deuleq
ANumNe uazaedslunisuszinanadeys Tsaenndesiunuideves auivs 9aaynd uaznasan
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szuuidulinssieflfuasiiusyavinmgestisaissraunsainsldnudainlfednediang

Tngasy n1simunszuuAuaiIne inussaasosimetdygyiussivg dmsvanidunisdne,
anunsanavaussrenufeInsves laduedadiiiussdnsnmgandiiBdumuuuin uazldsuanuiia
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warasasegeniauiiesessuilndutugalaluaunanle

6. datauaunuz
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avistld wornmaifndeyalugudeyaifieliszuuilyanuseivg meudaulditedu

6.2 msUusImsldonvesild Tasdmigiie susunslinussuu uastiivinmsmsanudasnss
Tunsdnfiudoya

6.3 A5Ivereren laiinazilunisul Machine Learning 113tAs1g%e113d8 Waiunsyuulvseasu
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Abstract

This study aimed to evaluate the effectiveness of a smart greenhouse control system utilizing
loT technology on oyster mushroom vyield under semi-commercial production conditions. The
experiment was conducted in a 60-square-meter greenhouse with a capacity of 2,000 substrate
bags, comparing an automatically controlled environmental system with a conventional
(uncontrolled) greenhouse across three production periods. Yield data were collected by randomly
sampling substrate bags and measuring fresh weight. Differences in mean yield were analyzed using
the Independent Samples t-test at a significance level of 0.05. The results indicated that the
automatically controlled greenhouse produced significantly higher mean vyields than the
conventional greenhouse in all production periods (p < 0.05), demonstrating the effectiveness of
the automated control system in enhancing productivity and reducing yield variability. However,
further analysis using One-way ANOVA revealed that production period had a significant effect on
yield (p < 0.05). The summer period exhibited noticeably lower yields than the first two periods,
indicating that external climatic factors continue to influence production performance despite
internal environmental control. These findings provide empirical evidence that implementing an
automated control system in a semi-commercial greenhouse significantly improves oyster

mushroom production efficiency.

Keywords : Environmental control, loT technology, Phoenix Mushroom, Smart greenhouse
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Abstract

This study proposes the development of a solar-powered water quality monitoring system
for cage culture with a measurement of water quality system using the Internet of Things technology
(I0T) application. It is intended for measurement of water quality for the cage culture. In this study,
there are three types of sensors that are important for the fish farming in cages were selected such
as Dissolved Oxygen (DO) sensor, pH sensor and water temperature sensor. These sensors are
connected to the microcontroller based on the 1oTs platform. The detected signals are monitored
on the application platform and the data notification is sent through the Line application platform
and a siren alarm when the dissolved oxygen level drops below 3 mg/L. The system can monitor
and the analyze the value of oxygen content the Dissolved Oxygen, amount of acid — base and the
temperature in the water in real-time. The dissolved oxygen measurements showed an error of not
more than 4%, while the temperature measurements had an error of less than 3%, and the pH
measurements had an error of less than 2%. The test results showed that the power obtained from
the solar cell was about 67.57 watts and the instrument can properly control the DO concentration
in a designed range. This system makes for the fish farmers in cages can prevent damage the water

quality faults in the cage culture, thereby reducing the risk of fish.

Keywords: Fish Cage Culture, Measurement of Water Quality, Dissolved in Water, Solar Cell System
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Aunmianusouanmadeyasenulusuremise nald (39w Shuglen, 2562) nsfnwinisadna
wdesianunmihdaluifi (Aqua 10T) Wugunsalflannsatufinwazsenuamsfimesnisamnimi
1$ur fh sendiauazaneni gumfl uazanubunsadusg Ifoghadutagiiuhumdnsdifiofiovili
inumsnsannsasiiung uiladymludededaihliuiidemaunimindonuuanafivnzas
MiAdbilfieusvasdifiofnuyseansninues nsldiaies Aqua 0T Aexanan Fuyu KanULNLLAY
frlsvosnndssdarnuauunlilussdurihiy Tnsutseidssts oondu 2 ngu Téud nquanugu (alld
\A309 Aqua I0T) wagngunaass (fia3es Aqua I0T) nduas 3 Uo desngueglu fufiviianieaiu
(Fanrfnfuny3) Udesdslusmananuauiuiumiaiu (100,000 #2/19) idesfaiuszesnalndifeatu
(Wswana 3 o) mansAnuinuiniaesnguiifununissdadlauansaiy winguiléiades Aqua 10T
lﬁﬁaﬁﬁmmma?{ﬁ 19.88+0.59 . NAKANSIN 1,368+52 nn./lS Namauwnu 266,578+5,098 U1n/ls way
finls 92,747+4,703 vn/ls gendingu muaueg1lited1Ayn1eada (Usia wazane, 2566) n15Anw
nsldseuunis anatanuamthdnlugd tnglduesalulasneulnsanoiengdluglu vhausauiu
wuwpsoandiaudl azangluih leueesnnudunin-ins waswuesgnmgl sonuuulvinsatanmam
dhuvuFealn nansliaszeing adn wuiwansnelugeilfewnssaluiRihwinndsduannis
nAaewgINIINslimewssuay agalteddynisain §R dula, 2565)
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nseenuuuYARuigs Tmdeateaduuin 160 W Mono solar cell Wunime3uUUABeN 12
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Abstract

This research aims to 1. Develop a mobile application-based information system using
augmented reality (AR) technology to present cultural tourist attractions;, 2. Evaluate the
effectiveness of the augmented reality-based cultural tourism information system for ethnic
communities in Lopburi Province; and 3. Study user satisfaction with the developed information
system. The information system development utilized the Systems Development Life Cycle (SDLC)
principles. The research sample consisted of two groups: 1) 20 members of ethnic groups, and
2) 100 tourists using the system. The research instruments included the developed information
system, an information system effectiveness evaluation form, and a user satisfaction questionnaire.
Statistical analysis included percentages, means (X), and standard deviations (S.D.). The research
findings showed that: 1) The information on the four ethnic groups in Lopburi Province possesses
distinctive identities and has been compiled into an accurate and up-to-date information database.
The results show that: 1) 25 ethnic group tourist attractions have been equipped with augmented
reality (AR) markers; 2) The information system has an overall high efficiency rating, as assessed by
5 experts (X =4.22, S.D.=0.66); and 3) Tourists' overall satisfaction with the system is also high
(X =4.21, S.0.=0.61). In conclusion, the developed information system is effective, capable of
creating immersive sensory experiences, and serves as a digital innovation tool for preserving

cultural heritage and driving sustainable grassroots economic development.

Keywords: Information systems, cultural tourism destinations, augmented reality technology
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Abstract

This research aims to: 1) design a conceptual framework and system architecture for a
geospatial web application for systematic management and display of spatial tourism data; 2)
develop a cross-platform geospatial web application capable of continuous tourism data
management via a back-end system; and 3) test the system performance and evaluate its suitability
for practical implementation within the study area. The study applies computer engineering
principles and spatial information system design through software architecture design and relational
database management integrated with spatial data. Adopting a Research and Development (R&D)
approach, the study encompasses system conceptualization, client-server architecture design, and
web application development using JavaScript with the React framework for the user interface, and
Node.js with PostgreSQL/PostGIS for the back-end system, followed by engineering performance
testing. The developed system features interactive map displays for tourist attractions, supports
cross-platform compatibility, and enables seamless data management through a back-end
administrative system.

The system performance evaluation revealed that all core functions operated correctly as
designed, with map loading and information display times within the specified threshold of no more
than 5 seconds. In addition, the system was able to continuously handle and display approximately
50 spatial locations without performance degradation. User satisfaction was evaluated using a five-
point Likert scale questionnaire with 65 participants. The results indicated a very high level of
overall satisfaction, with a mean score of 4.71 and a standard deviation of 0.49. These findings
demonstrate that the developed geographic information web application is effective and suitable

for real-world deployment in the study area.

Keywords : Geographic Information Web Application, Geographic Information System,

Spatial Tourism, Information System Development
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Server_Side Data_Layer
Business Logic Spatial Data < SOl Queri -
Layer Processing uenes 7 PostgreSQL
/PostGIS)
Client_Side
Web Browser HTTP/ Node.js API Cloud Map Services
- - - «——Tile/Map Requests >
/Mobile App HTTPS JSON Server pred /OpenStreetMap
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Database Server

i >
Webcgfg:vser T Quesylpeate POI data / Coordinates
Categories / Media

(Windows/Android/iOS)
\ \ Announcements

Response —

Web Application Server
Application logic / API layer

Back-end Management / \ Tiliafpcieg::;ng

Admin interface CRUD / Publish Map render / Routing — Navigation
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WebGIS Tourism
Application System

View interactive map

Select POl marker

User
Tourists | General users

View POI details

Navigation support

/ Manage POIls

Admin
System administrator

Publish announcements
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ADMIN
int admin_id PK
string username
string password_hash
string role
datetime | last_kogin
bool is_active
manages
publishes

ANNOUNCEMENT
int announcement_id | PK
string admin_id PK
string title
string content
datetime | publish_at
datetime | expire_at
bool is_published
bool created_at

Industrial Technology Journal 125
CATEGORY TAG

int category _id PK int tag_id PK

string | category _name string | tag_name

string | description ngup

bool |is_active

POI_TAG
clasifiles I
tagged_by g int poi_id PK
POI |
int tag_id
int poi_id PK
string category_name | PK \ POI_MEDIA
has ] .

string bal_name \ int media_id |PK
string address int poi_id P
float latitude string media_type image/video
float longtitude string Media
string description string caplioh
string contact int sort_order
string open_house datetime | created_at
string is_sctive
datetime | created_at
datetime | updated_at
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% Web App Backend Database

USER
a Load Map View

& Open WebGIS App
h -
7~ Get POls (area/category)

\ 4

o Request POI List

Query POIs

POI Li
POI List €------ s '@
RN °

Show Markers on Map

gﬂ‘ﬁ 5 User Access and POI Search Sequence

i Web App Backend

USER

& Select POI Marker‘
»
Request POI Detail
A .

e ’o Query Detail
e

POI Detail
POI List L===----

Database Map Service

Show POI Detail Panel

TE 9

Request Navigation -
° > Generate Route

h .
»
Route Link
Show Navigation Link ( ______ e _?

g‘ﬂﬁ 6 POI Detail and Navigation Sequence
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Admin Panel Backend Database
Admin

Login

v

Verify Account

Auth Result

Login [Success

A 4

e Add / Update /Delete POI

Write POI Data

Done
( ________
Operation Success
( _____________________

g‘l.l‘ﬁ 7 Admin POl Management Sequence
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Abstract

This study focuses on the development of a mobile handwashing unit for individuals with
mobility impairments. Based on feedback from mobility-limited individuals living in rural areas
without full-time caregivers, a need was identified for assistive tools that enhance the ability to
independently maintain personal hygiene, specifically for hand and face cleaning, while ensuring
convenience and minimizing unnecessary movement. The mobile handwashing prototype was
therefore developed using principles of universal design, ergonomics, convenience, and functional
efficiency. The developed unit integrates its own water supply and drainage systems, eliminating
the need for permanent plumbing installation and thereby providing high flexibility. The sink
height was designed to accommodate wheelchair users or those in seated position at a height of
45-50 cm, and 65-70 cm for bedside use. The real-world usability testing results indicate that the
prototype reduces user movement, enhances safety, and decreases dependence on caregivers,
thereby improving the efficiency of daily hygiene practices. User satisfaction was evaluated using
a questionnaire employing a five-point Likert rating scale. The findings demonstrated a high level
of satisfaction with the mobile handwashing station, with a mean score of 4.4 + 0.62. The mobile
handwashing unit can be applied in households, healthcare and elderly care facilities. It also
provides a guideline for the development of assistive devices aimed at enhancing the quality of

life for individuals with mobility limitations.

Keywords : Mobile Handwashing Basin, Mobility Limitations, Universal Design, Usability Evaluation
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Abstract

This research aims to investigate the supply chain and analyze the logistics costs of organic
Green Cos lettuce cultivation, using Suan Pun Boon in Kalasin Province as a case study. The supply
chain is categorized into three segments: upstream, involving the procurement of seeds and
agricultural equipment; midstream, encompassing cultivation, maintenance, and packaging; and
downstream, focusing on distribution to Tops Central Plaza Khon Kaen and Makro Kalasin. The
analysis reveals that the total logistics cost is 67,236 Baht per month. Notably, midstream logistics
constitutes the largest is 50,116 Baht per month with portion at 74.54% of the total cost, primarily
driven by packaging labor costs averaging 10,800 Baht per month. This is followed by downstream

logistics at 23.05% and upstream logistics at 2.41% of the total expenditure.

Keywords : Supply Chain, Logistics Cost, Green Cos Lettuce, Organic Farming
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Abstract

Research on Designing the Tungmon logo to be used as a trademark for Basketry products
Tungmon Elderly Club, Prasat District, Surin Province. Research objectives 1) To design the Tungmon
logo to be used as a trademark for Basketry products Tungmon Elderly Club, Prasat District, Surin
Province. 2)To study satisfaction with the Tungmon Logo Trademark of basketry products of the
Tungmon Elderly Club, Prasat District, Surin Province. The people and target group for this research
are students of the Tungmon Elderly School, Prasat District, Surin Province. A total of 50 people
used participatory research methods to study and analyze the identity of Tungmon Subdistrict and
then create a symbol. It is designed to be international. Can convey meaning easily to remember

The results of the design and development of the Tungmon logo It is a picture of the
Diamond Castle. Basketry, palm trees and Tungmon text with English Tungmon added to make it
international. It is designed in a horizontal oval shape. To be used as a product sign for basketry
products of the Tungmon Elderly Club, Prasat District, Surin Province. The results of the study of
satisfaction with the design of the Tungmon logo found that satisfaction was at the highest level.
and are satisfied with the issue The beauty of the image, the symbolic elements The mean is higher
than the other issues, with a mean of 4.64 and a standard deviation of 0.78. The interpretation of

the mean satisfaction is at the very good level.

Keywords : Logo, Identity, Satisfaction, Tungmon Subdistrict
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Abstract

The research titled “Designing an Identity Pattemn for Mudmee Silk: Khok Pan Rua” aimed to: 1.
study the design approaches for Mudmee silk patterns in the Ban Khok Pan Rua community, 2. create
Mudmee silk pattems inspired by the context of Ban Khok Pan Rua community, and 3. examine the
satisfaction of target groups toward the identity pattem design of Khok Pan Rua Mudmee silk. This study
employed a Mixed Methods Research approach, integrating both qualitative and quantitative methods.
The target group consisted of residents of Ban Khok Pan Rua, Tramdom Subdistrict, Lamduan District, Surin
Province. The research began with an investigation of the community context, Mudmee silk weaving
traditions, and the botanical characteristics of the “Takro” tree, locally known in Khmer dialect as “Pan
Rua.” For mutual understanding, the researcher used the local term “Pan Rua” throughout the studly.
Through a community public forum and discussions with residents of Ban Khok Pan Rua, a consensus was
reached to use the Pan Rua fruit as the conceptual inspiration for designing the community’s identity
pattern. The Pan Rua fruit is characterized by its round or oval shape, pointed tip, yellow-orange flesh, and
brown seeds. Based on these characteristics, the researcher applied Research and Development (R&D)
methodology to create nine two-dimensional pattern designs as research instruments, accompanied by
evaluation forms assessed by four experts in pattern design and Mudmee silk wisdom. Pattern Design No.
4 received the highest evaluation score from the experts, with an average score of 23.00 out of 25,
accounting for 92 percent. This selected design was further developed through Action Research during the
Mudmee silk production process. The researcher followed the stages of planning, action, observation, and
reflection until a successful prototype of the Khok Pan Rua identity Mudmee silk pattern was achieved.
The prototype was then evaluated for satisfaction among 20 consumers and entrepreneurs. The findings
revealed that the overall satisfaction level was at the highest level, with a mean score of 4.72. Among all
aspects, the modernity and unigueness of the pattemn received the highest satisfaction score, with a mean
of 4.80. The study concluded that the Khok Pan Rua Mudmee silk pattemn, inspired by the Pan Rua fruit,
could successfully transform design concepts into practical Mudmee silk production that reflects the
community’s identity. Furthermore, the pattern received high satisfaction from the target groups,
demonstrating its potential to create both cultural and economic value for the product. The research also
highlighted its effectiveness in enhancing community potential and serving as an important approach for

developing and extending local wisdom in harmony with contemporary society.

Keywords: Identity Pattern Design, Mudmee Silk, Khok Pan Rua
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Abstract

This research focuses on the design and development of a smart earphone prototype for
heatstroke and fall detection based on vital sign analysis. The objectives of this study are: 1) to
develop a smart earphone prototype capable of monitoring vital signs related to heatstroke,
including body temperature, heart rate, and blood oxygen saturation (SpOg2), using wearable
technology; 2) to design and develop a real-time vital sign data processing system for analyzing and
assessing heatstroke risk based on physiological standard criteria through a web application; and 3)
to develop a fall detection system integrated with an automatic alert mechanism, including voice
notification from the wearable device and message alerts via the LINE application to caregivers or
nearby individuals. The research instruments consist of the developed smart earphone system,
which integrates multiple sensors, including the MAX30100 sensor for heart rate and SpO»
measurement, the GY-906 infrared sensor for body temperature monitoring, and the MPU6050
motion sensor for fall detection. The system is connected to a web application for real-time data
visualization and alert notification. The statistical methods used for data analysis include mean and
percentage error.

The results indicate that the proposed smart earphone system can measure heart rate and
blood oxygen saturation with high accuracy compared to standard medical devices, with average
errors of 1.44% and 0.82%, respectively. For body temperature measurement at the ear, the system
achieved the lowest average error of 0.04°C compared to a standard infrared thermometer,
demonstrating higher suitability than other body locations. In addition, the fall detection function
achieved an average accuracy of 95%, and the system was able to send alert notifications to users
within an average time of less than 5 seconds. These findings demonstrate that the developed

system is effective for health monitoring and heatstroke prevention applications.

Keywords : Heatstroke, Vital Sign Monitoring, Internet of Things (IoT)
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o YUWELL Ju YT-1 3adugunsalitldsunisseusuegraunsmais n1svaassaiunisiaefinug
srogviesenimuesiumunusluylugie 1-6 lwufiues wasduiindfdalaneiaunimeiaiy

3
&
ARALARDU

M19197 1 Han1snaaeuiamszeglunnsivineamaiiseneivinzauusnaluy Wisuieuiu
\AT0INANIULUUBUNTIIA B0 YUWELL Ju YT-1

szey (cm) | szuudaitluy | 1A3es YUWELL YT-1 | dieaneuedey

(°0) (°0) (°0)
1 36.72 36.70 0.02
2 36.70 36.70 0.00
3 36.65 36.60 0.05
4 36.58 36.60 0.02
5 36.45 36.50 0.05
6 36.30 36.50 0.20
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Mnmsnaaeum sz aslunsingumgiisanisuinaluy lnewSeufisuariialdan
szuuiuiniesingamiurlsiseannsgiu wui fisses 1-4 wuns eifaldfinnalndifeatuiaios
unsgiun Tneddraruaaiandeusglutag 0.00-005 esrusaifva ioszezifiutudu 5-6
wums wuhaarueanmedeufiuualdufiniy lnsemefisvos 6 wufiuns Gailenanaiadougeds
0.20 asmneaLdea uandliiiuinssesfunnifuludsadennuuiugivosmnisiadeiu szosfiansay
é’m%"umsi’ﬂqmmﬁﬁmmhﬂgﬁ’mLsduLﬁnai‘Squsm’lmmﬁﬁaﬁ 2 wudlums dslsiafiflauusiuguas
wdeslndiAsstundosdioannsgiuniian

4.2 MsUsziiuanugnaesvesszuuingumgil tmvinnisvegeulagingaumaiisnesnigluduns
#1499 1éur vnaluy wiaan uazihile TasdmuassessinaseninnguesfuiiufiaAmdaaii 2
wuiuns Tnedmussiuaunsmadeuluusazsumiavinfuswau 20 ad Tnefneaouadluanimuandon
Fenfuiioannansgnuangamaianeuen IuLLﬁiazﬂ%gw3ﬁwﬂﬁi’ﬂqmwgﬁﬁ’mizwmﬁqé’ﬂﬁsz uaz¥ndn
feiniesinguuninuudusisiiaa Bfe YUWELL Ju YT-1 Tunanfeaiy iteldidudndneds annduth
Aildundnuaedsvesgumgiluidaziumia wagmAanuaaiaedsulasisuiisuiuaiiade
Nninsesiienmsgy eduninsgianuuiduasamnumnzauvesiumidunsagamgdl duads
347 2

M99 2 HANSVAARUANNYNABIYRINTIRgaM T LU 9 Nszey 2 lwuRluns

AU Swrunagou | Anadefitald | wied YUWELL YT-1 (°C) | Araanawpdeu
(°0) (°C)
EL“UY] 20 36.74 36.70 0.04
NUININ 20 36.91 36.80 0.11
file 20 36.82 36.60 0.22

Nuan1snaaeunsingauilumunienng q lneivuasseeieseninasugesiuRmtaiy
2 wufns wui myiuinalugliailndidssiuieiesingumgiuuudunsuse 8o YUWELL Ju YT-
1 3niign Tnefiiaaiaindouiiss 0.04 °C sesaunfenthann wazihile Jelidnaiaindeugeiian uans
Tidiuduiseinisiniinanornuuiudveseugesdunsie

4.3 nsnadeun1sindayaiadn Iiud Sasnisiduresiala (BPM) waranudusivesesndiauly
Fon (Sp0z) Idinisiisuiieuaiifaldaneuses MAX30100 Fefindauiinaluy fuiies Pulse
oximetry 8%e AccuMed 3u CMS-50DL Feldiluniedledneds Tnedndunisiandeuulugisian
eafu uazivualiimagevegluanneiinifieasnansznuainnisiadenlni Tunsvaasil PRGN
sihiidugnaaouuszfifutoyadonuios neldaninuindeudeafunaannisnaaes Tasshnisaen
siavmn 20 afa neldanmwandeufiodu nsluwsazaslunsvaaou idvegluanmeiinuazoglui
delaftoanmansgnuannisiedeulm shinsedanisassgunsaindoutusiuiu 20 ads Tnsusazads
Tszeznanmsin 10 Jundt Welidyapadinrunaiesieutuiindoya Pnthuhaildns e
AARLAABULALIIATIEANABNAT D TR TBYA MeduumesnsieuiisuansTndugadnssnig
si’wLmu'ﬂmguawmaﬁ’ammmﬁﬂﬁ desniasssumisdndnmsndyaawuulilnmasauens il
(Photoplethysmography: PPG) iidleuriu TnsendunisnsadunisivdsuslasvesuSinandendiouas 49
anunsaldlunsdnutidnnaduesillawasanudusosenduuludenld Tnefliiderdeund

o o

17; 11 auun 1 un91AY - ﬁqmﬂu 2569

<



".-'77 Industrial Technology Journal 189

5ﬁmiﬁﬂmmﬁmﬁmmm%wﬁwLeuul,eua%l,wuivﬂmLwa%auaﬂsﬂ (Photoplethysmography: PPG) 7l
Tusunissing o U99519018 19U IU@LLaSﬂa’lﬁJﬁ’J TnewSeuiiisutiunisiadendulniiiile (ECe) Fudu
INTFIY ‘WU’hLszJuLsua%ﬁ?\mf?T’w%L’Jm”memsalﬁmﬁﬂ'1'imaﬁu%wa'ﬁLLami’m%’amzﬂ'rﬂ.éfusumﬁﬂalﬁ
E]EJ’N?J“Uﬁuﬁ'V]ﬁﬂ’]'W wariianuuiuglusediuas (Haddad et al, 2022) agnslsfinu aruwiug1vensin
mwuaaﬂuml,muwaqmjumjaﬁ ImamwamumLezmmiaﬁmmammﬂwﬂ NuasnAFITUAININTFIUlS
mﬂ’;ﬂumqusm,mai (Parikh et al, 2023) Haduanslfifiuinnisdendunisindseuweaisiaisan
ANUANWALNISLITNULAENINLIRa NI UATIR

a = a ' YY) v o a o a &
A15199 3 HaNSLUSEUTBUAINITINERSINITAUYBIRLR (BPM) wazanudusiveseandiauluben
(SpO2) T81iNAATBY Pulse Oximeter Wazlwuwas MAX30100 W30NAIANAAIALARDY

(%Error)
Asedi Pulse oximetry MAX30100 %Error

BPM SpO(%) BPM SpO; (%) BPM SpO2

1 82 9% 84 9% 2.44 0.00
2 83 97 85 9% 241 1.03
3 82 9% 80 95 2.44 1.04
4 85 98 84 97 1.18 102
5 90 97 92 9 2.22 1.03
6 9% o8 9% 9% 0.00 2.04
7 98 97 97 97 1.02 0.00
8 95 9% 95 95 0.00 1.04
9 82 95 80 95 2.44 0.00
10 9 9% 9% 9 0.00 0.00
11 88 97 90 % 207 1.03
12 91 98 92 97 1.10 1.02
13 87 9% 86 95 1.15 1.04
14 89 97 91 9% 2.25 1.03
15 93 98 94 97 1.08 1.02
16 94 9% 93 95 1.06 1.04
17 86 97 88 9 2.33 1.03
18 92 o8 91 97 1.09 1.02
19 90 9% 89 9% 111 0.00
20 88 97 87 9 1.14 1.03
\ady 1.44 0.82

INUANIINAADY WUIT AI9RTINITLEUTBIRILD (BPM) wazA1aududiveseandiauluiden
(SpO2) MialAanniwulees MAX30100 Tdaulnaidssiuaininainiaies Pulse Oximeter Faldiu
\AT04il81984 laeilrnanuaaandiouadeiniu 1.44% dmsu BPM uay 0.82% dmsu SpOz Feeglu
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wnaeifiseusulddmsuntsTadyadndemnalulad Photoplethysmography (PPG) madwssanana
ADAA&B3TUINLYDY Serj Haddad WAz (2022) fisnevuineuses PPG findsuTianluyanunsoli
Usganganlunisnsiadudnasuaznisusediugidumensiuresilalalusedugs uagianuustiug
FeuwihvEefntusumesifadaluiumissy

4.4 nm3nageuLiloysziliulsransnmuesszuuasadumsdy dudunslaedidedadudainld
gunsainilsdrnieziifninruirosnmadumandeuln MPU6050 uazsassanunsaintadulufiana
4 9 A nsdudiumth Frunds dudie wazduan meldanmundeuiinruauldluiesfifing
Tasfmunsiusunismagevluudarguuvusiuau 20 afs sauiedu 80 afs lunismeass seuuay
Ussnanadeyaanuumosifionsradumnnisainisdy wardufinuamansiaduluwiasefudu “psiy
18 v3e “nsradulalls” wdouistiufinszeznalumansiafuuazsreznailunsudafiowinuueundin
Fu LINE Tnsszoznalumaudafiousiunaintianaisudssuuasanunmsdy aufenanii suldsu
fomnuudaiiou szuvastuiinian (Timestamp) Snluiifuasdideyanunietiedumesidnluds
d@sinesfeduiunisudadiou snthuhdeyadlfindiuanmanuuiugt (Accuracy) vesszuuluusiag
sUuvunsdu Tagldauns Accuracy (%) = (furundsfingofuld + Sruaunsitnaaouionun) x 100
HAN1INAADUUTEANSAMYDITEUUATIITUNTAULAZLIATlUNSUILRO UK UMD UNALATY LINE Lanes
3737 4

M990 4 HaN1INAABUUTEANEAMNNIATIITUMTALLasIAUILe UMk UNGIdulaTvessEUUYilY
§9R30rdMIUNTUILADUNMILENELATNLAZNITANIINNITIATIZAA Qe IUTN

sUuuumsdy | 91uqu | a5aduld | 1a1esadu | vaiudadeustu LINE | Accuracy
NagaU (Aunii) (ui)

AUATUNTN 20 19 1.2 2.8 95%

AUAUNAT 20 20 1.0 2.5 100%

AuAugY 20 18 1.5 3.2 90%

AUAIUUN 20 19 13 2.9 95%

NHANITNAADUUTEANTAINVBITTUUATIITUNMTAUTINAUNITUI R UN LB UNGIATY LINE
WU SEUUETansRIunNsaNlalunnian1e Tnedidanuuiugn (Accuracy) aglugig 90-100% uaxdl
Anadewindiu 95% eegluinasifiseniuld dmiuszeznatlunisnsandunisdy wui szuvamise
asdumanisalldognannis Tngldnanadelssana 1.25 3uni vugisseznalunsudafousiiu
LINE fieniadeuszanas 285 unit uansliifiuinssuvanmnsaiaunuulndiAssiaiass (near real-time)
WognafiusyAnsnm el nsdudundsinnuutiuigean (100%) warldnamsaduduiian vueiing
dushudnefiarausiugidingn (90%) wazldinalunsudafeuuuiign Jseraiinendnuuznsiadoulm
Lazfinmeresusiiidsmaronsmsaiuressues

5. afusgnaLazasuNa
5.1 myfausuluuyiidaatezdmiunaindyaadniazudasiounnednalasnuaznisau
nMsiausuuuUyilsdanies nud ssuvansanTaindyaadn liun aumvgiisinig §asn
Asiduvesiala (BPM) wazaudusvetoendiauluiden (Sp0y) Idedrurailos ndeuieanunsa
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Uszinanadeyauazuaniaruivseundindunuuisealnl saufisanunsoudufioudldnuiudessin
gunsal wazdsfomnuududeuludafauanruueundiadu LINE 1a tneszuvanunsaldauriugunsal
nanuale Wy msAnviiletio wiuldn wazpeufiimes ogslsiniu UszanSamaesszuveialasu
wanszvuaInMsedeulmvesltanasdyansuniuananmwndey

5.2 NMsnaaeuANNLiugveIN I inuaza il

PNNTNAFDUNUIN NMTINDNTINTLALTRIRIlaLAE ﬂ’]’]@J’eJiJG]’J‘U’eN@EJﬂ"UL%UIULaEJﬂﬂ’JEJLGZJ‘L!LGUai
MAX30100 wmﬂmmnmiw TandilndiAesiuindes Pulse Oximeter TnafiAnAnunanaiouade
1.44% Uag 0.82% MINAIRU suqaqiuLﬂmsmwaaMiulmmaawmiuiaa Photoplethysmography (PPG) Tugau
vosnsingamnll wuin vinaluyliaidanuuiudgeiign Ineddnainiadeuadeios 0.04°C uaz
szozfimnzanlunsinfe 2 wuRwns wanslidiuivuniuasssssiavsssueesinanonuwiug
maama’mamqmuamﬂm

nan1sAnwidenndosiuauees Serj Haddad warmmy fis1eeuinawes PPG usaluy
annsalsiennisiaifanuutiugigs uazannsaldfamudya udnldodisiivszansam amaliﬂmu
danAaBafiu Ankit Parikh wagaoe ﬁiijwmm,mjuﬂwmmﬁﬂma%ua&ujﬁ’uﬁmmqLLazamwmﬂeﬁmu
sl szuuiiiauntudeidosfaludusuauineseunaranniznisvaass luewiermsfind waungy
fegne neaeuluanunnsaiade waswndane3fiufieanduaasuniuanmsndeuln dWediua
winduaranuatsvessuUlinB ety

5.3 NMIVIAAIUUIZANSAINITZUUATINTUNITANLAZ NITLAIADU

IINNINARDINUI F2UUaTaNTITUNIsALLAluNTAN1a lawn fAuvi Mumds sude uay
fruwan Taefidnanuudugiade 95% wavanunsoudufieuniuuoundindu LINE ldnelunanads
Usganw 2.85 il wanaliiuinszuvanunsavinaulsegissinsilussaulndlAswaanase (near real-
time)Imamﬁuéfmwé’qﬁmmLL@Jue‘hqqﬁqm mmzﬁmié’uﬁmsﬁwﬁmmLLﬂu&Twﬁwﬁqm Fe0194R097N
dnuarnsedeulmuasiianivesusiiinadenisnsiuveseuees

6. ToLauBLuL

ﬁuuumgﬁaé“aa%azﬁﬁwmﬁu‘tmmﬁaﬁmmmmaﬁmﬁmzym%masLLa’]’ﬂLﬁaumazLﬁmlé’aemﬁ
UseAvsnm egnslshmu Sefidesidauissenisfianunsaimudiaduldluowan Tnensindaymiodn
AELEULERSILUY Photoplethysmography (PPG) ﬁﬁﬂ&?ﬂﬁﬁﬁﬂﬂg anvldsunansznuannnIsndeulnn
vouldany mauuuveawwesivimils uazdyausuniuanuasnieuen dawaliaiialiotatiaam
paawedevluunansd fedu lunsiaunssutluewan ssfinsusulssiueiawiuazeensiuasdniu
Wy nsoenuuuiulidnureslinssduuasaafiuindetu nsiiinsesnsesdygasuniy wiens
Wanndane3fiulsznanadyaaiiioansansenuainnisadeulns (motion artifact) uenanil At
Fruaunduiiegslunismaass waznaaeuluanimuindeunisldaiuais iellinanisuszidud
mamqmmn?ﬁa@ﬁu Snita szvvannsaregenlaoiiuanuanslunisinsgideyaiBedn 1wy nns
Ussiuwunlduanudsaveanignalasnuuudeiies viensideusefuszuuaunind ug iieLii
Usgansnmlunsihseuasguagldnulussesen
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Abstract

This study utilized an experimental research design. The purposes were to assess the level
of fatigue among eyeglass assembly workers and to compare fatigue levels before and after the
implementation of wrist and arm exercise activities conducted prior to work.. The population and
sample comprised 40 production workers from an eyewear manufacturing company (case study) in
Lat Krabang District, Bangkok. Participants were selected using purposive sampling. Data were
collected using an ergonomic fatigue assessment interview covering three body regions: upper arm,
lower arm, and wrist. The intervention consisted of a structured pre-work wrist and arm exercise
program conducted prior to work tasks. Descriptive statistics (percentage and mean) were used to
summarize fatigue scores, and a paired-samples t-test was applied to test differences between pre-
and post-intervention fatigsue levels.

Results showed that the wrist exhibited the highest fatigue at baseline. Fatigue due to wrist
rotation while holding a work piece during an air-blowing task decreased from 197 points to 56
points (71.57% reduction), and fatigue due to wrist movement during the same task decreased from
196 points to 62 points (68.36% reduction). Lower-arm fatigue associated with raising and lowering
the arm during air-blowing decreased from 186 points to 88 points (52.68% reduction). Upper-arm
fatigue related to picking up work pieces decreased from 175 points to 113 points (35.42%
reduction). Post-intervention fatigue levels were significantly lower for the upper arm, lower arm,
and wrist (all p < .001) at the .01 significance level. The findings suggest that a pre-work wrist and
arm exercise program can effectively reduce work-related fatigue among eyewear assembly

workers.

Keywords: Fatigue, Ergonomic, Assembly work, Pre-work wrist and arm exercise program
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1. umin

yanaiinuuAnAsiuiadiuaTTInet aussnamvnane uazaaINsalun1TessunIsEaL
danalinsdnaninnisiausdudesidadandnnisemans (Ergonomics) Wielimunzauiudnues
uuazdnenmvesuiuiinu winagmamnssunisndnaziianuimimanaluladuaziaiosdng
oghuailios utdnuurnuiifesordemslinduided 4 msasimaiuniunau viemaedeuln

o w

Joflouazuvuludnvaziane finadutadedosddyinelminanulesiazay wazenalugaiy

o
'
(YY)

Anunfvesszuunduifionazlassaiiansegniiduiusiunisvineu (Work-related Musculoskeletal
Disorders: WMSDs) ﬂiuU’JUﬂﬁNaG}LLauU'iuﬂE]U%UﬁIQULL’JI‘LJMWL‘ﬁuﬂ’]u‘ﬁ(;lIENEJ’W’iyEJﬂ’J'mauLaEJﬂLLauﬂTlii
uaiuggs Immawumumaumiwamﬁumu nswanuierdutede mssnuautu-as TafanisuBudu
%umuammamawaamwa na1Msiey ddunguninnusefuujuannsiufianudedeanats
Falussotu o1atfannuilesdvesuvudiuuy wvudiuans wazdoiioazay mnlildsunisdanisd
g Auosdfina1ie1adwareUsE AN NN ALsLEYeINTEUILNSHAR LAY
owoanufinnarauargiiom saenaudeliiisiymaunimiessfidmanssnudeasdnsluszeven
IndoyaadfsnunisUszaudunsienioiiuiiedesainnisinay wui nqulsnssvunduiouas
Iﬂiaa%’wﬂizaﬂLﬂu{]zgmﬁﬁé’mﬂqnashwimﬁm agviouliiudsnnudndulunmsaiduuinsmstoatu
\Begnluaniuszneuns nildluwumsiianunsadiunsldegnamnzauuazaonndes fuuFunmiiany
Gk mia'ﬂLeﬁuﬁfamim%miﬂé’mLﬁamwwdauﬁauﬂﬁﬁamu deteananuiiendmile iuau
Bovieu uazasaudlosdfiAninnsldaudn 1 lsaneuinudedeuazury Fuduetzvdnlunis
UjuRaudsznouwium wazanadanu lsafintumudnuagvieanmuesnuiiiisaunisuszau
Sunsevideiutieidiosnnnnisyiaugean 5 Suduusn U 2562 -2566 Ao (1) Tsnszuundunionas

€

Tnssadunsegnitintuilesarnnisvaius gean Tnsiade 5 9 fgndraussaudunse s1uau 3,765 18
Anufusoray 0.90 AeT vesirurunmsUszaudunmeriomn Tsassuundunie uarsruulasadienszgnd
waﬂizmgﬂﬁflqmnﬁqm (@dnaudszAudsny, 2567)

fatu mamauzdifeTadlatmdnnsveanissmansidundisaialinahaureamtnaudie
Frshauiignies Uaeadeuastisaneimsiilesdvesdiurievessname  tietisanaudeniely
nszuIuNTHAR uavanaulivaendelunsvineu uasdieifiumandniaduuauazaunwlviiu
mhsnuld (amm edund uar qliv) wieindes, 2562) nsideesaiiteiiumslugUuuunsidends
vAaes WleAnunsziunnuilosdveminaudseneunium uasSeuifisussdunuilosdnouuay
nEansldfanssuuimstesionouufofam fiiledusulssdvsnavesiansauiithurldlunisanana
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ABSTRACT

This research aimed to: 1) analyze the pain points of processed agricultural products,
specifically "Solar-Dried Bananas," of the Choraka Community Enterprise in Ban Lueam District,
Nakhon Ratchasima Province; 2) design a brand identity (logo) for the enterprise’s products; and 3)
enhance the value of these processed agricultural products through packaging design based on the
BCG (Bio-Circular-Green) Model. The analysis of pain points for the Ban Muang Solar-Dried Banana
producer revealed five interconnected challenges:1) Production and Quality: Reliance on traditional
drying methods resulted in inconsistent product quality and hindered elevation to international
standards. 2) Packaging and Presentation: Existing packaging suffered from short shelf life and lacked
aesthetic appeal and unique identity. 3) Marketing: Limited distribution channels in local markets,
a lack of digital marketing expertise, and weak branding led to price competition and missed
opportunities in modern trade. 4) Management: The absence of efficient accounting and financial
management systems impacted liquidity and access to capital. 5)Regulatory Compliance and
Standardization: A lack of essential certifications (e.g., FDA, GMP, HACCP) acted as a barrier to
entering formal market channels. Regarding the logo design, the researcher integrated the unique
identity of Choraka Subdistrict as a core element. The overall quality assessment was at a "Very
Good" level (X =4.87, S.D.=0.22), demonstrating success in enhancing brand recognition and
community representation, particularly in terms of memorability and brand value communication.
Furthermore, the packaging was developed by applying the BCG Model (Bio-economy and Green
Economy) through the selection of eco-friendly materials. The overall quality assessment of the
packaging reached a "Very Good" level (X=4.67, 5.D.=0.47). Notably, the aspect of eco-friendly
material usage received the highest score (X =5.00, S.D.=0.00), reflecting the success in value

creation and effectively fulfilling the research objectives.

Keywords: Packaging Design, Logo Design, Solar-Dried Banana, BCG Model, Value Addition
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