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N15911U18A1 CBR va9aulagnisiusunsuvanadnail
Prediction of California Bearing Ratio by Multi-Expression Programming
USIALAY  DUNSAUTRND
Narongdej Intaratchaiyakit

aaMirMmnITules) Augimnssumansiazanidnonssumeans sinmiverdowaluladsvusnany uoen
Department of Civil Engineering, Faculty of Engineering and Architecture,
Rajamangala University of Technology Tawan-ok

E-mail: mydeja56@yahoo.co.th 195, 081-628-8063

v
unanga

California Bearing Ratio (CBR) ilunswaaesfiddalunusules wu deu wasfime WHusu CBR
fnagldannismasedlusiesu fiimslaglinann alditegs wardunoufiondsdidvinasomiufinanii
vaslassnsneads sefunsiauuuusaedalinnslusunsumansing (Multi-expression programming,
MEP) $1uau 6 sUsUUaesdsisudsloudmainvany wuudiaes liuuuudassfivanzausnngaiesan
ﬁﬂ"]éfuﬂizﬁwénwaﬁmﬁﬂaﬁau%wqﬂuﬁqmmiﬁmu LazyANINRaBY wazidlothuuudiass MEP TulSeuifiey
ﬁ’mwu«ﬁwaaqmmmaaL%QLﬁuwu@m (Multiple linear regression, MLR) warlaseneUsyamiisy (Artificial
neural network, ANN) aznuiuuudaes MEP lunuudiaesiinzauunngs uaziuudiaed MEP a1u150
grianldldmszandeieldidigs aumsadamansildanuuudians MEP aztludszendldlunis
vhueen CBR dwsumseenuuuibesiulunudulgiiiiefiaranaliine uazim
AdnAny : AdTe15 Mslusunsuvatedingy lasswielszanniieon Jyausshivg

Abstract

California Bearing Ratio (CBR) is a crucial experiment for civil work, such as dams and pavement.
CBR is always experimental in the lab, using time-consuming, expensive, and challenging processes
that have an effect on how quickly building projects move forward. Hence, the model development
used six multi-expression programming (MEP) models that had diverse input variables. Model | was
the most proper MEP model because Model 1’s coefficients of determination were relatively high in
the training and testing sets. When the MEP model is compared to the multiple linear regression (MLR)
and artificial neural network (ANN) models, the MEP model is found to be the most suitable model,
and the MEP model can be employed because of its high level of reliability. The mathematical
equation from the MEP model is applied to predict the CBR values for preliminary design in
geotechnical work to reduce cost and time.
Keywords : California Bearing Ratio, multi-expression programming, artificial neural network,

artificial intelligence

(]
1. unu
= & a ' 2 Ay ad & Aoy a o | i o
QUAUUFULTUNUAUDENUUINABIUTUTDINUNNAAIBAITNANTUIAING ] KU ANAINNEINNTNIU
W3IgR N1INTARI wazn15UINA LWud (Taskiran, 2010) esduszneuvesianewuuBangy laun woailad
ABUNIA (Asphalt concrete) FuUNUNI (Base layer) TUT83NUN (Subbase layer) WazduAuLAL (Subgrade
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layer) udaztumaniiinuuandrsiuluantfvesian uazaruudaussvosiiamg (Taha, Gabr, and
El-Badawy, 2019)

A1@0015 (California Bearing Ratio, CBR) wa@nsfleAsnsiadiusenineanuuiauswosnuiusonin
wisuseasiiupgnuinsgruinieduesidud uananil CBR Wunmsnageusiiomenuduswesiuiu
(Taha et al., 2019) LagAIMURUIVININIG (Ramasubbarao and Sankar, 2013) SuRAaFoudausaiis
wesen13T0e3uRMI uasimtinusIndesa niseenuUULaENAAnTIHYesAIIBanguTuagfulatisTnn
vesiud Tnaadesnmussiuiuduausaiiutuldlnsnsuasaiuiivsinaummiuilvnyes (Optimum
moisture content, OMC) dafugafifuiinnumunisiuuiagega (Maximum dry density, MDD) 1 OMC uaz
MDD L‘fJu‘W'mﬁma%ﬁﬁzﬁdma@iam CBR (Lakshmi, Subramanian, Lalithambikhai, Vela, and Ashni, 2016)
vane 9 uATereuniildsenud vivesiu waraudRvesnulaiinasier CBR (Zumrawi, 2012) A1 CBR
fazgnihunldlusunisms aunadu Avensauazniseoniuunuiimis swwda CBR 1éTlavEnadenu
yedAmnssuugh uaslassadiedu wu Gouu Munisauu ffaswy uas Tasmdaiuneduf (Yildirim
and Gunaydin, 2011) CBR lagnuhsumnanuduiusiuasendataveu uagaudfvosmunsdaninssy (Alawi
and Rajab, 2013)

foyaruildinnnnsdnafuoraiivinudesmesulszinm uasnadiin saiusunulsifne
uinsmadey CBR lurfesufiRiududosiinggvinldonn MWnaunn alidegs wazanugnieseras e
msizmsneaeuililldinnsgunas lymuesiogisiugnsuniu dwavinliAansiannaunisyszaaei
CBR (Wai, 2006) Agarwal and Ghanekar (1970) @519aun135auduussening CBR AunaLman (Liquid
limit, LL) Wiawana@n (Plastic limit, PL) Wsesviinanadn (Plasticity index, PI) wuinliladidedagyluainu
Fuiuseiony daaunisiifien CBR Wusuuslddase fu OMC wag LL (ufuusdase ssnuiniifuddy
Tupuduiussertu nsan (Gravel, G) n518 (Sand, S) Auinaziden (Fine content, FC) MDD, LL, PL uag
OMC fiBviswasior CBR vasiuinaziBen ussuus MoD iushuusiifidvdnamnaslumsiinsiginisannes
\BaLdUee19918 (Simple linear regression analysis, SLRA) viaunae@ands G, S, FC, LL, PL way MDD
NTATIEinIsanneelddunyan (Multiple linear regression analysis, MLRA) fiduuszansvesnis
é’f@aﬂﬁ]qmdﬂ SLRA (Ramasubbarao and Sankar, 2013; Rehman, Faroog, Mujtaba, and Altaf, 2015)

Rakaraddi and Gomnarsi (2015) uansiis MLRA agliimyuduiusseninedauys 2 #adifuinnin SLRA
Rehman, Faroogq, and Mujtaba (2017) Uszanausn CBR, OMC way MDD Inesuustoudniidussansam
Ao duUseavismuaiawe (Coefficient of uniform, ) Lﬁumu@uéﬂmﬂﬁmu 30% (D, ) waglduRTAUgNaNg
61 50% (D, ) Roy, T.K, Chattopadhyay, and Roy, S.K. (2009) \@upaNNTLieUsEINauAN CBR Uuﬁuugm
989 MDD ettt (Water unit weight, v, ) wag OMC dnsudiuiinazidun Patel and Desai (2010)
AUDANUENNUSAN CBR Uuﬁugmmaa OMC wag MDD Singh, Reddy, and Yadu (2011) lavitungen CBR 1ng
ANINAVDITZRUNTUASA uasUSINIAUTY Ferede (2010) Ussanaurn CBR dwiuiudinaziBenldly
LL, PL, Pl wagtlasidusinudinaziden (Percentage of fines, F ) dmunsuszana CBR dnsuiudiavenu
lﬁ‘i’fﬁumu@usjﬂmaﬁ&hu 60% (D, ), OMC uaz MDD Sivrikaya, Kayadelen, and Cecen (2013) YIUILAT
CBR vuiuguresmiweinmsuadaiudnsuiudanenlagléis MLRA uaznisTusunsuiinatdvesty
(Gene expression programming, GEP)

A193YIAINTIUUTH haga13ndne q lalinsnsussgnaldlasaineussamiion (Artificial
neural network, ANN) W3auiunsiATIzisevay ¢ uUs (Basma and Kallas, 2004; Das and Basudhar,
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2008; Gunaydin, Gokoglu, and Fener, 2010; Najjar, Basheer, and Naouss, 1996; Rafig, Bugmann, and
Easterbrook, 2001) kuusaesiifianuaduiudeunsudlliameneisidudou wiannsawdtynilaeusan
AsaNNIsNIaNIEAINA8 ANN (Taskiran, 2010; Shahin, 2015) 35nsyneansenalianuisalduseunamn
CBR luvany 9 uddefinuanlinszamdulssansanduiusmuazmnaiimesithanieadestuar CBR
finagteenin 2 MNwes LL@iWWiﬂﬁma%mﬁaﬁugm MDD, PI, OMC, S, FC, LL way G badipnudunusiu
CBR v29nuinazdenseis ANN wag GEP (Taskiran, 2010) A15¥uneen CBR s1esuls G, S, OMC way
MDD 1ngl5 ANN agiluseanSnmeandnds SLRA uag MLRA (Bhatt, Jain, and Pradesh, 2014) wenani
nsviwiean CBR lngd8 ANN qzfiusednSamgeninisnmsanneeBadunvan (Multiple linear regression,
MLR) (Erzin and Turkoz, 2016) AMSWAILILUUTIA8I9875 ANN Uagn15IlAT1EiN150n008 (Regression
analysis, RA) Dudiuneeusuls (Taha et al, 2019)

ANN LfJuLtfumaa'wwﬁwmﬂzyzymisawi (Artificial intelligence, Al Fsaewenenuviauadoaues
uazsrUUUsTamTRYYd ANN Usenoudegadeoglututioudh dugou uastunadns Tnsudasqasioves
fula q wdewderugndedu q sensdeuseuvuristhmiin msteutanusasyarslutudanaasie
nsudsAsumiminifeusefiusazgaste miﬂaulfﬁwﬁgﬂmﬂﬁmﬁﬂ%gﬂiam%ﬁwﬁu TEPR PRGN
wdwhuilsidunseduialdnadnsvosgade nadndvesaasiola q aznaefurteudilugyadelududaly
(Shahin and Jaksa, 2002) Park, Kweon, and Lee (2009) 14 ANN 1Jup3osslofitinnutdedolunisussuna
Auendadavguresiusesiiumaasduiudunansitandosu imenmesouasiismunasdudou

n1slusunsuvatefingyd (Multi-expression programming, MEP) lagnianuszenaldluaiusu
Fmnssulesuazdu 9 Wy msvhuemiddavesneundaiinauidiunaulag MEP (Amin et al, 2022)
Ma and Liu (2016) 14 MEP ¥iunermsnanvestetnsfundaldnaiivinelannniinislyd ANN Wang and
Yin (2020) @Wauuuusians MEP wevwenisiiwesnisuasaiy (Uinannuduimnzay uay
AMUMLMUULIESER) LaNaanSFnd1 SLRA wag MLRA Fallahpour, Wong, Rajoo, and Tian (2021) 164
MEP siunenisuslaalnidiludulafnin GEP Abdalla and Mohammed (2022) 1als MEP Uszanaainigg
%ULLiaéTmsuama%é’ﬁ%muﬁ%qgﬂﬁmLLUaﬂIﬂaLﬁwaamﬁﬂﬁwaﬁwéﬁﬁﬂﬁw ANN uenanil Abdalla and Salih
(2022) 51897431 MEP mmm‘vﬁmamﬁwﬁﬁuLm'ej"@suama%ﬁﬁ%muﬁ?jagﬂﬁmLLiJmImJLLﬂaLﬁamlamiaﬂMﬁ
Tinafiuawelaannnin ANN Onyelowe et al. (2022) I6l4 GEP way MEP Tunisvhunesfdasunssdnnn
wunuvesiulidududesnnmanaseumidsiusdanuununuesiuliduiluiesU foRnsar i
WU 4AZEN UdINAANSINNTINesY GEP way MEP Wuiiurfisnelaannnin MLRA

O Max CIMin [4Rannge [OMax [IMin [ Rannge
120 2.5 279
9% 9 = 100 98 98 98 :
100 5
° 81 80
w80 @
2 T 15
g 60 51 s
7]
S 40 36 1 0.67
24 23
20 15 v 125 05
- 4.5
0 2 0 = 1 1
0 0
G S FC LL PI omMC CBR

=] 1 v ] [ [ o
AN 1 YNYDIVBUAATNIUNIINRAIUILUUINGB MEP
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2. 35n15AN®WN

2.1 doyaililuauise

nsnundaiilalingnnsTusunsumaneiingd (Multi-expression programming, MEP) lunnsuszane
A1 CBR wasiulnglddayadiuau 96 egne 970 Farias, Araujo, and Ruiz (2018) Teyagnuuseaniluaus
fio yanstiniu yanisnsaasey ufeganmsnagey Tasdeyaiitensiannuuudaesvinfu 80% drudeya
ilensmsreaeuLuUTaeaniU 10% wasteyailensnaaoutuudassviniu 10% fulsdaszuasiiuys
lidaszaziivasvestoua dsamil 1 Faaghanlivilieduusdass uazduushidassidudunnsgiuey
3¥1119 0 wag 1
2.2 mﬂﬂmnsama'lsﬁwaﬁ

danesiuneiugnssu (Genetic algorithm, GA) Lﬂuﬁaﬂa%ﬁum%mwﬁ%fwmmaﬁaﬂ%’uﬂzymﬁ%u
Foulivungau (Goldberg, 2006) é’aﬂa%ﬁuﬁi%ﬁuiugﬂ‘uamﬂﬁam%aLaﬂugmaaﬂ dusunsundgmdudou
Ialslenn (Zhiyuan, Yongxian, and Lan, 2000) @3u Genetic programming (GP) fio GA Fivaunuiioasn
Tatian3s W tree (Koza, 1992) uena1nd msluswnsuvansdings (MEP) [Wuid 6P @adulnelilaslalay
\WaLdu (Oltean and Grosan, 2003) Lﬁ@lﬁlﬁﬁwaﬂﬁﬁﬁqm NSLUIUNNTOANBSTN MEP agmiiusialuauninla
aundhmnedeuly Taeduduainnis
afUsyrnswuug udewiaasaulisuideniaglinssuiunsudsdunuuluws (Binary tournament) way
aduaeus (Crossover) wousidnafsssanuthasduaduaeiusitmun (Crossover probability) 34l#gn
vauAeIny  slesngnvatuaznaneiiug (Mutation) Aeudidiueianazgnunuiidhediiafignaindszving
Uaqdu

nsfusunues MEP durdrendaifu C uay Pascal compliers fiwlasiinatinendinsnansilusiia
w3ne BuselasTulendalidnneii Ao anuenvedaslulen Buudaziaglimuurdmiunisadsdadnval
wesitfa (Terminal sign) wisedaydnuwalilaidu (Function sign) Buiidhsiailaiduazdseneudestlss
p1siusvesiledty winfiwesvesilsdfuinesdfsivosadesnindumisesilafiduiuresasiues

[ 4

TulasTulen dgydnuwaliusnlulashiluussdeadudydnualvesia dwudiegrsvedasiulouves MEP 16

o

waEnasat9aasa Ul
1: x
1

X
2

/1,2

X
3

: pow, 3, 4
X
q

:*%,6,5
YARINTU = {/, pow, * etc.} uavynnasiita = &, X, X, X ) IHNornswalusunsu MEP dyanwalivesiiva

I AR L -l

sao v

srylinauiugu wasdydnwalilsndussyinaundudeu 8u 1, 2, 4, 6 dhsialinadiugiuiainaedyanual
wesivaneinmeludl

E =x,
E2:X2
E, = x,
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E, =x, | )
Bu 3 wanamsyirums () vushgnaudumisishus 1 uas 2 veslaslula dsdunsiisiiatne £ ez
1o

E, =(Xx,/x%) | )
81 5 LanIN1TIIUENIAY (pow) vuFIgnANTdunssuLe 3 uay 4 vedlastuley dslunisdnsadnag
E_azlen

’ X

E, = (x,/x)% | ]
Bu 7 wamanisvhanugas () vudagnanidunisiishums 3 uag 4 vadlasluley dslunisiisviadne E ez
1o

_ X

E =x,(x,/x,)"
naiauawantonvaunsalduilulagmnintuld arumuizauvewsiasinagnAwiniiom inauid
nsihsanangauulasiulen MEP Tunisanneedsdadnwal (Oltean and Grosan, 2003)

LY o
2.3 MMINRAUILLUUINaDY MEP
Tunsnwasslfiidmueiemgnsdmiunisuszanan CBR Fuduilsiduresiuustoudilu
A o o ° ° = Ao v P a
M5 1 MSHRLILUUIIaeY MEP 913U 6 JUwuudnaes dalldudsleudivainvany avdaeiiansa
a1 9 wWsEwed wu ety gawmesiva JruiuvesUssninsngudes AAUsYYININANLRY WAy
ruetasiule Wudu msfiwesinarildninnisaesiinaegn (Trial and error) wanwansneil 2 Jaya
Mhnldiunsiauiuuiass MEP asvinliduaunsgiusening 0 s 1 ieandayvvesdin wazitelniu
wuudnaes MEP lngaunsudastoyalilurunnsgiuazdensialuil
X _Xmin
NI Tx o W
max min
N33R Rlald Python 3.8.5 uaw MEPX Software Liveldvinunean CBR iwszauunan Usyavianm
AMSYIUIEVBILUUIIADY MEP ATy arunsauseiulaannedudsednsvesnissinaula (Coefficient of
determination, R?) wagAtaduAnuAaInAdauduysal (Mean absolute error, MAE) 5813131 CBR #13ala
wagfignyinueld dmsuganisiniu 4n1InsIEeU waYRNIINAdDY

A a ¥

2.4 anUYanalA
A A v . . A a g vo oA d' A A Yo o ' A o 44' a
ANeiiold (Reliability) Ao FWldinmnuuidetovesnsodlenluldindets Wednasadie
TUIn@I9E19 2 A5 waINaINNTInardaalidnwueaaeniy (8n153n90) dusunuiteasatagldisnising,
Tngdanuduiussening CBR MUseunaan way CBR NIald andeyaregmaaauvianun 96 N3l sy
AT Wiy 0.95 msmaanuleielagnaniiunislu Python 3.8.5 lneanuduiusiuludnvue

= Y = A oA ° a oA A
LG]EJ’m'LlLLazEjQ LUITINATDIUD (LUUIRDY) ?,Jﬂ’n:i,J“LJ’lL“UEmEJQQ
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M13199 1 saudstaudrdmiunuudnaas MEP Fagnlduseanman CBR

WUUINADY Auustoudin

I G, S, FC, LL, PI, OMC, MDD
Il S, FC, LL, PI, OMC, MDD
Il S, PI, OMC, MDD

v LL, PI, OMC, MDD
\ FC, PI, OMC, MDD
\ G, S, PI, MDD

M15199 2 WIsimasAmIuLUUTIARY MEP Fegnlduszunamn CBR

wisiines fivuad

Yalandu +,-.%,/,v ,exp,powl0 ,In
Yaasiita Fuvstleutluwsiazuuusiass (el 1)
IUVIUTTYININGUL DY 10

YWAUTEVININAUE Y 500

ANuelasiiloy 50

Anuasdunsaduaneiug 0.9

wiipnsaduaneiug aiaue

Anuazdunateiug 0.01

UANSEUILNSetusuu UL’ 2
Y 700

3. NANISAN®EN

3.1 Wan1sAATIEnIInsEaedaya

a1 2 LLamqmiﬂizmmm%y‘amméf’sLLUﬂua‘”ﬂwmsmmﬁ Audiulngjazilen G 970 0 way 20 %
(nwil 2a) uazaedl S 90 16 F9 44% (Al 2b) vauedl FC TuRudiulngjaedansening 0 way 20%
(i 20) drusnnfuagdl LL sewing 15 way 24% (n il 2d) dau Pl agdiandiuannain 1 89 10.2%
(il 2e) OMC agdlrndlngjann 4.5 fs 7.2% (A il 2) MDD uaz CBR vxiimufgegeluszming 2.07
Way 2.22 g/cm’® ua 1 89 21% auadiu (nwdl 2¢ way 2h)
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50 100% 35 100%
a5 90% 20 90%
40 80% 80%

25

> 35 70% R > 70% R

g 30 60% 9 g 2 60%

R 50% & 2 50% &

2 20 0% 2 o 15 0% 2

x x
15 30% O 10 30% O
10 20% s 20%

5 10% ’—‘ 10%
0 0% 0 0%
[0, 20] (40, 60] (60, 80] (20, 40] (80, 100] (16,30] (30,44] (44,58] [2,16] (58,72] (72,86] (86,100]

G (%) 5 (%)

(a (b)
60 100% 60 100%
90% 90%
50 80% 50 80%

o a0 70% X o a0 70% R

2 60% 2 2 60% U

@ = 5 2

> 30 50% ® > 30 50% &

T 2 T =

2 0% £ 2 0% g
20 30% O 20 0% 3
10 20% 10 20%

— 10% ] 10%
0 0% 0 0%
[0,20] (40, 60] (60, 80] (20, 40] (80, 100] [15, 24] (24,33] (33, 42] (42,51]
FC (%) LL (%)
(©) (d)
35 100% 40 100%
20 90% 15 90%
80% 30 80%
25 70% R 70% X

by o 25 o

S 20 60% 3 g 60% 2

=1 50% m 5 20 50% &

§ 15 a0% 2 s 20% 2

T ¢ E E 15 °E
10 30% O 10 30% 3
s 20% 20%

10% 5 ] 10%

0 0% 0 0%

[1,5.6] (5.6,102]  (10.2,14.8]  (19.4,24]  [14.8,19.4] [4.5,7.2] (9.9,12.6] (126,153]  (7.2,9.9] (15.3, 18]
PI (%) OMC (%)
(e U]

35 100% 50 100%

0 90% 45 90%

80% 40 80%
> 25 70% X > 35 70% X
o o
£ 2 60% 2 g a0 60% ¢

E 50% ® S 25 50% &

g 15 E g =

2 0% £ 2 20 20% 2

T £ T
10 30% O 15 30% O
s 20% 10 20%

10% 5 10%
0 0% 0 0%
(2.07,2.22] (177,1.92] [1.62,1.77] (222,2.37] (1.92,2.07] [1,21] (61,81] (41, 61] (21,41]
MDD (g/cm?) CBR (%)
(9) (h)

MW 2 nMsnszanedayavasdayatoud uazknadns

3.2 WANTAATIEH MEP

UsgAnsnmueauuudians MEP anunsaazuléfunsed 3 R veauuudiaes | ua Il Tuganisfinay
Ipdirgatieuniniu dwluganisasivaevssnuiiuuudiaes Il asflan R® wnndwuudiaes | egalsiny
M R vesuuudiaes Il axdidtfesniiuuudiass | lugansvagey dufio wuudaes I azdaugndesgs
Tugamsfindu usiaugniestioslugansmadey vaefiuuusans | i1 R g9 uaz MAE sitsanugndeya
(gansTinely Yan13n9I9AeY WasynnIAden) fauuuudaes MEP fimnzan fo uuudass | vioauns
(2) Fastoluil
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M13199 3 Useansnnwasuuudnaas MEP egnlduszanadn CBR

LL‘U‘Uf]"’IﬁEN ﬂgﬂﬂ’liﬂﬂﬁlu ﬁﬂmimfaaaa‘u an'ﬁmaau
R MAE R MAE R MAE
| 0.906 5.138 0.975 3.339 0.705 8.322
I 0.905 5.173 0.985 2.397 0.535 11.368
I 0.836 7.363 0.882 5.447 0.607 9.717
\Y, 0.702 9.763 0.931 5.896 0.597 11.369
Y% 0.886 6.051 0.978 3.605 0.579 11.137
Vi 0.856 6.787 0.970 2.967 0.136 14.082
1ng CBR = 80D6 +1 (2)

D, = 1Q"0soMe-036 G 2P 2

_+_
47 23 23 (3)
D, = 2P1-2 b
23 @)
_LL_103 G Pl
36 276 94 23 (5)
D, =D, *D,
)
D4+9Cj1
D; =—
S 1
D+ s 20 ®)
D, =——0° 3

0.08*OMC—0.36
10

ffleddu D, D, D, D, D, uay D_laflduusdasy G, S, LL, Pl uag OMC luaunis (3) - (8) nsld
andu D, fiv D, Tuauns (2) wiewen CBR Imw'hLLUiﬁaulffh%é’fmﬁmagiwdwmﬁwqmLLazmgnqmmuﬁ
fvualunndl 1 mansviueaseLuusiass MEP ﬁ]zﬁﬁ%ﬁmLuuﬁaaﬁwmﬂﬁﬁ'ﬁaLLUiﬁauLﬁﬁﬁﬁmag
3314’5'1&?1'1@?@@ uazeggn (Pala, 2006) A1 CBR FrwmmnuuUsans | wseauns (2) IgnilSeuiieuiiv
A1 CBR Minldluganismaasuazgnndengalunwdt 3 whegnuindanudusiusiuegisnn
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Line of equality
e Data from testing set

o]
o

~
o
I

R?=0.705 .

Predicted CBR values
[W*] [o+] B (9] [o2]
o o o o o
-]
%
-]

-
o
L

0 10 20 30 40 5 60 70 8
Measured CBR values

WA 3 A1 CBR FegnuszanaiAiannuuudnass | Wiguwiguiual CBR inldluyanagau

3.3 anudetiold

dofinnsanuuudiaes | vidoaunis (2) fiszfuanudesiuyiniu 0.95 agmannuidedioldandeya
fhoghaeaouisun 96 n3dl v 0.953 fefirdnlng 1 vilfuuusieesiiamideioldge uarlfeglu
YoUATBITAMTesi Fedlrusumans 0.93 uasAvauAUY 0.968

3.4 3AUTIENANITIVY

nsUseiliuan CBR Ingldiluudnans MLR wagihuudnass ANN (Wuud1@99 5) 90 Intaratchaiyakit
(2023) Idgniinun3suidisuiusuusiaes MEP (wuudiaes 1) lunsidoasidded R amnnmil 4 agwui
A1 R2 109UUUS1884 MLR g tiasfianluussniuuusiaes MLR, ANN uaz MEP luisanuyndaya (yanistingu
YANIATINEBY Wazyansvaae) vaziuuudiass MEP azlinafuiiurfianelamngaidesanluganis
fnelu e R? wesuuusiaes MEP (R = 0.906) lfiAnunnnituuusians ANN (R? = 0.905) wenainil Tugp
MsMAEoU A1 R2 vesuuUsIans MEP (R? = 0.705) léilAunnniiuuudians ANN (R? = 0.674) vaueil
A9 5 uanaA MAE 9094UUs1aes MLR, ANN wag MEP Tnguuusiass MLR 2zila1 MAE umﬁ'qmiumim
uuUF1a89 MLR, ANN uaz MEP lusisanuyndaya (yan15intu 99nsnsiadey kasynmsvnaey) sz iiuuy
$1a09 MEP aglvinaLduiiunfianelasnnaniileaanluganisiinau f1 MAE vesuuudians MEP (MAE = 5.138)
fifntouniuuusiaes ANN (MAE = 5.94) uanainil lugnnisvadeu f1 MAE 793uUUs1aes MEP (MAE =
8.322) l#fietiosndiuuudiaes ANN (MAE = 9.413) snimaradena1y faduuuusias MEP Aimuntu
fsyAvBaminnniuuudians MLR wag ANN edeandeiusmideduilindnieiuuudiass ANN 4
ﬂﬁx%m%mwﬁ'umnd%muﬁwaaq MLR (Bhatt et al., 2014; Erzin and Turkoz, 2016) wazkuuitaad MEP lad
UseBvBnmisnnniuuudians ANN dwsumsneiluadall uenani wuudaes MEP Iéienanudedels
Wiy 0.953 Fafladnlng 1 Fevilviuudiaesdianuuiidedionn
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OTraining set £ Validation set Testing set
& 1.2
&
= ) 0.989 0.975
. 0.906
é 0846 0-892 0.905 i s
g 0B _ 0674 1111110705
£ 06 | 0.534 ' TS
R3] :
k]
< 04 F
g
2
3 L
= 0.2
8
o 0
MLR ANN MEP
= ' °
AN 4 AN Rz YL UUINADY MLR, ANN wag MEP
OTraining set £ Validation set O Testing set
2 10.87
g o L 9.413
8.322
< 8.017
g g 7.73
S 5.94
£ 6 5.138
2
o 4 F
<
g
o 2
p=
0

MLR ANN MEP
ﬂ'W\Iﬁ 5 A1 MAE ‘UENLLUU"SanQ MLR, ANN t.ag MEP
4. a3

nsvinean CBR nglduuudnaes MEP d1uiu 6 JUluy Fadmsdweitoudiwansneiu azny
91 wuudiaes | 161 R g9 uaz MAE ﬁwﬁqamsqwﬁa;ﬂa (¥AMTHNHY YANTATIAERY UazyanIsVAdaY) A9
ibikuudiaes | gnidentidunuudiass MEP Amunvay Fawuusians MEP fwamunTuiiuseavznm
funnniuuusians MLR uay ANN uanaint uwuusiass MEP ¢finnutndediosnnidesandanudedels

fifnas Asuaunisadiamanslvddsldannuuudiass MEP (Wuudiaes 1) winiiluussgndlilunisiungen
CBR dwmsuniseaniuuiiaswrulusunulgiiiiteanaldane uwagaa
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Unanga

qwua%’aﬁﬁi’mqﬂﬁuaqﬁﬁaa%ﬁq(51”;LLUUﬂ’lﬁmaaaaa?}aaﬂw?mﬂ Tunisvhunelenanisdauselaida
TPFUlAIN-19 vaagIeny ﬂamiwmﬂiwmmmawwmﬂaaeﬂuwumﬁmmmuwmmuma 60 ¥ FulU 1y
272 AU ImaaumamqmemmmmamwanmamauawﬂuﬁﬂLmumvmwa wuueeulatiniosiledild
GL‘LlﬂWS’JR]EJL“U'LlLL‘U“UEE]'UEYIMQ’Jﬁ]EJﬁi’N?JuﬂWﬁﬂmﬂiaULLU’Jﬂﬂﬂq‘Hawqmﬂiiu@]’mLLNULﬂEJ’JﬂUV]ﬂUﬂWWQJG]E]’m“Uu
1ain-19 BvdwandsauiAeafunginssunissuiadulaia-19 msfuinsmuauauedlunisludnindu
TA3n-19 wazaudslalunisanindulain-19 TnsuuuasuauiAduinunsinuben (CVI) sening
0.87-1.00 LLazm:}f\]aaUﬂ'wmmL%aﬁuim&ﬂ%’qmé’uﬂsxﬁm%‘uaav'\l’lﬁuaqmaumﬂ (Cronbach’ s Alpha
Coefficients) iinseing 0.80-0.84 Tinswilouariedifnisannesasdafnnini (binary logistic regression)
Tnen15uEEILUsLUL enter method Han1denudn fuusitanuddasenisinduladfunsaniady
1An-19 mmﬁg_quqﬁﬁy’wm 6 ¢ loun 1) m’mL%a’jﬁﬂ%uﬁmmﬁwL“ﬂuﬁm%’uﬁqqmq 2) mudeintadu
svyibinnauausanduldTialaniudu 3) Bvswaanaundnanelupseunsa 4) nswiuadoenIuyaaIng
MNTWINVELaraIsnsaian 5) n155uiiiaduliused@nsnmd way 6) n155uiihiafutisanausunswonis
am'??a NAVAADUAUALNZALVDIF L UVADINTAT Cox & Snell R? = 0.502 wazA1 Nagelkerke R2 = 0.736
wane faudsanansasiuiussuneanuiundsvesauidalunsdntndulaie-19 163osas 502 uay 73.6
audiu Ingaunsanunsaiunglagniedassiudesay 84.6

o v

AEATY @ Hgeeny ITULATA-19 VQUANGANTIUAULAY FILUUABIN

v

Abstract
The study aims to determine the logistic regression equation to predict among older adults
whether to receive the COVID-19 vaccination or not. The study population comprised 272 respondents
who were above 60 years of age and resided in Chanthaburi Province. Using multi-stage cluster
sampling, the data were gathered via paper and online platforms. Structured questionnaire based on
the components of theory of planned behavior to assess the attitudes towards COVID-19 vaccine,
subjective norm, perceived behavioral control, and COVID-19 vaccination intention. The results of

content validity index (CVI) showed between 0.87-1.00, the reliability value of the alpha coefficient of
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Cronbach is between 0.80-0.84. Then Binary logistic regression was employed to analyze the data by
using Enter method. There are 6 significant variables associated with the COVID-19 vaccine decision
making for older adults as follows: 1) The belief that an elderly person needs a vaccination.
2) The belief that if people obtain the vaccine, their lives would return to normal. 3) Influence of
family members 4) Medical professionals’s recommendation. 5) The belief in the effectiveness of
vaccines. 6) The belief lowering the chance of getting severe COVID-19. The model could predict
overall correctly at 84.6% with Cox & Snell R* = 0.502 and Nagelkerke R* = 0.736. It could account for
the COVID-19 vaccine intention’s variation, which is 50.2% and 73.6%, respectively.

Keywords : older adults, COVID-19 vaccine, theory of planned behavior, logistic models

1. uni

Wolh¥amnsa-lei-2 (SARS-Cov-2) reliitfinlsalain-19 (Coronavirus 2009; COVID-19) lfunsszuin
ananuluilandssaronisugavsinmaasvgiauasdseu sanninasmsithsefedestulazmunumsinge
Tsadunsie oun Fuszosmedsay annadafamsiuduazaniutiuis wandssianssndiassd gy
WNSAUN whuegtnu muansdwdauazdnassiadu fnsvuuuinsdatadulinguiidanumdsstonis
I§sude emnnslésuinfusrafismenazisemuieidumasmemamaunmeiliusslovidunuile
AIUANNTLNTSZUINLSALAAA-19 (Wang et al,, 2023) anudualalunislasuiadulaiananeiduussinuddey
sunaaensts uardseavamvesinduludedinueaulay esannszurunmsimuniaduilinaneens
51957 wagdlimsunatnadssddussezen (Wilson et al., 2020) Susausvans® 2562 ﬁ]uﬁa{]aﬁ;ﬂ’uﬁ Welhsa
g15a-lad-2 Ssmsnaneius uasiimaundsruindiduszasn aneussmaldinnisinudsaifuaiudile
Tunsanteduladn-19 ievdoyafildunisuny uazuiuupnisdeasitosussdlvssvvudniunsde
Fadu airannuaszuriindeenudidny wasvhanuthlafefuanuidnngs fnatadu lnsamznauggieny
fiflsaUszddagiienuinaifiunadrafewesindudunsedu (Fadda et al. 2021) Tuvaigiidninenmans
nsunngdod Yafurdaiduerfiduie (mRNA-based vaccine) ansnsnanaadedlunisindolaio-19
wazilusyanSuasdoaneiuslefinseu (Omicron variants) %30 B.1.1.529 uazaneusensaysa (Arcturus
variants) %39 XBB.1.16 (Berger, 2023; O’Mary 2023) ﬁuLﬂuﬂmﬁﬂﬁzymmmﬁﬁﬂm&hLLUsmﬁmé’aﬂmﬁdma
sonsinduladnindulaia-19 filuguuuuniselunemnuduiusvesiuts msafalueaddasead
Aasnladiue aasnsunisadiuuInaewiseaunsiuy lngldadifnsimaeinisanasuasdann
¥inA (binary logistic regression analysis) Fafumaiiafililunmsmensaimuiazduiiazifaimanisol
vielsiinmnnsaivesvansainis q lasordesuuuasdniiadrsdunnyaiudsime (s) Seddennas
\Doswtuwesnsiaszinamlng fvuadudsnu (y) 2 M do liAamgnisel (y=0) fu iRawmnnisal (y=1)
viofi3unn dichotomous Yoy viesuusyndalaidmnudniudiu wagduusvinne viefudsdaszin
dntusiudin nzasvilienduussavnisdnduls () guiunnuiduaiedondn amanudiiusngsm
WBawdu (multicollinearity) (Harris, 2021; Charoensit, 2017) Ingssyaavdumius (r) ldifu 0.80 (Charoensit,
2017) %ﬂﬂawuﬁmﬁuésuaaﬁaLLUiVTMEJﬁUGﬁLL'LJmwmzﬂ%uﬂﬁ*ﬁuiﬁagﬂugﬂL‘Tmlﬁu (logistic transformation)
Lﬁ@lﬁa@uwammiamaEJLETNLﬁu fi® Logit (y) = Constant (B}+b x +b x +..... +b x_(Charoensit, 2017) Uselovu
YasaUnsldnnsieszinisanaesaeiafnviniaiilinsuisvnaludeUinavesiadesiig 4 3
annsoilufidunmslunsifiudoanlentavesnininnginssufiaulalé (Charoensit, 2017)
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T
Ay a a

InMIUMUNISeTRedesiunisadsaunisnensaliievhuisnmssnauladnsaduleie-19 Tny
Wnnsiesizinisanassasdannninianudl Ussmalneflaunisviuneadefidmanisinduledniadu
1ain-19 Wunsziuresypainslulsmeunamsa (Boontawee, 2022) uadilimunisfinwidenailungu
faeeny dwsuemidfelusinsssmanuin Snsadsaunisiusanuddalumsiniadulaio-19 fens
"3miwﬁmimaasJaaﬁaaﬂ‘vﬁmﬂﬁu'eNUis%wmuﬁawﬁaasﬂuamummmmﬂizmﬂml,aalmﬂ (Abusalem et al.,
2022) #AUTUA (Caple et al,, 2022) an3gowisna (Al Janabi, 2021) Bude (Vivek Raj, 2022) Tngnuauie
NnvasUssmaiiezitadefiaansovhuelenialunsdanielidaiadulain-19 Tastmquingdnssu
ALY (Theory of Planned Behavior: TPB) snfuuadusiudsdasenuin uwidn 3 a1y nanne viruad

a o @

Svswamedenn warn1suslunismummaingsy aunsaviusanudilalunisdnieduledn-19 1degn
Hrlvd1Agn19ed@ (Chu et al,, 2021; Drazkowski et al., 2022; Hayashi et. al., 2022; Husain et al., 2021;
Wang et al, 2023; Zaid et. al, 2022) Fsmguinuuauaiunedn nginsuiuansoonvesynnatinduna
1191NAWT (intention) Usznausie 1) viruaisiongfinssu (Attitudes towards the behavior) #sn88
nMaUszliumsuinyieautesyanaden v insuiu eanarudevesyanaieiiunadiaun
nmanssi ledivimuaivinasAnaruddafiazuanmginssuii 4 2) N3ARBYANLNGNB1984 (Subjective
norm ¥i3e normative beliefs) w3advswansdsnn 1Tun13303 viemnudeinyana vidonguauiidauddy
dmfunuesAninuosmsinginssutu qmaﬁ%ﬁLLuﬂﬁuﬁwwqﬁﬂismﬁu nsFuiauansalunsAuay
WeAN3IY (Perceived behavioral control) minefis Aw3aneIn wiediwlunisuanamginssula 9 1Anvn
audevesypnaiiiretafvenaduaiuviodnuinsnisuanswgfinssu (Ajzen, 1991, 2006) aonadafunisti
wesuengAnssufiiaananudlalunsludatndulain-19 Weehadmau
nsAnwassindunsaduuunmsanaesaeiaininianyiueariniiasduiierludatedy
wseliluAnirduvesfaengluimindunys Inglinnuddyaunseunifanguinginssumuuny Uselev
Tunsihugazdaeliyaainsmeiuassuguiiiertesiunissussdiaduihunmiusunszdunindhiu

o

U153 IATulAIn-19 UsednUnely

2. 35nsAn

nuiATafsidunsfinuuuuBsihuneg (predictive research) iipaisaumanginsaiandeyaves
Tasensidedes “anuiilalunisdniadulaio-19 Tufgeeny Smdadunyd” dunsfusesnnaAnenssunis
fnsanaiesssunsidelungud Sarindunyd/uaguammil 6 COA no. 062/64 fusesiufl 12 nsngiau 2564

2.1 Uszansuasnganaegng

Usgmnsiidne fe filerdeeglufiuiidamiadunyiiifieny 60 U Tuly 1¥384usesauuy
vanetunau (multi-stage sampling) Tnetuusnuvsiuiinisinuaugine duidenNLUUNIENN 3 Wit Laen
F1ua 1 Wiusazdlne wagliondiegauuuasmnineiruanuaiAnAnd A Qﬁﬁmq&gﬂm 60 U
Bl sHwenaznds dywdlng mﬁaagﬂuﬁuﬁﬁw%ﬁum% annsafnsedeansawilveld sueduRuay
Taruuseudnsnmsine ndlesuileiunnasiimununasogisdmsuldlsunsy GPower fvun
A1 T = 0.3 MIUIINIINAERY (effect size) Wiy 0.80 AsEAUTiBd1AYMNAY 0.05 wuideslingusiioens

laitioenin 257 Ay (Thato, 2018)

v
2.2 N1333UIIUVDYA
Usenausig 2 38 1) wuunseanwianiedlaedide viiegdieidedainunseusulvaiuiinesiu

3 '
Y v I3 = a v

mgUsrasAnside wuvaeuay wasdunsunsiiudena Feuviedfeiduynainsnisansisagurimiing

Y
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\udeyanguinegnaduiieafuiseluiuigidsliamsadumaluifiudeyalsd Tnsuuzthnues ssue
faquszasivaanside tunounafunurudeys ndmniudydnimmide Iiainladisnidvade
TuniisdoBusennisiinsinidds uazsuanuuuaeuamsniduasseasdonlunisnouuuudeunuieauLes
THnanszana 15-20 wiit Tunsdifigidnsuidelidilaludodnla §idy viefrieiduazeduiedniune
yana Baidpeguinnlng 4 Tassiheannguiedis eghaties 2 s itelsimesuneilienguiegsiitoads
Mndudlonduiiegisinuvasunuasuidniddulite Radfitearldviinneudy uazdeiods
weanesadinannafsiouuazudmnmaivioyanduiiegiusazau faeengfidihsmmeuuuuasuniuayld
Suypvesiisyandeussgeaueanesed wazwinnineunsfoidunisnouuny way 2) Wy Google Form platform
Javiudusu QR Code dwiorudedsnuooulatiifouse social media 1w lavl wedn wdsndgeongeiu
wazNAEBNTULENANTLARIALENEBNTNTINIATINITHED WuUABUA1NAEYTINg TWsunsuarUsdunaunua
ynde fasengfineudauazlsdutemnuuansenuvounu Taglildsurnouunula 4 s

2.3 3esiieldlums3de

WAILILIAINNUANGRNTIUAIUWNY (Theory of Planned Behavior: TPB) Usznause (1) wuuin
virunR (2) wuundviswaandsau (3) uuuinnisiudnsmuauaues iudauAeriunsludniadulede-19
wavn 16 90 ks 3 wuuTa TansTinuuuSusy 3 sefu (ude e 9 liitude) lnensesadeunmnn
vounesiioruinssnandiinnudeine 5 viw ldud sumsisesaduniaaun 2 viwu funsweiuia
faeony 1 vy uasduadd 2 vivg Tddewmsadaion (content validity) ogluzassewing 0.87-1.00
Mniuhlviesginaaraniies (reliability) dilunnaeddtudgiengfifauautiadendsiungusosng
117U 30 A TnevnenduUssavsueatiivenseuua (cronbach’s alpha coefficient) wud1 yadi 1 fduviiy
0.83 i 2 ey 0.81 yadl 3 TAuviaAy 0.80
2.4 M3AAszidaya

Tunmsieneinsannesaelafnmimeaiieviusanuddalunisinindulaia-19 vesgeeny §ide
srwUadlirmeuiidnvaziluiudsuisaes (dichotomous variable) 19 1 axuuu d1meudn “uiusie” uaz
9% 0 Azwwu Smeul “wae 97 fu “ldidiusae” (0 = Tiwiuse 1 = Wiume) Tnednu 16 Toifusuusdu
vidosuusyine (X) fe suirunAide Tduledn-19 $1uau 5 4o (Wiude luiiuse) susvswavadanu

'
= '

niisansludntadulain-19 d1au 6 de (Wushe liviudie) wazdunisiuinmsmuauauedtunsiia
Tadulain-19 $ruau 5 do (ude Liviuse) fudsanu wiefudsinae (v) fe anuadlalunisdnindu
1p3n-19 vesfaseny Avuaduiuwus 2 A1 Tee 0 = sl waz 1 = ddla

3. NANISANE

a ¢ v o S : 7 a v oo a
3.1 MsaAsIzAdUsINUIeNinananunslan1sandndulain-19
HANTIATVIAdUUsEAVBavdTuS s hsudsiuriauad Audvswanisdiay uazsunssul
msmuAnmgAnssuiuauadlalunisBaiadulaie-19 vesaseny esunelidn mduussantanduiussening

FuUTnaNA15EnIN 0.251 - 0.629 FalanuduiusiuegreditdudAgynisaiifnsedu 0.01 lnennduus
nagBUNUNMTAanduRuslEAY 0.70 (r < 0.70)

3.2 a%ssuniswensalanunslalunsasladasadulada-19
nnsUseinanalaglalusinsy SPSS Q’iﬁaﬁﬂﬁmﬂiﬁmwﬁg& 16 @1 AATIERNIsanneYaRdafn
WAneie3s enter method Tasidenduusdraunmslutuneuden iesnuusiauduiusidmeud
TaLau
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M13199 1 Han1sIATIEinnnaenranLuudInTauiu (Enter multiple regression)

fauds B SE. Wald df p-value | Exp(B)
Fudusterfaseny (AT1) 2.036 645 9.961 1 0.002** | 7.663
anAMUTULTIlsA (AT2) -313 533 346 1 0.556 731
JafunnIteids (AT3) 626 530 1.394 1 0.238 1.869
lifvatiawatafes (AT4) .030 456 004 1 0.947 1.031
DeliTnlaund (ATS) 2,117 692 9.364 1 0.002%* 120
anvanu AseuAia (SO1) 1.545 472 10.727 1 0.001** |  4.689
wnng neruna Winthilansnsaugue (S02) 1.748 588 8.822 1 .003* 5.742
YAfies Augdn (S03) -1.449 794 3333 1 0.068 235
wlauaiiv (504) 672 673 999 1 0.318 1.959
ynRaittufie (SO5) -562 643 764 1 0.382 570
amEfgsengdnumsndndusiudesis q (S06) | -.275 500 303 1 582 760
Aoudfiuisemasin (SC1) -565 552 1.050 1 306 568
AnmszUseansam (SC2) 1.038 451 5.291 1 0.021% 2.822
NI IZANAUTUUSS (SC3) 2.096 552 14.396 1 0.000%** | 8.135
dousiazndudu/don (SC) 065 632 011 1 0.918 1.068
Annszn3 (SC5) -.266 461 333 1 0.564 766
sl -5.867 1.224 22,994 1 0.000% | .003

*p-value < 0.05, **p-value < 0.01, ***p-value < 0.001

Tums1sl 1 iamsAsesiaanosnvgauuutmieniunui fudsinne 6 driifiduddynaada
loiun Faudsiusinund fe AT1 (Goininduiianusniudmivigeeny) AT5 (Feiriaduazvilinnay
naus i Iawmilouduls) dudsBnsnandinu fie SO1 (gnwau uwazauluaseunds) SO2 (e we1Ua
violimihiiansisuan) uasiiuusnssuinsmuquaues fie SC2 (Msfuiininduiiuszansnma) sc3
(M33uFhindutisanmiuguusstonisindelain-19)

sleasaunisnnesasdainyiinia Tnsmsuszanaumduussavsnsannesasiafnandiuys 6 ¢
femadinvesnuinandugegn (maximum likelihood estimation; MLE) dudumsiinsigiuuudeutn
(iterative process) Wy 6 58U WuAn 2 log likelihood (-2LL) guiauﬁwﬂlﬁmqqqﬂ fio 179.156 ua
Tsunsureufinmesiamyn iteration lagaziiiuine -2LL anaduansidudshuaunisianumnzas
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AN5197 2 ATWI5IAMETNUSTENlAAINNTIATITinnnBYaRERNNINIA

Frulsiiinadennunsladiniadulain-19 B S.E. wald df p-value | Exp(B)
Tedudndusedaseny (AT1) 2.022 529 14.589 1 000 | 7.555
Teduilvinneundusnlidinmilowds (AT5) -2.423 604 16.084 1 000%* 089
dvsnaangnva1u uazauluaseuasa (SO1) 1.409 424 11.063 1 .001** 4.093
gviswaanvde weuna* (SO2) 922 454 4.114 1 043* 2514
msduihinguiiusyavnma (SC2) 1.160 419 7.679 1 .006* 3.189
M3U3ITRTUDILANAIILTULTY (SC3) 1.702 445 14.655 1 0000 | 5483
Fns -6.475 971 | 44512 1 0009 | 002

*p-value < 0.05, **p-value < 0.01, **p-value < 0.001

s
= a

1NN 2 MesuANUMINzaNANUsEAvEn1sanassanIafnve st sinuneusazaeaRa
yIAABULIaR (wald statistic) nuifausiammniifoddgmeada uazflendudszansiduuaney 5 fuds
wansinilomaludniadulaio-19 Wty sndu Vieueddideiriaduhlinaundunliinmieudu
(ATS) fenduuszanaifuau uansianlonaludnindulada-19 wiilushulsddsonsyuisaudila
Tunsludnindulain-19 snnlan 8 = -2423) Wefinsanusasdetefituadeauddlalumsludntady
TA3A-19 vesigeeny wui fgsongifimnudoiiafuianuswiudmiudgeogdiutu 1 whe flenafiay
U8ntaTuladn-19 ifindu 7.5 W (Exp(B) = 7.555) 7040937 Hawongfisuiininduazdivanainuguuse
somsaidelain-19 fiudu 1 mie fenuddlalunsludatafudfintu 5.4 wh (Exp®) = 5.483) fgeenyild
%“UmiaﬁumgumﬂgﬂwmuLLazﬂqumaUﬂ%’aLﬁmﬁu 1 e fanudslanisludniefudiatu 4.0 wih
(Exp(B) = 4.093) ffgeongiisusintnudusyavsamiifingu 1 miw fenuddanisludatedudiutu 3.1 wh
(Exp(B) = 3.189) waziguengiiundesnuunvd weruna Wimihilassuguiintu 1 wie fanudils
msludntafufindu 2.5 wh Exp®) = 2.514) uasigeorgidotrinturilinnaunduulidinmiloudy
Wi 1 e Sanusslalunsluaninduanas 91.19% (Exp(B) = 0.089)

s
a s

InAFuUsEansilaanusalguaunisannesaslannniniaiiavinuignnudsbalunisdntadu

1A30-19 voeiaseglassil

- 6.475 + 2.022(AT1**¥) - 2.423(AT5***) + 1.409(SO1**) +
audalalunsanaiadilada 19 RONGRGRE] 0.922(S02%)+ 1.160(SC2%*) + 1.702(SC3***)

*p-value < 0.05, *p-value < 0.01, **p-value < 0.001

TnenansvadeunumnzaLduUsE s vasaun1siagld Omnibus Tests of Model Coefficients
WUl Chi-square Tu Step Block ez Model fawvindu fie 133.171 sgsfivodidgymneada uansindu
gﬂmuaumiﬁﬁé’ﬂwmsmé‘h dloneaeunnuminzauvesaunsvuwelagld Hosmer and Lemeshow Test
LansAn Chi-Square = 7.589 A1 df=7 waglsififoddnmsada Jauansidudsineidudnlvluguuuy
aumstueeuduldinzaiinensaliuiassliuvandneiy aansailuliviunelenaludanseliintadu
1A3A-19 SMSURANSVIAEBUANNIENE ALT09EUN 5N TneRa15841 goodness of fit 91nA1 -2LL = 122.556
dumsiaseimsiunalumsiunenuin fuusviuens 6 @ awnsaesueanuiuLlsesnunile
Tun33n3adulain-19 Sova 50.2 (Cox & Snell R? = 0.502) warilmgwanisvhueiivsulnlilédesas 73.60
(Nagelkerke R’ = 0.736) awniswennsaimausslalumsdatadulain-19 vesfgongilomagniadansa
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Jovar 84.6 lnglunquitaslalinindu Menagnessdosay 64.5 uazlunguiadladnindu Tleniagnéies
Foway 91.5

3.3 afusenanIsAne

Pafoftannsaviugmnudilalunislue uazlidnindulaia-19 vesfgeogluiminduny? éun
1) e indusinnudndudmiuggeeny 2) mmideininduasyiilinnauaunsandualidinldmani
3) BnwannanBnnneluaseunsi 4) MIiuAdeun YRR NN ISWINNEWaENSI0EY 5) N35uFinirdu
fiusyAvsamd uae 6) Masuiininfutisanauguussasermaldiiefnide lasianzmnudeininduiiew
Sududmiudgeogidusuusitanusovnelomaiiazludntadulein-19 ¥ATigaluaumst dsaenndos
fuwanisinulunarsusemaiinudn f]ﬁ]i’faﬁﬁ@ummﬂLLmﬁwqwawqﬁﬂiiumuLmuﬁdmaﬁiamm&gﬂﬁ]
Tuns@ndpdulain-19 mm’?iqm Ao iruAd lawn dulatiide (Zaid et al,, 2022) Wuwaus (Drazkowski et al.,,
2022) woan (Cordina et al., 2021) lwassiuil (Seddig et al,, 2022) 3u (Fan et al., 2021) wazansgaiusng
(Chu et al, 2021) Wuieaiuludssmelnenuin Wruadislse Tadusuuindsuaseruaslalunisiniady
Y045a901¢ (Kittipimpanon et al. 2022) wonniifdinanensenunui ruedntdetaduleda-19 anu
LLmﬁwqwﬁwqaﬂiimmLLmuz"iﬂwasiaﬂ'smé?ﬂﬂumﬁﬂfﬂ%u (Limbu et al,, 2022) ﬁaﬁwﬂwmumﬂ%’gﬁ
Suilaveumueunsszunedlsaladn-19 Jemslianuddylumsdeas uazweunsnnuzidesssuugiiduiu
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Abstract

This research aims to investigate the growth patterns of oyster mushrooms, analyzing the
design and implementation of controlled temperature and humidity conditions for mushroom
cultivation. The study also evaluates the economic viability of the proposed controlled environment.
The study identified temperature and humidity as two key factors that affect the growth of oyster
mushrooms. The controlled environment utilized a system consisting of two main components:
a Digital Temperature Controller and a DHT11 sensor. The testing and evaluation apparatus had
dimensions of 95 cm width, 95 cm length, and 120 cm height, accommodating 130 mushroom spawn.

The experimental results indicated that during the first 5 days, the minimum temperature recorded
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was 27.6°C, with a corresponding minimum humidity of 85.7% and a water consumption of 25 liters/
day. In contrast, from days 6 to 15, the maximum temperature reached 28.4°C, with a peak humidity
of 89.3% and a water consumption of 32 liters/day. It achieved temperature control by misting,
resulting in an average internal temperature of 28.07°C, average humidity of 87.65%, and an average
water consumption of 28.4 liters/day. A comparative analysis of mushroom yields revealed a weight
of 5,067 grams for the non-controlled environment and 10,387 grams for the controlled environment,
indicating a 48.78% increase in production. The economic assessment demonstrated a break-even
point of 123 kilograms/year and a pay-back period of 2 years and 3 months.

Keywords : Mushroom Growth, Temperature and Humidity, Oyster Mushroom Weight
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ﬁmmv@mqmﬂgﬁ LESF fm%"u

£ ]
ginnziaunn

B o
melugiwizinunaii

Figure 3 Temperature and Humidity from the measured screen DHT11 sensor

2.3.2 yageudiinanmistiihdetu Uiina fldlugiana 15 fuhnamsdaunsiheeonnimasdey
Tnetufindrusinamslddheetu e?faLﬂug‘umemmiﬁwmmLéumﬂmissmsﬁumﬁﬁ (Evaporative Cooling)
Usznaudeduth viedh wazsaviumuen (Fogging Nozzle) %aLﬁuasamﬁﬁLﬁﬂmﬂQﬂWﬂﬁnizmsﬁ"aﬁ”’a
YANAAOU VRrAreRImIHaNITHMEITAIANTauIINeINIANElugamuANdINalilsISe U lanaway
AAIAudnSgstu (Saowaraj, 2018) msldnduartuegfugamgdmelugemaaouimizifaunsih
gUnsnluayiBnsmadeu fail

1) gunsainllumsneasy
n) nurlenNaLrEed AMaLBn 0.3 Taduns 914U 8 1
) %mﬁwiu GREEN-01 U546 4.8 U135 9117u 1 679
A) 5@U'§iﬁp§w 18 ns 913U 1 6
2) FBMnegey
n) ﬁaﬁwmmuquqmmﬁﬁ 28°C warANLTUEINST 90%
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9) Wudhndiussy WetuihBuhonuiludwzanas anduihnmstuiinadiludiussy

A) TufinAUSunanTsliunasussy 69 Figure 4

Figure 4 Water tank and Fogging Nozzle

2.4 AnwnssyiulnvasiiauneiinuasyssluanuduAImMNILATEgANERSYaIYANAEaY

AIUAY

241 Fnwmamsyiuiaveadiauisii lnsfeduuulifiyanasouuazuuuiapmaaeuaiuauaiuny
pumpiuazautudiivg SufindeyanisasyiulaveadaunsihfinunsnamelulsaFeuiiarutugs
Ustanm 60 - 80% aululilsadeunuin 4 x 6 m? WWurwaiiufuazanudosnmsvesiian Tiiwanaineqy
fifuuasuniizszunsoniathsdalagsey Fundsequlide - Un aunsasaiusziiudildazain eed
AuatAlndAsdlunisiniueutu Funumsndni & Figure 5 nawsguiulafinzuuylsifiganiugu
wazuuUiiyaruALRnginara LTS Tnsnsusudaranmnfiil 28°C anuFudinivs 90% finns
uensoehaded

Figure 5 Preparation to open the spawned oyster mushrooms at farm and test set

2.4.2 fnwranvaznisasyivlaveiaunsinnensnsmizlulsaSeu uazyanagauniunu
1) gunsainmmageu
n) nesillgsmdues Armnuaziden 0.2 Tadluns 31U 19U
%) destaimtnAdnea nefou 1 fums U C305 917U 1 TEOR
2) W/nsvadeU nueinsiiumed1s (Piwphan et al., 2023)
n) Tusmnurenidiausiidenisieudedia f Figure 6 (2)
%) Fabmindensnfiauneii & Figure 6 (b)
D) ’3'mummmﬂ”iwwaﬂﬁiamaﬂLﬁmmdﬁwaw'aﬁﬂ"iwﬁqmmﬂﬁwuﬁﬂﬂaﬂﬁmwﬁq §14
Figure 6 (c)
) 5’®mmmm’mgjwaqedamaﬂLﬁmmqﬁwmﬂﬁnmiﬂuﬁwﬁyulﬂﬁqaamqqqﬂ #1 Figure 6 (d)
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(@) Number of inflorescences

(c) The width of bouquet (d) The height of bouquet

Figure 6 Physical characteristics of mushroom

2.4.3 msAuIBaasegians (Langkapin, 2022) tleUsuidiuailidnelneiads svoznafuyu uas
wulunsflasigemadeumunugamginararuiuduimsdmsumziiounsinanld dansuseduen
f[mmaimm’mﬂszﬂaumamunumw (Fixed cost) wagsunuiuuwls (Variable cost) Imamuﬁqumw aun
Andeusaesyanaaey uazAndeloniavesiuny dwmiudunuiuuusdudunuudsundammaninu
nsviha leun Adussnuauiiovhausutuganaaey mliih @1iieinm wagAgouney dauns
AnsresisozaAuy (Pay-back period) a¢ldnansuununduusnlusouiuyiniuiiasuly TnsAnan
atlumsasuasganaaeumtunaUsglovigndfimninaglésu faunsd 1

P
PBP = R (1)
dlo PBP = szeznailumsfunu @)
P = 9IYAVAdRUAIUANRMNON (U1N)
R = flsgvdsial (um/A)
N = oensikdeu @)
drun1siaTzigeAuu (Break-even point) azAwiammgaduulunisliem Taensifseuiiey FC
serinesuyulunsnuiues LAy Faaunsi 2 (Langkapin, 2022) P
F
BEP = 5c @)
do BEP = 9aduyu (Halue/d)
Fe = elddensi (vw)
B = dnmnisiuie i/l
Ve = Aldglumsinnu (gl
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3. nansAneLazaAUsena

Han1sAnwINIsIyivlavewdinuiei IngesnuuunazUszifiuganageuniuanaungiuay
Autudiinslduadsdl
3.1 wan1sAnwINIsRsAulnvawinuIei

KamsAnwanmoINARug LNz auiennaydulaveuiinusih anunaL milvde 1sans
NSeTAETes wardumedidn (Pratumthin, 2021) nuiilseSeusruusaluiannsayneumnuiioulsd
#oanns Tnomelilsamziiinesfisuwednmaingumgi Wegamgilulsamziiiagaiundi 32°C seuvazds
Titudvhauwesidlegamgiisndr 32°C ssuvasdslitinimyanisvan daunsuenlsamzdinszuy
SnlufRasilugadanslsdamuiresrosnsainszduiiluds Wessduilufmunszuuasdsaldiuosa
lulasaeulnsatass NodeMCU ESP8266 iitoudaiiouluds Line Notify lsifldamumsiuuasfinsuanina
N1U98 LCD meﬁ’]qmwgﬁLLazszﬁuﬁﬂuﬁa FelanaUseifiupnuiianela wara1neudse (Kalarod, 2018)
wuhmasiydulavondinueing 2 auand® Tiun gungluasamtuduivsivenyaudenisiaiyduln
voudulofe 28 - 35 °C dhugamglifmnzausonmsisyiulnvesneniiin 20 - 30 °C wazdniluszezoonnen
Foensanutuduinslueine 70 - 90% Mﬂﬂawmﬂﬁmm%uﬁmﬁwéﬁwLﬁmmsi’ﬂmmﬁsaglﬁdm AONLnQY
floumdnuazuns Rwiuandssesanasyivladuneninauysel

3.2 wamiaanmegﬂmaa‘umuquqmwgﬁLLazmm%ué'uﬁméﬁm%'Uquztﬁﬂmaﬁw

NamiaaﬂLmusqﬂmuauqmmﬁLLa:mm%ué’uﬁwéwﬁ’ma@'Lmuﬁfjﬁa U STC 3028 wiauwuwes
DHT11 fagamnildazning 0 - 50°C Yamrududuimsluanmaldazming 20 - 90% auilunisin 1 Bsnd
Sualduniiazady Lﬁa%’uﬂ'ﬁLLaza'mﬂ'wqmwg:ﬁLLazmmﬂ“gué’uﬁwémaiuﬂqﬂmaa‘uL‘WﬁxLﬁﬂmaﬁﬁ Favunn
fiuauivuinnnuniie 95 wuRiung ANE? 95 wuRung mMNge 120 wuiuns nglufunstoudeiie
wsthiieaeus uau 130 fou & Figure 7

Figure 7 Type Control Test set

[ ¢ o =g

3.3 Wan1snadauuazUssiliuyanagaualuAsgungiinasauuduinsdiniuinig

Wauneiin
3.3.1 WANIAFBUNIIAUANEAINTLAZ AL TURNNS
Lﬁamﬂwﬂismama%"Uﬁhqmmﬁuazmm%uﬁuﬁm‘mﬂLévuma% DHT11 avthAgaungiiuay
TV AR TR TR Bt Y e Digital Temperature Controller Imﬂﬁﬂﬁﬁuﬁﬂ'wqmmﬁaqﬁ 28°C way
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Anududiivdegi 90% mnaumgfinnnidedl i Guinulasdissuununien degungiianastiosniy
el sz uuniunsonaznganisiay sasiertussuunuauaududiinsashaudonaduduivg
wnnhaiiaeld Tasavdainaugrennavian ileliAnmanyuidsuonianglugavagouimsdiaunei
LLawqmmiv‘hmmﬁammﬁuﬁmﬁwéﬁﬂﬂdw’hﬁgﬂﬁ #14 Figure 8

Controller System

/ The Termp and Hum from DHT 11 /—' Serial Monitor 9600
Fogey and Fan

Temp »= 28 °C
Hurn »= %0 %

Temp »>= 28°C
Hurn <= 50 %

Temp <=28"C
Hum »=50%

End

Figure 8 Process of control system

wangamgimeluganagounui Tutheiuil 1-5 Segungiishan 27.6°C arwtuduing
#an 85.7% U%mmmﬂ%ﬁﬁwqm 25 &ns/3u FeenaiinanmsauaLgamgs Tnsnswumuenlutasnaniu
viegamgiinneuenligeunn waztasiudl 6-15 fegumglasan 28.4°C AnuTuduindgean 89.3% uax
Usinanstithgean 32 Bns/fu nnnsmuaugamailasnisiumen wardendsenmginiglugamagey
7l 28.07°C AuAufivdiads 87.65% uazUiinamsliiads 28.4 dns/u \Huthstuiiflgaungiae 019
finanAuTousEnIeiy

mﬂéﬁa;ga‘ﬁ'wﬁuﬁﬁhm?iﬂqmmﬁqnﬂﬁmmmﬁmﬁﬁ’qLmﬁﬁl 28°C Fsonmazifnarnmstiudinen
Tusswrnstssruuihdsmuaugamadlsnianasguiigaent’

3.3.2 wamsAnUSuumsliidiety

wanAnwnsliiigag 15 Suhmamngiieueih levwunuenduszesniidnuinuua
durnugudnasaressUsena 2-60 llaswmsnigluganeasumgiiinunsih inunuenneandes 8 f
mAnuazBenausauTuszauls 0.3-1.2 faduwms $afl 0.5-3 was snanslvagegn 3.5 ans/Andl el
ihiueennimunueniiniuaresnihnseunquituiivouameluganaaouimnediauneih Usinanisld
ihdeTunglugameaey nuiniinamsliingean 32 ans/fu dian 25 Ans/Tu uavaniaded 28.4 Ans/fu
Famslithiuegiuenumglmelugamaaey wngamafigsuiinunsithasdiugs uargamninglugemasou
AN TIRelaT 28°C Usinamsiidhiavasainalugenanisanud Figure 9
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Figure 9 Graph showing daily water test set

3.4 wan1sAnwIn1ssyAvlnvaaiiauafiuazysefiunnuduAInIuATegAEnSYaS
YANA&aau
3.4.1 wanmsAnwnswigidvlnveadinuiedi Insfaduuulifgemesouuazuuuiiganagouniuay
muAueuMniuazaLTudivs  wuulifyavagey waswuuiivemeaey Tasgamgilumaaiauiulnves
wile 28 - 35°C duguvniinzausensiasyiiulavesmeniiin 20 - 30°C iWinazidyAulnSuazinag
dogumaisnndt 10°C waganuTudusing 70 - 90% mnemadienuFusufinsszinnisasyiuls
914 Figure 10

Figure 10 Farmer’s mushroom greenhouse and test set

3.4.2 wan1sAnenanwaznsiyivlnvadinuiein
KansAnwdNurdIuaendia it aunnnuniie erugaeseneniinuisifing
TulsaiSou freg1ed1uiu 130 fiou I@amimuauqmmﬁLLaxmwu%ué’uﬁmﬂmﬁu 28°C uar 90% WU
Yoneniadslufoudodin 8.03 non tmiinsan 30 n3u eraRemINMsasadulsaelufoudiad vie
arutufiinsavaumeludeudodiam Suilidediangneennsaiaivln aendindomadnuazuns
HAUTaAN ﬁﬁmﬁfﬂqqqm 119 n¥u uaziwiiniads 79.52 n¥u Figure 11 Faduradefigiannsagousuld
TunsinzUgn & Table 2 Tngvilufoudowiomunsihgnsssunoun 1 Alansu axlinananaiay 50 - 60 nu

wiagfouaglinandnuszana 4 - 6 Ju wiassulitiwineseninamsiinnendssanas 10 - 15 Ju (Piwphan
et al., 2023)
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Table 1 The results of testing weight that oyster mushroom

foudoifin | s1uau wwnYenen (Hadwns) hwiindanengungiinazanududuing (nfu)
(aan) AN AL wuvlsifigaarugunagey | LuUiYRRIUANNAEDY
fsnan 4 80 72 24 30
AgaEn 12 131 96 55 119
Aade 8.03 104.86 80.41 38.97 79.52

""1';;.-'! T e grisre

T

e

Figure 11 The weight of the oyster mushrooms at farm and test set
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= i — nandnuuulifiyn
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& 4000 nakfnuuuiiyn
=
g NASOUAILA
=3 2000 - UMy
0
Fuil 15

Figure 12 Comparative graph of oyster mushroom

M Figure 12 wansmaUSeuiisunandnveaiaunsifigumgiiuaseududinivg wuiuuy
laifigamnaeueuau dhntiniemeegd 5,067 nu uasuuuiiganaaounuesldiminimuaegi 10,387
A3 eﬁaﬁwamammqﬁuagﬁ 5,320 N3 Aoy 48.78%

3.4.3 wan1sinTeiidauasugaaniiainssy annsAnalidislunisiauainduuasil uay
Funuifuuls 91nnnsAnAdeusIAN (Depreciation, DP) WUU Straight-line method DP léedensien
1,278 v/l uazAuuiuwls 14,4175 v/l dmSussznamsfuuiunandald 10.38 Alansa/ads
annsafiunandnlalitosnin 24 ads Femensudevedisusihilaniuas 70 um (Kasetprice Agricultural
Fair, 2022) flnAunu 123.4 Alan3u/A uarszezianAuyu 2 Y 3 wieu Tun1seeniuuyanaaeunIuAugnmngil

WaEANUTUFUINS AT U TRt
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4. &3y
wansAnuNsesyillnenseenuuUAMARBUAIUALRAA TN AT UdLIVS AU Fiuneih
flgaumndl 20 - 30°C ArwAULIWS 70 - 90% awiiulddinsdewmarieufinzaussriaenmadui
wagmstemaNLiuTINtgea fdunstremenaieuitamatuegiugmungivenidslussuunumien
fomsseisenunmwesiniiosndsanusnanunsaviliiiumengasiu lssuumuaumsyia STC-3028
Digital Temperature Controller [¥#naugaainiauas szuunumsen mmaﬂ‘usiqﬁauﬁmﬁﬂwﬂﬂﬁﬁwmu
130 fiow uaglfisuizes DHT 11 Huiringamniiads 28.07°C anududiuivg 87.65% lasfuianamslii
el 28.4 Ans/Tu waskandnvoafinunsihiinzuuulsiiyavaaeurunuldiimn 5,067 n3u uasuuuiiye
naaouauAxlsiwin 10,387 nu nanAnsaiu 48.78% svezianduyu 2 U 3 ey
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nswauaznagauagUannaleliannnzaieuiay
Development and Testing of Orchid Planting Materials
Using Oil Palm Empty Fruit Bunches

Tou ASudnsal Yozwed AI29¥919 AR Bumil uas Anfind aneguns®
Ohm Srinawakron, Piyapong Sriwongras, Kiatkamjon Intani

and Supakit Sayasoonthorn*
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Department of Farm Mechanics, Faculty of Agriculture, Kasetsart University, Bangkok 10900
*Email: agrspks@ku.ac.th Tel. 081-9224525

o
UNAnga
UszwAlvedseanndeldinnendesdaumnndududusuvedlan uazianugniianudidnuasdu
Jadeuanlunsuannaeldludsemalne mﬁﬁﬂmﬁﬁfmqﬂixmﬁﬁaﬁwm waznageuianUgndmsunaielyl
mnﬁ'aw«§mﬁwaqqmmuﬂﬁmﬁﬁuﬁﬂﬁumém Imwmaaui’aaﬂqﬂﬁﬁmuwau neaelau @ Yu 91uu
3 9MTE (2.5 : 10.5, 2.5 : 10, 2.5 : 9.5) naufunga1eU1du 2 vuie len 0.2 Lay 2.0 [wuilins nedau
autAniand waznientn liud aandunsasg, amsilaiwe s, AANNENTaveEnTluNSARdauaL
LLaﬂLU?ﬁIEJU“UﬁBT\;U’m, Usinaslulasiouvisvun Weaasavsvun, Inunadeniiuaniasuld, Amnnsaanesiluii,
mmi@m?ﬁmﬁm ANAIUTLMLY LasAnuudussannsnageuntsUaesnn Tnsvinisvaaeuieuluas
3 47 Fawan1snaEEUNUIN NzaneUdy ; Yu dwsndu 2.5 1 10 fowe 2 wuRes danumnzadlunisi
"LUI%’LLﬁzLi‘;luLmeﬂumiﬁwmLﬂui’aqﬂqﬂﬂﬁadﬁﬁunu@?ﬂé’
frdhdny : Taquan neaneUrdininu ndaels

Abstract

Thailand is the world’s leading exporter of cut flowers, particularly tropical orchids. Planting
materials play a crucial role in orchids production in Thailand. This study aims to study, develop, and
test planting materials for orchids planting using waste materials from the oil palm industry. The
planting materials were combined and tested with 3 different proportions of oil palm empty fruit
bunches and cement (ratios: 2.5 : 10.5, 2.5 : 10, 2.5 : 9.5) and two sizes of oil palm crunch of 0.2
and 2.0 centimeter. Chemical and physical properties, including pH, electrical conductivity, cation
exchange capacity, total nitrogen, total phosphorus, and exchangeable potassium content, slake,
water absorption, density, and strength from free fall drop testing were tested. The test conditions
were repeated three times each. The tested results found that the combination of oil palm empty
fruit bunches and cement with a ratio of 2.5 : 10 with of 2 centimeter of crunch size is suitable and
can be a guideline further developed as a low-cost planting material for orchids.

Keywords : planting materials, oil palm fruit bunches, orchid
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1. uni

Jagiiusunuuazassmandnuesnisuanndiolivisszuuiisiagunntu luaeinamandanns
viofuduldindaduingifinumsnstdsusvautigmeg maaadununisaniadudsindu dalildvane
mmssfimsihdadelimesnanemsuldliAayssloviwesiinya eviliinwasnsannsaandunu
nswAnuadiTeldiRun iy

AuaniRveeiosgn Tnevhlutanugniianldldaianuusiidesiansan fe fauwiufieme
fnlsuiivBusueglililruduuazeglusumisasiinaensoznaniiugn Usinafanugneeudnansiliiney
wiavidaien duinldfuasfivanusninhiululgld annsouandsufessriasniutanugn viesewi

o

Faaugnivusseimanilenu anunsafivavausinensiivuaziivanunsalUldld (Suriyapananon, 1985)

'
wa v '

AuanTRnAludeg 9 vesTagugnmniinuaudfnuviieudunielndifesiuiasdudaiivunvan dmduily

q
o o

finsgnuTanUaniiesyialayanilsliannsanevauesrnudenisvesivliegiaiivme Falatnstiierian

Ugniiflaauandinintudiusing q wldsuiu svilisuldfivaniiniswiyfulaldduedadlitu Auegiv

Y

faquaniifosmstulidmiulgniiviiale Fsmsdenlfivmngausuity (Kanjanakul, 2008)

11.4nizmumiaﬁmfwﬁuméuﬁi’a@mwmﬁa‘l,ugﬂsuaﬂl,lfﬁq laun nzareurau (Oil palm empty fruit
bunches) w@ulaU1du (Palm pericarp fiber) nniieraud (Palm kernel cake) nrady (Palm shell)
nMnagneuadnd (Sludge) uavdruiiiuvesvanfe 1 (Palm oil mill effluent)

nzaneUdy Wudwemzansiiadanalndusennunudaddlueinnyarsurduiureliindaym
Awandoumniosniduindivesihus Faluuasitafusenunduuazuznim faulsmuasioun
naean Sehldendesnanutugs witegiuldliveanesdndutanlunamedie widienathlld
Ustlewiuazifinyaildinnninnismsdia Wesnluduununsarerduaiidulofivmiraansmiunld
naunudulonniFonueninild venmniunsaneiadeivinusnemsgs (ulnsiau 1.0% Woaneda

'
+ o

0.7% wazlnunadey 3.0%) Fsaunsathluduanlunsudndendni

q

finunmle (Piakong, 2014)
Tagtudsswralnedingareurduivioninnnisadinuiduliaudiuiuuin wagainitasiiiugudn
dmsulszmrlnefinsesdusudseenndiglddnnoniieseunniluduiudu q vedanundunaiuu uay

yaf1N13d998niin1sveeRleg1eneliainaendlanelssendiun uidagUiuladenisuinisnagedu

wiouiutanuaniliiueglulegiuidnnuiianates e duiu muddeidadunsiantanuanainds

waeneananavnssunsiviniuliduiioanlymnisazauvgatsUidumions wasiawnlvinduunly
Usrlenilduazdudunsiumadenliiunessnsiugnndaelddnde

2. 35n15AN®EN

2.1 Faquazaunsal

Fanlilunside loud 1) neansundu 2) Yuuednuaud (Juyuduuiilussiammds Adesld
wsnanevhlanlunudeaii Wil udunamesreuninieaniifirnuudusmununazazansensliu
fmheluluviesnatn 3) udifuidmiutusuTagugnsunsinszuen sunadurgudnatsuen 7 wufung
Wusingudnananelu 4.5 wudiluns ge 10 wufes (Fisure 1) WiuiSedlansedn wsa
2.2 3513

TNURUAIINAABILUU Factorial Tu CRD (Completely Randomized Design) Tngiiladunimaass
2 Ja%0 Jaded 1 Ao dndunanvesiaguan i 3 dnsd loun neateUrdu : Yu #25:105, 25 10,
wag 2.5 1 9.5 (Samanldnnnmeseuiugidosundou) Hadeil 2 fe surmvemsarslidu @ 2 vun
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#9 0.2 WuRiluns wae 2 iwufuies Stureulumaaey fil

1) Wuseghamzansunduanulamnaestasimsidutgu smivendoinuesmans Swinassys
wavauUdutniunisuimidudminuyusd dandesfenossos (Hammer mill) dUlldwegng
TUu1A 0.2 WURWAT uay 2.0 WUFRLINT

Figure 1 Mold for forming planting material

2) mstugy vldlnstmeaneunduts 2 sunm smaufuunusasduis el e satugy de
Jusuifiutagugnuds VdeslmAnmsudeitaiuna 7 $u Faiwmeaeu

3) mst¥anUgnlunaaey s n) nasovasiimaed 1¥ud mamdunsasms, dnisiiliihes,
ﬂ'ﬁmmmmm‘uaﬁmﬂumi@fﬂ%LLaSLLaﬂL‘LJalt’JuiJiWU’m (Attanandana and Chanchareonsook, 2008)
Uinallulnsiauitovun vieaviesarisua Inunadeuiiuvandeuld (dwmsaiivos foRnsiesmeiiu fi i
Jo warTanUSuu IRy MAIRUgIneT AuNEAT UNINEIRBINYATAIERS) Wag ¥) NedeuauUanianiesn
oun

Armsaanesizluih (Modified from Yavichai, 2007; Nukaew, 2011) vilglasdaiwiinTanugnuvia
(M9ANNTANULAR) mmf’uﬁﬁ’aaﬂgﬂLLﬂiﬂfﬁLfJunm 7 %u (Figure 2a) \legnisiasuudasasianuan e
wi¥amUgnasunuduauna asagiiagugniianisaanedeianielsl nduthfanUugnluouliuisdegeu
audau (Memmert, UNB 100 Oven) wazdaiminuiaianugniteiu3ouiieuntaudsuuias (Figure 2b)

ANUIUAINITARNY I ULIINFUNTSA 1

[ . J |
a) Soak the plant material in water for 7 days. b) Weigh the planting material.

Figure 2 Slake testing
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v v v
' U ° o [ 1

vo ¥ WIUnLEt (ASY) - Windnnaaugin (nSu
Asaanesiluin (%) = ( (n3) (n33) x 100 (1)

YIRUNVIvLe (nSU)

v
1 o

. ~ ¥ WhwiindnegretanUanvdauth (n3) - dmdndnegreaaUanieuuth (n3)
AINSAATLUN (%) = ‘“ o x 100 (2)

ihwindedaiagugnnouutin (nSu)

ﬂ'wmsgm%mﬁﬁ (Modified from Yavichai, 2007; Nukaew, 2011) vilalaeiirdanugnluauuis
flgamnd 105 ssmwaidea aundnagihimdnas Sufindmiinliduimindeuwid anduiYanuadls
72 $2lus wazmnAn1sgedani anaunsi 2

AAMImLLY (Nukaew, 2011) Wdrianugnlveulviuis siedeuauseu 105 ssrmwailva aund
axfibmidnasd antudainiintanugn wasmimasnnnsunuiidasd aammuududwuldan
aunnsi 3

ANAMNRUILUY (D) = (3)

fo D = anuvuwsivesTanuan (N3 addns-1)
M = 13mﬁfﬂmmi’a@ﬂqﬂ (nSw)
V = YSnnsvesdanuan (Hadans)
AANNLdLTInMsageuUanenn tneUaseeegnedase (Free fall drop test) Arsauseainsy e
waglallidinisuyussmrheddosandissfuaugenitu 70 wufiuns fadussesvesiunsdmiudgnndaels
(Figure 3)

~

Figure 3 Free fall drop test of planting material

3. NANSAN®

3.1 WANISNAFIUANUANILAY
1) arpnudunsa-ang (pH)

o w

msuﬁa‘uLﬁsmﬂ'wmmLﬂuﬂsm-ﬁiNmaqﬁ’aqﬂqﬂﬂu’qamé’mﬂdau fanuuanasiuegeiifedfgy
yaadAfisziuAIdesiu 95 % nanfe Yanugndnsndau 2.5 : 10.5 ff pH wALWNAY 11.25 Sasndu
2.5 : 10 §ien pH Windu 11.00 wardnsndan 2.5 : 9.5 A1 pH waewiiu 11.1

dunaresnaremsasUidusassvaderulunsadie laifleasuanatuegadiedidny

@

‘maaﬁaﬁs mummmamu 95 % NaIAe YUINVBIEAIBUIAL 2.0 WURLLAST LA pH LQaEJiJ’]ﬂﬂ’J’VU‘H’]WU@Q
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ngaeUau 0.2 wuhuns lnedlan pH 1Wwae 11.27 uay 10.97 muaau Fewuiaveamzaiguiaudlgluniswa
fvsnaswiudnsdiuvesianuan (Table 1)
2) anstlain

nsSeuiiisuAnisiliihvesiagugnnsaudnsidu danuunnsiuegrefidedfymeata

o

a

fsgfuruidesiu 95 % nanfe Jasugndnsidu 2.5 ¢ 105 famsthlniiiadewintu 9.3 fadduud
WURWAT! wagdnsd 2.5 : 10 Sanisthlviiiedenidu 10.15 Sadfuud wufues' wardnsndn
2.5 : 9.5 fansthlviiadewiiu 10.3 fadTuud wufues'

durwavemraneUnduTEo A Tufpnuuansnefuegaiifeddyneadanseduanuderi
95% namfe vuInvemratelndy 2.0 wulwes SArAinisiliiiedeninnivuiavemratsUndy
0.2 wufwas lasfidanuanunsalunisuaniudsulssquaniade 10.20 faaduud wuflns' was
9.63 Had%wud wufiwns' muddu Feunvemezarsurduiildlunisnanlidsvninasiufusasdi
veedanUan (Table 1)

3) mmmmmmﬁuaamﬂums@m%LLazLLaﬂLﬂgauﬁﬁzqmﬂ

mmﬁauLﬁwmmmmmhﬂmmﬂLﬂﬁauﬂisqmﬂ‘uaﬁa@ﬂqﬂﬁaamﬁmwmu fAuusnAneiy
ogafitdfoddyneaRnnszsumudesiu 95 % nanfe Tanugndnsdnu 2.5 : 10.5 Termuanunsalunis
wanuasuussguiniads Wiy 27.1 wudlua Alandu’ Samdu 2.5 : 10 Tarmnuaansolunsuanivasu
Uszquaniadeiniu 295 wudlua Alanfu’ wagdasidiu 2.5 1 9.5 TAnnuannsalunisuaniudeu
Uszquaniade wihiu 29.2 wudlua Alansu’

duruavemraneUduTED LN fianuusnseiuegadifedfuneadnfissiuaudeiu 95%
nanfe YunvemEaeUIdl 0.2 wuRwes TAanuausalunsuanidsuussguaniadennnnitvug
yosmraUdl 2.0 wuiwns Inefimanuauselunmsuandsulssquiniads 29.73 wuflua Alandu’
wa 27.40 wulua Alansu’ mudey Fawunavemzareiduildlunisuanlifidvdwasiuiusnsdiuves
Tanugn (Table 1)

8) Usinadlulnsiauvionun Weavlesaraun Inunadeufiuanideuld (Table 2)

o o

miLU'%EJ‘ULﬁEJUU'%mmiuimmwuaﬁa@UQﬂﬁu’aamﬁmwmu HanuunnsnaiuegsldudAynieata
fsgfumnudesiu 95% nanife Janugndnsid 2.5 : 10.5 AuTinalulnsiauade winfu 3.84 ¥y
Alansu? uag¥anugndnsdan 2.5 : 10 fivnalulasauedswiniu 5 n3u Alansu’ uasTanugndnsdau
2.5 : 9.5 feuUFunilulnseuads wirdu 4.15 n3u Alandu’

duruavemraneUnduTEoun Lufpnuuansnetuegaiifeddynadanseduauderi
95% nanfe wAvemzaeUdy 2 wudwes Javiinalulasiauedsinniuavemeaisundy
0.2 wuAwns Tnefiausinalulasouede wiidu 4.43 ndu Alandu’ wag 4.23 n3u Alan3u™ auddu 3
yupasmzaeuduililunmsnanlifidvinasuiusnsduesianugn

naFsuifisutiinuearefavestagugnivanudasidiu liflauuansisiuegraiidedidy
nsafdfiszfumnudoriu 95% nanfe Janugndasidn 2.5 : 10.5 feUmnameaesaady Wiy
2,99 n¥u Alan$u? wagTanUgndnsidu 2.5 : 10 feTunaumearesands windu 2.87 n3u Alan3u’ uas
Fanugndmsndau 2.5 : 9.5 TeuTunameariesandswintu 2.87 n3u Alansy’
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Table 1 Chemical properties of orchid planting materials using oil palm empty fruit

bunches
Treatment pH Electrical conductivity (EC) Cation exchange capacity (CEC)
(ms cm™) (cmol kg™
Planting material (A
25:105 (A1) 11.25° 9.3 27.1°
25:10 (A2) 11.00° 10.15% 29.5°
25:95 (A3) 11.10° 10.3° 29.2°
F-test * * %
ize of palm bunch (cm
0.2 (B1) 10.97° 9.63 29.73°
2 (B2) 11.27° 10.20 27.40°
F-test * ns *
Planting material x Size of palm bunch (AxB)
A1B1 10.97° 9.63 29.73
A1B2 11.27° 10.20 27.40
A2B1 10.97° 9.63 29.73
A2B2 11.27° 10.2 27.4
A3B1 10.97° 9.63 29.73
A3B2 11.27° 10.20 27.40
F-test * ns ns
cv 0.42 7.68 5.24

* = Statistically significant difference at the 95% confidence level

ns = No statistically significant difference at the 95% confidence level

duruInvemansUnduTde g Lifeuusnsnstuegaiifeddyneadfviseduanudoiy
95% na1afe TwInvemrateUNdL 0.2 wuRins Sausinalulasauedeninty furuiavemeansundu
2 wuhns Wnedasuaweanesaads 2.87 n3u Alandi’ Ssvwiavemeaneunduildlunisuaylifidviwa
IR TE IR TaRUgN

masuieulnumadoufinaniudeulduesanugnivansnadin faruunnsnsiusgaiiifoddy
yaadATisyAUANUTeiiu 95% nanfe YanUgnsnsidiu 2.5 : 10.5 fAlnumadeuiiuanidsuldiade windy
4.40 n$u Alansu waYanUgndnsidiu 2.5 : 10 S lwumadeuiiuaniUdeulsiade winiu 7.40 n3u Alandy’
wazTanuandmsidiu 2.5 : 9.5 felnunadeniuanudsulsiodes winfu 6.50 n3u Alandy’

duruInvamransUnduTde g Lifieuusnsnstuegnaiifeddyneadaviseduanudoy
95% nanifie YuInvrezaendu 2 wufues Saalnuadeufiuanudeulfiadeunnivinavemeans
U1du 0.2 wuhuns tnedatnunadeufiuanudeuldvindu 6.20 nfu Alansu’ uaz 6.00 n3u Alandu’
mudiy Feunvemzansduildlunisaulsifiniwaduiusnsduvesianuan
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Table 2 Total N, total P, exchangeable K of orchid planting materials using oil palm

empty fruit bunches

Treatment Total N (g kg™ Total P (g kg™ Exchangeable K (g kg™)

Planting material (A

25:10.5 (A1) 3.84° 2.90 4.40°
25:10 (A2 5.00° 2.85 7.40°
25:9.5 (A3) 4.15° 2.85 6.50°
F-test * ns *

ize of palm bunch (cm

0.2 (B1) 4.23 2.87 6.00
2 (B2) 4.43 2.87 6.20
F-test ns ns ns

Planting material x Size of palm bunch (AxB)

A1B1 4.226 2.87 6.00
A1B2 4.433 2.87 6.20
A2B1 4.226 2.87 6.00
A2B2 4.433 2.87 6.20
A3B1 4.226 2.87 6.00
A3B2 4.433 2.87 6.20
F-test ns ns ns

cv 13.4 4.27 22.66

= Statistically significant difference at the 95% confidence level

ns = No statistically significant difference at the 95% confidence level

3.2 HANINAFRUHNTUANINIBAN

1) anwagUsingaiguen

lonausmsnduTanuan (2.5 : 105, 25 : 10, 2.5 : 9) uazwuaAvza1eU Iy 0.2 wufiuns Weth
Usatugy AvestanUgnideulsivguss ensasundufuyunanufuldd ldunnsrsduis 3 Snsndau
(Figure da) Jaquan (2.5 : 105, 2.5 10 , 2.5 : 9) vAvgatsUTd 2.0 wufiuns idoulusaiugy Aaves
fanugnuguse ensmerdutuyunmuiuudliddoudoudifidernmeadonzasunduiionsaslaifinty
mimmmmum 3 9W1dIU (Flgure ab)

a) Examples of appearance of p antmg material b) Examples of appearance of planting material

at different ratios using 0.2 cm. of crunch size. at different ratios using 2.0 cm. of crunch size.
Figure 4 Appearance of planting material from oil palm fruit bunch

and cement combination
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2) AnnsaangsbuLn

o a‘

nsilSeuiieuTanUgnnsanudasidiu liflanuuanseiuegeilfedAgynisaiiinssdvanuesiu

o '

95% naMAe Taauandnsdu 2.5 1 10 densaaneimludiaieniniian Ae 8.41% uaziaguandnsidiu

2.5:10.5 fanumunuvuiedeesiian Ao 7.50% Tuvaziifanuan 2.5 : 9.5 TAmsaaneslutiiads winf
8.35%

duravemraneUnduT Eoun Lifeuusnsnstuegraiifeddyneadanseauanuderiu
95% nanfte TURTEMEANEUIEN TR 2 iwufung dAnsaaediluiiedevesiagugnunnniung
yoamrmeUdu 0.2 wuiims lasimsaaneiiluiniads 8.15% uay 8.029% muddy FavunaveamzatsUidu
ilunsuanlsifdvdnadaniusndiuvesianlgn (Table 3)

Table 3 The ratio of various planting materials and size of empty palm bunch on

slake, water absorption and density of planting material

Treatment Slake (%)  Water absorption (%) Density (g mU™")

Planting material (A

25:105 (A1) 7.50 48.84° 0.99°
25:10 (A2) 8.41 66.54° 0.97°
25:95 (A3) 8.35 52.78% 0.95°
F-test ns * ns

ize of palm bunch (cm

0.2 (B1) 8.02 26.11° 1.02°
2 (B2) 8.15 86.00° 0.93°
F-test ns * *

Planting material x Size of palm bunch (AxB)

Al1B1 7.41 25.45° 0.90°
A1B2 7.58 72.24° 1.10°
A2B1 7.86 23.98° 0.97°
A2B2 8.97 109.10° 0.97°
A3B1 8.78 28.91° 0.91°
A3B2 791 76.64° 1.00™
F-test ns * *

aY 25.81 12.35 772

* = Statistically significant difference at the 95% confidence level

ns = No statistically significant difference at the 95% confidence level

3) NIRATNUN

o w a o A

nsgagud1veiagUgnieaudnsd danuunnsniuegrelidedAgmneaifinszauainudertu

o

o

95% nandfe JanUandnsiddu 2.5 1 10 IAINTaTudLdeniian fie 66.54% warianuandnsidiu

25 : 10.5 femapaduiuadetosiiaafo 48.80% luvasiitanuan 25 : 9.5 fAnsgaTuriiads whi
52.78%

duvmavemraneduTEeen fianuumnenstuegnaitudfyneadnfiseiunnudesiu 95%
naNfe YwInveImzateUIal 2.0 WURWAT ﬁﬂ'wmsam%uﬁwLa?imaﬁaqﬂgﬂmﬂﬂdwmmaawzawméu
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0.2 wufiuns laefinisgedininads 86.00% way 26.11% muddu Twumvemeansunduilldluniawas
fvsnaswiudnsdiuvesianuan (Table 3)

4) ANANUNUILLLY

AamuTesanUgniiseuded liffenunnsstuegnediduddymeadafiszdumnudody
95% nanfe Tanugndnsan 2.5 : 10.5 memutuedvesiaguananniian fe 0.99 n3u Jadans’
wazFanUgndnsdiu 25 : 9.5 Saumuuiuadsvesiaguaniosiigade 0.95 n3u fadans' Tuvasd
Fanugn 2.5 : 10 fiAAnuvuuiviads Wiy 0.97 n$u fadans

durunavemraneUduTED LN fianuusnasiuegadifedfuneadnfissruaudeiu 95%
naMAe TUINYBIMEANBUNEY 0.2 wudlues SMAmumuLULRABINNNITINATEMEAEUNE 2.0 WURAS
Tefmnumunuyuieds 1.02 n¥u fladdns” uaz 0.93 n3u faddns" muddiu FsvuavesmeaUrduily
Tunswaudvisnatiuiudnsdiuvesiaguan (Table 3)

5) AAULusIRInNageuUaesnan

masuieu YamugnisausasdnlunmeadeumsUdesmnoshidaseisiumings 70 wuhisns
ity wud Yanugniamsandau flvuameaieidy 02 wuiwns Seuemsosiindevesianugn
touflgauvinfufie 1 wudluns uazidlonaudnsiduianuan (25 : 105, 25: 10, 2.5 : 9) BuaAnzaeUdy
2 wuns fianuensesiiedsvesianlan 1.10, 1.10 uag 1.33 wuAwng mudwu (Figure 5)

Free fall drop test

SERERE|

2.50.2):10.5 25(0.2):10 2.5(0.2): 9.5 2.5(2.0): 10.5 2.5(2.0): 10 2.5(2.0):

Crack length (cm)

The ratio between empty palm bunches : cement

Figure 5 Results of free fall drop test of various planting material combination

3.3 JsalnanmagauaNUAnILAll

1) Arpudunsa-ang (pH)

Yanugnits 3 Sasrdudienauunsa-ss (pH) eglutisitlivnzausonsissyiulnvesnd el
Famenuazidu q Fernanuidunse-ine lifinalrensonsasyiulnvesiiv uilinamsdousenruaninge
Tunsasaesine i 1 feiiandulssleniuendufiviuiivlgn mudadufmusienssmesgaunss
Tudiu %aﬁ‘zﬁﬂqﬂimwuzdaﬂmjﬁ?u%LﬁiylﬁﬁiuszﬁuﬁLﬂuﬂsmﬁﬂﬁaa InedlA153139 5.5-6.5 (Nukaew,
2011) wui Jaqugndnsidi 2.5 1 10.5, 25 1 10, 25 1 9.5 uasrwnzateUau 2 wuimes d61 pH
Husrsogluinnigs Ssondlimanzaniasinlulgnndld wiannsaudluldlasnisusihduaey Dudu s
agghevilviaanududsanasld (Thaicarp, 2014)

2) anmsilng

sl e Anstilniheesiiiatnaintaquaniidusdadaeir iesannisilaifindaa
fiustuaududureandelu nsafmihananugnanunsausssnusindediazangluils Seldidusei
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Pinenuduiifivanunsawsadulsldedgani IﬂEJﬂ"]ﬂ’]iﬁ’]l‘l/\lﬂ’]ﬁlL‘Vmﬂ%ﬁ’m%‘UﬂﬁUQﬂﬁﬂLLaﬂﬁmaﬂlﬂUixﬁu
Wald e 1.8 - 2.0 Nadgwud wuRlwes' (Attanandana and Chanchareonsook, 2008) HA21NNNTILATIZIA
wud Jagugnansndiu 2.5 1 105, 2.5 ¢ 10, 2.5 1 9.5 uazrwanzateUau 0.2 wumes dainisuildh
winitu 9.63 faddiuud wuiuns’ SanuAuuiunans ?Nawhjmmzauﬁ%ﬁﬂﬂﬂqﬂﬂé’wm usitAluliien
mstilieadle T,mEJmiﬁﬂ,‘uLLﬂiﬁwﬁaumiﬁﬂUUQﬂLﬁa%ﬁmﬂﬁadaulﬁuaaﬂlﬂ

3) AenuaansavesaslunsgadauasuaniUdsulszquan

mnmmﬂ?ﬁmﬂa@ma G miLLaﬂL‘U?ﬂuiwdwﬁﬂaﬂis@mﬂIuaWiazawﬁuamaﬂmiﬁizﬁ;mﬂ
vuidu euglumssandsudssquaniudunasuessiguszquiniuanivdsuldiomniidugaduly
fvmheidu wa 100 n¥u FsdenuaansalunmsuanidsulszquaniivnzanvesianUgnaseysening
10-30 Tna/100 nsu™ vise 10-100 Haddns (Suriyapananon, 1985) iJa@UQﬂﬁmmiLLaﬂL‘Uf?{wﬂiza;‘um (CEQ)
ge uennvhmthiduiuiuiielilifinaudsunvasmuduusslevivessinemsivanmsldsine s
vidotsatliud Suetosiumsuaniasumanuniunse-s LildAntudalusndae (Duangpatra, 2000)
HARINNTUATIZY Wudn Jaqugndnsidiu 2.5 1 10.5, 2.5 ¢ 10, 2.5 : 9.5 uagaumanea1eU1ay 0.2 wag 2.0
wuilns Sermnuannsalumsanidsulszquanviiiy 29.73 wuilua Alan3u-1 uay 27.40 wudlua
Alansu’ pwadiv Jafiarudululdlunsiduagugnndaeld

4) Usinadlulnsiauvionun WeavleSaromun Inunadeuiiuanideuld

INMTIATIRIUTIIUS M INIVAN akn Tulnsiau Weaneda Tnunalen wuin YSunusgemis
wdniia 3 57 laifimnuusnuansnsfuesrediduddnfissiunnuidesiu 95% Wethuieseiviiusine s
wui Tulasutomnannsinsest Susinalndidesiuluii 3 Sanduuavauanyaneuidui 2 v
Tifeuwanuansnsiuegadifeddiisesiunudeiu 95% wivsinallulpsiauiauaiivuanzansungy
WA 2 IURALLAS 8TUTIULINNIIIWIANEAEUNALYWIN 0.2 lWURLIAT

WoameSaaunannnisinsedt Susnalndidesiuluii 3 Sadiunazanansaneuiduie 2 vunn
Tufeuwanuanssiuegnadifddiissiuaudotiu 95% agﬂuﬂmﬁmmzau Tnuvadeufivaniaeuls
vosTanugniunniigaiilenSsuifisuiululasuuas weamesa 1 3 SnsduuarruanymeIdui 2 aun
wivSinalnunadeufivuianzaeunduoun 2 wuiues wivsunaunnivuianzatgdiduauin
0.2 WwuRums Jenuin U'%mmimmm%smﬁuaﬂLﬂ?iaulﬁ‘uaﬁaaﬂqﬂﬁ”ﬁ 3 oRTIEIUNEANIZAEUIANUUIN
2 wuRues daA1indu 6.20 nsu Alansu

34 %ﬁ]qiﬂjﬂﬁﬂqiﬂﬂﬁaﬂﬁ&lﬁa%qﬂLﬂﬁ
1) AnNsaanesIbuLn

o

TanUgnns 3 dasdunazruiangatgiduns 2 vuna Insaaneddluiiuinnit 5% dansiiluld

q

v
Y

Tumsugnitwiulimnzauiesannagilifnnsyuinazaaemildie wasdloldlubunauuazyiiliy
anUgnliasgtuazuiuiuly msssuisiuazomalifuazdsmalinsadyesnantiasas (Watanaputi,
2002)

msamEJéTﬂwfwaﬁa@Uqﬂﬁwaeiamm%zylﬁuimmﬁm ﬂa'nﬁamﬂﬁfaaﬂqﬂﬁmiamaéﬁ’ﬂuﬁwﬁaﬂ
Fedmafidlelilunsugniinussesnau ilviaansguiuaznisdauiumesfanugnlunvusvioiud
Ugn annsnandlielitosas iesanlusndusonddoutanugnuesads (Nukaew, 2011) Vail¥anugn
Snsndau 25 : 10 wuamzaetidy 02 wuins Sefludnisaaesaluihiififiawingy 7.58% Feddn
Tndides 5% snfigadamnzauiaziaunliduianugnndels

44



ISSN 1906-1889 N5a533 V1 16 atiuil 2 nsngne - Funam 2566

2) mamm%uﬁ%

‘wmwmmfuaammaﬂwauﬁiﬁ’ﬂumimamwamammmumﬁuamamﬂaﬂm 3 §nvdu lngdanugn
Pnausevwnzare i 2 wuiuns mLﬂamummiﬂmumamaﬂm 3 §n3nEau uenaniiluusias
amﬂmummaﬂmwamaqmLmﬂmmu 91vvzdmasievasitanegluresianuanld (Duangpatra, 2000)

o

nanfie Jagugndasndi 2.5 : 10 vunavzaeUian 2 wufues dwesdudnisgaduihinnninianuan

Y
= a

Snanddu q Jefanudululdlumaldibutagugnndaelsl Wosnliifediivesnds

3) AUV

NanAdauANNNUILLUYRITENURN WUl '"iamJQﬂﬂ??a 3 $asrdau TelndiAsaiu Yagugnitd
mmumuﬂmmmaLLamdﬁa@Uqﬂﬁuﬁﬁﬁmdwﬁaa fidnwarsauwdunsenin onadunaunannsBesives
FanUgn musmuuiusasiewddglunisiansananuasnsalumsBusiueg ldvesfieugn dertugnlunmuy
viewndoude Yaqugniinlunisusiiviniuluvilinissuddiagan iualdselunsvuddigedu sili
aruzuaniinldie msUssifiunagaftiuarnisssuisonmesagugnieiunuamenisildugnite
TanugnAIsilAAUvILULTIN 0.15-1.3 T wuRAmnT” (Yavichai, 2007; Nukaew, 2011) 1nfiansaunda
mwmmLLﬁuﬁLmnzamaaiJaqUQﬂﬁ mwwmLLﬂiuimmﬂiJaqUQﬂﬁga 3 Sarduuaznzae gt 2 1
oglutaafiinzan Ae 0.95 - 0.99 N3 wufuns® anmnsatluligniivlfidusged

4) AAULusIRINNageUUaesnn

vz duwaraIuinaseses s v TanUgnisausnaa TneTanugnitiisenim
tovazimmmununazanunsaliliiduszoznatenui invasnslidesudsutanugnues shlsiansunu
mandnld TneTanugnisaudnmain fouianzansidu 0.2 wuftms farmensesiiadsvestagugn
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MATAGRNYIALEILNSavRSMgnTuean lws-widneanlurraulwEn (Fe,0,%RGO) Tuns
o % = 901 = = CY 1 a 1 aa 4 = I3 @
ManlasieuenwzItaudiuings lnawseuasiiagnanaulndnseninasmansiluesnlun-wdneanlunlag
A ¢ & o ) ' Al a v ) a v a | 9
Whalwosuea nntuuhasimegnnlaliinseilasaianduguineiisases SEM dulasadn
AUN3OALATIZAMELATEY XRD auURdaLauazanTRvewis Nz nTauasfinumielases UV-vis N15¢539

wa ' < v A a ¢ v A v I ¢
dovauUAmaimaniagldiaiad VSM nanslinseiinieinies SEM uwandlviiiueunaveavianeenledinsgane
feguuiivanIfiueenladuasunindiegseninetuvensiflueenled Tudiuves XRD wui anspexlnde
Signsflusenlad-manaanlan wandassadrveardnsanluawuudunling (Fe 0) waznavas VSM uang
andRwiwdnuuueslsuunuAn diunaves UV-vis anunsathainisganduasvasasiegaliingzile
Pansreulndnifdnsfluesnlsd-dneenlefiiAoutesinandsuegsening 2.50 - 2.80 Bidnaseuliad

dy a I3 a a ] aaa a a aa 4 a I3 I3 I3
waNININANITIATILIUsEANSN MUY Bwasesanshaulndnifdnsueenles - ndnaenlyd
Tunsmdalaslouanazinaudluings wuin arsaeulngs Fe 0,-20%RGO aunsanmiInasazanglasiiloy
wngEIauAlianan wavnisanaswesrnududulasdeniengziiaud (Crv) vilimsiudssedngam
YINSLIIU ATV TAIBENS
o o £ aa 4 = I3 3 I3 1 aaa a al 2
AdnAy : SAdnsflueenlys widneenlyd nissUfitendauas lasdlsuenveiaud

Abstract

This research has studied the ability of the reducing graphene oxide-iron oxide composite
(FeZOS—X%RGO) to get rid of hexavalent chromium in wastewater by preparing a composite sample
between reducing graphene oxide-iron oxide by the solvothermal method Then take the sample
substance that has been analyzed for morphology with SEM. The structure can be analyzed with XRD.
The optical properties and the photocatalytic efficiency studied with UV-vis machines. Examining the
magnetic properties using VSM. The SEM analysis results show that iron oxide particles spread on the
surface of graphene oxide and insert between layers of graphene oxide. In the section XRD found that

the reducing graphene oxide-iron oxide composite substances show the structure of the hematite iron
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oxide (FeZOS) and the effect of VSM showing the ferro-magnetic properties. The effect of UV-vis
can bring the absorbance of the sample substance can be analyzed that the reducing graphene
oxide-iron oxide composite substances has an energy gap between 2.50 - 2.80 electron volts. In
addition, the analysis of the photocatalytic efficiency of the reducing graphene oxide-iron oxide
composite substances in the removal of hexavalent chromium in wastewater found that the
composite substance Fe O,-20%RGO is best able to get rid of hexavalent chromium solution. And
the decrease in hexavalent chromium concentration (Cr (V1)) makes it known the efficiency of the
photocatalytic of the sample.

Keywords : Reduce Graphene Oxide, Iron Oxide, Photocatalytic Activity, Hexavalent Chromium

1. unin

LméafwmmﬁmﬁawmEJLwiﬂﬂ"ﬁﬂﬂizauﬂiymmmasmmfmﬁnﬁa Aenstudewvesansiall vez
uardsanusn MnananniaFeu uaznAgRaMNTTY Tngenaiinmsuudouasfivnnegnuuasazeusiu
Angiy uaz Taventn ufsnmsiuanidanuiduuneg uaslssnugaamnsusing o fiudesansiis uas
mm%faumgﬂma'aﬁw (BBC Thai, 2017) Inatawzmsvuiloulansuinetslasidlouenayiiaus vie lonee
Maunlasiley (hexavalent chromium, Cr(V1)) %"’aLﬁumié”umwaﬁﬁﬂagﬂuﬂdumiﬁamL%q Qﬁlﬁ%’umi
Tnsdeuenezanausaziionnissemeieinonds weudn wasdulsaszuumadumela (Danwittayakul
and Thanaboonsombat, 2013) mi‘UuLﬁaumaa‘lmLﬁsmLaﬂ%mLawﬁﬁmmmﬁﬂmmﬂiimuqmmwmu
f1e 9 fnstilandeunlfifuingiu Wy nsuanddon gpamnssuniud nisyulave @8 laethilean
nsvuunsnanilenafiasvuidouansuszneulasdemenesinaus Lﬁaﬁwﬁaﬁﬁﬂﬁﬂuﬁaulwamgﬂméaﬁw
sy suTRLazLma Ry IﬂiLﬁamLaﬂ%mLaueﬁasgﬂazaﬂué’miﬁw it wdendanamensinuasild
LmémfwﬁﬁﬂﬁUuL'nyaquﬂmwwﬂqﬂ (Changsuwan, 2019) lasillesianszinaudanunsaiingsienieuyye
KumsathanuvasiiinisUuitoulnensase medeslaemsuslnadn i fivth sudsdamamensinuns
fiuudiou mauftiymuannegmeiuiiudeslaglifanifimumsugaiusigaduasiedludi (Chairot and

1aal Y ' N a 3 % ° = ! o ' o aa &
Panya, 2019) LLW'JSﬂ'WiW\Tﬂaq"]?ﬁﬁl,ﬂllLﬂuW‘ULMaquu‘bﬂﬂQﬂﬂqﬁ]ﬂ‘l‘ULWEJ\‘1LLWLﬂqgmqa%UuqaﬂV]Nﬂ?qN‘Wﬁqu%ﬂuu

v
U U =2

LLaziJaQ@WiTU%ﬂmaL"ﬂuu'%nmﬁﬁmmL%usﬁwaamiﬂwqa (Narawong and Panya, 2017) a4tuisfesil
nsfdmansivuuiangaduimaniidnas dwarilsirosdialddelunssuiunaduinniy
Tutagiuifsuitgmiiinadladninisfenssuiunsilnagmslada lnonszuaunisdinaniasdu
naviliAnuFAse I lnazayladatuansfivluinde arsfisdandnasianaudsuaninnangluiduans
Alidufivdedanaden GamsiliAalnlnazazladainanujizednondiinssduseonaninisdyivie
wasymildanidvesnseifing nszvrumsinlnazeayladatfiamumnzanesiannenisiundszendld
tdaidslulsemalng losnfuvssmalumafoudifiuasunnnasniisd Tuussntanildluaiud
ulilaeenyladatiuifdnmfiuoonled (RGO) Wutagfildsummualadomnluidufiv Fuamesdldlion
warfiufifnduiaunndsduafludulnlnaeazladaun liAanswandasudiinaseutuasuadvléunn
amediivisnaeanwluduasilifuivlfinndunulude msdvenuanselunsisajisendeuas
vasimdnsfiusenledildlasifueyniauluiiannsafanisaromdidnaseuldfdnludiiadnai
oonled oynavenineenladidunildlutaquilufuuisivenzavdmivnui dosmnmnesnlusiaus
aduntnan (Alice, 2018) fidsanisuaniUdsudidnnseuiuansuaiisls (Board of Dartmouth College,

2004) 31NNSANYINUITVEY Uma et al,, 2020 dnauainuntupeulndnimdnsiueenlynsesivounia
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wilumdnoenlys (RGO@O-Fe O NC) wisulngliiSlea-aa fiuszsavsnmlunsdosaaevesddoniiduug
(MB) mglu 30 Wl wazdmuddvseaniamlunisdesaangladnit SArdnsueenlesd wazeynia
wiluwmanesnlys (o-Fe 0) wazauidoves Wang et al, 2016 ldnauesenuiteyniamanesnled
Adauanegiludu-tfiaueanssealudise fisonduasinzaufigalunisidalasideusnezaniausd

a 1

meldmsmedidvemaiiineatiuld A > 400 wilwuns) fufuihorasroulndssadnsfiuesnledndn
oonlwdunidnlanfiomsnagiiaudluings Jududsaulawasinveiivssansamiidndroyaeman
oanlys

TunuAdeliitelsfenuadlafianiveymeaminoenlsdasuuinvesdfdniiiusonied Ingli35lea
Tunesuea (Sergey et al, 2010) isliliasnoulndnsenindmdnsiueenled wdneonlss warzihans
fidnarzilUinneianifiong q uasAnwanundululdlunmsihasnenindnsewingidnnituenled-wdn

panlwn lunsmInlasieuanaginausluide

2. A8n1sAnwn

2.1 guninluazansLall

NdD39anIsAUBIANATEULUUERINTIA (Scanning electron microscope: SEM) 3u: Quanta 450
iisesuaud wiasinmaldeuuresisdiond (Xray diffractometers: XRD) §u: D8 Advance 1wosiiu 1a3aq
ﬁﬂﬂﬁ@}mﬂﬁuum (Ultra violet - visible spectrophotometer: UV-vis) i;u Perkin Elmer Lambda 650 wanlae
U3 Waltham anizeuiiny iedesinaudfvnasiminvesianuily vesnadniidnd auginermans
wnIngdeinuasmans uasyngunsavaaeuaTRARsWiATeTauas (Photocatalytic setup) ansiaditld
TurAdedd 1¥ud naftueenled (GO) fwFudeiinvessiumefiusuusud thummanleoau (Deionized
water) wg3naaalsa tenvglewnsa (ron(ll) chloride hexahydrate: FeCl*6H 0) tnsA AR U3 MERCK
tenuea (Ethanol: CHO) > 99.97% 1nsa AR USEM MERCK waglasleuenvedaud (Chromium (V1)
oxide) 99% 1N AR UTEN Qrec

2.2 A8N15NNADY
2.2.1 msnseuasrenlndnsaddnsiiueanlud-nanaanlud
mMswsenansmedlndnsatdnsflusenlen-imanesnlys (Fe 0, x%RGO) fmieFslualavmenea lny
Bunazateuunsiiu (GO) finududusstumudndiusing 4 leud 5%, 10%, 15% waz 20% Tngthwein
Tuevuea 30 feddnsluniafivansiafivuin 100 faddes seuwdniluguaduedosdanleinaunsesis
LHUNSIUNIEANEMAURUR hunesnaaslsaenaslawmsnasluaisnanseninanslusenleniuieniuea
ﬁnﬂﬁ?ummimamaﬂu Teflon-lined stainless steel autoclave auﬁqquﬁ 180 perwalea \Wunan 6 %Im
udniludaeihunmnnlessuinunsnsesiegnnsesiastu wasthleuliuisiigamgl 60 ssmiwadea
unan 12 Halus (Khamboonrueang et al., 2018)
222 mswisudegaieldlunsiiaszidlseisnsiaiansiaeauuidiond
MIlATERaIsEegesaEA3es XRD unsiassilasiadisuesansiegne thanssegns
Fannsdaaszinualvessoniiefumsiiuiiuiiinvesensiet ol dnavensinseiiauuiug
wnBedu nthuhasihegnsussadlutedldansiiedns (Sample holder) udaldnszandladnatinfanii
TrFeuudnhluiiedes XRD Tagvhmsiiasgviauu 20 Tugis 5 - 90 e
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2.2.3 nswisudisgraiielilunisiinneidlendasanssmiBidnasounuudansia
MIIRzRasietssndeanssmiBidnaseuwuudensia (SEM) iumsnudaugiuiven
YasEsieg Buanhasiegfiduasmsildsnudntosaransluemusaudidussedasdansilein
dienszneoynia MntugrmsiogavesasuugUnsaisesiuasiiiiFend afu AldRnuiuezgiiden
FinvesafuneunenasaraefIg9s Ul 1 - 2 em Meliurs antuihafudeunastieedes Gold
sputter {lunan 30 undl witeliaansathlnihldagldnmdinudntu tansfodreiiniunisndeunewdald
p9lieneiendesqanssmibidnaseunuudesnsia wisuiadenaw gauaruiniiaula
2.2.4 mswisuiegnaiieldlunsiessidleniasdansililada-SadaaunTnsalny
MIYEsiogneeLA3as UV-vis Duns@inwinsganiuua ansiegefidganszdlduun
Taziduaudeuliuraitelanudu andumeansietsasuuuuaionmulasuiidn iwnzuiuasenmy
iielansiedneiildfnatennusen waisiegagiuuatenmusuiy udmsuruaionndiiely
ansshegnaiilifnafonmisen enaunseiansfeginssaediuiunuaRenny Tneaisiaognadian
vuafenwlagdodlinuauiullauyilivameariulidls wdihafenwudnuiuantariuwainihansiiegis
TUnsrainseLA3as UV-vis
2.2.5 nswisudnsgraiielilunsiinneidleiaiesinaudfmaimvinvasiaguily
nsnradeuaduwimdnyesansfedisieiaiesinandinlaiminvestanuiluagly
wunillafwasuuuiietiedu (VsM) Buanihasiegeiidanszdlduivaliansen udeuliuiaiield
AT sounansiegdldlunasngaes 2 wudiuns uivheudWameaiennulvadin il
wartufindn wdahiidutasmegrawuuduliutusasyhnsinlnszinaseinios VSM
2.2.6 NIMAFRUANUARAIIUNATE TS
nMsvaaouaTRdsUATeBuasieyngUnsainade vanTRf It iU itondauas Buanms
Tnsansneulndnimdnsiueenlesndneonlusimeds naufuasavatslasdlonanssausiivionls
wdnhansazaenanldidluiuluifindunat 60 il ileai1saunanisgadunasnisazansvesasazane
G mﬂﬁu@mmiazmﬂmauLﬁuﬁﬁuﬁﬂﬁ‘]unmﬁmﬁuﬁ 0 W udihansazangnaNsageUaNURLT
Ujisendauasieynaunsainaaeuantfinisel fisenduwas uazazyihnsgaivansazalenauvaannlasy
WegNN 9 30 WA AUATU 240 UM (0, 30, 60, 90, 120, 150, 180, 210 uag 240 U1¥) MntuEsazany
wafiiunsaseulundaztisnanlutumlsaiieusnienzneuudiiluiarinisgandutaseinioin
n1sgAnauLAs (UV-vis) LLé’aﬂﬁmmi@mﬂﬁuLLaaﬁlé’mmﬂ"]mmL%’u%’ummmiasmaiﬂﬂﬁﬁmLaﬂ%w,awﬁ
17'1'm§aaq' Tnemanududuvesasazarslasiflouenszinausiianasazyilivsulssansanaeasiag
U Beuaeve9a15iI8e19 (Perumal and Selvi, 2013)

_——
AN

—

m_ v [ o=

Cr(VD)
Fe,0,-x% RGO

Anil 1 gagunsainasauantanIsitudssUizeTaas (Photocatalytic Setup)
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3. NANSAN®E

3.1 wan1siesziansaeulndnsaadnsilusenles-wianaenles daewaias SEM
HanTRszRansredlndnitadniflusenles waneonles fela3es SEM ansreulndnimadns il
ueenlvA-inanseanled (Fe O -x%RGO) TneldUsunasidnmilueenleiivnnaetunuusunadesas
Tngthvein (nedi x = 5. 10, 15 uag 20 wt%) gheilvalimesueaasldasnonlndnsmdniiusenless-wan
onles Fah Fe 0. -5%RGO, Fe O -10%RGO, Fe O-15%RGO uaz Fe 0-20%RGO AWy dlerhans
ARUINERAINAINTILATIEAIBLATY SEM 2zlaNan1sias1ey aan i 2

(@)

(o)

AWA 2 A SEM vasansusznau Fe O,-x%RGO Tnaan (a) Fe O,-5%RGO,
(b) FeZOB-IO%RGO, (© Fe203-15%RGO wag (d) Fe203-20°/oRGO

1NN 2 wud syniavesndnsenlinsnedunizegiiavesuiuiidnafiuenileditatousiu
wazdafinsunandlvegsznheduvesishimdnafiuoenlys aonndostusenuues Modaffer et al. (2019)
uay Uma et al. (2020) lasnsnszaefiouneeaninoonleduesnniumuimadmdnfiuoanled
At mansznefifiintureseymamineenleduufivesiindnnilueenlefagyinliiuifalvinish

a

Uffse@uasiiunnniumsaneleuvesdidnnsouazinleietudwalvussansamlunsiujisendauas

£%

JVUMIY

=N}

o
3.2 fﬂ'iaLﬂ'ﬁZﬁﬁﬂ‘ﬂmzvnQIﬂiﬂﬁ%ﬁﬂ%aﬂﬂqiﬁ’JaEi'N
MIBATERanwEndlaTawesEsvaneenlwduaransrenlndnsmoniiusenlun-waneenlud
3o Ny flusenladluuSinaiidnstuie 5, 10, 15 uag 20 wi% felAdeInaiansiasuuresdsdiond
IgnasanInd 3
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(002) Fa:O“-ZO%RGO

Fe,0,-15%RGO

M._ | Anadidtaniak

Fe,0-10%RGO

i h " |  Fe.0,5%RGO

Intensity (a.u.)

2THETA(dearee)

a o =1 v g a adaa ¢ = ¢ ] ¢
AN 3 ﬁL‘L]ﬂﬁ‘i&lﬂ'ﬁLaEJ')L‘U‘u‘NﬁLaﬂs?j“llas‘lﬁ'ﬁﬂalliwﬁ@liﬂ’)‘lﬁﬂiqwuaaﬂ‘bﬁﬂ-tﬂaﬂaaﬂ1‘ﬁﬂ

Al 3 uansannfunisiaeuudidisndueansrenlndndindnsailueanles-ndnesnlys
(Fe,0,~x%RGO Tnefi x = 5,10, 15 uay 20 wt%) F9HAINNNTIATIER WU ﬁﬁimumﬂgmwuﬁ 20 wihfiu
24.26°, 33.11°, 35.72°, 40.83°, 49.52°, 53.98°, 57.18°, 62.35°, 64.06°, 71.63°, AsInUSEUIUNNSEYTIaU (012),
(104), (110), (113), (024), (22 12), (11 15), (214), (125) wa (10 10) muddiu Faduaunasunmsideauy
voumaneanles (Fe 0) LEAISELNUNSIADILULAEAREBIRUTIBUYeY Modaffer et al. (2019) wag Wang
et al. (2016) LLaJLumu‘uaamsmamwm Fe,0-15%RGO Wag Fe 0-20%RGO axlsidanaiainniy
mnamLuumaamaﬂaaﬂlﬁmlmumul,wmmﬁmmmmammwm imszmiwxluaaﬂlsml,muu AWnLIaZIN
mﬂmimal,ﬂﬂmmmil,amwumaa5mszmiﬂ‘v\|uaaﬂismwnmqwaawwqﬂmwwmaaalfdﬂmmaqmmmlfuu
voundnoanlesunn q sdiaunsadunadiuanadunisdenuureandnoenleslunsls Seanmdu
nMaAsnUuTesidnTflueenlafiiusngazuansiidguninidenuudl 20 whiy 26.49° assfuszuy
nsaeviau (002) SYUUMSIAgIULAenAReITUTIBIUHAYES Abasali Karaj Abad et al. (2020)

3.3 AN9IATITNANEBALNTAANAULEIVDIATATDEN
mylasziaUnasunmsgandusaesvinesnleduarvansrenlndsifdnsiueenlyd-inansenlyd

aelfinTesinnisganiiuuas (Ultra violet - visible spectrophotometer: UV-vis) lakan1siasigsidaning 4

Fe,0,20%RGO

0.8+

0.74

0.6+

054 Fe,0,-15%RGO

0.4 Fe,0,-10%RGO

Absorbance(a.u.)

0.3

T T T T T d
200 300 400 500 600 700 800
Wavelength(nm)

Al 4 gIaunasuveavaneenlenuazaisneslndninadnsusenlyd-ndnaanlyd
dndausg 9
9nand 4 wansgianaiuveavdnoonluduararsaoulndnndnesnlesd-sadnsfiueenled

WU firNeTIAAY 401.16 - 446.18 Wiluns denadesiunispanduuasuennaneaniyd Tuuandliiiiu
Jwnansiegiindneanlydduesiusznevasnndesiusenuues Rahman et al. (2011) 8nvisdausing
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Fevwadniinrmenaduluing 260 - 269 wiluwas Faunngluynegns Fasmnusnaauinaduga
nsgandunasesimdnitusenlediunandiiiiufansiiegvosiidnsfiusenludluynansinedns uas
Faueneduiifummsuiduresiusseslsunfinaisuay (C=C) 990 & W& Plasmon 1in91n3an1s
lwalunesuearilviinnisaeuginavesiusy pi lu ns1ilueenluys wazmsTvSInadmdnsilusenleiuiu
sxdunafiuiinvosndnoonlesdaauunntiu Lﬁaﬂmmmﬁuﬁﬁﬂumi@jmﬂﬁul,l,mﬁmﬂﬁuﬁﬂﬁmﬁﬂaaﬂ%ﬁ
mmm@mﬂﬁuuaﬂﬁmﬂ%umm"l,ﬂﬁaa
PnRanIspAnduaeaneanleiuazatsaeuindninidnsfiueenlyd-ineanlydanunsatily

IAgiuauderitanasnulaanaudunus
ahv = A(hv - Eg)”2
Toedi Ao ﬁﬂﬁuﬂizawéﬂﬂiﬂmﬂau (optical absorption coefficient)
Ao AAsTivendsd (Planck’s constant)

fio audvesinmew (photon frequency)

> < S Q

fim AN (constant)

E, AD ALOULDIINNSNU (direct band gap energy)

dlethaiilgainmsmuadagldruduiusinesu lWdsunsmldranmi 5 Tnemuautesinmdsnu
annsafinnsanliandruredunssiiannundansndisunds (hv)?= 0 Feuaugesiimdnues
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Design and construction of 3-blade young coconut peeling machine
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Abstract

This research article presents the design, build, and find the performance of 3-blade young
coconut peeling machine. The 3-blade young coconut peeling machine has the main components:
1) 0.5 horsepower motor used for power principal 2) chains Used as a power carrier and 3) a total of
3 blade sets, each of which can be disassembled and maintained. For performance testing of 3-blade
young coconut peeling machine, there is a test method, 1 soft coconut per Peel 1 time, then analyze
the results. Found that 1) The 3-blade young coconut peeling machine that is created takes time to
peel the young coconut. Average is 47.78 seconds/Times compared to a young coconut peeler. DIY
young coconut peeling machine takes an average stripping time of 110.79 seconds/time. Can save up
to 63.01 seconds of young coconut stripping, representing 56% 2) 3-blade young coconut peeling
machine built use the budget at 5,182 baht compared to the DIY young coconut peeling machine
sold on the market for 18,000 baht, which can reduce the cost of young coconut peeling machine up

to 12,818 baht, representing 71 % and 3) a 3-blade young coconut peeling machine that is created
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can cut the end of the young coconut to the end once inside which is different from the DIY young
coconut peeling machine mild coconut peeler that cannot cut the end of the young coconut Also, a
3-blade young coconut peeling machine Built using a 0.5 horsepower motor, which is smaller in size
than a young coconut stripper. DIY young coconut peeling machine makes agriculture convenient,
able to move in various places.

Keywords : 3-blade young coconut peeling machine, young coconut, DIY young coconut peeling

machine
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Weilddseneulumedausing q el
3.1 N1sMeaBIaZINTIZiNanITMaassvanAsasUandanuzniinsousuy 3 Tuila fu

= = ¥ '
ipsasUantUaanusnin2au DIY
NANISVNAABILALILATILINANITNAADWBLATaIUaMUABNULNS1IBRULUY 3 buila Nas1eduny
WM5a9UaNUaaNUEN51I80U DIY WARIAINISIN 1

ANS199 1 ANSNAABILAZAATIZRNANITNAARIYBLATBIUanUAanUz WS 128auLuY 3 Tulle
AuwAsasUantUaanugninioau DIY

an/asail wiesUanidenuznioseu uuu 3 Tulla Gund)  iadesUsnudenuzwinageu DIY (Gui)
1 47.20 110.25
2 48.39 111.56
3 46.76 109.89
4 47.19 110.21
5 47.24 110.98
6 48.40 112.15
7 47.66 109.91
8 48.29 110.50
9 48.91 111.69
\ady 47.78 110.79
annald 63.01
Amdu 56 %

it 1 Junsneaesuasdinssinansvaasseuesesanilienusninseusuu 3 lulla
fuirSesaniUdenusndseu DIY wuin wiswenildenusninseuwuu 3 lufla MWnalumsusnden
ugwinseu wdvegi 47.78 Juni/ads Tnsfiiedosonudenuznimseu DY Wnatlumsdendenuznim
gou 1dvegil 110.79 Juii/ads devihnisidsuifisuiadesnainisuenidenugninigoudu wut ades
Yandenuzndiseunuu 3 luila Wnamsusnidenusnindeutiosninasesondonuzndnsou DIY
087l 63.01 Junit Ay 56%

st 2 Bumsddsudisuneassenaieslenddonuzndngounuy 3 Tufln fuedaslen
Wasnuzndseu DIY wuln w3esUsnidonuzndngounuy 3 Tufla 571A1 5,182 um e?iaﬁiwmﬁgﬂﬂdmas
mmsmamﬁunumLﬂéaaﬂaﬂmw%ﬂﬁ 12,818 U andu 71% dlaflsuiuirsoslendonuzndngeu DIY
fiflngmuiieanann 5191 18,000 UM illa3esUendonuyninseunuy 3 luile annsasndiusnesznin
soulfasaaunelunszuiunsveniudenuzndngou uledesaniUdenuznisey DIY ldaunsasn
duvheuzninseuldadadunmelunssuiunisUsniUdenusndnseu Snvanisieiesenidenuyningou
wuv 3 Tuiln Tuewesswn 0.5 useh Fadesniuewesvenmdssendenuzndngou DIY ilduewmasouin
1 usath dwmaliiadosUoniUdenuyninsouiiada aansardoudreldodsayandngae
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AN519% 2 N1siUSeuisus1easiBeanIaslanilaanuzni1ngausuy 3 Tulin AuAsasdan
=) b % 1
wWaanuewI1iaau DIY

insaslaniUdenusnineau TEazidunnng 9 vaunsasUaniianuzni1iseu

inseslaniUdanusninigaunuu 3 lulia inseslaniUdenusninieaunuu 3 lulin

. Wsvuuladusdaings

—_

2. ldusiwesauin 0.5 w3 (4.8 woud)

3. mmsaﬂanLﬂﬁaﬂmW%ﬂﬂﬁﬂ%awﬁagﬂ
4. swm/m‘%‘lm 5,182 Um

5. @ansafnaIuYNgNEN513Le

wdasUanuznddou DIY
1. Wszvvansmudusndads
. wowmes 1 useh (6.6 woul)
- ansavenupnimildadiazmiagn
. $IAVAA589 18,000 U

O AW N

. launsadndiuineugniale

4. &3y
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Usnienuznineou daefidelsvihnsmaasaazifivteyauhnmsiinnsiwaragunansideiiseazion
Fastoluil

4.1 mIspnuuukarasaesesaniUdenusnindeu wui wieslondonuzndnsounuy 3 luile
fie¥19Tu muuImInseenuUUidenadesfuNUATuves Nuttapong (2010) waz Kridsada et al., (2013)
annsavhanldmaringUszasdinely

4.2 sypvnarlunmsveassendenuzningounnaiesentzningeunuu 3 luiln fiadsiy
fundosUondenuzndnseu DIY avldsvovnainisen wae 47.78 Suni/ede uay 110.79 Furit/ads
audu Tnawp3esdeniUdenuzndnseunuy 3 Tufln awnsaanszeznailunisuanld 63.01 3und wie An
h 56% BnviasesUanidenuzninsounuu 3 Tuila fennsafnduieuzninsouldudirsesloniudon
UgniMvauluy DIY ldaunsadndiumeszninssuls

4.3 funuililunsaiaedesUoniudenuzgningouuuy 3 Tuila fuiriosenidenuznineeu
DIY nud dunulunisairaeiesuaniddenuzningeunuy 3 Tuiefiadeiu fnagnniudedieut
wieslondenuzndnsou DIY filvieauiisanain
9AUT1gNA

uneAdeilaiEusnsesnuuU a1 wasnaussauzveaaiosUanidenuzninsouuuy 3 il
nansIsewansliiiuinesesUaniudonuzndssunu 3 lufla ansavheuldesiiussansnim Ssaunse
ofUsonalawal
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5.1 fuszeznatlunistenidenusndnseu wuii wiesUenidenusndseuuu 3 Tufle Toe
Tunsdenidenuzninseutiosnitedesleniudenusniseu DIY aq"i?i 63.01 37 denARDINUNUITY
99 Bundit & Acradech (2002) filsianniniesUaniudonuaszninesu deldruusznaudidny Ae gadaids
Tanewu B yadudanauznin yadeuludia yalufin fusidsweweslnih 1 usah 220 Tad 50 Byad
nan1sMnaes WU natlunsusnidenserseslanildentauzndigeu Wnaiteeninmsusndondie
USITUAY LLazmamw%ﬂaéauﬁgﬂUaﬂLﬂﬁaml,é’aLﬁuﬁaam%’wmmmm

5.2 funuautRvesaies nud iedesUeniudenuzninseuuuy 3 luila usinesvuin 0.5 ussh
(4.8 wont)) Fsflawmdnninadsslenidonuzndngeu DIY dddduamasauwn 1 ussh dwaliussndn
anlwihlgnnnii senndosiusuddeues Piyachart (2011) fildeenuuusasimunaiasUoniudenuznd1iu
Tngondondnnsvesussdaainuawesini nanisveass wu nseslenidenuznduiaansadendden
wzn$1Ila 91U9U 2-3 gneiswndl viseuseana 150 Qﬂaﬁaﬁ'ﬁua dlaisusumslidiedeniudenusniaznuin
pnltioagldnalaeUssanm 24 Qﬂﬁia%ﬂm Fezdouninnisliaiosds 6 Wi

LIGILIIE

6.1 maihszuuiauing (pneumatic) WanUszendlifuiadosleniudonugninseunuy 3 Tuiln
wleifinmnudasastlunsufoinuesdldany

6.2 msnwussnaRlilunisUonidenuzndn Welsmuvdnnsmsmyuuasisalswesgnuzni

a a
5. AnAnssudsznia
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Mdanandugmsinaundanududuieadeuuannniianudududesay 0.5 uniign Japnududuues
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Abstract

The research aimed was study the production of bitter orange (Citrus aurantium L.) gel bead.
The ration of bitter orange juice at 3 levels (15%, 30% and 45% by weight of water) was to study in
the first step. The results showed that diffferent ratios of bitter orange juice affects the total soluble
solid (°Brix), pH and tritrable acidity. The pasteurized bitter orange juice with high acidity (bitter orange
juice at 45% by weight of water) will be affect spherical setting of bitter orange bubble. Bitter orange
bubble can not good into a spherical shape. The most panelists accepted the bitter orange bubble
with 30% bitter orange juice. After that, bitter orange bubble was analyzed to determine texture
(hardness) and color. The result showed that the acid level affected hardness. Hardness will be
decrease when higher acidity. The acid level did not affectes color. After that, the concentration of

calcium lactase at 3 levels (0.5%, 1% and 1.5%) was to stuied for comparsion. The results showed
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that most panelists accepted the bitter orange bubble with 0.5% of calcium lactase. Different
concentrations of calcium lactase affected the hardness. Hardness will be increase whem higher
concentration of calcium lactase and concentration of calcium lactase did not affect the color of
bitter orange bubble.

Keywords : bitter orange juice, gel bead, spherification

1. uni

@1 (Citrus aurantium var. aurantium) Lﬁuﬁ%ngaﬁu agflued Rutaceae dnwauznngueni
dnwagnsinan wWiennun Rvguswdnties JUdnvaladeuzniawiazivwiaivgndl Inedugignihuldly
mMsUssensluna wu vilnseu Ténsenvaiuuy 1udu Tngazthinduguniulesilelsovionauaduly
9IS %ﬂé’mhLﬁuﬁﬂzﬂ,mm‘ﬁ'ﬁETQIJJQﬂﬁmﬂﬁumiﬂizﬂaummiﬁmmﬂwmﬂﬁﬂ widondugninaumend
Juendnwel feuisefinaassatanaunnudondudndeiviazaiamatu 2 9da Ao lawefiadmeswass
Wazasvedlnsdeudmesiulaefiasives lnenuinUdendudilanslindu fie L-Linalool uaz Citronella
Feuslovdvosmsatanaududn Aeansailvldfundndsioemsls (Watcharananant et al, 2020)
vennihidudiindsdauuslven fnuislunsnuansiueyyadassluthadunadud Taonui thidu
anvamaduiiansUsznoufiuednuazansuszneuialiusesiogl 451.63 mg GAE/GFW uaz 26054 mg/
oFW maighéfu (Aschariyaphotha et al., 2021) §saniinanaun auiulédn thiugniivsslen] widmau
efiinhaududnluiaudundnfasiemsldinaumannnans

Faduluaudded FaluwrAntnihdugiluimundundnsasionns Tnevhaududtldwaun
Treglusuuvuidinmannsnauiteluussgndldsuseniudfuadosiudmalsl Tnsnistuguuuunsenaa
(Sperification) afumaianisfiondouiiselnfendadiuniujisonfuunadouuanan vilfe1mis
fanwaurdudaea ﬁmu’iﬁaﬁL?im%mﬁuﬂﬁ%ﬂ;gﬂ%iaﬂaﬂumémﬁmvﬁmmi WU MsHaRwaTEenuAasTns
La%mﬁwé’uﬂziméhstcaﬁﬂmis'ﬁugUmmamLLUUéTauﬂé“U (Suktanarak et al., 2021) nsuandatndinanisa
pumailasnsaalesiadu (Kamprawet a & Vatthanakul, 2018) WA SNALNHAR e A B
mmaméﬁaLwﬂﬁﬂﬂ'ﬁ‘fugml,wmaﬂau (Suktanarak et al., 2018) 1Judiu f?m%fuﬁfmqﬂizmﬁmamuﬁﬂﬁ W
ﬁﬂmﬁmwdaummﬁ;ﬂé’mqﬁmmzamiamisﬁugﬂL‘i‘]umaﬂamauﬁmmaﬁwé’wﬁﬂ LAEANYIAULNTUVDS
wradeuLanmanINyausensinawatdugn

2. A5N15Nna89

2.1 ﬁnmé’mmd’;mmﬁgﬂé'wﬁﬂﬁmmxawiamsﬁugﬂLi‘]umanamauﬁmaaﬁ'\é'mh

Yhnadugnnanath vhauaveasiiewidwanysnesnlvun wdsanduinisueniden Auiuas
nseuIEfvIUe Wsuidugnaweslsd SsdunanUszneulugaetian dhduen wavihmansie
(599 1) Tumsneaesil ﬁ]zﬁﬂmﬁmﬁd'gumaﬂﬁﬂquﬁmmzamiamiﬁugﬂLﬁumaﬂamauﬁmmaﬁwé’u%
SoimsUuUSInanhdugliuananeiu 3 sz Ao Sovas 15 Yeuay 30 uavdesay 45 veatminuLUan
vhmswaweslsdfigamgll 62-65 sarmwaidua

ndsaniy thdudmnaseslsditsanduveshdudfiunndieiu 3 sedu indusuifudaeg
nsanay Tneynhdusi 3 qns Ensautndudndosay 15, 30 uay 45) naufvansiufoudadiuniiay
dududosay 1 sothutinihdugimaneslsd Anautuaunseidlmfeudatiunasansaunun vhnmstuguidu
Wnwanssnau IﬂEJmﬂ%‘lezj%qﬁ@mff’]é’msdwwwamaﬁiéﬁmaﬂmﬁwﬁaﬁLum uiaslunealuaiasansunai@em
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waANAiAUduTuSesas 1 setviniiual Adbiiduszeznan 5w hdudiazwesududineansinay
ndsntuidanadugnluansmedndan wedunisdeansazansunadellannasananndinaadueg

A15199 1 drunaulunisiiundudiniaaaslsd

Sasndauvesindudn (n3u)
ingau $ovaz 15 $ovaz 30 Sovaz 45
(gmﬁ 1 (qﬂsﬁ 2) (gmﬁ 3)
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l
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lgSeApmhdugminauivleiondadiun asevadlluamsasarsunadeunanom

|

Auszeznan 5 wf wWelimianiswesdudinma

!

Bdineaidugn undraluiidan
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2.2 Anwanududuvesral@susananiiviunzausenisiiaineatndugn

thdinwatidugmssnaniiléZunseensundssamduiaanisviide 1 dnwinnududuves
wradsunamenimnzausonsiindinmatdud Tngludunoud sgvidusinmansinaumiioufudsei
Tudedt 1 uizuSumnududuresansazansuna@ouuanmniinududunansieiu 3 seeu fie arududy
Yovay 0.5, Yovay 1 uardosay 1.5 vestnminian Tngnnanudutuazidluansasaiounadeunwaniny
Huszerinm 5 wiit udnhindredsiua dedadiaemiduinasgnifulilundesdoaifiowdoudmsy
msinsziluduneusely

2.3 nM3UTZUAMAINNTERNTUNIUSE MU
ﬁwmﬁﬂixLﬁuQmmwﬂ']iaaué“umaﬂszamﬁuﬁasuaqLﬁmLﬁ]aﬁﬁmhﬁ’uﬂmaauﬁlﬂmumiﬁmu

(Untrained panel) $1uu 30 au Tasvagou 2 91 de3smslinziuuaugeunu 9 90 (9-Point hedonic
scale test) Befiazuuu ol

1 = lswouannian
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4 = liyeuidniley

68



ISSN 1906-1889 N5a533 V1 16 atiuil 2 nsngne - Funam 2566

5=1a8 9

6 = vouLdniley

7 = vouUunan

8 = YBUNIN

9= ﬂlaumﬂﬁqm

witsnshegsdmiunnaeunsssamdialasnismadanathdug1ild 1 foun de 1 gnsadlu

ety naaeuTundoudu 3 gas lneveasunadnvazdnvasing (eudunsinan) @ ndu savnd
\dloduia wararumeulan s

2.4 malwnziguammaaiivasirdudmianaslse

melinnginunwmaeivenidudimaneslsd asvinisnsnaeuluvasfisdligniugufudiaeg
TagAesiivhnisasiaaeu ldun n3ine pH feir3esin pH B MILWAUKAEE $u 55 wagnsiau3ana
voudeftazaneiilé IngldiaTes Refractomer 8o ATAGO Ju N-1E uaznsaUSunmunsaitlnnsels (AOAC,
1998) amsinviamund afaaunimniaiivesidudmnaeslsdntaunanmugnsimied 1

2.5 MsATITERaMNYBLdaRaUdug

%
A o Y o

Tudument %LfJumimaaaauiwumwmamﬁgﬂmmmtﬂmﬁmLﬁ]aﬁfﬁmhmmau Ineiin1snsIaeu
#7499 il
2.5.1 N5IATITRAE
thudioiadndue ininend feldiedasind Colorimeter Ju CR-10 Plus (Minolta, Japan) suans
NaENUNTl ANE L* viuneBe AANadne (5 = 0, 412 = 100) AN a* el AuneSedden (+ Aums,
- Af7) wazAnd b* vneds AvdeademinGy (+ Awdes, - Atnitw)
252 msieseRdnuaeiieduls
vhidfiawathdugnsiuay 10 din ideseidnvasidedudalngldiniesinrioduia denios
Texture Analyzer 3u CT 3 (Brookfield Ametek, USA) Ingliviviansensyuen ﬁﬁLﬁumu@uéﬂma 38.1 mm
(TA4/1000) @ailanzanuivesirinindeuiivasnagey e 2.0 mm/s naasluilussesnie 3 mm/s

2.6 NSAATIZHAMNIGEDRA

%a;gaﬁ"lﬁmﬂmﬁﬂm pH, Usunaunsaitlamsnle, USinaesudefiazaneiinld, Ad wazAioduia
TNUNUNMIVAaRIRUUNANYTal (Complete radomize design, CRD) dawﬁa;ﬂaﬁlﬁmﬂmiﬂis@u@mmw
MsgaNsuNIUsEaMANAE MUNUN IR UUdNUABnaNyYsal (Random Complete Block Design, RCBD)
%a;gaﬁlé’mﬂmimmaawﬁmeﬁmwmmiﬂim (Analysis of Variance, ANOVA) LagtU3guliisuanuuangig
Yo naAeReds Duncan’s New Multiple Range Test (DMRT) fiszdiupnudedudosas 95 felusunsu
AAEineana

3. NANNSNNABILAZIANSTAINE

3.1 waﬁnmé’msﬂdqwaeﬁ'\é’wﬁﬁmmzawiams%{ugﬂLﬁuwiqnamauﬁﬂwaﬁﬂé’mh
PMNMST 2 WU Shsduwenidudfiuendneiy dwadermusinameudfiazanetild (CBrix)

aarundunsa-se (pH) wazdSuansaitawnsnls TnedaiudSuanihdugnanniu avdemaliiliusanm

vowudaftavanethlduazen pH anas uwivSinansailamsnasiindy defansanawanissensunieiu

o w

Uszamduda (51991 3) wud gash 1 uavansi 3 danuusndneiueeeiidedAgmneada (p < 0.05)
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Iuﬁwumﬂmﬁumaﬂau AUE LazauAUYOULAETIM Lﬁaﬂmﬂamﬁﬁﬂ%mmﬁﬁwﬁwmﬂﬁu mAudunse
a9ty dwasomstugunsinauvesdianathdut Fsronadosiunuiseves Suktanaral et al., (2021) finy
Pmaeduhdulzseadulnindenuiasinsntu xddviaudunsagedu silfidiaavesiiudenuiing
i duUesailen hardness anas ilesnnnlassadwoadanansinaminnmsanilasadsmeiizen
11 egg box syninntawadlnenisiuiizeveduisudadunuazueaduuuanan Jevhlidinmaiidnvu
Hunsanausterfuihienld wiudsudadiualiaunsoazanslusossemsideanudunsagdld fafuis
dwmalilassadroasinamididmanaugnsd 3 WWfuasuuunssonsumassamdudatiosgn Senaiin
Taseadns eeg box Mhiudauss Aazdsmananuuds (hardness) lusnsnadt 4 finudn v 3 gnsdlen hardness
wansNnueElitudAgy1Ena (p > 0.05) ImaLﬁmm]aifwé’mimwﬂam%mﬁ 1 ﬁmwmﬁammﬁqm 3998911
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M13199 2 AdNBarIAlivaslndugnaReslsd
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#1 pH 3.98 £ 0.12° 3.87 +0.12° 3.71  0.10°
Usanansadilawnsnls 9) 0.30 + 0.12° 0.38 = 0.09° 043 + 0.12°
MR : e Aadeidnusiwanseiulunuen fanuwansstusgreiideddaymneada (o < 0.05)

SlofnsanmasenumsUssamduiadiud (maadl 3) wud i 3 gnsiinnuuaneneiuegied
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naseslutudely Tnenmit 2 wanafinmaidudmssnauiiisanduvenidudiiuansety 3 sesu
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o o

ydAyM19adf (p < 0.05)

e : ¢ vinedls Anadedmdnyiiuandisiuluiuiuey danuuaneiieiuegieiil
Ayn19adif (p > 0.05)

" NNeRe mLaamawauawaEﬂuLLmuaummnulmmﬂm&afmuuﬁm

A151971 4 KAN1TIATITAAMANAIUNIBATNVBIVBIN ARSI IdlnRadudmsenan AT
ansdiuvasidudnuandneiy 3 seau

Sasrduvesthdus
Tadupaunw Sovaz 15 Souaz 30 Souaz 45
(@ns#i 1) (@nsii 2) (g@ns#i 3)
And L™ 29.67 + 0.39 29.36 + 0.26 29.84 + 0.06
Ada™ -0.54 + 0.03 -0.75 + 0.08 -0.74 + 0.15
Ad b™ -1.10 £ 0.23 -1.67 £ 022 -1.70 + 0.45
AALuda () 106 + 2.51° 97.66 + 4.35° 37.33 + 2.08°

o

ewe : *° wnefia Adedmdnysiwandeiuluiuiueu danuwandnsiuegdived ”ﬁquaaa (P < 0.05)
AyN19adf (p > 0.05)

MR TRRRN ﬂ’]LﬂaEJ‘UEN?JEJ&I@VIE]EJWLULLN’J‘L!EJULWJ’MUI&JLLMﬂ(ﬂ’N@EJNiJ‘UEJﬁ’]

%awaz 15 %a8az 30 %awaz 45
(gnsh 1) (gnsi 2) (gns# 3)

o/

Ad 2 uanfiaadndudimsanauiia iﬂﬁ?ﬂ%@ﬂﬂﬂﬁ&l%’]ﬂuﬁﬂﬂ’]ﬂﬂu 3 53AU

3.2 Naﬂ'ﬁﬁﬂiﬂqﬂqqﬂLﬁﬁ“ﬁuﬂ]a%tﬂaL‘?I?J&lLLaﬂLWVI'ﬁWi&l’wa&lﬁi'élﬂ'ﬁlﬁﬂLﬁ]a‘llaﬂﬁ']aﬂ‘lhﬂiﬁﬂau

Tiflnnathdusiilsnsdueshdugiitesas 30 Aldannsuanismaasdlusideiing innw
mnuuduveuradLLaaMAnzaLsonsRnmat dusmsanay TnsAnwmsdaududuresunade
LanANTILANANIURBTdT 3 e Ae Yepaz 0.5, So8ay 1 uavieay 1.5 TINANNTNAABINNTIBNTY
malsvamdudavesrnududuresunafouuanmnimnsaudonisiinmavesidugmsinanuansla
a5adt 5 aniuldisinnaiidugideududuansararsura@ounaaman 3 sy liflauunnenaiu

71



131533 il 16 20Ul 2 nangnes - Funau 2566 ISSN 1906-1889
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MmAjeilldvihnsAinwauaudivesiugnds dadufuvunsevianils Tdunmseduiniawns uag
a1 = o a o L Ao o o A o o a & -
fegmildlunnniavesUseme Fazinaugnimuiiuimiluludmiaunus s dhuwauiuyudiuuduazin
W dudledeiunudnsdniiiivun wazihuasgivgaamnssuuiitlunisddaievihnsimunaueauds
NNTATNLALNNAVDIVADNYNBAUTNAIINNTHALVRIRUT UL AU TN AR st U Ua RN LAUT UG
Tufagiu nuideifgjadufinunsdniudenmaiuainfuduudiidadmuunsgiuenamnssy ven.
827-2531 uavvimisAnwitaSeuliiguiudnsdiunauneiilugnsdiunas ansi 1:7, 1:8 wag 1.9 log
o ) Iala v a & a a | K a ay i ' ) ' H & v
FuUsnanegniugnimlialioAuiinunssounaileAuiiliiunsseu Inednsdruresinazluiosas 50
nUTveiugnse alunsiannauauiRvesudenmufundwudliiussansawiteasadaiden
Tumsidenldnuivingay WevihnsmaaeuauauiAinmuNMeauda waznaaudd vunadunulunisnaasy
5x5x5 . WieLUSeuiisuiuiasgiundndaueionavinssunsuninuionUszamuyiuimily (wen. 827-2531)
NAAINNITNAFDUNITSUAAILSITAVBIUADNNILAUIINAUTUUAUT LA MDA UNNIUN1TTDUNTAT @I URAY
1:7:3, 1:7:3.5, 1:7:4, 1:8:3.5, 1:8:4, 1:8:4.5, 1:9:4, 1:9:4.5, 1:9:5 lneiilofuisiiunisseunndnsndiuilamma
FULSITARINTWINTFIU WoN. 827-2531 VasApunIAUABNUsTAYNUNiruae1eglinIng1 40 Alansu
AanTaURuns ludiuvesseinniafuiiliiiusoudiAimaisunssdnainituinggu ven. 827-2531
MdndmNaN 1:9:4.5, 1:9:5 AIUSATIEUNANTTAIMAITULTITARNUNUINUIATIIY LN, 827-2531 g
PUsEnloRuNlirIuASTauSRSIEILNEN 1:7:3, 1:7:3.5, 1:7:4, 1:8:3.5, 1:8:4, 1:8:4.5 uay 1:9:4 Laznaday
nIgaAndutvesUdennaiuaInAuduuATSadunaulssnnileAuiiliniunsseu 1:7:3, 1:7:3.5, 1:.7:4,
1:8:3.5, 1:8:4, 1:8:4.5, 1:9:4, 1:9:4.5 uag 1:9:5 ngnnandianldifunasininsgiu ven. 827-2531 AlaA10¢

v ' o 3 < a a a s ' ¢

JeninTegar 10-25 AININANTUNYDIUABNNIUAUIINAUTLIUAAIUNTOHUNMIILNTIIU HBN. 827-2531
AITUENTIEIUNREMTUNTTUIUIUIIUATA B 1:7:3, 1:7:4, 1:7:3.5, 1:8:3.5, 1:8:4.5, 1:8:4 wag 1:9:4 audiy
nlaRunliiuNsIou

ARy : AuaNss Sndunan udenmady AuTuud

Abstract
This research studied the properties of laterite soil which is a type of sandy soil, they are red
or reddish brown and are common in every region of the country. Which will bring laterite soil in

general areas in Pathum Thani Province and when mixed with cement and water to be homogeneous
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according to the specified ratio and use industry standards as a reference to develop the physical and
mechanical properties of walkway blocks which are made from mixing the cement soil to be similar
to the current cement walkway blocks. This research therefore focuses on the preparation of walkway
blocks from cement soil according to the industrial standard TIS 827-2531 and conducted a study to
compare with different mixing ratios in formulas of 1:7, 1:8 and 1:9. The main variable is laterite land,
the type of soil that has been sifted and the type of soil that has not been sifted. The ratio of water
will be 50 percent from the amount of laterite soil. In order to develop the properties of cement
walkway blocks to be efficient in order to create options for selecting appropriate uses. in order to
test the physical and mechanical properties. The size of the specimen in the test was 5x5x5
centimeters to compare with the industry standard for interlocking concrete blocks for general
flooring (TIS. 827-2531), From testing the compressive strength of walkway blocks made from sifted
cement soil at mix ratios of 1:7:3, 1:7:3.5, 1:7:4, 1:8:3.5, 1:8:4, 1:8:4.5, 1:9:4, 1:9:4.5, 1: 9:5, all ratios of
sifted soil had a compressive strength lower than the standard TIS 827-2531 of interlocking concrete
blocks for flooring that is specified to be not less than 40 kilograms per square centimeter. As for the
type of soil that does not crumble, it has a compressive strength value lower than the TIS 827-2531
standard at mixing ratios of 1:9:4.5, 1:9:5. Therefore, the mixing ratio that has a compressive strength
value through The TIS 827-2531 standard is based on the type of non-suspended soil, the mix ratio
is 1.7:3, 1:7:3.5, 1:7:4, 1:8:3.5, 1:8:4, 1: 8:4.5 and 1:9:4 and test the water absorption of the walkway
blocks from cement soil at the mixture ratios of non-suspended soil types 1:7:3, 1:7:3.5, 1:7:4, 1:8 :3.5,
1:8:4, 1:8:4.5, 1:9:4, 1:9:4.5 and 1:9:5 all ratios have values not exceeding the TIS 827-2531 standard
criteria that have values between 10-25%. Therefore, the water absorption value of walkway blocks
from cement soil can pass the TIS 827-2531 standard criteria. Therefore, a good ratio for actual
molding is 1:7:3, 1:7:4, 1:7:3.5, 1:8:3.5, 1:8:4.5, 1:8:4 and 1:9:4 respectively, from soil that has not been

Keywords : laterite soil, mixing ratios, pavement blocks, cement soil

1. uni

fugnianduiansssumi daduiaquaniiwlivinisnoans Inedesdinuauimadmnssuiineats
Tuitufivinslnaanunasgnisilduasguduasiinalddslunsvudstan wazszesnadeairafiudy
daavilifyadnsteasiamadisanntu fafu SufnuunAniitsiauiBniseonuuuiasuiulsegniant
vosdugn¥ilndiuiineairsiiinaautinidimnssusininnasgu Wiguautimadmnssulndifesty
fugnimnnsgrudeaztisandilidneannsvudeianainuvasdu Freuitymlunisnaueautan uazidunis
Tunaeiansssumaliiinuseleviiasan (Department of Mineral Resources, 2016) uWuafian1susuugedan
%usaaﬁuwﬁﬁwmﬁmmgm ansavildlaenisuatansramiindy (Stabilizing Agent) %ﬂLfJumiﬁUUja
fudaeitnismuad Tnsduuinudarsinaundiluluiuiefuugsnmuandivosiuiuas198mud
\WuasuasiiuvdefiGoninmsuulgaatiosnmeaediuug (Cement Stabilization) uazFenfufignuiuuss
AENTRMETIIUAI AuBiud (Soil-Cement) (Onestockhome, 2019)

mAfeiiajuiuAnyinsdarhuionmafunnfufiuudiigidmiuinesgugnainsy ven.
827-2531 (Ministry of Industry, 1989) lngnnaeuamassinisgandutih msianudounazdmniuile
Wivuisuuszavsamuesudenmaiu Tngliianmasssunadsldun fugnis YudiwudiBudiunay Tagld
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Abstract

This research aimed to develop anatomy teaching media by using real animal organs to create
3D simulation images using ready-made image processing programs to order a 3D printer (3D Printer)
to create plastic animal organs with realistic shapes. In this research, 4 real samples were used, and
8 pieces were created, including a dog skull, lower jaw, right-halved dog skull, left-halved dog skull.
The research process had 4 steps; first step, starting with taking photos and collecting data on the
prototype pieces, using a camera that adjusted to 2-level height, taking photos rotating around the
workpiece every 10 degrees, obtained approximately 36 images. Step 2, Taking 1 image of all
workpieces in 1 folder to be analyzed in the Meshroom Version 2021.1.0 program to create a 3D
model. Step 3, Meshmixer program was applied to adjust the 3D model for improving the size and
adjusting the shape to be as close to the real thing as possible. The final step is to convert the .OBJ
file extension to an STL file extension and a GCODE file extension using the Creality Slicer V.4.8 program
and then print it by using an Ender 3 v2 3D printer with beige and white-colored PLA plastic.
Research results: Eight dog skull protypes (4 beige color and 4 white color) were created using the
Meshroom 2021 program, the Meshmixer program, the Creality Slicer V.4.8 program, and the Ender 3
v2 3D printer. The printing time and total weight were as follows. Each dog skull took 23 hours
51 minutes in printing, total weight 233 grams. A lower jaw took 7 hours 43 minutes in printing,
total weight 55 grams. A dog skull cut in right half took 17 hours and 59 minutes in printing, total
weight 123 grams, and the left half took 17 hours and 3 minutes in printing, total weight 120 grams.
In conclusion, it was found that the 3D model files created from 3D printers were realistic in terms of
structure and appearance. But there were some details of the workpiece that cannot be made, such
as skull cracks, structures within the nasal cavity, elements within the skull fossa, and various holes
on the surface of the skull, because the limitations of using ready-made programs in the 3D modeling
process. In terms of quantitative research results, all 4 pieces will be used as quality anatomy
teaching materials. It is strong, durable, lightweight, and convenient to move and store.

Keywords : dog skull, animal organs, 3D model, 3D printer
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Wiguieupuduiusiiase (Pairwise Comparison) #u71 Jadefun1suins AuenumIviue uagiiuay
Unenadey 1Uu 3 Jadendn lunsuiudssuasinusalagansansisns dlesndedemanidadnuazany
(Eigenvalue) g4 Lwimmﬁqwaslﬁ]éuadpﬁma’ﬁﬁ’l NsMnUAkLININISUTUUSE 1Bl esianmuanden
wazdnenIm (SWOT Analysis) tlUgn1sinsevinagns (TOWS Matrix) WieliAnnswaueseddiuuay
VinUselevigean
AdnAty : anuisnelavelagans nsuTuuTwmasiaun salagansussdmsansisae

Abstract

The objective of this research was to encourage public transit bus in the context of the
improvement and development guidelines in Chiang Rai public transit bus. It was conducted by
studying key factors that affect development and passenger satisfaction to suggest ways to improve
the public transportation system of Chiang Rai Province. Factors affecting passenger decision making
consisted of 8 factors: service, personnel, vehicle, security, bus terminal, fare, reliability, and special
service. Such factors were analyzed to prioritize by three experts using the Pairwise comparison
method. It was concluded that service, vehicle, and security were three main factors for improving
and developing of the public transit bus, because these factors have high eigenvalue but low
passenger satisfaction. Setting improvement policies were conducted by analyzing the environment
and potential (SWOT Analysis) leading to analyze strategy (TOWS Matrix) to achieve sustainable

development and maximum benefit.
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1. unin

solagansUsedme videfifeudonduin sowd (Dussuvaudanasussuuniailiuinmsuuou
Tneildnwauzidusavunlve) %ﬂﬁﬂMWianinﬂriﬂmamilﬁﬁmﬁi’wmumﬂ msmmumdundningazidenie
dumaduiiay wu ae 1 ae 2 waginsfualagasdeisiunnsietu Wy Sasifeinaendunis vie
gnsAlagansuusiumuszeenie ludagdudusenaunissalagansuszdmaensuldlasunisaduayu
WUTEINUIINNA3E dﬂmaiﬁriﬂisﬂaumiﬁmLLUﬂ%Jumizﬁuv;uﬁLﬁmﬁuﬁg@mﬂﬁfwﬁuwﬁﬁnwaqLLaxé’mmeLiwu
Faifu fuszneunmsissdusosmunuuazuimsdanmsdunliansoudsiuld (Yitthanichkul, 2019) Fsas
denalagasatonanimmsiiuimsuazdnsalneansiglasansdeauuniu Wy msdfuiindnsalagans
nsUFuanduyansliuing liaenadesiunginssunisiiunsesdlasans thundsnsidenldsuuuy
naiRusELYARa WU 303nTE1UEuR warseud Wty uilililasmanauiidanundenlunisden
THguuuunafumsdauyanail

szwmi‘uuda;ﬁmﬂmimaiuﬁawiﬂﬁaL‘ﬁuiwumﬁﬁia%miﬂﬂﬁugmﬁﬁﬂﬁzﬂumsﬁ@ummegﬁmms
Fina Tnsamzludwindeseitoduilonioniierdusiudu 4 vesmamioneuuy seanndwinded
(Ministry of Tourism & Sports, 2022) uidsnindeasedthifissuvrudiassusidondonisiumalndu
Tassteiieatu aseunquituiivarisdonin nassauideuderusuuuumaiunemdn wu indosdu uagsaly
Useidudindnidmanssnulngnsstonslitinusy i furesussrmiluiiuil Sefesordoguuuumaiiunadau
yarailundn sudsenagayidelenauazseldvesnanmsveaiien esanivieadierdnilvgidoniiszuy
yudsenssazfuguuuumsiiumaiasiuwliuiazifiumadnluimiadeseseguuuumsifiumaman
W ww3eedu wazsaln (Wichitphongsa et al., 2018) 91ndnsdudadiuléin ssuvwudensisarludwminidesse
asldsunmsUSuUTuas A og By idludureaduniaiusn aussousvosumugfiliuing Sam
flnans maemauaudy 9 Mieates Sniaitesesiulassisnisvudimens dumsdeens wudeSoase-
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3) ilaiauouunImMUsuUuastaN ssUUTLANtInga eI TnsveunvansAnyIATOUARUNLT
nsliuinmsssuurudssalasasassusvesiimiadeseiniadomin §Adentaluogrsdaimadnsan
nsAnwagaunsnativayulasnanauliAnnsUTuUTkas R ssUurndsalaga sUsEIMNeansI e
YOITINIATBIT Y maamugﬂw@wﬂLfJu‘UizLﬁuﬁwﬁzyiumiﬁ@uuﬁwﬁ“ﬂL%miwgimiﬁzy%aéwﬁlaﬁu (Smart
Mobility) Tusuansaly

2. A5n15ANEI

2.1 Uadgndiansnasenisidenldszuvaudansisne
msanwtadefiidninadenisidenldszuurudsnssasduiiodvdfy fdmansenudeniswaun
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syuuIUEssalnEansUsE R eSSl YR IS AR es s 9INMSNUMILISSIINS ST g e eeEy 21 unanny
annsnasuiduiiadovdnls 8 dadondn léun n1su3nis yaans srummug mnudasade e1msanud M
Tagans putdeiio uaznisusnisivay fuuandlunsned 1 uazusasdadendnanunsouvaduiladososls
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14. v
15. v v v v v v v
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4. Phalung (2019) 5. Wongngamsai (2019) 6. Boonmee (2018)

7. Leamkom & Napompech (2018) | 8. Sankae et al. (2018) 9. Ngoc et al. (2017)

10. Penpong (2017) 11. Sriphayak and Wichiensin (2017) | 12. Jaroentham (2016)

13. Thi Phuong & Tu (2016) 14. Khemapech & Kidbunjong (2014) | 15. Su-angka (2014)

16. Miskeen et al. (2013) 17. Uthayarat (2013) 18. Bhandhasu & Bejrananda (2011)
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2.2 ﬂ"lia'é]ﬂLL‘U‘ULLaSﬂizlﬁuﬂ’N&IﬁNU‘jiﬂj‘Uax‘iLL‘U‘Uﬂa‘Uﬂﬁ&I

mMsUszifiuanuiissswosuuuasuny TaensduniwaliBedngifoaviay 3 vy (Rovinelli &
Hambleton, 1977) WU UTLAEIT0 %ﬂaa’j’]Lﬂuﬁ;ﬂ%ﬂ'ﬁﬂﬁ%ﬂﬁ]’mﬁu%ﬁlﬂLL@SL‘?JIEJEJIENH’]?&’UL@%@H
Han1539elgnslduselenienstniau wuvaeunuldrmdsiinuaenndeiuingUszasrvenisinm
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gounufsanuiisnelaveslavansreszuurudesalagansuseimnaasnsaevedmindesnelulagiu

2.3 msdrsadeyaannguinegrelneasitlészuuvudesalasansansisas

n5d1529 o anrduudelasansdminGesns widl 1 munisfvunvunfegisiiegnsves
AouATu Nsdllimsuawakazlivsiuadndiuveausswing (Cochran, 1977) 108 n = YWIATBINGUAIBEN
ifoanns e mualit P = dndruvesdnvusiialalulszning = 05, Z = i Z fsgfuanuidesiu 95% vie
swdutioddy 0.05 = 1.96, uae e = srduAMUAAARRUTINSANFIREsTiBalMARTULE = 0.05 ¥l
n = P(1-P)Z%/e’ = 384 fiviu Suauunenguinedisdmiunisfnuluadsd o 403 au (vunavesnguiosng
fifeanns 384 au saufudnungufeg1aile 5%)
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2.4 N15IAIANEIAYVRIUIY
nmsmaanudAyveslademenisilisuiisuanuduiusiiags (Pairwise Comparison) H1un"s
FunwaliBedngifeangy 3 i mnhsnuiiieades asonsunisimansiuFouiisuntilunisdiune
dnwaiziawns (Eigenvalue) viieranudiayuesiiads (Yourawd, 2009) Tnenadwsiildaziiangtaduddny
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2.5 MISLEUBLUINIEMTUNITUSUUTILaT AU
nsiauolLaIMNIUT U LA srUUIUdsnlasasa s sz vesimindessne Jadeildan
nsUsudiuiuneuneunthagldsunaaueiauuamdunsuiuysuasiau Tnsdunussiuiifiauddy
wazdnudugeion nande Jadevdnidadnvazianzgs usldnzsuuumnufionelad naonauazgniiimn
#1sanUsenevlumsliasisianinwindentasANunIm ¥3e SWOT Analysis kaydasevinagns vse TOWS
Matrix (Michael et al., 2002)

3. nansAneLazaAUsena
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* gondlduna Ao aanfuudelnsansdamindessne wisil 1 sunedleadese fmiadese

PNnEuMaAusalagasussImeassaustsnuaviulaid@unedulngifunsananiuuds
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mendsnsifiunusudeyasmeuuuasuamainnguiesalasansdiuau 403 au flegszning
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214:
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18 - 25 T Gsorgasflasansuusnnduiusiuunslisalasans dufe Beflavansdongnniuazidenidssuy
yudssalasansanas Wuiiedufunelaseiieu Ausunfufunsldsalasansituiu nande Baflagans
fseldreiiougs Beliviinamsldsalasansein Tasguuuumsidumsesilsansfineunuuaeuniuaansn
wusliidu 3 ngu Uszneuse suiuudl 1 nguilasansiAumaneludmin Aaidudesas 56.33 sUwuuii 2
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\We9se
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(Prachakasem & Leelathanapipat 2021; Sukkrajang, 2017)
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Tagludessuldimuald A @ Hadedunisliuinig B Ao dadeduyaains C Ao Jadedu
gunvLy D fe Yadedunnuvasade E fie Jadedueiansaanuil F fie dadeduslneans G fie Jade
shueuindedie waz H Ao dadesnunmsuimsiay fifvannsahanedsmnuduiusvosusiaveiade
wa$radumsnnsiieuiisuanudfyesarJadendn duwandumssd 6

A13199 6 N1STBUBUAMUFIAYVBILAazUaeuan

Uadenan A B C D E F G H
A 1 3.67 2.00 0.23 5.00 3.00 1.67 4.00
B 1/3.67 1 1.10 0.70 5.00 3.00 1.71 5.33
C 1/2.00 1/1.10 1 0.44 3.67 3.00 3.67 3.00
D 1/0.23 1/0.70 1/0.44 1 8.00 7.33 2.33 6.67
E 1/5.00 1/5.00 1/3.67 1/8.00 1 2.11 3.11 1.22
F 1/3.00 1/3.00 1/3.00 1/7.33 1/2.11 1 173 1.40
G 1/1.67 1/1.71 1/3.67 1/2.33 1/3.11 1/1.73 1 7.00
H 1/4.00 1/5.33 1/3.00 1/6.67 1/1.22 1/1.40 1/7.00 1
NaTIU 7.50 8.31 7.58 3.21 24.29 20.73 15.36 29.62

PINNATINLLINVDIAALTITNANLUAITIIN 6 @1UNTAAIUIUATLINTNVDIUITENEN Y58 ANBNWELY
1ang (Eigenvalue) Inglsuannisuianudinysyrindadsinmsmenanulutuisiwesladsle o dwans
Tussan 7

A1519% 7 N1SATUIUAIUNMLNYRIURIEVAN

Javauan A B C D E F G H
1.00/7.50 | 3.67/8.31 | 2.00/7.58 | 0.23/3.21 | 5.00/24.29 | 3.00/20.73 | 1.67/15.36 | 4.00/29.62
A 0.13 0.44 0.26 0.07 0.21 0.14 0.11 0.14
0.27/7.50 | 1.00/831 | 1.11/7.58 | 0.71/3.21 | 5.00/24.29 | 3.00/20.73 | 1.72/15.36 | 5.34/29.62
° 0.04 0.12 0.15 0.22 0.21 0.14 0.11 0.18
0.50/7.50 | 0.90/8.31 | 1.00/7.58 | 0.44/3.21 | 3.67/24.29 | 3.00/20.73 | 3.67/15.36 | 3.00/29.62
. 0.07 0.11 0.13 0.14 0.15 0.14 0.24 0.10
4.35/750 | 1.41/8.31 | 2.27/7.58 | 1.00/3.21 | 8.00/24.29 | 7.34/20.73 | 2.34/15.36 | 6.67/29.62
° 0.58 0.17 0.30 0.31 0.33 0.35 0.15 0.23
0.20/7.50 | 0.20/831 | 0.27/7.58 | 0.13/3.21 | 1.00/24.29 | 2.12/20.73 | 3.12/15.36 | 1.23/29.62
- 0.03 0.02 0.04 0.04 0.04 0.10 0.20 0.04
0.33/7.50 | 0.33/831 | 0.33/7.58 | 0.14/3.21 | 0.47/24.29 | 1.00/20.73 | 1.74/15.36 | 1.40/29.62
" 0.04 0.04 0.04 0.04 0.02 0.05 0.11 0.05
0.60/7.50 | 0.58/831 | 0.27/7.58 | 0.43/3.21 | 0.32/24.29 | 0.57/20.73 | 1.00/15.36 | 7.00/29.62
© 0.08 0.07 0.04 0.13 0.01 0.03 0.07 0.24
0.25/7.50 | 0.19/831 | 0.33/7.58 | 0.15/3.21 | 0.81/24.29 | 0.71/20.73 | 0.14/15.36 | 1.00/29.62
i 0.03 0.02 0.04 0.05 0.03 0.03 0.01 0.03
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G 0.11 0.09 0.04 0.13 0.02 0.03 0.08 0.21 0.71 8.88
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HATINTIAY 74.53
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Abstract

At present, in Thai Society disabled vision person still do not receive comfort for living and
have difficult to take a daily lifestyle. From a study of the Center for Competency Development for
the Blind Foundation for the Blind Authority of Thailand found that the disabled vision person, who
lives in a small room with only a bed mattress and a table. Tables are very important for various
activities in daily life, such as use for dining, to practice Braille letters reading and to store equipment
for living. The table is used in current still has not specific design for the disabled vision person. Cause
to inconvenience to run such activities and affect to danger when use the tables that have not
specific design. From the mentioned problem, the researcher has idea to design a multi-purpose table
used to promote quality of life for the disabled vision person. The objective purpose to design a
multi-purpose table for promote the quality of life for the disabled vision person by taking to the
standard test industrial to test a vertical static force and evaluated satisfaction of application. The
methods of study: study from documents and research related to problem in design requirement
from the disabled vision person. Theory concept which related to promote quality of life for the
disabled vision person. The concept to design throughout observe the behavior of tables using in the
daily activities of disabled vision person. And interviews to know what needs of table design from
disabled vision person. The sample groups used in this research are both male and female of
completely blind person, specific selection of 30 persons who stay at the Center for the Development
of the Blind. Foundation for the Blind Authority of Thailand, Pak Kred District, Nonthaburi Province.
The results of research have point as; The result of design a multi-purpose table to promote the
quality of life for the disabled vision person is designed to be able disassemble and fold it.
Choose the materials to produce structure and use the strong materials to assemble. Model of the
multi-purpose table for the disabled vision person consists of a shape of chair coherent with the table.
There is a sensor system to detect and prevent a walk-crash. There are drawers and shelves with
an installation bar for protecting the overflow items on the tabletop. There is a power plug with a
power cut-off switch to prevent a danger from electrical defect. There is instruction in Braille letters.
As well as close the touch surfaces at various points on table for the disabled vision person can use
it easily and comfort. The test of strength and durable of the multi-purpose table, was tested
method by used static force applied vertically, at the pressure of 1200 newtons, 3 points, 10 times
per point. It found that the stability and durability test passed the TIS 1494-2541 standard and the
evaluation of Satisfaction in using is at Very satisfied.

Keywords : multi-purpose table set, quality of life promotion, disabled vision person
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Abstract

The objective of this research was to evaluate the positional accuracy of a digital elevation
model derived from low-cost Unmanned Aerial Vehicle in the Recreation Park of Burapha University,
Mueang district, Chonburi province using 6 gsround control points and 24 checkpoints obtained through
Real-Time Kinematic (RTK) surveys. The results indicated that the Root Mean Square. Error (RMSE)
value at the confidence level of 95%, without using GCPs had a horizontal positional accuracy of
0.073-0.246 meters and a vertical positional accuracy of 0.270-0.429 meters. These values meet the
standards set by the National Standard for Spatial Data Accuracy (NSSDA) and the American Society
for Photogrammetry and Remote Sensing (ASPRS). Based on these results, the researchers recommend
creating a photographic map at a scale of 1:4,000. Additionally, contour range data should be
generated with a minimum interval of 100 centimeters. When GCPs were utilized in the process, the
RMSE value at the confidence level of 95%, demonstrated the horizontal positional accuracy ranged
from 0.054-0.093 meters, while the vertical positional accuracy ranged from 0.114-0.333 meters. These
values also complied with NSSDA and ASPRS requirements, allowing for the creation of a 1:1,000 scale
photographic map. Additionally, contour range data can be generated with a minimum interval of at
least 50 cm. According to this study, digital elevation models from low-cost UAVs can be used both
without and with GCPs for applications that do not require very detailed and precise verticality values,
such as building elevation surveys, tree height, or the height of large billboards, etc., because the
difference in elevation values between features within the study area is still within acceptable criteria.
Keywords : Assessment of the Positional Accuracy, Digital Elevation Modelling, Low-Cost Unmanned

Aerial Vehicle

1. Introduction

Unmanned Aerial Vehicle (UAV) is equipped with high definition digital cameras with software
to help control automatic flight This makes it possible to record aerial photographs with high
resolution at the Mega Pixel (MP) level and can produce numerical elevation data using the Digital
UAV Photogrammetry surveying principle by surveying UAV Photogrammetry with three-dimensional
coordinate data and using the 3D point cloud classification technique (Pix4D, 2021) to create a Digital

Elevation Model, a survey process with aerial photographs from Unmanned Aerial Vehicle. Therefore,
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it is an alternative that is gaining popularity today to utilize in generating spatial data with
centimeter-level high spatial resolution and creating a Digital Elevation Model (Santise et al., 2014;
Uysal et al, 2015; Webster et al., 2018).

Unmanned Aerial Vehicle (UAV) is a generic aircraft designed to operate with no human pilot
onboard. Recent development in sensors and flying platforms has significantly broadened their
application (Raczynski, 2017) and their usage in land surveying has become a common practice. Low
quality photographs directly affect the bundle adjustment results together with accuracy and
density of generated point clouds and the generated Digital Terrain Model, consequently reducing the
accuracy of orthophotos and extracted coordinates (Wierzbicki et al., 2017). Although, no measurement
in a survey is exact (Mantey et al., 2022), errors must be kept to a minimum as possible. This study
seeks to investigate the appropriate time of the day to achieve the highest positional accuracy when
using UAV surveys with emphasis on horizontal coordinates.

The term UAV is used commonly in Geomatics and Computer Science, Robotics and Artificial
Intelligence, as well as the Photogrammetry and Remote Sensing communities. Recently, UAVs are
equipped with several units and sensors, which has become an integral part of the UAV and helps in
the photogrammetric process. To be able to perform autonomous flight with predetermined waypoints
or path, a GNSS receiver is introduced in the design of UAV. GNSS is not only used for autonomous
steering but also for georeferencing the images. Currently, Real Time Kinematics (RTK) GNSS are being
tested for their ability to perform direct georeferencing to eliminate or reduce the necessity of using
Ground Control Points (GCPs). Unmanned Aerial Vehicle are widely used in many applications for
different purposes. Recent developments in sensor and flying platforms have significantly broadened
their application (Raczynski, 2017).

Accuracy is one of the most important factors of land surveys. The purpose of land survey is
to accurately determine or establish relative positions of points above, on or beneath the Earth surface
(Mantey et al., 2022). Although accuracy of land surveys is very important, surveys have not always
been as accurate as they are now as a result of technological advancement in the land survey
profession (Hung et al., 2019). Over the years, the fundamental basics of land surveying have hardly
changed, however, the technology and methods used have advanced along with the accuracy of
surveying. This makes the equipment and methods used an important element that affects the
accuracy of surveying.

The preparation of the Digital Elevation Model (DEM) should consider the spatial accuracy of
the obtained Digital Elevation Model (DEM) data because the acquisition of the Digital Elevation
Model from various processes has a certain level of reliability and reliability different accuracy based
on fundamental data, processes and controls, the aerial surveying process is now regarded as highly
accurate. But the process of creating a Digital Elevation Model in various ways is quite complex and
requires a high knowledge of operations Development is therefore quite limited. In addition, the
accuracy problem of the Digital Elevation Model also requires different resolutions depending on
the type of application. Therefore, accuracy must be evaluated by considering the RMSE value

compared to the reference value. This may be obtained by various methods, such as surveying
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coordinates with the Global Navigation Satellite System (GNSS) or comparing with the National Standard
for Spatial Data Accuracy (NSSDA) at a confidence level of 95 percent or comparing the standard map
scale of flat resolution according to the Cartographic Society Standards from the American Society for
Photogrammetry and Remote Sensing (ASPRS) (Kanplumiit et a.l, 2020; Laphitchayangkul et al., 2020).
Assessment of accuracy of orthophotos can be qualitative or quantitative. Qualitative assessment of
orthophotos involves visually inspecting them. Daramola et al. (2017) qualitatively assessed the
accuracy of orthophoto by overlaying measured features on the digitized features. Visual assessment
of the overlaid feature was done by comparing the digitized feature on Orthomosaic with the area
computed through conventional survey. With a qualitative assessment, minor deformations can be
detected on the orthophoto and can further be analyzed with the purpose of illustrating the type of
error present. Quantitative assessment on the other hand deals with analyzing measurements made
on the orthophoto. They consist of parameters such as positional and geometric accuracy (Hung
et al,, 2019). Positional accuracy includes horizontal and vertical accuracies of checkpoints. Geometric
accuracy is also similar to positional accuracy in terms of measurement. The only difference here is
that accuracies are assessed on an object level in geometric accuracy. A number of permanent objects
are digitized and measured on an orthophoto, and their values are compared with the actual
measurements made on the ground (Koeva et al., 2018).

The accuracy of an orthophoto or any final photogrammetric product is dependent on a
number of factors (Hung et al., 2019). Variation in these factors in either way affects the final
accuracy of the product (Gindraux et al., 2017). These factors range from the data acquisition stage to
the production of the final output. Some of the factors which accuracy of orthophotos depend on
include initial image quality; accuracy of GCPs; distribution of GCPs; image overlap (forward and side);
flight altitude; camera resolution; and software for processing (Mantey et al., 2022). The preparation
of the Digital Elevation Model in many studies has used positional data from UAVs to study by Hung
et al. (2019), creating a local photo map with a small Unmanned Aerial Vehicle automatically. The
study found that they can produce map photographs from small Unmanned Aerial Vehicle in a large
scale of 1: 1,000 and produces a contour range of not less than 24 cm (Santise et al., 2014). The study
to evaluate the accuracy of the creation of a Digital Elevation Model from UAV aerial photographs at
the university campus in Par at the flying height of 70 meters and 140 meters, it was found that at
the flying height of 140 meters, the RMSE value was better than that of the flying height of 70 meters,
except for some of the roofs of tall buildings. Assessment of the accuracy of positional data results
for quality and compliance with standard requirements can be verified by conducting a horizontal
accuracy assessment based on the United States National Standard for Positional Data Accuracy
(NSSDA) of the Federal Geographic Data Committee (FGDC) and the American Society for Visual
Surveying and Remote Sensing (ASPRS) standards (Engineering Institute of Thailand, 2018).

The aim of this study is to assess the positional accuracy of a digital elevation model (DEM)
generated from low-cost Unmanned Aerial Vehicle (UAV) in the Recreation Park of Burapha University,
located in the Mueang district of Chonburi province. In the case of a small area like the Recreation

Park of Burapha University, the conditions for conducting a survey with high-accuracy data, such as
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establishing precise ground control points (GCPs), can be challenging. High-accuracy GCPs are typically

used to improve the positional accuracy of photogrammetric products derived from UAV imagery.

2. Materials and Methods
2.1 Study Sites

This study was conducted in Recreation Park of Burapha University, Mueang district,

Chonburi province. The study area covers about 0.15 square kilometers.

Lo ".m:: ?II'III_IE prdi]
STUDY AREA: BURAPHA unnrensm.;.c’nmsuE\ P
2 =

[ i)
Ll

Figure 1 Study site in Recreation Park of Burapha University

2.2 Materials

The materials used in achieving the objectives of this study included GCPs, aerial images,
software, GNSS RTK e-Survey (e-300 Pro) equipment and personal computer. The data sources used
in this study were entirely primary data. The data included UAV derived images of the area under
study as well as measured ground coordinates of points in the study area. The software used in this
study was Drone deploy and Open Drone Map (ODM). The primary data was acquired using the

following equipment: DJI Mavic 2 PRO Drone with Transmitter (Figure 2); e-300 Pro GNSS RTK receivers
(Figure 3).

»
¢

Figure 2 DJI Mavic 2 PRO Drone
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Figure 3 e-300 Pro GNSS RTK receivers

2.3 Methodology

The methods employed in this study were in four phases. The first phase was the data
acquisition process, the second phase was the data processing and orthophoto generation, the third
phase was the feature extraction from the orthophotos, and the last phase was the accuracy

assessment (Figure 4).

Data - ‘ Accuracy
Acquisition Assessment

Figure 4 Flow chart of the methodology

2.3.1 Data Acquisition

The data used for this study included surveyed GCPs and aerial images acquired with a UAV
(DJI Mavic 2 PRO). Ground coordinates of control points and check points were also determined using
static GNSS survey.

1) Reconnaissance: A preliminary inspection of the study area was first performed. Part of the
reconnaissance included identifying an open space that could be used as a safe take-off and
landing area. Controls within the study area were also identified to be used as GCPs. Tall buildings,
telecommunication masks, electric and network poles, trees, and other obstructions were identified
and avoided in planning the flight.

2) Flight Planning: The Drone deploy software was used in planning the mission of the UAV.
Parameters set in the drone deploy software remained the same for all flights. Reconnaissance before
the mission planning helped in choosing parameters for the flight. Batteries of the drone were
fully charged and calibrated. Before flight, Pre-flicht tests were also carried out to ensure proper
functioning before proceeding to take-off. Flight lines were designed for the area under study on a
digital map embedded in the software. The photography plan was divided into 4 case studies
including defining 2 levels of flying height, such as flying height at 70 and 90 meters and defining front

overlap and side overlap in 2 types, such as 80% front overlap and 70% side overlap; and 70 % of
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the front overlay and 60 % of the side overlay, which obtained the number of images in each case

study as shown in Table 1.

Table 1: Parameters used in planning the flights

Parameters Case 1 Case 2 Case 3 Case 4
Flight height or altitude 70m 90 m 70m 90 m
Time of flight 12 min 22 sec 9 min 38 sec 23 min 13 sec 15 min 48 sec
GSD 4.5 cm/px 5.8 cm/px 4.4 cm/px 5.9 cm/px
Front overlap 70% 70% 80% 80%
Side overlap 60% 60% 70% 70%
Number of images per flight | 123 83 247 146
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Figure 5 Flight Planning in four case study

3) Measurement of Ground Control Points (GCPs) and Check Points: GCPs are included in
aerial surveys to enhance the accuracy of the final product and can be avoided or minimized if the
UAV has a dual frequency GNSS onboard. Precise survey pillars were used as GCPs. This was due to
the fact that GCPs were placed on the ground. before flight would not persist for the whole period
of the image acquisition due to human activities. Conspicuous existing natural and artificial features
on the ground were also used as check points considering their clarity on the aerial photographs.
The precise coordinates of the control points and check points were all surveyed using differential
GNSS technique in the static mode. Six GCPs and 24 check points were distributed in the study area
and used as testing and correction points. The coordinates of the GCPs are shown in Table 2 and
Figures 6.

4) Image Acquisition: In preparation for the flight, the UAV, the Radio Connection transmitter,
and an iPad tablet were connected. The drone only took off after ensuring that all checklists had
been verified. These checklists consisted of: Connection of transmitter (controller) to drone; Drone
GPS satellites; Camera is ready; Drone is calibrated; and Mission uploaded to drone. Other important

factors such as the battery levels for both the transmitter and drone among others were also checked.
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The drone images of the study area were acquired in four case studies (Flight height at 70 m and 90
m, Front overlap/ Side overlap 80/70 and 70/60) During the aerial survey, the number of satellites
visible to the onboard GNSS ranged between 14 to 19.

Table 2 Coordinates (in UTM Zone 47N) of GCPs and Check Points

UTM WGS84
Point Name

E (m.) N (m.) H (m.)
GCPOO 708748.833 1468480.848 2.603
GCPO1 708778.296 1468649.755 2.694
GCP02 708901.540 1468371.027 2.569
GCPO3 708789.684 1468246.296 2.470
GCPO4 708937.977 1468231.691 2.705
GCPO5 708754.902 1468628.714 2.623
GCPO6 708735.375 1468307.249 2.301
GCPO7 708739.847 1468365.089 2.475
GCPO8 708883.905 1468519.340 2.443
GCPO9 708748.210 1468244.379 2.184
GCP10 708904.616 1468163.821 2.637
GCP11 708867.849 1468177.522 2.403
GCP12 708747.277 1468506.142 2.710
GCP13 708755.081 1468562.429 2612
GCP14 708930.091 1468285.770 2.870
GCP15 708771.813 1468428.123 2.270
GCP16 708881.442 1468586.660 2.556
GCP17 708812.392 1468459.613 2.477
GCP18 708892.287 1468261.163 2.690
GCP19 708840.852 1468409.599 1.939
CP20 708742.747 1468419.431 2.840
GCP21 708839.262 1468354.172 2.100
GCP22 708856.666 1468304.228 1.932
GCP23 708794.893 1468597.772 2.389
GCP24 708759.460 1468309.825 2.191
GCP25 708904.189 1468437.146 2.426
GCP26 708798.659 1468498.349 1.977
GCP27 708857.659 1468625.320 2.731
GCP28 708784.368 1468227.542 2.294
GCP29 708865.263 1468599.843 2.682
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2.3.2 Orthophoto Generation (Data Processing)

Data processing and orthophoto generation was done using an Open Drone Map (ODM)
and QGIS Desktop Software. A series of procedures were undertaken in the software before the
orthophotos were produced. The first step in creating the orthophotos was to load the UAV acquired
images in the Open Drone Map. It involved selecting images from the appropriate folder for further
processing. The next step after adding photos in the software was to align the uploaded images. At
this stage software finds the camera position and orientation for each photo and builds a sparse point
cloud model. In the software, alignment is done with the Structure for Motion (SfM), technique. SfM
detects geometrical similarities with specific details that serve as image feature points. The movement
of these points throughout the whole sequence in the workspace is thereby monitored giving an
estimation of feature point positions and subsequently rendered as three-dimensional point cloud.
When these are identified, the software refines camera calibration parameters to create point cloud
data and a set of camera positions [16], generate and visualize a Digital Elevation Model (DEM). A DEM
was rasterized from the dense point cloud for higher accuracy. DEM is required in the production
of orthophoto since software uses the Triangular Irregular Network (TIN) surface to correct for
displacement and calculated exterior orientations for georeferencing in the orthorectification process

Orthomosaic were built based on the generated DEM.
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Figures 7: Aerial images acquired with a UAV
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Figures 8: Orthophoto generation

2.3.3 Extraction of Coordinates and Accuracy Assessment
Evaluation of the positional accuracy of the Digital Elevation Model In this study, the
accuracy of the horizontal and vertical positional data was compared using 2 methods:
1) Positional accuracy analysis without using ground control points (GCPs) and using GCPs by
taking the horizontal and vertical coordinates of all test points Let’s read the coordinates of the same
location with a geospatial program. and calculate the Root Mean Square Error (RMSE) of the ground

image control point. and check point using the following equation:

RMSE = VE(x,_ . - X, )?/n [1]
RMSE, = VE(Y,,., - Vuss) /) [2]
RMSE, ., = V(RMSE )? + (RMSE )?) 3]
RMSE, =V=2(z, -z, )*/n [4]

Then use the RMSE value obtained to calculate the positional accuracy at the confidence
level of 95 percent according to the NSSDA standard as in equation 4-5.

Horizontal positioning accuracy (Accuracy H)

Accuracy 95% = 1.7308xRMSE (5]
Vertical positioning accuracy (Accuracy Z)
Accuracy 95% = 1.9600xRMSE (6]

The positional accuracy at the 95% confidence level was compared with the standard ASPRS
[17], which is a criterion for positional accuracy on the map scale which will show that the Digital
Elevation Model that is in the ASPRS standard, which scale map is suitable for production.

2) Comparison of accuracy in pixel units without using GCPs and using GCPs was analyzed
by converting RMSE value to RMSE/ GSD which shows accuracy in pixel unit in form of radiance
discrepancy. The results were then compared with the ASPRS standard, which determined that the
horizontal positioning accuracy, both the east (E) and north (N) values that are less than or equal
to 1 pixel are orthophotos that can be used in the highest accuracy work, if less than or equal to 2

pixels are orthophotos that can be used. In Standard Mapping and GIS work and if more than 3
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orthophoto points are low quality orthophotos, can be used in Visualization and less accurate work
to know if the Digital Elevation Model is in the ASPRS standard.

3. Result

Evaluation results of positional accuracy of the Digital Elevation Model both horizontally and
vertically. The research findings are as follows:
1) The results of the horizontal and vertical positional accuracy analysis (RMSE) without using GCPs
and using GCPs showed that the use of GCPs resulted in both horizontal and vertical positional accu-

racy than not using GCPs as shown in Table 3.

Table 3 Comparison of positional accuracy without GCPs and with GCPs

Horizontal Accuracy Vertical Accuracy
Case Study
Without GCPs With GCPs Without GCPs With GCPs
1 0.042 0.035 0.138 0.117
2 0.061 0.054 0.159 0.124
3 0.099 0.031 0.219 0.058
4 0.142 0.051 0.19 0.17

When taking the RMSE value of the horizontal and vertical positional coordinates to calculate
the positional accuracy at the confidence level of 95 percent according to the NSSDA standard, it was
found that without using GCPs, the horizontal positional accuracy was 0.073-0.246 m, and when using
the GCPs, the horizontal positional accuracy was 0.054. -0.093 meters at the 95% confidence level.
When without using GCPs, the vertical positional accuracy is 0.270-0.429 meters and when using the
GCPs, the vertical positional accuracy is 0.114-0.333 meters at the 95% confidence level. 95 results

are shown in Table 4.

Table 4 Horizontal and Vertical Positional Accuracy Values at the confidence level

of 95%
Horizontal Accuracy Vertical Accuracy
Case Study
Without GCPs With GCPs Without GCPs With GCPs

1 0.073 0.061 0.270 0.229
2 0.106 0.093 0.312 0.243
3 0.171 0.054 0.429 0.114
a4 0.246 0.088 0.372 0.333

When the results of horizontal and vertical positioning accuracy at the confidence level of 95
percent are compared with the map scale according to the ASPRS Class 1 standard, the results are

shown in Table 5.
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Table 5 Map Scale Comparison According to Horizontal Positional Accuracy and
standard vertical ASPRS (Class 1)

Horizontal Accuracy Vertical Accuracy
Case Study
Without GCPs With GCPs Without GCPs With GCPs
1 1:500 1:500 1:4,000 1:4,000
2 1:500 1:500 1:4,000 1:4,000
3 1:1,000 1:500 1:10,000 1:1,000
4 1:1,000 1:500 1:10,000 1:10,000

Comparing the map scale according to the horizontal position accuracy according to the ASPRS
standard (class 1) found that without using the GCPs, case studies 1 and 2 were able to make a plane
map at a scale of 1:500 with x and x deviations, y is not more than 0.125 m, and case studies 3 and
4 can make a flat map at a scale of 1:1,000 with a x and y error of not more than 0.25 m. When using
GCPs, all case studies can make a flat map at a scale 1:500 with x and y tolerances of not more than
0.125 m.

When comparing the map scale according to the ASPRS standard vertical positioning accuracy

(class 1), it was found that without using GCPs, case studies 1 and 2 were able to make a vertical map
on a scale of 1:4,000 with no x and y deviations exceeds 0.33 m, produces contour intervals of not
less than 1.0 m, while case studies 3 and 4 can produce a vertical map at a scale of 1:10,000 with x
and y deviations of no more than 0.67 m, producing contour intervals, the height is not less than 2.0
m. For the use of GCPs, case study 3 can make a vertical map at a scale of 1:1,000 with x and y
deviations of not more than 0.17 m, producing contour range data of not less than 0.5 m. In case
studies 1 and 2, a vertical map can be made at a scale of 1:4,000 with an x and y error of not more
than 0.33 m. The contour range data can be produced at least 1.0 m. A vertical map with a scale of
1:10,000 has an x and y error of not more than 0.67 m, producing data with a contour range of not
less than 2.0 m.

2) The comparison results of accuracy in the unit of image pixels without using GCPs and
using GCPs were analyzed by converting RMSE to RMSE/ GSD by comparing the results with ASPRS

standards. The results are shown in Table 6.

Table 6 Comparison of pixel accuracy without GCPs and using GCPs

Horizontal Accuracy Vertical Accuracy
Case Study (RMSE/ GSD) (RMSE/ GSD)
Without GCPs With GCPs Without GCPs With GCPs
1 <=1 <=1 <=3 <=3
2 <=1 <=1 <=3 <=3
3 <=2 <=1 <=3 <=2
q <=3 <=1 <=3 <=3
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Accuracy in pixel according to standard ASPRS standard (class 1) without GCPs. Case study 1
and 2 are orthophoto that can be used in highest accuracy work. Case study 3 is orthophoto that can
be used in Standard Mapping and GIS work and case study 4 is a low-quality orthophoto that can be
used in Visualization and less accurate work when using GCPs highest accuracy. It is an orthophoto
that can be used in mapping and geographic information. When comparing the map scale according
to the ASPRS standard vertical positional accuracy (class 1), it was found that the non-GCPs were low
quality orthophotos. It can be used for applications that do not require high accuracy, and when
using GCPs, Case Study 3 is an orthophoto that can be used for mapping and geographic information.
Case studies 1, 2, and 4 were low-quality orthophotos. It can be used in applications that do not

require a lot of accuracy.

4. Conclusion and Discussions

This evaluation of the positional accuracy of the Digital Elevation Model from a low-cost UAV
has determined factors in flight planning to suit the terrain, to obtain a precision positional accuracy
by setting factors such as altitude, flight front overlay and side stacks that different effects on
modeling. The study found that setting the flying height at 70 and 90 meters and setting the front and
side overlaps to 80% and 70% and 70% and 60%, respectively, can provide good image quality and
not much difference. When creating a Digital Elevation Model, it was found that planning a flight with
80% frontal overlap and 70% side overlapping would give the best results according to the results of
the study in Case Study 3, which had a flying height equal to 70 meters and set the front and side
overlaps to be 80% and 70% has the best horizontal and vertical positioning accuracy which
corresponds to Hamilton (2017) has done research on Aerial photography using Unmanned Aerial
Vehicle for archaeological applications. It was found that 75% front overlay and 95% side overlap
would be effective in creating a Digital Elevation Model. However, the limitations of high-level
modeling, to be highly accurate is to collect both horizontal and vertical positional data to cover the
area. and set the front overlay and side overlays to suit the area conditions.

When comparing the accuracy of spatial data horizontally and vertically using 2 methods,
namely 1) analyzing the positional accuracy without using GCPs points and using GCPs points and
2) comparing the accuracy in unit of image pixel without using GCPs and using GCPs, it was found that
using GCPs would be accurate in both horizontal and vertical positions than without using GCPs. It
was found that when GCPs were not used, the horizontal discrepancy was less than 25 cm. and the
vertical discrepancy was not more than 70 cm., which is consistent with the study of Villanueva (2019)
which uses 24 GCPs and has a discrepancy of 12 cm and the study of [20] that GCPs are important for
mapping aerial photographs low cost unmanned and it is necessary to produce maps with centimeter
accuracy.

Evaluation of the validity of the numerical height model by evaluating positional accuracy at
95% confidence level. It is a method to verify the position accuracy according to NSSDA standard by
using standard error (RMSE) at 95% confidence level. In case of not using GCPs Digital Elevation
Model points that are in the NSSDA standard in the map scale of 1: 4,000 and when using the GCPs
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Digital Elevation Model points that are in the NSSDA standard in the map scale of 1:1,000 and
compared with the ASPRS standard. It was found that the obtained Digital Elevation Model was able
to be used in mapping and geographic information. This is consistent with the research of Kanplumijit
(2020), which assessed the accuracy of the numerical topographic model. using the NSSDA standard
and the ASPRS standard as well.

Comparison of the accuracy in image pixel units without GCPs and with horizontal GCPs found
that it can create an orthophoto that can be used in the work with the highest accuracy. While
accurate in vertical pixel units, the use of GCPs can create an orthophoto that can only be used in
mapping and geographic information applications. This is in line with the research of Nagendran et al.
(2018) which has taken the positional accuracy compared to the ASPRS standard. It can also be used
for work with the highest accuracy. According to this study, digital elevation models from low-cost
UAVs can be used both without and with GCPs for applications that do not require very detailed and
precise verticality values, such as building elevation surveys, tree height, or the height of large bill-
boards, etc., because the difference in elevation values between features within the study area is still
within acceptable criteria. In the future UAV studies should consider incorporating multi-probe sensors
mounted on the aircraft for more comprehensive Digital Elevation Model (DEM) assessments. The use
of DEM assessments is crucial in environmental studies, providing valuable information about the
topography of the terrain, which is important for various applications such as land use planning, flood

modeling, and environmental impact assessments.
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