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ABSTRACT

This research aims to study the appropriate amount of Wolffia (Wolffia globosa), consumer
acceptance, and product quality of Intanin dessert with Wolffia (Wolffia globosa) by adding Wolffia
15, 25, and 35% weight by flour weight. The results demonstrated that 25% of Wolffia supplement in
Intanin dessert has the highest scores, including color, odor, texture, taste, and overall acceptance,
and 87% of the consumers were highly satisfied and accepted this product formula. The chemical,
physical, and microbiological properties showed that Intanin dessert with Wolffia has higher protein
(0.75 and 0.08¢g per 100g) and fiber (0.89 and 0.44g per 100g) than control, while the energy is lower
(86.06 and 88.37 kcal per 100g) than the control. In addition, the phenolic content (56.53 and 1.54 ug
GAE/g), and antioxidant activity (113.12 and 9.02 g TE/g) are also higher than control, respectively.
The colorimetry of Intanin dessert with Wolffia was L* 21.43, a* -8.66, and b* 10.42, respectively.
The texture of Intanin dessert with Wolffia included hardness, springiness, cohesiveness, chewiness,
and gumminess were 75.98 g force, 60.22%, 36.44%, 16.72 ¢ force, and 27.71 g force, respectively.
The Microbiological quality results comply with Thai Community Product standards.

Keywords: Wolffia, Intanin dessert, Protein, Antioxidant
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LazAINIELALY (Chewiness) nMeiaiiodudavasuuduniagnitunuy wasvuuduniaiadulysi
Tneniegne 1 Tu 1n¥ndaeinies Texture Analyzer ¥n153a 3 91 udamALade

4.4 mleseginunmmniagdunidvesundundaetulud thudundaetuliingns
ffuslaalvinissensu vssgluussafasigmanainuuududen thiegammauiiuadunisnommn
Aerobic plate count (Total plate count) #2875 FDA BAM online, 2001 chapter 3 Lo@lvo3L3e 1ala
(MPN Escherichia coli) $n&35 FDA BAM online, 2020 chapter 4 8ag wags1 (Yeast and Mold) 1875
BAM online, 2001 chapter 18 #naluiuaan (Salmonella spp.) #1835 1SO 6579-1 : 2017 @ Wllafenda
o9I38d (Staphylococcus aureus) 91875 BAM online, 2016 chapter 12 U3ada @ised (Bacillus
cereus) #8735 BAM online, 2020 chapter 14 IngilSeuiflsuinasgiundnsiosigusu aulne (uue.1/2552)
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HAN1INARBIALIATA]
1. wan1sAnwgasvusdunanuwuuilvingay

M13199 3 nan1sgeNTuNUsTAmALTave LN uNTagaIiuLU 3 gns
n=>5

VUNBUNUAGATAUUUY 3 gAT

AMaNYMENIUTEEMANRE

gasil 1 gasil 2 gasi 3
anwaizUsng @) 6.40°+0.55 6.60°£0.55 8.00°+1.00
nau 6.60°+0.55 7.80°+1.30 8.60°+0.55
sl 6.40°+0.55 6.40°+0.55 8.20°+0.45
AR 7.00°+1.00 7.40°+0.89 8.40°+0.89
ANNYEUlAETIU 6.40°+0.55 7.20°+1.10 8.60°+0.55

o o Y]

nuewe: °° Anadenidnysenmasineduluiuiuen nuneds danuwandnsiuetaitedAyvneada (p<0.05)

a

9NAN37 3 HamsAnEgRsTLLBUMTAGuLUY $1uau 3 ges NG TEITYaRIuNsUSEETY
AuAMIIUsEaNANTE WUl gnsil 3 Sezuuuenuveulndsinnfignlunnaudnuas oglusydu
YouUINTign SowSeudisunnuuansnwesdadeon 3 495 nud danuuansvegaived g neata
(p<0.05) frifds FenvuuBunilagnsi 3mndAnywntimnailihlunsdundasiely iesangnsil 3 fduna
vowudlifudisvduazuiedutor Jideduaivn Hou fnvarladwalifaunnsatu gnsd 1 was 2
oA ARy eadia (p<0.05) gnsi 1 Tehunasmesudlsiudendaiivsin daugnsi 2 Ty fidunaues
uihtuduends uasutoaenesion Ssnaautivowutl 2 efinifmmuilndifesiu aonadasiiy Sisang (2020)
@ Anwauandivewndsiifinarion1suusgundnsusidnidn Iddastnvosutafiudends way
wisvinenetey sglusiaudsifivinaeslilaatosiuioty Sauvmuessdusznounandl uas
anauAmsmenw ilidnvasvondoduiavesgnsi 1 uazgnsdl 2 Sanulndifestu dewFeuidieu

fiugnsi 3 Fefiudeindendudiuney



N3ANTWITNVAYNsIUAT 1Y INEImIanTUssmAlulad
7 20 vl 2 (nsngIAu-5uaIAu 2568)

(m)

= a o a oA =i PN =i a o a =
NI 3 VUNBUNUA (D) VUUBUNUAFATN 1 (V) VUNDUNUAGAIN 2 (A) VUNBUNUAFAITN 3

2. wansAnwUsSualvE Az anlurundunila

A15199 4 Han1sEaNSUNIIUsSTaMALNAvRsuLduniawasului 3 sy

n=30
5 . USunalvsasuaslunandusivundunia
AMANYUENINUITA M EUNE N N N
3988y 15 I0¥ay 25 I98ay 35
anwaizUsng (@) 7.30"+0.47 8.40™+0.56 6.40"+0.67
nau 7.33°+0.55 8.23°+0.57 6.23°+0.68
leduis 7.40°+0.56 8.47°+0.51 6.57°+0.50
AU 7.50°+0.57 8.50°+0.51 6.67°+0.48
ANNYEUlRETIL 7.57°°+0.57 8.48°+0.50 6.70°+0.47

nuewie: °° Anadentsnyieniawineiuluuiuey vaneds Ianuuandeiuegalled Ay vnead (p<0.05)™ winedia

lalflpnuuandneiunsedin

9nA51971 4 hvusBundadunuy gnsi 3 snfnviviinadlvdlususduniaiuanaiu 3 sesy
fio Sovax 15 25 waw 35 lasthmiindumanuud vhnsussidiugunwdssamduia Snvassngludu
3 nu san ioduita uagemureulnesin Wi fradeuduiiiumsfindu S1uu 30 au lmsseuiu
yudunaedulihdosas 25 Tazuuummmeuadsinniaslunnaudnvazeglusziureuann Taed
AzuuUAMNTUTDIvULBUnlaEsulvdludnvazUsnglusnud Sevar 15 25 waz 35 luuwansneiu
N9@dd (p>0.05)
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(n) (@) (m)

A 4 vundundaasuluiusunaiiuananeiu (n) w@suldidesay 15 (@) wsulueisevas 25
(@) vasulusnSesay 35

3. HANNSANYINITEONTUTBEUIIAA
nanseansuvesuslan $1udu 100 Au Aifidevundundaetuldiiosas 25 wui fuslan
yhlufesas 87 Winseeusundnsiost nansussiuannwlssamdndadnuazdsnglusud ndu saund
Lﬁl@ﬁﬂﬁa wazAUYIUIABTIN WINAU 7.31+0.61 7.21+0.55 8.06+0.69 8.15+0.54 Way 8.23+0.58
gy nudlFasuuuenuveuluduideduia sauni uazenuveulnesi Tasfinnuveveglusydu
YOUNIN AZLUUAMNYBUINAU 8.06 8.15 WAz 8.32 MUAIAU d@onndesiu Thongkham (2019) ladnwn
wavosgungineqnisiueyyadasyluliiuiuarmsussgndldlundndasionms wuin n1sfing
msseusurBafasimodendudnasuliiuuuasunueeulat wuhduilaadesar 80 alatonan st

waglvinzuuuauyeu 8.21 agluszaurauuin

4. wansfnwIAmANUDILLBUN e LU

M1399 6 Han1sANYIBIAYTTNEUMBATIvesTuLBUNdagasfuLuUkAsvunBundaEtulvi Soay 25

29AUsZNIUMILAT Yundunila YuUNIUNUA
fia 100 Ny gnsAuLuY wsulurinFesas 25
Wasu (Alauaas3) 88.37 86.06
TUshiu (n$) 0.08 0.75
Toows (n5w) 0.44 0.89
lugfu (nS) 0.03 0.10
Aslulansn (nSw) 21.95 20.54
AW (N1) 77.89 78.37

W1 (nS) 0.06 0.24
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NN 6 MIesesAUsznaumaedl wuth vuudundaeulideas 25 SUsnalusiu
Toovns lusiu Aty wasidn WNNIVUNBUNTIagASAULUL dennaeiuauifevas Puttame & Ninlanon
(2021)léfﬁﬂmwamsm?&mLﬁeru@mﬁhmﬂmmmimawwﬁﬁL@Mlﬁdﬂiﬂmﬁuuwﬁamﬁmw WU Uzl
edlimsiinadosas 10 fUsuadlusiuasnhansiuuuy fie Sevax 9.87 wazaennaediiu Boonwittaya
et al. 2016) lafnweninuandvivituansiasuluiifosas 20 wui mawSulidlifinasesosasnsgayde
dhminluseninensou (p>0.05) Eiqwalﬁaqﬁﬂﬁxﬂauwmﬁlﬂuqaﬁu Tgun A Tostu TUsiu i wae
Tyoms dadloasulyiluvuduniadosas 25 ilviduanadlusiueadia 0.75 nS1/100 N3y dloieui
gnIFILUU Waraenadediu On-Nom etal. (2023) lafinw1 wud1 nsiiunslaei Wolffia slobosa ﬁaaLﬁu@mﬂ'w
MalNTUINSVBIVULTULAE? Imamamﬁmeﬁmﬁﬂﬁzﬂauimmmwawu:ugmﬁmuqmLLasﬁuummﬁy&n
Adllalsinms nsiinaslaiEh Wolfia slobosa Sevas 26 denalviBinalusiu uasleemsiisdu Sovay 51 uay
83 muaau ladfiauunnsnsegeiitedAgluiundsanu ludu vieuSunaudseninsgnasing uenani
wunduniiaesulidhovay 25 amdsu wasaslulawsatosnitgnssunuy aennaosiu Puttame &
Ninlanon (2021) lé@nunuzniiiasuldmmssinadosas 10 fvsnaansiulamsaesninansuansioue
Uwﬁg_jmﬁuuw wanansesd Ui lundndusiovsidwiliansemsasiulewmsaluennsanas way
donAdeiiu Boonwittaya et al. (2016) ladnudeninuandndniugnsiaduliinfosas 20 fidwdsnutiosnd)
gRTAULUU unnsnefuegaTidudndynaada (p<0.05) s nluldrhifluenmags Inedonlnuandvsviiy
qmm%u"lfmfﬂ Suaz 20 isnadsensiiazaneiila uarloewnsitliazaneth Sevas 1.14 ua 1.80 Audeiu
Lavdanndaaiu On-Nom et al. (2023) ldfnuuuuvuiieiiiia W, slobosa fiusinanslulawmsasniy
YugnsMIUANeEditiudfty sUTENaUninYed WP (o 100 nSuvaniwtiusie) Ussneudne m3lulewmsn
52.59 n¥u lwons 36.52 ndu Tusiu 31.50 n¥u lushu 5.18 ndu wazidn 10.73 ndu fefunisiasyllesin
1u°uuuSuwﬁa?qummv‘iﬂﬁmamﬁm%ﬁ@mﬁﬂmﬂmmmﬁqqﬁu Tagtanzlusiu LLﬁﬂ&J@Wﬁﬁquqaéﬁu
INFATHULUY uiliAmdsnu uwazaislulawmsaeeningasduwuuiadusuimiddunsimundu
‘Uuul‘waLﬁaqmmwmmzﬁm%ﬂé’ﬁinﬂié’

A1 7 USunauansusenauiuednvianun LLazUizﬁvﬁmwmis’hua‘gaﬂaaaiwawuuauwﬁaqm
Fukuukasvuuduniaasuluindesay 25

Ysuuansuseneuiluednnavun  UssAnsaiwnisitueyyadase

NARANI
(ug GAE/g) DPPH (pg TE/g)
muu%uwﬁaqmﬁuuw 1.54 9.02
Junduniiavasulunin 56.53 113.12

wuEme): TE = Trolox equivalent; GAE = Gallic acid equivalent



Phranakhon Rajabhat Research Journal

12 Vol.20 No. 2 (July-December 2025)

NPT 7 BnaansUszneuiiuedniiaun warUsgdvSnmnisiueyyadasy wud vusdunia
Sulannieay 25 ﬁﬂﬁgﬁmﬁmwmiéﬁua%aaaszLﬁ'aﬁfmé"m%%' DPPH gendvundunilagnsauuuu lned
UseAnsnminuenyadaseAe 113.12 uag 9.02 (ug TE/Q) anua1au denaaas On-Nom et al. (2023) lafinw
YUNTULREITFY W, globosa WU UeaTI (TPCs) Wiy 11.67 faansunsaknadniyiguin
(GAB) sionuwasiwiinusis (DW) uenaniuusuauiienann Wolffia globosa gaflUSunaasngnuaiinag
qwéﬁmawa@aiggq iy Usunaifiueasau (Total Phenolic Contents, TPCs) sneeuanditnataesiiu Tnswui
TPCs Tu W. globosa ﬁﬁh@*@ﬁ Spea 1.24 Uauzdi Lemna minor (ﬁmfmazqatﬁmﬁu) fiUsuas TPCs shn
Jovaz 3 @oAAasIiu Thongkham (2019)lﬁﬁﬂwmﬁuﬁaaLf?{ml,a%mwﬁ’]auuﬁdqmmﬁ 40 peAaALaLTEd
Tendueyuadaszgeiigaretiquiueyuadaszéied® DPPH 530 mgTE a1sUsznoufiuedn 25.86
megGAE

M1519% 8 @mm‘wmqﬂ1amwmawuuﬁuwﬁa@mé}’mmu wazyunduniaasulueinSesay 25

AMUAINNIINIBAIN VuNBUNUAgATHULUY yuuduntatasu e

ANE A1 L 50.38 21.43
A1 a* +14.38 -8.66

A1 b* +28.40 +10.42

Aniedula Hardness (g force) 173.57 75.98
Springiness (%) 75.34 60.22
Cohesiveness (%) 52.78 36.44
Chewiness (g force) 69.44 16.72
Gumminess (g force) 92.07 27.71

NANT197 8 Advesunduniiagnsiuwuy warvundunilaasuledy wudien a1 L uudunila
gRSFULUU Ao 50.38 ua 21.43 e L* Usueniia anaains (Lightness) wusiduniagessuuuudafinnuaiag
wnninvunBundaasului A1 a* fo +14.38 Laz-8.66 39 A1 a* AT (%) audia Auns (+a*) vuudunila
wsulUrhfiAnddeunnivunBuniagnsiuuuy wagen b* Ao +28.40 uay+10.42 Fae b* UssEneunwad
ndihdy (b9 audsdindos (+b) usBundaaiulud i dinGunnnitgesdueuy aenndasdy
Thongkham (2019) lé@nwnavesgamgiinenvssueyyadassluliiuiuasnsussndl flusdn s
9WNS WU AN L* vania 3 gnsianuuanei1aiy Tneflunliuanasdlowiulsinalddeuw vadiiosen
Tulasiimaslsiaa Lﬁ'aﬂaab‘?\laﬁgﬂmmﬁ”au%LU?iauLﬁuﬁIaiwau (Pheophytins) vilaiidduay
deldluysnafiunntu Amewainavanas Tuduwes a* falulufiemadiondu faduau mneds
fieududiden 21nenseit 8 @hLﬁaé’mﬁamawum@uwﬁaqmﬁmwuLLazﬂJuméumﬁaLaéﬂﬁiﬁw WU
AANULTY (Hardness) windu 173.57 uay 75.98 mumﬁumﬁaqmﬁuuwﬁmmLLGTJﬂéhm'mﬂdﬂ
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yunduntiaesulon Aenudanegu (Springiness) Wiy 75.34 uag 60.22 vuNduntagnsnuLuy
fianudanguuinninvuudunilaetuled ansiniefaiu (Cohesiveness) Wiy 52.78 way 36.44
undunilagassusuuinnuannsaneinnnnvusdundaesulod ANSLAE (Chewiness) Ay
69.44 118316.72 %uuﬁu‘wﬁag_jmsé’fuLLUUﬁﬂ'ﬁwuﬁiaﬂ’m??mmﬂﬂ’jwuuawﬁmﬁﬂ‘ﬂﬁ’] LagAAIUATYY
(Gumminess) Wiy 92.07 wae27.71 uuBuniiagasduwuuiiiarumileannivusduniaetule
Lﬁaqmﬂg_jmﬁul,muﬁLﬁmd’mmamanLLﬂna"mqua%uMﬁwﬁﬁy’qd’mmammLLﬂQLLanMﬁﬁdé’ﬂwmz
Flaiutinnutumn Wowasuldiluruuduniadonlrileduiaveswunduniaiinumistiosnin
gnIRULUU danAdediu Subanmanee (2021) lgdnwanaudindianfludanulaudavyuluruntiaes
WU mnﬁmﬂ%mmuﬁqLuﬁﬂwuaULLazLLﬁqL@J5mqmmuw%‘wawﬁiu%ﬁﬂﬁﬁaaaaﬁmﬁﬁmmmehqﬁu
(p<0.05) uariieuuds (Hardness) Wintu wsivhilinsdanizmgluileams (Cohesiveness) dnwase

A= < a o v a & Y . X v . a1
'?]'TVV]TVIﬂﬂLL"UQ'V]LLWﬂG\?@@ﬂWﬁ@MW'{]%ﬂau‘lﬂ (Gumminess) LLﬁgﬂ’J’]llLﬂEJ’ﬂ.(ﬂ (Chewiness) dA1anag

P a ~ ¢ a a a 1o w
N137°9N 9 ﬂmﬂ’]‘W‘V]']Q'i}]aumﬁﬁl%aﬂmuﬂauwuaLailﬂﬂ]ﬂ\lrﬁaﬁlag 25

318113 AgauYIsEvasuuNduNdaEsuluni

1. Aerobic plate count/g (Total plate count) Less than 10 cfu (estimated count)
2. Salmonella spp./25 ¢ Not detected

3. Staphylococcus aureus/g Less than 100 cfu (estimated count)
4. Bacillus cereus/g Less than 100 cfu

5. MPN Escherichia coli/s Less than 3

6. Yeast/g Less than 10 cfu (estimated count)
7. Mold/g Less than 10 cfu (estimated count)

9NITNT 9 WaNFIATIERRUNNsALUYESTesuLBunTiausslugimanafnuuuiudon
flgnumgiives (30 asrieaifiua) wud Uinaudeqduvisamun amanutiosni 10 Taladidesogns 1 ndu
waluuaarlinuluiegng 25 n3u amillanonda eei3ua teand 100 laladsesot 1 nsu u1Tada HiSua
aen31 100 lelativiodieeng 1 n3u waleside lala Heundi 3 alatsesetna 1 n3u ad Weundi 10 aladl

&

3]

a

Aefi081e 1 N3 wars1 Wesndn 10 lalallsiediogne 1 n3u FevuudundaasuludiiaAigdun

v a

3
lliAunariniasgrusazidulyaunasgrundndusiguou vuulne (Une.1/2552) d1uqdunid

fianuaensuseguilng
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GRL

n1sfinwgnsvunduniaduuuuimazay wuin aunduniladuwuuansi 3 lasuasuuy

a a a ) ! o a
ANNYDUEIER HAziuuauveuRfsungalunnaudnuae aglusediureunINuINygn (8.60+0.55)
As@EnwUsSalvERmunzadluvuudunia wuin vuuduniaasuluindesas 25 davuuuaNUYey
a a ) P ! o =

waginfigalunnaudnyae warlnzuuuanuveulaeid agluszAuvauln (8.48+0.50) MSANY

o Y a Aa a a a fo v ° Y oa o o
nsgensuveuslnaiidevunduniiaaiuluiisesay 25 91U 100 Au wuIguslnaalugeusy
Tundndmel 87 au lnzuuuauveuludtuilloduda savd wazauveulngsiu agluseau
YU (8.23+0.58) N1sAnwinmnInesvunduniawasuludl inseiiuSeuiisuesduseney
vmmﬁmawuuﬁuwﬁaqmﬁmmuLLazgjmmuuauwﬁaLﬁ%ﬂ‘ﬂrﬁﬁaaaz 25 wuIvuuduniatasulani
=) =l C% d’j v 1 v = U 6° v 1
flUsAu Teomis ledfu Audu uagidiunningasdukuy Indsnuuazanilulamsatosnin
gasfuwuy unduniaasuliiifevay 25 dndenu Wsiu leowns ludu ardlulawnse Audy
LATLON WINAU 86.06 NlawAaas 0.75 N5u 0.89 51 0.10 N31 20.54 NS4 78.37 NS4 waw 0.24 NSU AUaIRU
MTIATZIUSINASUSENaUTLeANTIanUA LLazﬂizﬁw%m‘wmié\’ma%aammawuuSuwﬁaqmiﬁmmu
wazvuydunilaasuluinSesay 25 wunvuuduniaasuluiidesay 25 TuUSunuasusenauusanianun
Wiy 56.53 (ug GAE/g) kazUseanEnmnisiueyyadasey wiriu 113.12 DPPH (ug TE/g) ailngand
YULBUNTAGATAULUY NMTIATIEMUTEUTEUAMANN INENNBIHER U vUL U Tagn TFuLUULAY
gnsvundunilaatuluifosay 25 wuinsinadmensesinand wuii fe1 Lr wiriu 21.43 A1 a* wiiu
-8.66 W@ A1 b* Wi +10.42 M inleduiavesuunduniaasuliiniateduda Anadnuwds (Hardness)

A 1 . . = a o a o I3 . & .

ANUEANREYU (Springiness) N1T8ALNNEAANUTDINARNUYN (Cohesiveness) N13tAYY (Chewiness) lay
ALY (Gumminess) WINAU 75.98(g force) 60.22(%) 36.44(%) 16.72(g force) Way 27.71(g force)
muddiu wuiwusdunilaesuldosar 25 Sreuuds pnudandy msBansRniuvesdndo
N5WAET karANUmiley Yosninvuuduniagnsauiuy NTIATERANAININRaWNIYatULdunia

wsulshiewas 25 nsrvlinuesduniddalulumunamiinasgiundnsdusiyuau vuulve (une.1/2552)
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ABSTRACT

This research aimed to develop a traceability system for agricultural products in alignment
with Thailand’s food safety policies and international standards, including ThaiGAP, GlobalGAP,
Organic Thailand, ACT, ISO 9001:2015, 1SO 22000:2018, GHP, BRC Food Issue 8, and global coding
standards. A prototype platform, KasetTrace.com, was designed to support barcode-based tracking
(ITF-14, EAN-13, GS1-128, and QR Code) and enable access for both producers and consumers, with no
login required for consumers. The research methodology involved field studies, in-depth interviews,
and focus group discussions with stakeholders across the supply chain—including farmers, collectors,
processors, distributors, and consumers—to analyze current logistics processes and design a system
suitable for real-world application. The system also integrates Plus Codes technology to enhance
geolocation accuracy and reduce search time. Experimental implementation with five agricultural
products showed that the average traceability response time was 42.12 seconds, with complete and
accurate data retrieval in every instance. Furthermore, user satisfaction was evaluated among 300
participants, yielding an overall average score of 4.06 out of 5, indicating a high level of satisfaction
regarding usability, accuracy, and reliability. The findings suggest that the developed system
can enhance transparency in agricultural logistics, promote food safety, and strengthen the

competitiveness of Thai agricultural products in global markets.

Keywords: Agricultural traceability, Food safety, Global standardized codes, Plus codes

Introduction

Thailand is a predominantly agricultural country, playing a vital role in both the national
economy and export sector. In 2023, the export value of agricultural and agro-processed products

totaled USD 49.2 billion, accounting for 17.3% of the country’s total exports (Department of Internal
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Trade, 2023). However, persistent concerns regarding pesticide residues in fruits and vegetables
remain a significant obstacle to consumer confidence and hinder acceptance in international
markets, particularly within the European Union and China. Despite government policies banning
hazardous chemical usage and promoting organic farming practices (Department of Agriculture, 2023),
the absence of an integrated information system within the agricultural logistics chain continues to
pose a critical limitation. Current systems primarily focus on the physical movement of goods, with
minimal attention given to digital data collection, integration, and real-time feedback mechanisms.
This results in ineffective traceability and a limited capacity to address food quality and safety

issues, ultimately undermining consumer trust and increasing the risk of non-tariff trade barriers.

The agricultural supply chain in Thailand includes a wide range of stakeholders, from farmers
and intermediaries to processors, distributors, retailers, and consumers. However, this complex network
often lacks efficient communication and data-sharing mechanisms, making it difficult to trace product
origins or provide timely feedback to producers. The integration of modern technologies—such as
QR codes, Plus Codes for location precision, and cloud-based databases—can significantly enhance
traceability and transparency in this context. To ensure compatibility with international food safety
benchmarks, traceability systems must comply with well-established standards. Thailand has
implemented various food safety certifications and schemes that emphasize traceability, including
ThaiGAP, Organic Thailand, ACT (Organic Agriculture Certification Thailand), 1SO 9001, I1SO 22000,
GHP (Good Hygiene Practices), JAS (Japanese Agricultural Standard), GlobalGAP, BRC (British Retail
Consortium), and NOP (National Organic Program). These standards provide essential frameworks
to ensure the quality, safety, and credibility of agricultural products in both domestic and global

markets.

The findings of this study align with prior research. For instance, Tantidlatanes and Boonying
(2018) developed a community-based organic rice traceability system that emphasized transparency
and consumer trust. Similarly, Lv, Zheng, and Huang (2021) demonstrated the value of blockchain
technology in enhancing transparency within agricultural supply chains. Zhang, Zhang, and Liu (2020)
highlighted the combined role of loT and blockchain in improving traceability and food safety,
particularly in seafood supply chains. Furthermore, Fernandez-Caramés, Suarez-Albela, and Fraga-Lamas
(2018) emphasized the importance of integrating emerging technologies such as blockchain, loT,
and international standards like GS1 to enable real-time monitoring, transparency, and sustainable

production practices.

Building on these foundations, the present study aims to develop an international-standard
traceability system for agricultural products by integrating a web-based platform, mobile accessibility,

and standardized identification mechanisms. The proposed system incorporates technologies
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such as Plus codes and QR codes while aligning with the traceability requirements of the
aforementioned food agricultural Standards. This well-integrated approach offers a practical,
scalable, and cost-effective solution that supports food safety, enhances supply chain transparency,

and promotes the long-term sustainability of Thai agriculture in line with global trends.

Methods

1. Field Survey on Problems and Needs in Agricultural Logistics Systems
Afield survey was conducted in selected target areas to gather qualitative data from key
stakeholders across the agricultural supply chain. The sample group consisted of 5 farmers,
6 intermediaries—including collectors, processing facility operators, and distributors—and 10
consumers. Focus group discussions were employed as the primary data collection method. The
objective of this study was to identify and analyze critical issues and stakeholder requirements

related to agricultural logistics systems and traceability mechanisms.

2. Data Collection on Agricultural Product Flows
This phase focused on analyzing the flow of agricultural products from upstream to
downstream. Focus group discussions were held with farmers and collectors to gather in-depth
information on each stage of the supply chain. Based on the collected data, an “As-is” process
diagram was developed to reflect actual logistics activities and connections observed in the field.
This diagram (Figure 1) served as a foundational reference for designing a traceability system tailored
to the context and needs of stakeholders, ensuring practical implementation in the agricultural

sector.
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Figure 1 Current Process Flow Diagram (As-is)

Asillustrated in Figure 1, the As-is process flow diagram depicts the logistics stream of agricultural
products from upstream production to downstream delivery. The process begins with the farmer,
who is responsible for initiating production, harvesting, trimming and cleaning the crops, weighing and
packaging the products, and loading them onto transportation vehicles. The goods are then
transported to collectors, processors, and distributors, who serve as intermediaries responsible
for placing purchase orders, receiving and inspecting the products, conducting additional
trimming and packaging if necessary, and oreanizing further transportation. In the final stage, the
end recipient—such as consumers or downstream agricultural actors—receives the products,
thereby completing the logistics cycle. This process reflects a clear and sequential connection
between stakeholders in the agricultural supply chain, driven by demand signals (purchase orders)
that trigger upstream production and enable product flow through various operational phases.
The model also highlights opportunities for digital integration, such as real-time product tracking
and geolocation encoding (e.g., QR codes or Plus Codes), to enhance transparency, traceability,

and overall logistics efficiency within the agricultural sector.
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3. Literature Review on Agricultural Logistics Data Collection

A comprehensive review of relevant literature was conducted to guide the design of an
agricultural product traceability system. The key components identified include cultivation, harvesting,
processing, storage, transportation, and distribution. Previous research has proposed various approaches
to enhance transparency and traceability efficiency in agricultural supply chains. For instance,
Worawitratnakul (2020) utilized smart contracts to increase legal transparency, while Tantidlatanes
and Boonying (2020) developed a community-level traceability system for organic rice.
Waisayadamrong (2021) implemented GS1 standards in food traceability systems. Other studies
integrated loT with predictive quality control (Praphathip, 2022) and combined blockchain with
loT to improve data security, immutability, and real-time traceability (Lv et al., 2023; Zhang et al,,
2021; Fernandez-Caramés et al., 2024).

4. Analysis of Agricultural Standards and plus codes technology in Traceability
Systems
The agricultural product traceability system developed in this study is based on ten
internationally recognized agricultural standards: Thai GAP, Organic Thailand, ACT, ISO 9001:2015, 1SO
22000:2018, GHP, JAS, Global GAP, BRC Food Issue 8, and the National Organic Program (NOP). These
standards were analyzed to extract key traceability requirements for vegetable production to ensure
compliance with regulatory frameworks. To enhance traceability at the farm level, geolocation
technologies were integrated into the system, particularly Plus Codes, an open-source digital
addressing method. Plus Codes have been shown to offer location accuracy comparable to
decimal degree GPS coordinates, with an average deviation of less than one meter—sufficient
for identifying farm plots with high reliability (Google, 2020; Pradhan, Das, & Singh, 2022). A major
advantage of Plus Codes is their ease of use, as they do not rely on conventional street names or
address systems and can be easily converted into alphanumeric codes or QR codes for simplified
sharing. This makes them especially suitable for rural or unmapped areas. Traditional GPS systems,
meanwhile, retain an advantage in precision, offering centimeter-level accuracy that is ideal for

precision agriculture and automated machinery applications.

From a long-term operational perspective, the traceability platform was developed as a
web-based system with minimal ongoing maintenance costs. Annual domain renewal costs range
from approximately 400 to 800 Thai Baht, while server hosting costs vary from 2,000 to 10,000 Thai
Baht per year, depending on system capacity, bandwidth, and security requirements. These costs
are considered affordable and manageable. Notably, the participating agricultural packing house
expressed its willingness to assume responsibility for ongoing system maintenance, including

technical support and renewal fees. Furthermore, since the system has been in use for a
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considerable period in field operations, its reliability and stability have been demonstrated.
This long-term deployment has built confidence among agricultural producers and processors
regarding the system’s practical usability and sustainability, thereby reinforcing its potential to

support long-term compliance with traceability standards in diverse agricultural contexts.

Table 1 Roles of Stakeholders under Agricultural Standards

Standard Farmer Collector Processor Distributor ~ Consumer
ThaiGAP v v v v X
Organic Thailand v X v v v
ACT v X v v v
150 &oos v v v N4 X
150 blbooo v v V4 v X
GHP v v v v X
JAS v X v v v
GlobalGAP v v v v v
BRC v v V4 v X
NOP v X v v v

Note: v = Participates in the system / X = Does not directly participate in the system

Table 1 summarizes the involvement of key stakeholders—farmers, collectors, processors,
distributors, and consumers—across ten widely recognized agricultural standards. While all standards
engage farmers, processors, and distributors to varying degrees, only a few, such as Global GAP and
organic standards (e.g., NOP, JAS, ACT), explicitly incorporate consumer participation. In contrast,
standards like ISO 9001, ISO 22000, and GHP primarily focus on internal quality control within
upstream operations, excluding consumers from direct engagement. The analysis highlights the
varying scope of stakeholder inclusion, emphasizing the importance of selecting traceability

standards that balance regulatory compliance with transparency and consumer trust.

5. Design of Barcode-Based Traceability System
To enhance traceability of agricultural products in Thailand, a barcode system based on
international standards was developed. This system enables accurate, structured tracking of
products throughout the supply chain. Additionally, Plus Codes were integrated to increase

geolocation accuracy at the farm level. The system architecture is summarized in Table 2.
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Table 2 Core Structure of the Integrated Traceability System
Stakeholders Standard Application Data Description Data
Name Identifier Format
(AD
Farm ITF-14 - Packaging type, country code, company N14
code, product code, check digit
GS1-128 2 Packaging type + product code N2+N14
10 Lot number (plot code, year, month, N2+X...20
day)
11 Production date (year, month, day) N2+N6
37 Quantity in package N2+N...
91 Farm location (Pluscode) N2+X7
Collectors, EAN-13 - Country code, company code, product ~ N13
Processors, code, check digit
Distributors GS1-128 2 Packaging type + product code N2+N14
10 Lot number N2+X...20
13 Packaging date (year, month, day) N2+N6
15 Expiration date (year, month, day) N2+N6
37 Quantity in package N2+N...
91 Processing plant location (Pluscode) N2+X7
Customer QR Code - Mobile QR code scanning system -

providing product information,

user rating, and feedback features

6. Conceptual Framework for Traceability System Development
The traceability system was designed by integrating the current “As-is” process data
with established traceability frameworks and agricultural Standards. GS1 standards were applied
to build a stakeholder database, linking farmers via ITF-14 and GS1-128 codes, and connecting
collectors, processors, and distributors through EAN-13 and GS1-128. Consumers can trace product
origins and receive alerts regarding potential safety issues, thereby enhancing trust and supporting

compliance with food safety regulations.
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Figure 2 Conceptual Framework for Agricultural Traceability System

Figure 2 illustrates the conceptual framework of the agricultural product traceability system,
which aims to manage data across the entire agricultural supply chain—ranging from farmers, collectors,
processors, and distributors to consumers. The system begins with the integration of current agricultural
logistics data into traceability mechanisms and agricultural safety standards, adopting the globally
recognized GS1 standard. All stakeholder-related data is recorded and linked through a centralized
stakeholder database. Each stakeholder contributes three categories of input data: (1) fixed data
that remains unchanged across production cycles, such as farmer ID, farmer name, and farm plot
coordinates; (2) variable data that changes per production cycle, including crop quantity and plot
identification number; and (3) system-generated data, such as product lot numbers and goods
receipt numbers, which are automatically created to support traceability functions. Farmers

utilize ITF-14 and GS1-128 barcodes to link data at the farm level, while collectors, processors,
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and distributors employ EAN-13 and GS1-128 barcodes to integrate data throughout processing
and distribution. The processing steps involve feeding all collected data into the system under
GS1 protocols, storing and linking it within the stakeholder database, associating it through
standardized barcodes, and enabling real-time data exchange and retrieval through a tracking
platform. The system outputs allow consumers to identify product origin, receive alerts on
problematic or unsafe products, and foster greater confidence in food safety and product quality.
Nonetheless, the system constraints include technological limitations among small-scale producers,
varying levels of digital literacy among stakeholders, inconsistency of data from multiple sources,
and the cost of system installation and maintenance. These factors must be carefully considered to

ensure the effectiveness and sustainability of application development for agricultural traceability.

7. Development of the Agricultural Traceability Platform

The website www.kasetTrace.com was developed as a web-based traceability platform
designed to manage agricultural product data throughout the entire supply chain—from farm-level
production to end-consumer distribution. The primary objective of the system is to promote
transparency, accountability, and consumer trust by implementing traceability mechanisms
aligned with international standards. To ensure data security, the platform employs a
segregated database structure in which each stakeholder group—including farmers, collectors,
processors, distributors, and consumers—is assigned a dedicated database with access
controlled through individualized usernames and passwords. A notable feature of the system is
its ability to enable traceability at the individual farm plot level using Plus Codes technology,
which allows for the precise identification of geolocations and production sources. In
addition, the system incorporates analysis and compliance mapping with ten key agricultural
safety and certification standards: ThaiGAP, Organic Thailand, ACT, ISO 9001, ISO 22000, GHP,
JAS, GlobalGAP, BRC, and NOP. Traceability operations are further supported by QR code
technology, enabling users to scan and retrieve product data in real time using smartphones—eliminating
the need for specialized barcode scanners or computers. This feature enhances accessibility
and usability across the supply chain. The platform also supports cross-stakeholder traceability,
allowing users to track product movement and history across multiple actors in the supply chain.
Compared to traditional systems in Thailand, this approach offers a more robust, granular, and
mobile-enabled traceability solution, contributing to improved food safety, regulatory compliance,

and supply chain transparency.

8. Core Functions of the System
8.1 Membership Management The system supports registration and user role
management for stakeholders such as farms, packing houses, and intermediaries, as illustrated in

Figure 3(a).
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8.2 Product and Lot Management Users can record and manage product information
and packaging details using ITF-14 barcodes. Lot tracking and data editing functionalities are also

supported, as shown in Figure 3(b).
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Figure 3. Member Management Interface (a) Product and Lot Management (b)

8.3 Document Management for Inbound and Outbound Goods The system allows
the creation of inbound and outbound documents and printing of barcode stickers in EAN-13,

ITF-14, and QR Code formats, as illustrated in Figure 4(a).

8.4 Traceability Search via Barcode Scanning Users can trace the origin of products
by scanning or entering barcode data, which displays traceability results back to the farm and

packing house, as shown in Figure 4(b).
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Figure 4. Document Management (a) Traceability Search Function (b)

8.5 Employee and Customer Data Management Farms and packing houses can

store and manage employee and customer information to improve operational efficiency.

9. Agricultural Product Traceability System
The traceability system supports data exchange among all stakeholders in the supply

chain, including farmers, collectors, processors, and distributors. Operated through the web
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platform www.kasetTrace.com, the system requires login credentials and complies with international
barcode standards (ITF-14, GS1-128). Stakeholders can scan QR codes using barcode readers or

mobile devices to log and retrieve data. The system links data between all supply chain actors.

For consumers, traceability information is accessible without login via www.kasetTrace.com. Con-

sumers can use EAN-13 or GS1-128 codes—internationally accepted formats—to retrieve product

information by entering the code or scanning a QR code, as shown in Figure 5.
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Figure 5. Consumer-End Traceability Access

10. Key Features of the System

Supports international barcode standards (EAN-13 and ITF-14)

Enhances transparency throughout the supply chain and builds consumer trust
User-friendly interface compatible with desktop and mobile devices
Automated data linkage reduces management errors

Cost-effective through open-source platform development without licensing fees

System evaluations indicate a significant improvement in data transparency and

operational efficiency within agricultural logistics. These outcomes demonstrate the system’s

potential for broader adoption in the future.
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Results and Discussions

1. Data Collection on Traceability Time

In this study, a field experiment was conducted to evaluate the traceability time of
agricultural products. The experimental design followed a repeated measures design, allowing
for accurate comparison of traceability times across different product types while minimizing
variability from confounding factors. Data collection was carried out in the form of quantitative
data, focusing on five distinct agricultural products. For each product, five traceability trials were
conducted under simulated customer request scenarios. The time taken (in seconds) for the
system to complete each traceability operation was recorded. The collected data were then used
to calculate the average traceability time and standard deviation for each product to assess the

system’s performance in terms of speed. The results of the experiment are presented in Table 3.

Table 3 Traceability Time Performance

Experiment No.

Product Average Standard
Code 1 2 3 il 5 (sec) Deviation (sec)
10001 38 40 a2 a3 39 a1.4 3.97
10003 42 a5 39 a2 41 41.8 2.17
10005 39 41 aq a3 40 41.4 2.07
10009 45 42 39 40 42 41.6 2.3
10012 a7 a5 a2 ar 41 444 2.79

Overall Average 42.12 1.29

Table 3 presents the results of traceability time performance for five agricultural product
codes, with five repeated trials conducted for each product. The average traceability times ranged
from 41.4 to 44.4 seconds. The standard deviations ranged between 2.07 and 3.97 seconds, indicating
low variability within groups. The overall mean traceability time was 42.12 seconds, and the average
standard deviation across all products was 1.29 seconds, reflecting the system’s stability and consistent
retrieval performance. Furthermore, a statistical power analysis was conducted at a significance level
of a=0.05 to assess the adequacy of the sample size. Using an estimated effect size of approximately
f~0.5, which is considered large, and a sample structure of five groups with five observations each,
the analysis yielded a statistical power of approximately 0.85-0.90. This exceeds the commonly
accepted threshold of 0.80, indicating that the data set is sufficiently reliable and capable of

detecting statistically significant differences in traceability time across product groups.
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2. User Satisfaction Assessment

A total of 324 participants were involved in the user satisfaction survey for the
traceability system, comprising 45 farmers, 9 intermediaries, processors, or distributors, and 270
consumers. This diverse sample of respondents reflects the key stakeholders across the
agricultural supply chain, thereby enabling a comprehensive assessment of user satisfaction in terms
of system usability, accessibility, and perceived effectiveness. User satisfaction was evaluated
using a structured questionnaire developed based on established information system evaluation
criteria. The instrument was designed following the Information System Success Model by Del.one
and McLean (2003), which encompasses multiple dimensions of system performance and user
experience. The interpretation of satisfaction scores was based on a five-point Likert scale, with
the following thresholds: 1) 4.01-5.00 = Very high satisfaction 2) 3.41-4.20 = High satisfaction
3) 2.61-3.40 = Moderate satisfaction 4) 1.81-2.60 = Low satisfaction 5) 1.00-1.80 = Very low

satisfaction

The results of the user satisfaction assessment for the agricultural traceability system are

summarized in Table 4.

Table 4 User Satisfaction Assessment Results

Evaluation Criteria Mean Standard Deviation
1. Ease of Use 4.04 0.26
2. Accuracy and Reliability of Information 4.07 0.33
3. System Efficiency in Traceability 4.04 0.31
4. Accessibility and Reporting Capabilities 3.97 0.26
5. System Support and Services 4.17 0.38
6. Overall Satisfaction 4.04 0.37
Overall Average 4.06 0.07

As shown in Table 4, the overall average satisfaction score was 4.06 with a standard deviation
of 0.07, indicating a high level of satisfaction. The highest-rated aspect was system support and services
(mean = 4.17), followed by accuracy and reliability of information (mean = 4.07), and both ease of use
and system efficiency (mean = 4.04). The lowest-rated aspect was accessibility and reporting
(mean = 3.97). Nevertheless, all aspects scored above 3.50, indicating that the system effectively

meets user needs and maintains a high level of reliability.
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3. Discussion

The findings of this study align with previous research in several key areas. For instance,
Tantidlatanes and Boonying (2018) developed a community-based traceability system for organic rice
that emphasized transparency and consumer trust. Similarly, Lv, Zheng, and Huang (2021) highlighted
the role of blockchain technology in enhancing transparency within agricultural supply chains, while
Zhang, Zhang, and Liu (2020) proposed the integration of blockchain and the Internet of Things (IoT) to
improve traceability and food safety, particularly for seafood products. These insights are consistent
with the system developed in this study, which integrates modern information technologies and GS1
standards. As Fernandez-Caramés, Suarez-Albela, and Fraga-Lamas (2018) suggested, combining these
technologies facilitates real-time traceability, enhancing transparency, safety, and sustainability in
agricultural production. Compared to existing systems, the traceability platform developed in this
study offers advantages in accessibility and usability, especially for small-scale farmers, by enabling
system use via smartphones without the need for additional specialized equipment. Notably, the
system supports compliance with ten agricultural standards, a feature not commonly found in
prior studies, and incorporates Plus Codes technology to pinpoint farm locations at the plot level,
significantly improving traceability precision. From a cost-efficiency perspective, the platform was
designed as a low-maintenance web-based system, with annual domain renewal costs ranging from
400 to 800 Thai Baht and server hosting costs between 2,000 and 10,000 Thai Baht, depending on
service capacity and security needs—making it financially manageable for smallholders and SMEs.
The system has also been tested in real field conditions over an extended period, during which a
participating agricultural packing facility committed to ongoing technical support and maintenance.
This field deployment demonstrates the system’s stability, reliability, and user acceptance,
thereby reinforcing its practical viability and long-term potential for supporting traceability

standard compliance in diverse agricultural contexts.

Conclusions

This study aimed to design and develop an agricultural product traceability system that aligns
with Thailand’s national food safety policies and international standards, including ThaiGAP, GlobalGAP,
Organic Thailand, ACT, ISO 9001:2015, ISO 22000:2018, Good Hygiene Practices (GHP), and BRC Global
Standard for Food Safety Issue 8. The research process began with field studies, in-depth interviews,
and focus group discussions involving stakeholders across the supply chain to analyze the current
(“As-is”) processes and guide the development of a context-appropriate system. The resulting
system integrates barcode technologies—ITF-14, EAN-13, GS1-128, and QR Code—and is

implemented through the KasetTrace.com platform, which supports both business operators and
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consumers, with public access available without requiring login. Trial implementation with five
agricultural products demonstrated successful retrieval of complete and accurate traceability
data within an average time of 42.12 seconds. The system also incorporates Google’s Plus Codes
geolocation technology to enhance the precision of source identification and accelerate data
access, thereby strengthening transparency and supporting food safety objectives. A user
satisfaction survey conducted with 300 participants yielded an average score of 4.06 out of 5,
reflecting high levels of satisfaction with system usability, data accuracy, and overall reliability.
To support nationwide scalability, the database architecture was designed to accommodate large
volumes of data and concurrent users. The growing availability of high-speed internet across
rural areas, increased smartphone penetration, and a user-friendly interface that requires minimal
technical expertise enhance accessibility among stakeholders. Personal data security is addressed
through role-based data classification, and long-term system maintenance is planned under the
supervision of agricultural processing facilities, ensuring sustainability and continued adoption in

Thailand’s agricultural sector.
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ABSTRACT

This research aims to develop a robot for inspecting the operational condition and damage of
wind turbine blades. The robot captures images and wirelessly transmits data to ground operators for
assessment. The prototype robot is controlled using a Raspberry Pi 4 board, which manages movement
via wireless signals and data communication through the Robot Operating System (ROS). Test results

indicate that the robot can move on various inclinations and execute programmed functions effectively.
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It successfully transmits real-time images and records footage. On a flat surface, the movement times
were 0.44 minutes for forward motion, 0.38 minutes for backward motion, 1.19 minutes for left turns,
and 1.35 minutes for right turns. On a 20-degree inclined surface, the robot remained operational but
required more time compared to a flat surface, taking 9.24 minutes to move forward, 4.26 minutes to
move backward, 10.43 minutes to turn left, and 9.31 minutes to turn right. At a 30-degree incline, the
robot exhibited limited movement in different directions due to insufficient suction force from the
vacuum pump to support its weight. This study demonstrates the robot’s capability in wind turbine
blade inspection and provides opportunities for further development to enhance its efficiency in

diverse operational conditions.

Keywords: Wind turbine blades, Robot operating system, Inspection robot

Unin

winuasdundsnussaundazernitihnduanlflvlldliffumnausmhlUlfldvaresu wu
sannszualih msguiiftenianees mavilaa Wlumegpamngsy uasilenisvioadion s Ussmalne
fusuiaumdanunauunagndsnuniaden (AEDP) seminel 2561-2580 Tasimuaimuneiiaguan
nszualvihanwassuanlisay 3,000 wneins (Department of Alternative Energy Development and
Efficiency (DEDE), 2020) §ns3stuaziimunmeluladdunisuannszualihannauanntiu ndanuanasiadu
Fudenusn 9 Aldsumnuaulalunanhleglitsiuauiugunsaitiondnnssudliindlinssnusedannden
wazrsliAnuafvluowen tagtudinmsimunmsndateiuauiteldoulussiuiigi Sounalugtu Smsfnd
ogluituilaontna fufige ilideandnytutiamidesoniaususu oumgdiiudsuutas gnin wieldu
\unanwihliidenanmuazdigadons 1wy sesunnin viensannseu Wudu nsnsavaouuas
msthgsshwidaduSesddyuazsnduiidomnssyhaihaueiitolfgunsaima 4 ogluanmmdesldaumasaiia
Tnswmglufwiuauidudsddalumandliih nnsnsaaeunastisssnylufeiuaumdlnihifasduigs
wazndlnaesldnihonuufifodagldsansudentunniunienisiiifenlsesannainouedes (Nacelle)

a wa o

ypaffeity (eon, 2012) Fadunsufhnuiisinuardunste muvidesddfuioinusuunuasnsld
TasunnaaouaandemeveslufeiuaueianmvaeuldliazBenviniiasuazidediindesannuindey
tu Snngaunss tumn dhazues vietdlusad 8o Alawms Ineseuvesteiuay saufviuiilumansiaaey
Avdulasuluiad 50 was MnfisiuamiesserUmeludsiuan iliAsderdalunisuftRnuiedama
TAnaudsmereflufeiuaumuiililiansondnnsaudliiinly fafunsldvusudfsdauaende

NNy wdLarnslizau

Nnamnfana §ideddauaulafies@nuimuviusuddmiunsvasuannnisyinnuay
anudsmevadlufaiuaudnlnih Tnsvususiazsuiinamuardeyauuulfmeludufiinunaiuiu
ilouszidiuanmuagaudemeveduisiuan lidazdusesunnin vionsdnnsou dsnnslivuoud
wflenuindedieluGesnsanmnuidssesifufoinu anldaelunsiigssnw wasdaoasmnnninmsld
wyuduarnsliisnsdu



Phranakhon Rajabhat Research Journal

34 Vol.20 No. 2 (July-December 2025)
A9 1 nnaunsiadeuluiaiulaenslsemiasanieuaIeenaiuas
#iy: Jeon et al. (2012)
ad
815

1. wwiAnlunsesnwuukazimuvusuidmsunsasaeuluiviuaundnlndi llsuieeay
wisBaingiuiafesruuagaine (L, 2023) Wumsdssgndifieliviusudindouilldogdasy Tneld
Pinszethuiin dennuiiuns nssildfuiuiuey fuiillsladiaueuasiufidunse nsmusunmandeudi
mnsreglnarnudtyaaudonsioliane (Yang, 2013) lumsiedeuiivesusuditensaaeulufaiuan fvusssey
nsdsdyeyIad 10 Luns ?zj'!aL‘fJuisazﬁﬁuauﬁmmmmﬁauﬁlﬁﬁaﬁgﬂuﬁﬂﬁuauﬁam(?ly’auumLLazuaﬂmaﬁq
faruerilufeiudaud 10 was 89 85 wes muUssnnuazauInvesisiuauty dusuiasiadouineaaiuly
vuiludsiuananlauludsiuaaeludsiuiensavaounnudems vusudainsouanuann
wuusealmiuaztufinnmidieldlunisesieaeunnudsmeveslussiuanldesnaiussansnm (Shen, 2024)
NIAIUANTTULYINIUENUUDINAIUAN SU Raspberry Pi 4 Ingldsyuuufjifin1svuens Robot Operating System
(ROS) Fafinsutanisvheeenidulviun (Node) wiagluunaunsodsdyaumuauNussuUdy gl ane
ludaynuaniua (Quigley et al., 2009) Ineiin15unszuy ZeroMQ uUsegnAlgsauiu ROS Tun1suimsdnnis
mﬁ’m@ia‘i’fegal,l,azﬁﬁamq 9 98190U5AN5N M (Lauener & Sliwinski, 2017)

2. Mseanuuukaziauusudasvaeuluivivaundnlnin §ideldesalilounavuiueyaidn
Tulassadrevesiususd sunmemiusuinia 23x40 iufiuns tindnlaesa 2.5 Alandy Fevuiauaziindn
winzauiumsihlvldauluanimuandensss lduesauaugu Raspberry Pi 4 iludiuddgyuanisesnuuy
ﬁgﬂudauﬂ;mﬂszmamamﬂdaé’wm (Controller) wazynUszuananIASudyey1ad (Robot) laen1siuuas

< o =

duynrndadyandousielians Iseavidennisoenuuuuasiinungiail



15315398590 NIEUAT 1Y IneImansuazinalulad

7 20 avuil 2 (nsngIAs-8uaAu 2568)

35

A 2 usudnTRdevan nluiwiuaunEn i

\ A

fuUasdayeyinnn
(HDMI Video Capture)

gunsalauANMSIAGRUT
v vasyfusus (Numpad)

faFudeysyraunn

(Walksnail Avatar)

\ 4

umasgluii
(Battery 12V 5A)

> yauszudana (nadedoyayin)
Raspberry Pi 4(Controller)

\i

EUAEDIGERTE]

\

(LCD Display Touch)

o)))

wiseggluiin
(Battery 12V 5A)

\4

yauszanana (Masudynyin)
Raspberry Pi 4 (Robot)
Uszananaddajusuddaeszuu ROS
(Robot Operating System)

drysnadldane
(Wireless 2.4 GHz)

\ 4

dedeysunauaduna Relay Tumsiauvas
Pump vacuum uazauau UM Bus servo
Tun1svireuwes Servo motor

A4

. ¢ o o e
Husudindiouiiuasdudin
AwEamETlEFu

aAsudayya

2ni 3 LLmumwmiaaﬂmeju&mﬁﬁm%’umwaa‘ummLﬁammaﬂuﬁqﬁuau




Phranakhon Rajabhat Research Journal

36 Vol.20 No. 2 (July-December 2025)

2.1 yauszatananiadsdysyas (Controllen) aiauasimunludnwuzndesniuaulsznaume
wiheouanwwa LCD Tdmsumisuanswaealnd Numpad wireless ldmuaunisindeudivesiusus uaz
Fsudanmdeusdelfaeldfudyaunmieuansuuniiiae LCD nsdsdaardsan Numpad
Taglddyqrandonsioldany 2.4 GHz fiszoznsdsyamdanmsiadeuiluiivusudszos 10 wns Jaduszozd
ansadfunsliaidunsmseasuludsfuaniifivuiaunnssiusasddamiluudas g

LCD Display touch LCD Display touch » ——~

Walksnail Avatar

Walksnail Avatar

Raspberry Pi4 Raspberry Pi4

Numpad /

(n) (¥)

= ] 3 YY) a
Ml 4 Yamuauusunsadeuanmluiwiuaunanln
(N) NMIDBNUUUVYAAIUANVULUA (V) YAAITUANYUEUATATINTUATY

dugnddmesiusudinsinasuanmlufeiuau@alwininunanlusunsuniun Python Tngliluga
Flask 84 Python a51aduriusenndindildlunsenunusiusud laefiue saraunssu Raspberry Pid (Controller)
fleguunassmupimihivsznanadyaamdsldsunngldnulunstfunsiedeudivasnstufinam
YOUBLIHIL Numpad wireless Tngnathuas 8 iususziadouiiiumth natiay 4 vususfsedoufiaedne
nAYaLAY 2 usudasindeuiinesnds natuiay 6 Musudaziadouiiaeium nadua 5 fenusudviiEudy

waNAYULATRININY ¢ - ¢ YusuAsTUAINAINAIEAIN AINAITT 1 ANUNIzdsUYRAEd ey 10
Woureliaeludinasudeyga (Robot)



13TV NITUAT 197 INeImansussmalulad

7 20 avuil 2 (nsngIAs-8uaAu 2568) 37
A15°99 1 uanseulunisindeuiivesiueud
y - NANTTUEAAIVIAHY
Numpad Wireless HauluAnds A4 A ¢
(MILAaBUNRUBUR)
nadaay 8 Vugudaziedaunludumin
natsiay 4 VuguRgiAdeulae Ity
nAYLLAY 6 VUBUAILARD WALV
nAdiaY 2 Vuguivzimdeuiluneend
nAYLLaY 5 AIAMUEUATITUGY
nadwLAIRIMINY ¢ - ¢ Vugudszduiinnmaenm
gailszunananings gelszanana(niAsy

Numpad wireless AnUInd) Raspberry Pi4

( Controller)

AN 5 SiunIsERAIAaINAdady

2.2 gausvalaranIAsudysy 1 (Robot) eenuuukariaulvilisusendewusyu In1seeniuy
uazfinda Vacuum Pump agiifmusuditeatssruugaBauuuayyinia dmiuiaiunnutuasisludy
Tnssadauagnisiadeuil Ingvusudtuindousisuumnoivun 12 Taad 3.75 weuuds dwwau 1 fou
flwidn 0.3 Alanfy drewdsususianan 45 Jad-Falus (wh) elindanuiissmodanisldeu
seillodldurulszana 15 undl



38

Phranakhon Rajabhat Research Journal
Vol.20 No. 2 (July-December 2025)

nanMsiulagyauszutananasudyaa (Robot) asUseuianagamdanieseuuu]ianis

Robot operating system %38 ROS UuszuuufjiAnisiieUszunanadoyamdslagaunsoniuauwuy

uenvug (Node) lnswsiagluun anunsadaddasuAdalaeniussuussuulufnig ROS NUsewdans

lnguesnnIuAugy Raspberry Pi 4 Wudinandlunisuimsuazdnnis dmsumiuau Servo Motor uaz

Vacuum Pump Tunsinfeufivesiusuinuilsidudmdmnisiefounfinmmvuald e livueudaunsonadaniz

waztAdeuNlUSaanenuAmIAsIU Numpad wireless fidwamddlussey 10 wnsle

Servo motor

Raspberry Pi4

(ROS 2)

Pump vacuum

(n)

¥ Camera walksnail

Bus
Servo motor

Vacuum pad

Servo motor

o

s 9 //
™~
Servo motor =

Raspberry Pi4 =

~

-

Bus

A9 6 usuanTIRdeUanINluiiuauNEn LT

(n) NIDBALUUYUEUA (V) YusUuANaT1aTuITe

Application

N
.
-

Feedback subscn‘ber/‘,r),——
|
/

Result service client K,\

/ i Action \

Request

Response

j e

e Result B
Service

Reguest }—/

Y

NODE

o

g g \
~ ~\ /_\ Action Server x\
\ / ¢
\

/——'_,."_‘—*— Goal service server

A
Camera walksnail

\

Feedback publisher \

Result service server ,’l

AN 7 SunsdnAAeINAddyInusaziiug



13TV NITUAT 197 INeImansussmalulad

7 20 atvuil 2 (nsngIAu-su1IAN 2568) 39

[ o

Wen1sUszananaudnasdunidiedygianteunsliate 2.4 Anzidsnd (GHz) wenlu
2 du fall

yaAdadu 1 gnaslufivesaaiuay Bus Servo motor LileUssananakasnsivdauioulaves

9 Y
[

YaAd ntuasdsdygramdlungeslewmesiidudiuysenourueudiionIuANN ST ULaLLAGOUN

bl

VouEUAn TN TuAdNiuall

YA 2 gnasluuesasudyaurmdshmiuniugun1sinauyes Pump Vacuum WieUseiiana
warnTI9aeuReulunINAIdY 91ntU Vacuum pump dgdsaugadyyIn1aewin 0.65 Alandulufigunsel

Che7]

=

gAnEvUBUATUNURD (Vacuum Suction Cup) tiaBafvugudiuiuiy Asnmi 8

gnilszunanalnnnfu

Ateyunad) Raspberry Pi 4

( Robot )

uaénaauinsaniuqu %
uasanaulnsaniuau

Bus Servo Motor i
N1SNNIUABS Pump

( Relay Module )

Vacuum Pump x 4

!
A
oo

Vacuum Suction Cup x4

!
gge
ggee
gge
cge

Servo Motor x12

AWN 8 SiunsaAAaeINIAT Ry



Phranakhon Rajabhat Research Journal

40 Vol.20 No. 2 (July-December 2025)

N15a319 ROS wuu 2 num (Node) Aen1saiisyaddaiieniuntaunsaivategunsalinnusiuiuy
Ineil Robot operating system 3 ROS Wagseuu ZeroMQ Wuiusmsuardnnisnisvhau wesuuay
' o o o= Y Y I o o Y o & v v
dugaeds swdsduiinderuanugludmjueud nstuiindeanuaniugdndudedd Pub socket wag
M35SUAAIHY rep_socket 1aedin133nn1s shutdown WiaifindeRanaaviseseinIsugan1sineu 31Nty
Atiun1slE GPIO way ZeroMQ lunisieansiu ROS 71 2 nua (Node) lnganunsaniunuiwesliuamesiay
MswpdouTiveniueudinuAddwn gamddinswuinisyheueenduileidusing o e liunsodanuiueus
Iamudnds wu wdeuludam aeends vuude vuv

3. MsAdeunvesueus I3snsnlddsdyyraiddiusudinfounuasryuianuilaidu

q

Ao WBATAINITIIILYB Servo motor wag Vacuum Pump wagidldmmuafianienisindeuiivesjueud

1RgMPUANISARBUTAUTLN NSAFBUTNNBENAT N15LARBUNLALITWALNISIARBUNAEIIN Taluauddela
fvuawsaz Ly vdewti (top_left) anuti (top_ right) udnevds (bot left) wag ¥awda (oot _right)

| / - W k \
= | Top_left L I Top_right

/ Bot_left o Bot_righE

AA 9 MIMUATEUIVEYLEUANTIRERUANINlURMTUANNER LT

deisudddnaiedouiluirsminusuiazindnnmandeuilagaziiunnaedeudivdinert
(top left) snuazndouiluswmisfiemety 30 own dedsumisittmualy Vacuum Pump 9ziJniie
Angav g1 (top left) fuituinls snifuanaamti (top_right) szenuasindeniity 30 o9 uay Vacuum
Pump azgeBafiuiaioBmnzvusudlilidusenainiiuia didudeluudnends (bot left) uay 11v21Mds
(bot right) flagiadeufitu 30 83 wag Vacuum Pump fagviuludnuasiedtu deynvvhauesy
FvjusudiaziadouiindunBuduieriliAnnsiedeud



13TV NITUAT 197 INeImansussmalulad

7 20 avuil 2 (nsngIAs-8uaAu 2568) 4

A a 1o @ - 9 v 1 ¢ o N N A v o d' PN o
Welsudndnsindeunlvviuguineevas aziindnnisiadeuniaseiunisindeuniauni lneay
a d' al' o o - P~ ° I a o
(3UAINNISIARBUNVIIBNTN (top_Left ) snuazindaunlumunusiiAn1anaeal 30 8361 WagVacuum Pump
wUniiiegndavignenti (top_left) Auituiiall a1ntuv1wImiin (top_ right) avenuasinfouilnosnas
o A A oA | 9 v & a o v 1 v o
30 83N Wag Vaccuum Pump agaedanuiiaiiedninizvueudliliduesnaniiuiy éduselundrenda
(bot_left) wag 112 mas (bot_right) lagiaRauinesnes 30 891 Lag Vacuum Pump Aagyhandludnvugifeiu

d' ° v cc = ) A v A ogya 2 d'
LN@‘VJﬂm’]mqﬁquﬂﬁum?wuﬂumﬂﬂgLﬂa@umﬂaU'ﬂq@LiNmuLW@WWIV‘Lﬂ@ﬂWiLﬂa@U‘W

4 A 1 ' '

M @

AR 10 NMSIAGOUTLAUNTILALNDEVRIVDIVUEUA
(n) Mueudndeunluiamii (v) yusudindeuioosnda

A4 a 1o w = S & v | s A o = ! a N d' v 1
Wesudemdinisinieouilideideviusudaziindnnisindeunlagazisuannisiadeunuigienin
(top_left ) snuazipdoudiludunusfianisas 30 a9 Weodsiunusiinimuall Vacuum Pump azilauiie
P 1 ] o X avy & v . A ~X
AnERYIEevii (top_Left) AuiiuAald antiuw1vne (top_ right) asenuwawiafiouiivy 30 adeuay Vaccuum
Pump agaedaiuiaiednnzvueudlilidueananiiui ddudeluudends (bot_left) infouiiaduay
YIUIMAT (bot_right) NziAFeuinu 30 asen Wislimiueudianisyuluniainudie wag Vacuum Pump

3 ° 1Y) a Y = ° o s = Y] A Yy A o §va d" d'
ﬂﬂzmﬂdﬂuiuaﬂwmszaﬁﬂu LllE]‘V]]ﬂmqwqﬂquﬂﬁUmawuﬂumﬂﬂﬁLﬂﬁauWﬂaU'ﬁ@LiNWULW@W'ﬂ.WLﬂ@ﬂ’ﬁLﬂaauW

Walsudmdinisindesuiiiierviviusudasindnnisinfeuiilagaisuannisadeunvigevii
(top_left) snuaziafiouiludumiaianisiy 30 841 wag Vacuum Pump azilaiitegadnuigieih (top_left)

¥
o A

fuituilIanuuerme (top_right) asenuazinfiouiad 30 891 kag Vaccuum Pump agandainuiiaiive

2

gannzviusudlalidusanainiuiy drduselundiends (bot_left) wiounTuuasu1aImal (bot right)

fazindaudias 30 e dWsliuesuiinnsvgulumesinuen wag Vacuum Pump Aagvhnuludnuasifiesiu

8

donnuvinuesuivusudiaziedoufindugasuduiiovliiinnisindoud



Phranakhon Rajabhat Research Journal

42 Vol.20 No. 2 (July-December 2025)

‘ e t A+
RN R g V0 o b
9 Al
‘ N
@) R @) 1 ) ) @ >y

© ©)
() @)

AMWA 11 N15AFeUTEEIELAEEIVIVRIUEUA
(n) ugusindeunluidede (¥) viugudindeuiiae 1

4. medeuMsIAdouTvesfusudnTRasuAudsmeluRwiuaundn W azddunsHums
danushomsddygadeusiel fmouuaninaaeunsiadeuil fidassnnuduainvatsuuuu Ssoenuuy
TilndiAatugusng o vedlufwiuandilivily Fafldanudulszana 0-20 e enaaouANLEMNTO
vosjusuflunnadoufiuazd fiinumuddsuuiiufiafifauduandisiu Tasudamsmegevoonidy
3 Unuuseioludl

V&

1. vegeuMAaoufimensasdygradounslsarsuuaainaaeulnduluauniinun

a 4

2. NEpUNITIAABUNAUNSEd Y TeNselTasLarEaln g NuRIAinLgY 20 99N

o

LagNISUUANAN

3. NedsUAISIAdeUNs e TEd I TipuRelSasnazBanziuiaiaudy 30 o
wazN1TUUNNAmN

Inganiinageumsinfiouiiuazgnuualunisns 9 9ed lneveswmsanansasidugosdmiunisisusiy
nsneaeuluusiazsaunimagey diludesiiviossivinaavinliludes Wevusudindeuiludweyn
mnegdesEsatuinamaele



13TV NITUAT 197 INeImansussmalulad

7 20 avuil 2 (nsngIAs-8uaAu 2568) 43
= = = 4:4' ' s YY) a
M 12 aonilvegeunsinfounveiusuinsiaaeuannluiaiuaundnliii
A15197 2 egeuNISIAAEUTIMENTad TR IS UL TnagaUNSIARDUT
Function . Function Wauluns
. Woulumsviiw  wansvageu . R NanN1SNAdaU
ATV ATV 79U
SusY Vusu
AINAABU 1 LAROUT
Vugus Wwuntly
- 2
nynile NeLaY 1
4
[Py
Yueus Vugud
LAROUT 1 LAROUT
\deagely 5 &l
NELaY 2 WA 3
4
Yueus VINdOU
WAADUN 1 AsUUTN
neuvasly ANENY
NneLaY 4 2 3




Phranakhon Rajabhat Research Journal

44 Vol.20 No. 2 (July-December 2025)

P o Ny o d' P yy = = = =
M99 3 V]Wa@uﬂ'ﬁl;ﬂaau'ﬂ@?EJﬂqiﬁ\ﬁafylfgr]mlflf@llG]aiiﬂ’]ﬁlUuﬂﬂ’]quﬂaaUﬂ’ﬁLﬂaau‘WLLagﬁJﬂLﬂ'lg
& a 4 o o =
NUNINAMUYU 20 BIAT LaENITUUNNATN

Function . Function .
\ waulunsineu  wamsnasdau \ waulumsineu  wan1snasey

N394 n15¥91u

Budu VU

QEEVEGRN ’/ iU

Yugus 5 Wwuntily

gl 2 W8 1

Yugus Vugus

\doui iAol

Aeadnely Ay

MeLaY 2 eLau 3

Vueus VINdOU

\ndoui nsduiin

noenasly ey

N 4




13TV NITUAT 197 INeImansussmalulad

7 20 avuil 2 (nsngIAs-8uaAu 2568) 4>

a A v Y A ' Y a A a P
A1519% 4 vedeunsdeuNmYNTad L MTRuRESs UL TnagaunsiAdeuTiLaz ANz
PURINAUTY 30 BIAN WATNISUUTINAW

Function . Function Noulunis
i waulunisvineu NaN1SNAEaU . R WNanN1SNAFau
A1591197Y A1STN9Y 197U
SuAU AUYUH
: Y4 g r L
ASNAADY LAY 1
Yugud Wty
ngAila PUNLLE 1 3
4
Yugun Vugun
LAABUT LAY
\iengne et
Tununeiaw 2 MULAY 3
AULUR NAFDU
A ) )
LADUT 1 n1sdudin
pounaaly ANEEY
PUELAY & 3

NANISNNABIAZIANT

mMeuiunmnageuusuinsasuaudemeluisiuaunanlifinlnenaaeunisindeuiisnens
dsdyaandensioldme ilelviusudniaaeuanudemelufuiuaundnliiinanunsovhauldaudds
17'iﬁaamiu,awmaa‘umsLﬂﬁauﬁ@%EJé’aJuzy']mv?ia:um'al%mauuﬁuﬁaﬁﬁmm%’uﬁLmﬂshaﬁu Inggin1meaay
3 gULuy fesioludl



Phranakhon Rajabhat Research Journal

46 Vol.20 No. 2 (July-December 2025)

1. nadounsiAdeufinlensdsdyyIasfouselsasvuaninageunisindounisziuanudu
0 o9 Lidulumuiidmue nausingivusudansavhauldesgiufulszdnsnm uwaslianuatestunis
wasufmedy gy atonssliasuuanidvadeunisiaasuiinaznisasdggruninatesualndsiuds
o = = A a o a N d' o = N & o
nstuiinamlasnatlunisiadeuiliuntl 0.44 Wil N1sAAUNNBEUAY 0.38 U1 NISLARBUTIEEITIE
1.19 U9 LazNISLAABUNEI1 1.35 Wil

2. MedeuNsAApUTidIENsadgadeusoldasuuaniveaeunsndeuikazEaniz L
flenudiu 20 ssmuaznstufinam waUTng i usudaansaiedoufiiunii nesvds deadhe uasdeum
Iagnafuyszansam nsdedygranimaisSealndsaudenistuinamlad wireudeldinalunis
iwdouflinninisiedeuiinuuiiusu nenalunmsiedeudiiunth 9.24 unit nisiedeuitnosnds 4.26 wfl
nMandeuiiaade 10.43 Wit wagnmswdouiiaeiun 9.31 wil

3. yedeunstAdouiivnenisnisasdyaandousielfansuuaninaasunisindeudivazaine
fufnfienudu 30 pam waznistuiinam sadnngiwususaansandeuilulufiamesing  IHidsadndes
\oan1nusagaves Vacuum Pump liifissmedtasgaiausudiftesuiwiinlnesasmosiasjueudlild vl
Yusudlinisloaasnauwsdddugiwedan

GELY

mseenuuLLaE LWL uinTadeulufiuaunEalih Tinqusrasdifiossnuuunayiannjueus
dmsunsivaevanmnsinularaudoneveduiviuaunda i wadalunisesniuuueudiiuse
pdButsuiiaansndeuiildegsdasy funszedmin Weanutua nsldRluiufiuay fud
laiasiiawe fufisuansuazuuiufindiaruduld TaserdeszuuinzBafiufiuuuagyinia nsvhaumes
WueudmuaumesyuuUuRn1s Robot Operating System #38 ROS W1uU83AAIUANTY Raspberry Pi 4
aansnAmUANIUULENlIUA (Node) wagiiszazmsdsynmdsnsiadeuiluiivusudluszez10 wes dadu
spogfiufiRnuldatdlunsaneseulufiuauiifivuiauaninafuuasidamiluurazganiendedoyann

waeulmnudynteauselianey 2.4 GHz viuswsaunsanfouiuasTuiinamlaauilesiduiinivue

<

nMsvadeunsindeuiivesjusudnsadeuludsiuaunanlniiamnsoindouiisonisdednaa
\Fousielfanguuaninaasunisindeudiuazyauldifuyssansamauiidivue Wenaaeunisiadeud
shemsdsdyyrandenselfmeuuaniiinagey maedeuiiseiuniudu 0 e usudannsarinenld
WassavBnmuagiieuadoslunsndeudl WeneaeuniaadoufinarnisBameiuinianudu 20 asm
vuanivpaeuusuRSsansnedeuiiiiunii aosmds Aerde uasdevldedadulssansaim nsds
Fuananmaedealnisudimstuiinawld widewdiddnalunmsiedeuiiinnninsedeuiivuulil
AuunazilenadeunmaindeuiinazmsBanmeiuinimtu 30 ssm ususiamansawdoudlulufiavei g
Isfisadniion flesannussgaves Vacuum Pump Tuusasunilenogiiuszana 0.65 Alandu ileviususdvins
snfieindoud wsgranfitaiubifemelunsiuiuinrsmesjusudiidimiinussana 2.5 Alansu
dwaliiusudiianisloaasmuusiliiumsveddan lnensveaevilildinthiodousauniinsumaaey

ASLAARUNUUEIINAZEY



13TV NITUAT 197 INeImansussmalulad

U 20 avuil 2 (n3ngAu-suarAu 2568) | 4t

NuAeluandiiun e savesiusuaf e lieenuuukazimuuaInsansvaeuluiwiuay
1% s a o 19 d' A | Ao Y o v Yo o A a a
Tamuilandunninuald Tnaedeunlunsivaeuludndlaymlaunddoslasunsimu viososontiuLf
ludususvesiviugudlagldianniidminiuiniiuardiugunsalenaiinsiudeuguves Vacuum Pump
fanunsasiuidusgedeanie viefedaiuoimaiie iueuiainsavholdluanmmsaiivainaty
= a a = - I s a oA A < ) Y a ua

waziiuszavznnlumsdainezanndu damslijueudziinnuiiiets luSenisananudesesujinem
anAldinglunsuiseiny wazUaendeunnninisiduyuduasnisldisnisou

NEN5D19D9

Department of Alternative Energy Development and Efficiency (DEDE). (2020). Alternative energy
development plan 2018-2037 (AEDP 2018). Ministry of Energy, Thailand. (In Thai)
Electricity Generating Authority of Thailand. (2023). Unseen EGAT by ENGY repair wind turbine.

Retrieved from https://www.egat.co.th/home/20230518-art01 [2024, 18 May.] (In Thai)

Elkmann, N., Felsch, T., & Forster, T. (2010). Robot for Rotor Blade Inspection. In the 1 International
Conference on Applied Robotics for the Power Industry Delta Centre-Ville (pp. 1-5) Montréal,
Canada. Retrieved from https://doi.org/10.1109/CARPI.2010.5624444

Gong, C., & Fan, L. (2023). Design and experiments of a hexapod robot for inspection of wind turbine
blades. 2023 IEEE International Conference on Robotics and Biomimetics (ROBIO), 1-6.

Jeon, M., Byunggon, K., Park, S., & Hong, D. (2012). Maintenance robot for wind power blade cleaning.
2012 Proceedings of the 29™ ISARC, Eindhoven, Netherlands: The International Association for
Automation and Robotics in Construction.

Jung, S., Shin, J., Myeong, W., & Myung, H. (2015). Mechanism and system design of MAV (Micro Aerial
Vehicle)-type wall-climbing robot for inspection of wind blades and non-flat surfaces. 2015
15" International Conference on Control, Automation and Systems (ICCAS), 1757-1761.

Katsaprakakis, D, A., Papadakis, N., & Ntintakis, I. (2021). A comprehensive analysis of wind turbine blade
damage. Energies, 14(18), 5974.

Lauener, J., & Sliwinski, W. (2017). How to design & implement a modern communication
middleware based on ZeroMQ. Conference: ICALEPCS 2017 - International Conference on
Accelerator and Large Experimental Physics Control Systems, Barcelona, Spain. Retrieved from
https://accelconf.web.cern.ch/icalepcs2017/papers/mobpl05.pdf [2023, 13 Jan.]

Li, Zhengyang., Li, Zhenjing., Tam, L.M., & Xu, Q. (2023). Design and development of a versatile quadruped
climbing robot with obstacle-overcoming and manipulation capabilities. |IEEE/ASME
Transactions on Mechatronics, 28, 1649-1661.

Nitta, Y., Tamura, S., & Takase, H. (2019). ZytleBot: FPGA integrated development platform for ROS
based autonomous mobile robot. Retrieved from https://doi.org/10.1109/FPL.2019.00077
[2023, 22 Aug.]



Phranakhon Rajabhat Research Journal

48 Vol.20 No. 2 (July-December 2025)

Quigley, M., Gerkey, B., Conley, K., Faust, J., Foote, T., Leibs, J., Berger, E., Wheeler, R., & Ng, A. (2009).
ROS: an open-source Robot Operating System. Paper presented at the ICRA Workshop on
Open Source Software, Kobe, Japan. Retrieved from https://robotics.stanford.edu/~ang/papers/
icraoss09-ROS.pdf

Shen, L., Zhao, X., Gao, C., & Shen, R. (2024). Design of wind turbine cabin inspection robot system.
Conference: 2024 7" International Conference on Intelligent Robotics and Control Engineering
(IRCE). Retrieved from https://doi.org/10.1109/IRCE62232.2024.10739809 [2024, 18 Dec.]

Yang, Y. Z., Ai, C. S, & Lee, K. (2013). A study of robot platform based on WiFi remote control. Applied
Mechanics and Materials, 418, 20-24.



13TV NITUAT 197 INeImansussmalulad

7 20 avuil 2 (nsngIAs-8uaAu 2568) 49

WUIMNINTRRNUUUANEINITTEUS VRN BUNFUINAWHNAUYIN TIuAGRIUNNTENS
iladuaSuuvanisisoudnagidyyvissiy
DESIGN GUIDELINES OF WATER HYACINTH BASKETRY COMMUNITY BAN KHLONG
NOK KRATHUNG’S LEARNING CENTER TO PROMOTE LEARNING
RESOURCES OF LOCAL WISDOM

RUNITTO ANAFITT Wag A1EnsT F31INIA

Auran1UneNITHAERTLAZNNTEONWUL WMINEaamnAlULABT1YLIAANTEUAT NTUNNUMIUAT 10300

Phimphawan Phakdeesuwan* and Sastra Srihabhak
Faculty of Architecture and Design, Rajamangala University of Technology Phra Nakhon, Bangkok 10300

*E-mail: phimphawan.p@rmutp.ac.th

Received: 08-12-2024
Revised: 25-06-2025
Accepted: 20-11-2025

UnAnge

Famiagusudnaudnausndiuaasunnszy danulszasdazdadgudnisseuiiuiiedu
a0 uNaenennIN; duasuiaziauitnnuifun1sdnau lneanedIdeduuidalunisdnw
npAnssunsldiuiuasdadeninadoniseonuuuaugn1sseusHIUNTTUIUNTORNUUUDE 19T LT W
TingUsvasdvaiside fe 1. Anwmginssuvesldnunungudnmsteus 2. nneitadeniinaluniseeniuy

1%

ALENISEUTVIYUTUNGUINAUINAUYIN 3. laUBUUEILITNS kazUseilunuiianela N1seeniuuAuiNSeu;
YBIYUBUNGUINAUNNAVYIHIUNTLUIUNTOBNUUUDYTAIUTIN HANTIY wudwwqaﬂﬁwﬂ%’muﬁuﬁ
yosiamAauauiitymiluFesiufiivduiilifiome warlidussdoudeudos liflmsdnassiuiionnns
e uavadediiinalunisoenuuy laun das Anduiiuiiuas msaslasiadsenasiiy Fesdudeeanuuy
Tsosdumsldussloviinarnranouasideslpsiufiodsseoidios dnausziliuaufionslaifeafuuuanig
miaaﬂLLUU@ua‘msL%‘amf-uaaﬂqmuﬂdmvﬂmuﬁnmumwagiluszé’ummﬁqmiunﬂéﬁu NWUIFULUUDIAIS
wavandnenssuilanumnzaslunsldanuiiuiinnnddiu fnssnassituilildaesldnuninudenis
wardvsyansamuindu ansaudgmidesiuiidafivaudiilidiomeld nstiendnuwalnsdna
maqﬂaq':umwﬁwm@mmmﬁdumiaaﬂLm‘ua'qma‘[,ﬁmmiﬁmmmauhéﬁu nMsPRNLUUINISATNNITSUaL
wazuaesIINYA tngeeniuununistdiusasanmliasaiveinsiy Mssensuunelulagnsiionian

wudeninudsssumvazavgulvidenadesiuusuniinuar snanvalvioadu

AdAeY: N1seBNLUY AUdNISSeus dnau Urunassunnseie nildyanviesiu



Phranakhon Rajabhat Research Journal

50 : Vol.20 No. 2 (July-December 2025)

ABSTRACT

The Water Hyacinth Basketry Community Enterprise of Ban Khlong Nok Krathung seeks to
establish a learning center dedicated to knowledge transfer, promotion, and development in the
art of weaving. The research team investigate the spatial usage behaviors and factors influencing
the design of the learning center through a participatory design approach. The research objectives
are as follows: 1. To study the behaviors of users within the learning center area; 2. To analyze the factors
influencing the design of the Water Hyacinth Basketry Community’s learning center; 3. To propose
design guidelines and evaluate user satisfaction for the learning center through a participatory design
process. The research findings indicated that community enterprise users faced significant challenges
with inadequate and disorganized product storage, primarily stemming from suboptimal building area
allocation. Given key design constraints, specifically limited physical space and the mandate to preserve
the existing structure, the resultant design was required to support multipurpose use and continuous
spatial connectivity. The evaluation results indicated satisfaction levels regarding the design guidelines
for the learning center are exceptionally high across all aspects. It was determined that the architectural
design of the building is better suited for spatial utilization. Space allocation aligns with user needs
more efficiently, effectively addressing issues of inadequate storage. The incorporation of the group’s
distinct weaving styles into the design concept enhanced the building’s appeal. The design prioritized
natural ventilation and light while adapting to the existing building structure. Interior design and material

selection reflect natural and warm tones, harmonizing with the location’s context and local identity.

Keywords: Design, Learning Center, Basketry, Ban Khlong Nok Krathung, Local Wisdom
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