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Abstract

The study aimed to investigate factors influencing the organizational commitment of service-oriented
employees in the School of Information Technology and Communication, University of Phayao. The objectives were to
study the level of organizational commitment and identify the factors affecting it. The target group consisted of service—
oriented employees in the School of Information Technology and Communication, University of Phayao. The study
employed a questionnaire as its research instrument and utilized data analysis methods such as percentages, means,
and standard deviations.

The study found that high levels of organizational commitment were observed in the following areas:
management, organization, job characteristics, and co-workers. Moderate levels of organizational commitment were
found in terms of compensation and factors affecting the organizational commitment of service—oriented employees.
The identified factors were as follows: Gender: Male employees exhibited higher organizational commitment compared
to female employees. Age: Employees within the age range of 41-50 displayed greater organizational commitment
than those aged between 30-40. Length of Service: The ranking of organizational commitment based on years of
service indicated that the highest commitment was observed in the 3-5 years range, followed by over 10 years, and
then 6-10 years. The study's findings were applied to the development of a service-oriented employee development
plan for the fiscal year 2024. This plan encompasses promoting training, evaluating job positions, and creating a work

practice guide for service-oriented employees to prepare for advanced specialized positions in the future.

Keywords: Commitment, Organizational, Employee
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Abstract

This study is a retrospective study comparing the learning outcomes of the course "Human Physiology,"
course code 367202, using on-site and online learning management. The data of the second-year medical
technology curriculum students of Allied Health Sciences at the University of Phayao who registered for the course
in the first semester of the academic year 2018-2021 were used in this study. The numbers of the sample group
were 75, 65, 52, and 55 students, respectively. The scores of the pre-test of the laboratory, midterm, and final
examination were used to determine whether on-site or online learning management was good for the students.
The research revealed that the percentages of average pre-test scores for on-site and online learning
management students were 74.5 + 10.2 and 79.88 + 8.75, respectively. Regarding overall achievement test
scores throughout the semester, it was discovered that students in online learning management received higher
scores than those in on-site learning management, with an average score of 74.7 + 10.4 compared to 62.13 +
13.3, respectively. In conclusion, the learning outcomes of "Human Physiology," course code 367202, using online

learning management are superior to those of on-site learning management.

Keywords: Learning Achievement in Human Physiology Course, Normal Teaching Methodology,

Online Teaching Methodology, University of Phayao
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Abstract

The COVID-19 epidemic caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) has been identified as a global public health emergency. It is critical for developing novel potential inhibitors
against SARS-CoV-2 major protease (Mpro), which has been established as a promising target for therapeutic
design. Mpro is a SARS-CoV-2 protease enzyme that plays an essential role in viral replication and transcription,
making it an appealing therapeutic target for this virus. This study employed the molecular docking method to
investigate the potential for an inhibitory effect of chromone group members against SARS-CoV-2's Mpro using
Autodock 4.2 program. In order to choose the potential tested molecules of choice, the binding dffinities of the
complex formed by each chromone compound and the enzyme's binding site were examined. Compound 15
showed the highest binding affinity among the examined compounds with binding energy -10.64 kcal/mol.
According to the findings, this substance could be developed further to become a disease-treating medicine with

a potent inhibitory action against Mpro.

Keywords: Docking, COVID-19, SARS-CoV-2’s protease, Chromone derivatives

Introduction

Since the outbreak of COVID-19 in December 2019, the number of reported cases has risen. As of 22
October 2023, over 771 million confirmed cases and over six million deaths have been reported globally. [1]. The
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) belongs to the family Coronaviridae [2,3]. The
SARS-CoV-2 virus has an RNA genome made of 30,000 nucleotides. The virus’ replicase genes encode for two
overlapping polyproteins, PP1A and PP1AB, which are required for viral replication and transcription [4-6]. These
polyproteins are modified into functional polypeptides after proteolytic cleavage by the main protease (Mpro), the
3C-like protease. SARS-CoV-2 consists of three domains, domains I, domain Il and domain lll. Domain | (residues

8-101) and Il (residues 102-184) have an antiparallel B—borrel structure. Domain Il (residues 201-303) contains
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five O-helices arranged into a large antiparallel globular cluster, which is connected to domain Il employing an
extended loop region (residues 185-200) [4]. SARS-CoV-2 Mpro has a Cys-His catalytic dyad, and the substrate—
binding site is located in a cleft between domain | and domain Il [4]. It functions by consuming the polyprotein with
more than 11 conserved sites, starting with the autolytic cleavage of this enzyme from PP1A and PP1AB. Mpro is
a crucial enzyme of coronaviruses and has a pivotal role in mediating viral replication and transcription, making it
an attractive drug target for SARS-CoV-2 [5,6].

Although vaccine development is being undertaken at a breakneck speed, there is no anti-SARS-CoV-
2 drug available to date. Under urgent circumstances, anti-HIV agents have been tested against SARS-CoV-2
main protease and shown effectiveness against the viral enzyme [7-8]. Fortunately, the combination of anti-HIV
protease agents, lopinavir and ritonavir, was currently employed in a clinical trial against COVID-19 in patients

with mild and moderate COVID-19 [9].

chromone nucleus

Figure. 1 General structure of flavonoids and chromones

Chromone (4H-chromen-4-one, 4H-1-benzopyran-4-one) is an essential class of oxygen-containing
heterocyclic compounds which are part of the flavonoid family (Fig. 1). Flavonoids were found to inhibit different
targets of coronaviruses, such as SARS and MERS [10], by blocking the enzymatic activities of viral proteases like
3-chymotrypsin-like protease (3CLpro), papain-like protease (PLpro) and helicase. It was also found to interfere
with spike (S) proteins, which play a significant role in the entry of the virus into the host cells. Some flavonoids,
such as apigenin, luteolin, quercetin, daidzein, epigallocatechin gallate and kaempferol, were reported to inhibit
the proteolytic activity of SARS-CoV-2’s 3CL hydrolase [11-12].

In the previous study, our research group designed and synthesized chromone compounds and evaluated
their pharmacological activities, e.g., anti-HIV-1 protease, antioxidant, anticancer and antimalarial activities [13-
18]. In this study, we assessed the docking of 24 chromones (Table 1) and evaluated their potential as inhibitory
compounds against the main protease SARS-CoV-2 6LU7 using the AutoDock 4 software [19]

Materials and methods

Molecular docking

Docking was performed with AutoDock 4 (Scripps Research Institute, USA) using an empirical free energy

function and a Larmarckian genetic algorithm, with an initial population of 150 randomly placed individuals, no.

Maximum energy is 2.5 X 106 power rating, a mutation rate of 0.02 and the crossover ratio is 0.80. One hundred



independent docking analyzes were performed for each ligand. Results that differed by less than 2.0 A in position
root mean square deviation (RMSD) were grouped into the same group and represented the result with the most
favorable binding free energy.

Ligand preparation

The structures of the twenty-four synthesized chromone derivatives were modelled using the molecular
modelling program SYLBYL-X 2.0 (Tripos Associates, Saint Louis, MO) on an Indigo Elan workstation (Silicon
Graphics Inc., Mountain View, CA) by sketch method. Fragment libraries from the SYSBYL database are used as
building blocks to construct more significant structures. Initially, the energy of each structure was minimized using
the standard Tripos force field (Powell method and A energy gradient convergence criterion of 0.05 kcal/mol A)
and the Gasteiger-Huckel assigned charge method. These confirmations are used as initial conformations to
perform the docking process. The structures of the chromone derivatives are shown in Table 1.

Receptor preparation

X-ray crystal structure of the protein main protease (Mpro) (PDB ID: 6LU7 determination 2.16 A) was
obtained from the Brookhaven Protein Information Bank (http://www.rcsb.org/pdb). The receptor was prepared for
docking by expulsing water atoms and connected ligands. By utilizing AutoDockTools, polar hydrogen particles
were included with combining nonpolar hydrogen molecules. Kollman charges and solvation parameters were
doled out by default.

Docking

Method validation

The ligand orientations and positions were obtained from the docking studies by the redocking experiment
and validated to the certainty of potential binding modes of the inhibitors. The ligand (N-[(5-methylisoxazol-3-
ylcarbonyllalanyl-l-valyl-n~1~-((1R,2Z)-4-(benzyloxy)-4-oxo-1-{[(3R)-2-oxopyrrolidin-3-ylJmethyljout-2-
enyl)-I-leucinamide, abbreviated as N3 ) was docked into the native protein to determine the ability of AutoDock
4.2 program to reproduce the orientation and position of the ligand observed in the crystal structure. The docking
results would show the compound with the lowest binding energy when it is bound to the target protein to obtain
the RMSD value of the docking compounds. If the RMSD values obtained were less than 2 A, the docking of the
test compounds could be carried out with the target protein in the same grid box area [20-21].
Results and Discussion

The docking simulation was performed using the AutoDock 4.2 program with 24 synthetic chromone
derivatives. Each compound was docked into SARS-CoV-2 Main Protease targets. The lowest energy-docked
conformation of the most populated cluster was selected and considered. Table 1 summarizes the result of the
docking study presented as binding energy (kcal/mol). Most of the 3-substituted chromone compounds
(compounds containing benzoyl group at position 3 of the chromone nucleus) showed a higher binding energy -
8.58 kcal/mol to -10.64 kcal/mol) than the 3-unsubstituted derivatives (binding energy -5.56 to —7.96 kcal/mol).

Compound 15 was found to be an outstanding main protease inhibitor with binding energies of -10.64 kcal/mol.



This value was lower than quercetin and remdesivir, recently FDA-approved SARS-CoV-2 drugs [22] (binding

energy -8.43 and -8.09 kcal/mol, respectively).

Table 1. Structures and binding energies of chromone derivatives docked with target macromolecule
Cpd R, R, R, R, Re R, Binding energy
(Kcal/mol)
1 OH H H H H Pheny! -7.54
2 OH OH H H H CHs -5.87
3 OH OH H H H Benzyl -7.63
4 OH OH H H H Pheny! -7.94
5 H OH H H H CHs -5.56
6 H OH H H H Benzyl -7.68
7 H OH H H CHs Benzyl -7.96
8 H OH H H H 4'-(t-butyl)-Pheny! -7.90
9 H OH H OH H 3'-(CF5)-Phenyl -7.27
10 H OH H OH H 4'—(t-butyl)-Pheny! -7.93
11 H OH H OH H 4'-(0OCHz)-Pheny! -7.34
12 H OH H OH H 3'-(OCHz)-Phenyl -7.24
13 H H OH H H 3'~(OCH5)-Pheny! -7.56
14 OH OH H H 3"-(CF5)-benzoyl 3'—(CF5)-Phenyl -8.58
15 OH OH H H 3"—(Cl)-benzoy! 3'—(Cl)-Phenyl -10.64
16 OH OH H H 3"-(OCH5)-benzoyl 3'-(OCHz)-Phenyl -9.88
17 OH OH H H 4"—(F)-benzoyl 4'—(F)-Phenyl -9.17
18 OH OH H H 4"-(NO,)-benzoyl 4'-(NO,)-Pheny! -8.70
19 H OH H H 3"—(CF5)-benzoyl 3'-(CFz)-Phenyl -8.80
20 H OH H H 3"—(Cl)-benzoyl 3'—(Cl)-Pheny! -9.85
21 H OH H H 4"-(NO,)-benzoyl 4'-(NO,)-Pheny! -9.44
22 H OH H H 4"-(0OCH5)-benzoy! 4'-(0OCHz)-Pheny! -9.17
23 H OH H H 4"—(t-butyl)-benzoyl | 4'-(t-butyl)-Pheny! -8.92
24 H OH H OH 3"-(0OCH5)-benzoy! 3'-(OCHz)-Phenyl -9.14

All chromones interacted with His41, Serd®, Tyr54, Phe140, Lue141, Asn142, Gly143, Ser144, Cys145,

His163, Met165, Glu166, Lue167, Pro168, Phe185, Asp187, Arg188, GIn189, Thr190, Ala191 and GIn192

residues in the binding pocket of main protein. Compound 15 exhibited the highest binding energy due to the

formation of hydrogen bonds between two phenolic hydroxyl groups of chromone nucleus and Arg188, Thr190

and GIn192 at the active site. The 3'-chloro phenyl group at C2 was inserted into the S2 sub-pocket, which was

maintained by hydrophobic interactions with His41, Met49, Tyr54 and the alkyl portion of Glu87. Additionally, the

3" - chloro benzoyl group substituted at C3 fitted in the ST sub site maintained by hydrophobic interactions with




Leu141, Asn142, Cys145 and Met165. The results were consistent with the Sacco et. al. [23] that hydrophobic
side chain could be accommodated in the S1 pocket (Fig. 2A). Compound 16 exhibited a similar inhibitory binding
mode with compound 15, with a small difference probably due to the 3" - methoxy benzoyl group of compound
16, which formed a hydrogen bond with Gly143 (Fig. 2B)

Comparison of the binding energy for compounds with the same OH and C3 substituted patterns showed that
the 3 - substituted compounds displayed better activity than the corresponding 3 - unsubstituted compounds, for
example, compounds 24 (binding energy -9.14 kcal/mol) and 12 (binding energy -7.24 kcal/mol) (Fig. 2C-D).
The docking results showed that the substituted benzoyl at C3 forms hydrophobic interaction with hydrophobic
residues (< 5A), including Leu 141, Asn142, Gly143, Ser144 and Cys145, resulting in a ligand-receptor complex

with better binding energy. The differences in compound 24 and 12 binding modes are illustrated in Figure 3.
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Figure 2. Docking of chromone compounds with SARS-CoV-2 Main Protease. Hydrogen bond interaction between

6GLU7 and compound 15 (A), compound 16 (B), compound 24 (C) and compound 12 (D)

GLN192

S

Figure 3: The result of superimposing compound 12 (pink) and compound 24 (orange). The substituted benzoyl!

group at C3 of compound 15 inserted into S1 site pocket and formed hydrogen bond interaction with Gly143.



Conclusion

This study used the docking simulation technique to preliminarily investigate the potential against SARS -
CoV-2’s main protease of synthetic chromone derivatives. Analyzing the best-docked ligands allowed us to know
the binding mode of compounds involved in this study. The obtained results are also helpful in understanding the
structural features required to enhance the inhibitory activities. However, further studies should be conducted to
validate these compounds using in vitro and in vivo models to open the way for these compounds in drug
development. To determine if there is a positive relationship between ethical leadership and employee
engagement.
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Abstract

The use of JavaScript Object Notation (JSON) format as a Not only Structured Query Language (NoSQL)
storage solution has grown in popularity but has presented technical challenges, particularly in indexing large-
scale JSON files. In this study, we propose using JSON data sets especially in cases to survey and access large
amounts of data, but the devices used for data collection have insufficient memory to process large-sized files.
We conducted experiments on 32 Gigabyte data sets with 1,000,000 transactions in JSON format and
implemented two types of indexing, Dense and Sparse, to enhance data access efficiency. Additionally,
we identified the suitable sample size for both indexing methods. The findings indicated that the use of dense
indexing decreased data retrieval time from 26,869.218 milliseconds (Non index) to 382.196 milliseconds,
a reduction of 98.58% in one-to—one data retrieval and from 38,300.848 milliseconds to 1.097 when there were
no keywords. In contrast, sparse indexing reduced data retrieval time from 55,197.734 milliseconds (Non index)
to 854.661 milliseconds, a decrease of 98.45% in one-to-many data retrieval and from 47,203.253 milliseconds
to 0.179 milliseconds when keywords were not found. Furthermore, we discovered that for both dense and sparse

indexing, all sample size ranges could rapidly manage memory and access keywords.

Keywords: Dense Indexing, Sparse Indexing, Large Scale Dataset, Not only Structured Query Language,

JavaScript Object Notation

UNKI

!
' @

- - ° g A 1 o o 2L = A 1%
Tuﬂ"l‘iﬂu‘lflﬂ?lﬂﬂj@@qﬂﬂ"l‘iﬂq‘m@L%QWWVI mqmam@wm‘uﬂmumﬁmﬂummﬁameLm‘sﬂ“mﬂm

v & ° @) v @ v [ % A oA ! ! v a A= 4 54
fan snfudeafviayaludnunednibildsrouguieys 91 nasiudindeyaTusduuuinddaya

'
[ =

d‘y o/ R = ! = o U v ¢ O
HaNIINU ﬂﬂNNWUH‘V]ﬂ@’W@Nﬂ%’]ﬂT'ﬂQJLL@gﬂ‘EN"ImN"Iﬂ ‘VWT'Mﬂ’ﬁﬂit}l’]ﬂNﬂﬂ@ﬂﬂﬂﬂ‘imﬂ’ﬁ’l@LL@Z‘U‘JZN”J@N@

U
'

imdseiinidugunsoiindenfiazaan e nsdwisledie Tianunsaintiidasannauneesmding
AN unsUszananaeagUnal

g laimnMAguUUTRgeesanaa3Us (JavaScript Object Notation, JSON) wnalulagigmiieya
TaiTo@edamis (Not only Structured Query Language, NoSQL) %ﬂﬁﬂqwﬁmmjmﬂdﬂwﬁmLﬁuﬁmjﬂmﬂmm%w
Tatnsdass F9la5uaEsnagnivatetuiiaqiu nsfisiuresiuindays dawasanufing
ysdmmaiavansszns TasenizatvBafsatumaianisdainnasssiidmsugatioygaguny JSON 1m
Tngy Snisdioyalndguuun JSON fawalnagfiiunuquasmissamudauundindeunngs (Random Access
Memory, RAM) 9Tl Tiflaz dranauarRududiogaionun linmadindaiesniafien uwiansnsoudsieys

apniudonwin q fwesdeya dauaasiugui 1 lnsusazdaezgninBessduunadoyandlu RAM iading

k1)

nsruInNITaNTIIuasdintieliayaraeiaglszaiananans (Central Processing Unit, CPU)



Y

2715981579811 N NITAMEINIANSTHTINWA (JSID) T 4 11Ul 3 ARYI8N — FUIAN 2566 | 29

Switch
Segments

Memory size 8 GB
Uit 1 nadlithifinssaiidmsugaiioyaneing)

¥

nnaftne1AselEgUuu JSON iansasaaunaianisdminnsseidmsuvgaiayasuintnglu

o
1 k4
Ao Ao uTuqx =t

NoSQL @en1snunaunisinendifieaisswinausasninlafinsaunguifisaiunisddeqivuade udiudl

o

A9Igeuntiilifeafiun139nvinasseil 18U (Chang et dl., 2017) 1aWeABN13ANNNEBYABANUE (Metadata)
Trganfun1sAunifagnsseiinuAInan (keyword-index) tszuudauaing Taelfimafianisutiodou

(Partition) 289n337illfatnefiusz@ndnin Weliuselomlannqmanifinisnszansuscliayanfing

o

(Metadata) waZAMNATNITATWNITAUNTBYRBARE (Metadata) KANTTNAREINUL1ATNTULN NS

Usz@ndnanuinndnasnisfibil¥nisudedandoyaiidegiuilaquiu (Chopade & Pachghare, 2020) Law®

U U

nsdaviassiintedinunsfisss@nBnmnisdudueesgmiiaya (MongoDB) uazamiaadinslunisigad

vangueesguiiaya nan1amasBLNLINMsTRvinAssriisnsafinysrAninwiduegnnn Tagnisan

aaa

nanlun1InseeLenans vinliiudauddnyeesnisiauiueindinduuasnisinasinefifmnemans
(Yuan, J. & Liu, X., 2012) ianadsnasdiumdaidentindidesfigalaslh (Embedded k-Means) #yasnnesuil
LUULLNN gHAa9TE AL gudnatmisadinaans (Centroid) aasngs uaztiTWA (nverted file) iilatiufin
nnadangs Aiazdudinm delinagnsdnalafonuanaonimuazainmisatunisiium nanianaaasuu

ﬁﬂ%’@ﬁjﬂgﬂﬂﬂw (Scale-Invariant Feature Transform, SIFT) ae (Generic Indexing of Spatial Data, GIST) & @

[
A o

UseANBAINA1TAUMIAR Uz RN 19T AINEILaTANTUE TR (Zineddine et al., 2018) ianalaTiazng
o/ o =1 v v =3 . 1 Lﬂl o/ p=\ o 1 L;’ a
msdminasstiuuudulEuuuyanaa Binary tree) uuulna WednsuifounmandBzasnan (& U519 WWko)
FMFUNTITANMIN NI M aeeflUsLAnEaIn uusiin1TEE9ATTETiLazSane3iNnT19AuNn (K-Nearest
Neighbors, KNN) Taetifuna@npammmmes (Containers) ilauiinlsyannmmanndudenivsziiuangaiaya

934 (Jin et al., 2021) w@uen15U5UIUAsNIAT9aE19A55%5 (Balanced Tree Plus, B+Tree) wae (Log-Structured

'
a A

Merge-Tree, LSM-Tree) ﬁﬁ%%ﬂ@ﬂﬂﬁfﬁﬁ%ﬁﬂ“ﬁﬂﬂm@ (Solid state drives, SSDs) 1d (Zoned Namespaces, ZNS)
FaflfuymuazanianpainnisesanaanEeniinn ussn13aseesuns@enunansiy (Abdukadhem, A. A.
& Al-Assadi, T. A., 2019) Lﬂuﬂﬁﬁﬂﬂiﬁf%ixuu%’mﬂ”@qﬁﬂﬁﬂm‘i ( Geographic Information System, GIS)

Tunsad e A unaunditagaynuasiayaiafitiis Wuduaeunisvineuasmtidnsunisfumiunmd

ga A

FINANLURSARLE nefliTnune e e ntso AU aRiRante uanmuanden GIS wana1ni S9l@anen

'3 !

WATeiifgadesiunisusryndlnssudl 1w (Algatawneh, A, 2022) anamafialnsdmsuszuy

AM9tIENeARYYIMLULANAANSARIRIN (Orthogonal frequency division multiplexing, OFDM) Taa 1%

k1)



30 | The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September — December 2023

!
! 4 =1

Neyanuoladagya e mei'\‘lﬁmﬁ@ﬁmﬁ'mﬁu Tnelidonansznusiananusingn Tunnsdsyanmnisgamng
vaaUsrAvBnmdaRnnaIAesarIUN1aRTI9 LA THENI (Minimum Mean Square Error, MMSE) UAEHASN
masansuamiifiuisnnafisiuasdnanssannudeyaesazun wadnmanaAanaaiinideldaiy
AYTYI1DUKTIF9 (L. Tan, K. & C. Lim, K., 2019) \uesrULNEBe3nEIANURBAS AN TR IIa TRt By os
(Wireless Fidelity, WiFi) wianiuganssenisnsaaseulaseadieonsdnyoyios Wik fiannn 3 dunow
TnefiasoisnnanLssaesdeyayos Wik Tunisnsasuazfinnsiiagansgunsoiindendl (Media Access

o g

Control, MAC address) Téislnssatnenasile A3iilidayaaiig (Veta data) 2asiiaggunaninieni Tunis
Amupdnduaandrin unisdenTauaiveeddils Weanszsznauazasgsnuntafumiflazes
Wt anaaendttnsasane (S, M. & MB, S. P., 2020) LaHan93iin1ansaaaaun1afiu
arannilnganfun naaunszua Wi (Electroencephalogram, EEG) Tnetnnssruundszinminganfafentiin
ﬁ?ﬂﬁﬁqm k-NN Bavinlianansatinsnssianuagneada LATAIH I ARNE ARITENI WRTY QYN BILARALAAS
auuaziayaiiusinagu nanisadauaneiindednanintunnsdnlanusnonsusifug ey ana
(Zeffora, J. & Shobarani, S., 2022) Lﬂu@"jﬁm'ﬁLﬁ@ﬂ@mmﬁﬁﬁmmﬁﬂﬁ%ﬁﬂﬁﬁL’%ﬂﬂfh (Random Forest)

Tnefansnnmsasuulamwlassadsiugadoys Tunisuszgndlifuisyasesndsiiawala (Myocardial

'
Py

Infarction) A3 (e sUUeAmgnAesuaziasiuilgmlmnzan 8 SslFRnunssAdefiReadasiuge
foyazuining Wu (Ma et dl, 2017) ueABnisfundeyadanainnatagluuuilidenda (Apache Spark)

fianfanisAiuanuuUnzaeieie AN tunsdum Faanistisiulfidumn (Search trees) Tuszuudaya

v
=3

' . ! v v o { A @ a @ v &
aunlulney (Big Data) amaliinisfiumngmieyadednnusandaningadu lngdunaniainnisdaiums
TnssaEresnisvinasssiiacuieaannduazdnBasnaans awihirssuuiiaaugniiestuseiufieensuls
uazlusy@nBnan (Fathy et al., 2018) iuensd@ensiedngivlaniziuesiuguniolmusaiuaznisvie

' = ! v a A a ' a ¢ < N . ! =4
Hiwasedrgnisldunafnilidendt 8umesifianasands (Intermet of Things, loT) nanafivliayaues
a ¢ & y P 3 ca A 1 a ¢ & o v
Buwadidlannasands 1oT AlfarnnisfivausanessgunioifiBessedunesiinderansadanis finunis
83190998 AU uavdrdusuiaya TedAydniunisaivuelndiniuiidesnisnisdinfouasaunideya
loT Taeinesami5a (Abdulsada et al., 2021) ieWaszuLfwAIAfanRs ulinyafigniinswa (Encrypted data)

Fafdangasfiduuazuansnadnsiigniasmsazinaanaiionis Tneduinnisulasenaisynda s
dandeniigniudn dousdpsgnadedaarediuuey (Hash functions) AliAMan (Keyword) iNesnunasmid
daugn {EATRSueynmviniferavdausasfignies Tnefiasuiuainuadieadeasenaanisdaniy
azgnisziulnanisAuamsyazugnfis (Hamming distance) N@mﬁwmmwudﬁgﬂLLuuﬁLﬂuﬂﬁﬂizﬁw%mwTu

nnsfumsanndngUuuLAifes (Yuso, M. K., 2017) lasanisdnnisdoyanunniua)laestiniun (Extensible
Markup Language, XML) Way JSON é”mﬂm‘mmm‘uﬂ’]‘jﬁum%mdmmm?mgwudqgﬂLLUUTWZ% JSON fmauisa
Tunadumuaznistiniagtazaananansiifndrguioy xvL Tneguuuy JSON #dnesUfimanzandimsu
walulagigmisyauuiaigluewan uaz (Gayathiri et al., 2019) upWATAaMSUNMIAsIEiTayaIWwIA
Tvay (Big Data Indexing) iiezasTunnsdmides nnsdmwafiey uaznisfumieyaiisan Tassiuwonielunis
Funndiayaruining #a (Mop Reduce) aunndaaandoyaiifiauianajiiudiiiag(# uaz (Hash indexing)
Hinasnisadrenauanisdaifiudiaassiniia (Tuples) Fannanfuginiayad (il 3eduing
unsruLgiayaiidendn aeslnAtl (MongoDB) ianuLiRe (Singleton) Fandsutingzans (Distributed) Uy

Anszitsravinmlunisfundayasunnsing g angaiinyaiome



Y

2715981579811 N NITAMEINIANSTHTINWA (JSID) T 4 11Ul 3 ARYI8N — FUIAN 2566 | 31

tun1aadeilianeniaifindaransnmiunisdisauazidndeioya Tnelfinaianiaaingnaayil
dmFugadayanuiaing neldsluuuingeeseniianiud dafadiestunisdaiiassfiuoununuin
(Dense Index) @1¥Un"afstiayauLLnissionils (One to one) WazaTsillUNTZane (Sparse Index) A11L
nnsfedayauuumiisdangs (One-to-many) Tnal¥nsdisaauaziiindeliayanudAman (Keyword-index)
Wansraaaudmalinnisiminassriinaniiaunsoannantunisfsieyaliednsls upnand gslidiae
PIAYDINTTULIAIY (Segment Size) msnzan Wlonsivioyaiifilsransnm Tagnisimmngnrndasian
A wgau (Python) finageaf wadngAgailiiudunafianisdniiasssiidsuiuudnguesananandlsd

Amsugedoyannning) arsnsatasfingsyAninmnnedauaanunisieiiayaifivetiiemnn

eIMEERRL
1. efiniaranBninaesnsseil (Indexing) MnsfimuniadnanauaziindedioyafiSaduiudnuog
paeiiifmnammnusiuuLLmssievils (Dense Index) dmdugriiaya UL TR ues e aRELfATgY)
2. eifinsrAVBANIB9AT5Eil (Indexing) MnefunisdrsaauasiindedoyalFiSadnududnuns:

TEinszansuULnTlisangs (Sparse Index) dmiugniiayaldsuundngesannandlsuunaing

FEn1sANUN1SINY

ﬁgum@ums«?mm‘qﬂ%’@admu'lﬂsfv:iﬁu?w&gﬂLLuu'i’mqwmmmaﬁ%ﬂﬁ

Tunnafnund (Heransypdioyaiidodn BigDatajson Btlsznaudnsdayanunn 32 Anzlud uazfidoya
$aya 1,000,000 318013 o WadayadaiuagtugUuundnguesenardUs (JavaScript Object Notation, JSON)
LLmﬂ‘i:ﬂ@Uﬁﬂﬁ?\lﬂﬁﬁ‘mmmﬂmﬂ L2 Position, Latitude, Longitude, Resource_name, Location, Size, Description,
uaz hex of image TnagniinyaWa Bigdatajson 2094AdufAvndangusasiunisUsuudaianauanos

ANNABINTEBINITATERNIzaaWlH A9UT 2 uamssiaadntsvindeyauanisangadeya

{
“'position™: 1,
“latitude”:256,
“longitude”:152,
""Resource_name"': ""Forest",
""Location’: ""Amazon Rainforest",
*'Size": "'1,500,000 hectares™,
“'Description’: ""The Amazon Rainforest, also known as the Amazon Jungle, is a vast tropical ..........
“hex of image"': *'ffd8ffe000104a4649460001010100480048000..." (32MB)

“position”:2
“position”:3

*'position™*: 1000000,

“latitude”:123,

“longitude”:244,

""Resource_name': ""Marine Reserve",

""Location’: ""Great Barrier Reef",

"'Size"': "344,400 square kilometers",

“Description’: ""The Great Barrier Reef is the world's largest coral reef system, located off the .......
"hex of image™: "'ffd8ffe000104a4649460001010100480048000..." (32MB)

Ut 2 uanednagesa Wdinya BigDatajson AWMSUNITR1999

aneléiguiuin JSON #iflusnm 32 GB uaz 1,000,000 dosya



32 | The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September — December 2023

sana3findmsunishsiayalaebifiasswdl

\fodosdnnisiugatinyaruningneliguuundnguesaianaasus JavaScript Object Notation,
JSON) vmegmiiayaluldiBediiig (Not only Structured Query Language, NoSQL) Tneilifinsdmyinassafinuge
Hioyaiiidund Bigdatajson Beflauna 32 Angluduazitioya 1,000,000 51813 AaiiliasLreEountindin
daurnsnisdnaasyainyauin e Tulid JSON fagUdl 2 nrsfnunfillodonindindayaiomunluds
aeANA N FUULEN (Random Access Memory, RAM) Hianuawdasiududefivinneidustnemnn fiaz
yinnsdindeuazdumndoyafniiogmiauld nafnuihinauamaialunisdendisauazinfeliays
Tnelisasdavinpsssiiioutlatlovnil svafendmiuniafvioyalagbid asssfiazuansagtusud 3 uaz
uandaeiamilugUi 4 wallafifeadiasiuniauidiogaenn Bigdotajson saniuauam udazadmlazney
fiae 3.2 Anzlud uay 100,000 318013 uszndnensyuINNMsULNNgH Bigdata.json Fumoniariifuadaety
nnsuen gesniinauidusniuudasfgadastunisindizesnisutaan (Segment size) 841 RAM
ndsanii svunaziviayalnsfeioya udazduniali RAM nnfiayansafuman (Keyword) firmun
SLUUAZUENUATLARINAITINFINIFULIAIY (Segment) Tiansa n13fslingansauAguAgH Bigdatajson
amun udidnaiatlazdefuasindeioya uwiffiiaRefiddny wu nadenlivinensees RAM uazding
INFINITUTLHIANATIUIUNINYBINHIYUTENIRHANAT (Central Processing Unit, CPU) S9N 1981999

LLﬂzLﬁﬂﬁ\iﬁﬂﬁdﬂﬁﬁmmdq%ﬂLﬂuﬂﬂﬂquﬂﬂﬂl’m

1. Import Bigdata.json and specify the keyword to search for.
2. Divide Bigdata.json (size of 32 GB) into 10 segments.
3. For each segment (i = 1 to 10):
A. Load the segment i into RAM.
B. Search for specified keyword in segment i.
C. Retrieve the relevant data from segment i.
4. Display final search result

Ut 3 saieneasnishvieyalag iiingsyil
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'

/ Divide Bigdata.json (size: 32GB) into 10 segment. /

 — — TRUE- — — — —FALSE— —

v

Load segment i into
RAM

|

T |
i |
|

Search keyword in

segment i
i++
T

Get data in
transaction

[
[
[
|
|
[
|
v

Display
search results

'

sUft 4 Asmeasniaiedoyalae Hansend

sanasfindmsunisasranaziinfeioyalneasseil

snAdeiianedanesfindmiuniafindszanininnanunisdiseuandndelioyannsgimiays
Toi T2 BaduWus (Not only Structured Query Language, NoSQL) a11a tney ﬂ’m?ﬁ‘gﬂLLUU%@Q“B@W’]Q’]MW%HGT
(JavaScript Object Notation, JSON) Taal#a95aiuuunuiuiu (Dense Index) uazAT5¥RULLNTLaNY (Sparse
index) 91ngHEiayABIANUE (Relational databases) ffugAlWdtaya Bigdatajson AvgUT 5 simAanva
msdsnauaziindedioyaannasenil uazdsgi 6w enInsdIauaziindeatiayamnalng)
puaeeyil SedanesfinFnialsulimanzan uazuinfiunnsdainnsssiuunmuil (Dense Index) uaz
PF9BLLLNTEA (Sparse index) Ansugatiaya NoSQL Fviluuan 32 Ainzlusl sandadman (Keyword) uaz
Fumid (Position) LierNMAFMELINNSEBIARUsEANEN M 91AMasAasdinTauLgy (Random Access
Mermory, RAM) TUelagm{nddinya Bigdatajson sendenszuaunisnisansaafaamaiianisdnfedayanis
FmAN (Keyword-Index) gaddsazdiunisrindingndioya Bigdatajson Afmn 32 Anglud wazditiaya
1,000,000 5181115 Gegaiinya Wg Bigdatajson azgnutsanniin 10 dou usazdudaznoudaaioya
100,000 518115 Tirnmungauuan haanadasdudumiasdaya 1 84 100,000 douitaauiudumises
Haya 100,001 f9 200,000 wazAnfusall audsdauiduuansiiunsis 900,001 s 1,000,000 Fall
faneifinezasieaeuiwinsdaya Tuusardnuiieuiuindassed nindusagTurasnisusan
(Segment) Fanaafinazyindingan (Segment) a9 RAM LL@%L%’]ﬁﬁﬂﬂjﬂTﬂﬂT%ﬁWﬁ’ﬂ (Keyword) Lﬁﬂﬁuﬂﬂgﬂﬂy’ﬂ
fngeuAman (Keyword) fifmug ilanunisdudiinssdudaneifinazidnfetioya uazuansdoyanialy

AGNATHHAANETINL
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1. Import files index_position.json, Bigdata.json and Keyword
2. Divide Bigdata.json (size of 32 GB) into 10 segments.
3. Search for key in index position.json to get position of Bigdata.json
4. For segment i =1to 10
A. If position is in segment i.
Al. Load segment i into RAM
A2. Search position in segment i
A3. Retrieve the relevant data from segment i.
B. Else, skip segment i.
5. Display search result

5U# 5 Wiaenrasn1sasasuaziinfeliayasnnasend

°ﬂmmmmjuﬁ?%?uﬁm@%ﬁum@ﬁﬂfmﬂﬁﬂmmmmumfmmm:@mz?m%’umﬁmdﬂﬁﬁmumsimﬁﬂ
Wenfiuanaiiudoeteaninisimuarsongns Tnasaunfidinisuigau (Segment) fawim 100,000 Faya

agalsfinn swndiimEnzanfigafinualaenismaaniezgnatesiulumsni 5 uaz 6 Wialiuiladn

o

Han1TATeiANgnies Haawsanitnislneandunuasdoyaddeiaiuayuunonienedive

b

Divide Bigdata.json (size 32GB),
Files Index_position.json, key
T

|

Divide Bigdata.json (size: 32GB) into 10 segment

i
Search for key in Index position.json to get
position of Bigdata.json

¥
i=1
y
- TRUE — — — — — — ——FALSE — —
L I
I
I
Position in o ¥ |
segment i WI : :
| | |
| | |
| | :
FAII..SE | |
I
I I L]
I I
. | .
Load segment i | Dllslplay .
into RAM Skip | search results
segment i :
I
] I v
:
into RAM :
I
I

I
I
Searching Key :
I
I
I

L1
Get data in . N i+
transaction

sURt 6 wwwisadaweasnsd1ssuaiintvgedeyauunnnajaung sl
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ﬂ‘i‘i‘ifﬁtmwmuﬁLu‘iuﬁ’m?wqwﬁﬂﬁﬂﬂu’m?ﬂqj (Dense index in a large-scale dataset)
TunnsAdeasedl THindseaninwnisdnssauaziiinfediayauuumilesenils (One-to-One) tnam
foyarnnlng Sofveyiugluuuinguesenanaa3uUs (JavaScript Object Notation, JSON) ungwiinyaluly

BINHWNUS (Not only Structured Query Language, NoSQL) ﬂﬁ‘iL%ﬂNTW%@HNLLUU%ﬁWi@%ﬁQ (One-to-One) Tu

fitnunefanisitenleanudiusianiziman (Keyword) Saiiudeiivinnedustiennn Wadesdnnisiu

fayaruaneg [Fiauedane3fiy (Algorithm) M138nd7 N15a519A95BFUULMHILEN (Dense Index Algorithm)

U

o

fiudanesfinfilfsunisasnuuunn Weinlszaninmbudasaisssnisdssauazdnfsioyasuining)

o—

dondnlrassmdded azfiunisidesunefinssunquiiedanesiintunisadnssefiuuumuuin sandl

ad

Bnnsiidnssefiuuumnusin g Ui lunnsdrsssuazdnfeedeyannatng)

Sanasfiunsasneiunkianssaiuuunuwte amsugadayaauia g

TunnsAnuni Angn Wﬁmjmmmefviiy (Large-scale dataset) wmﬁﬁqfw@mmﬁmmﬁ%mq
Bigdatajson HieRunaneumiindiudaunisinassgetiayaunabie hdguuundngresannansus (avoScript
Object Notation, JSON) ﬁagﬁﬁ 2 N9RNER “ATTERANIIILINT AelWERTTeqn Dense_index_position.json
Fassralngniaaunulng Bigdatajson AZaifen Lﬁ'@ﬁq%mj@ﬁfﬁ%ﬂ%ﬂufuﬂaﬁﬁLﬁﬂﬂLﬂuﬁmﬁﬂ (Keyword)

a

nnsAnunflUsynauditnazfiqn (Latitude) a99A9A (Longitude) UAZAIUMNY (Position) iaenA&Bariuluing

U

o

Bigdata json TARssiiuuumuiuensiideilaseadnuanslidgud 7 duntsesnuuuiianisdieds
WULMTssianTls (One to One) uazmatindedioyaliatnsfilaransnm nalulnssassansddumisnssyi
wmwilszneudastioyaazfige (Latitude) aB939M (Longitude) wazsnuwmiy (Position) Tnasumsisfiasng
BusiumnsnsodanTunnadintediayaangae Bigdatajson AuliT RAM THasinesamia nrafnunldsiumis

Aysruuuuiwesiisafiawn 20 wnzlud uazifioys 1,000,000 918019

'"256,152": 1,
'"3405,11824": 2,
'5150,128": 3,

"123,244" 1000000
}

U1 7 uanssiadnsdiayalugalnd Dense index position json

AaNB37NN151391% Dense_index_position.json Lﬁ@ﬁﬁsqmm:L’ﬂ'qﬁaﬂzgmﬁﬂgmmm?m}j

Av5ugn M&nsafiuuunuusin (Dense_index_position.json) au1T0gsTun1sd1999uazidings
gﬂu“ﬁmjﬂfaffﬂl,%qﬁmﬂ’uﬁ (Not only Structured Query Language, NoSQL) #11@ gy mﬂﬁgﬂuuui’mq%mmm
an3Us (JavaScript Object Notation, JSON) andiesune 3 ewnsinfiaauaewiode a31ennsdarinaunsisens
Aearfluuunttwiu dnfugaioyauining deiunewdnsulaanisindnind assriuoumuiuiu
(Dense_index_position.json) uazmdiaya Bigdata.json ﬁfﬁ%’um‘jﬁmmfﬁmﬁgm (Latitude) aB439A (Longitude)

) ° o ° o ° ¥ R v Py o o A A o a =
WuAInan (Keyword) Z‘T’Wﬁ‘Uﬂ’ﬁN’ﬁQ@LLZ\]%L‘U’WQQ"H@N‘]@ T@ﬁm'ﬁzmumivmmmgﬁw 7 Lﬂﬂﬂqmuﬂ’ﬁﬁfﬂﬂ?ﬁu
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AANTIFHLLUNHILLL (Dense_index_position.json) \ensnugaumss (Position) fiaeardasiuAman (Keyword)
frmundeauaradidd 20 wnglud vinlifidazandangsTunisdindelfiotnegansa adnlafinnn udas
AAAnN (Keyword) Flansnudaunss (Position) WenTulndnssafiuumuiuin (Dense_index_position.json)
Aefmam ez aaAieeesnssiluuumLLL (Dense_index_position.json) v aobaEAIINe
dinflanuuga (Random Access Memory, RAM) titannaidinfisiiaya Tummanduri idadiman (Keyword) Trmaariu
navindioyaln 9 e indnssniiuunmiuis (Dense_index_position json) 4T l3usumisla 7 uazdaind

TifidanrenTsriiuuLIuLL (Dense_index_position.json) Htinasli RAM

assriuuunszany amsugadayaruiatig)

Tun93daseil THifinUszangnmiunnsdiseuazdnteisyauuunisangs (One-to-May) Ty
foyarwiatng) SufiuegtugUuuudnguessnanaa3us (JavaScript Object Notation, JSON) ungwiinsyally
IBIFHNUE (Not only Structured Query Language, NoSQL) ﬂ’l‘iL%ﬂm‘l:ﬂﬁﬂaummuwﬁwiﬂmjm (One-to-Many) T3
Pitmunefenudiiusianizaman (Keyword) asnsndeslasiungudeyadmanfivdeniu Saduieivin

@ 1 A v o v v Gf ' Py 1% a =2 . 2 o ! a
meduetnnn Wadesinnisiudeyarnniin Hianedans3fiu (Algorithm) Bendn assrfuuunszany
(Sparse Index Algorithm) tiudana3finflisuniseenuuudn Wendsransnmiideaaizeanisdisnauas
¥ R v [} o ao & ) v o a P = o o =R ¥ a
dntlediayamnnlve) dawdnlleesmddni andunisidesuneiinseunguiledanesfinunisadnenssedl

wuUnszany 5988aBNsT desssfiuounszens gminlutlunisdisseuandintegniiayamnning)

s o =2 2 o ' a S s 2 '
fanasfinnsasresiunksanssafiuuunszans smsugadayaauining
narneRifAainanessadeyauua e diuid Bigdatajson fieuneliludanzesnissnass

gadagarun e udgUuuuinguesanandus fegud 2 innisesnuuunasiaungasasadne(wa

'
a A !

ATTBRLULNTZANY (Sparse Index) AFaN47 Sparse_index_position.json angadiagya (We Bigdata.json Tme lHnn

!
=

INNITEUNWATIIASIRBLEnTanaT (HE1(u Taalden ¥ 2aurasfing (Resource_name) (i uRadAIan

U

(Keyword) ga (Wdn391fuuunszans (Sparse Index) # feuamalugufl 8 THaanuuuuazWauiofis

|
v =

UszAnBnmidananiunisansaquaziiintelisyauuunilsdangs (One-to-Many) Tngaziivisiaunaeiian

(Resource_name) uazdimyasiumis (Position) Mifiwadaslnaiizaunasiinn (Resource_name) anafinanssnumis
(Position) #mxyaluindnssriivesfAdaaunsngaalfinissnedeann Ram TdisliyanielugnWd Bigdata.json

THpdnefusz@vBniniBanan WeiinisBanlfemgaidnsssiuuunszans (Sparse Index) Tdsansudnwd

Y o A

A998LULN9Eane (Sparse Index) 713N Sparse_index_position.json #a94Adafauang 8 wnzlud uas

U

Ay

UVBYR 5,146 918119

{
"Forest”: [46163, 66867, 88916, 94633, 130606, 150253, 185197, 189917, 214931, 999999],

" Marine Reserve': [46153, 59781, 93151, 94460, 101100, 172271, 244064, 368397, 439620, 888888]

U7 8 uamssinatineiayalugn WA Sparse index position json
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AANB37NNT51397% Sparse_index_position.json LﬁﬂﬁﬂsqmtmL%’lﬁaqﬂ%mdmmm?m}j

TunsdnsnauaziinfeiioyagUuundnguesannnan3us (JavaScript Object Notation, JSON) Ungwiinya
TaiT#139&uWUE (Not only Structured Query Language, NoSQL) 2aunatne] anunsa ¥ iWdasssiiuuunszans
(Sparse_index_position.json) #i4 mesfugﬂﬁ 8 TdnsariifvmnzegneBedmiunsdisanarnisdndonuunii
ABngH (One-to-Many) Tmmémmﬂﬁﬁm%ﬁmﬁ Tndnssriuuungzans (Sparse_index_position.json)
UsznaufaTaunasiian (Resource_name) wazsnumiy (Position) Aieandariiy Bwinntinfiiugadinedalud
Hayanietutndnsaniinuunszans (Sparse_index_position json) fidauiuit RAM Businfugiaantuntafumniia
UseRnBaIn @faugﬂﬁ 2 WARINTZUINNTT BN EWEN19 N IWE Bigdatajson TS unE Faunsefian
(Resource_name) Aadandndiniuniadisauaziinfelioya adnfunisdaniayalaaldlng
(Sparse_index_position.json) ANasazidndemumdiiAendaiufingn (Keyword) fifmua TUsansnudnnsssd
WUUN9918 (Sparse_index_position.json) 289EATaauArautng @i 8 winzlus %@ﬁ@iquﬁqﬁﬁﬂﬁzﬁw%gﬂ
Alapisutuniaidindetiayaatnsmania adrelafianu niaidindedman (Keyword) Wanaiugumss (Position)
wanesuirkarnneuingasssfiuuunszans (Sparse_index_positionjson) Tunsdiduil szuufenindnnsseil
Ma1Eaas (Segment) 84l RAM iausntiayaitdniiiu Tunnsndudu mndman (Keyword) Tinssriudiagyala
Tulidnssniluunnszans (Sparse_index_positionjson) garndsax itdindasnumisii o uaziunal RAM Tigios

dndingounssiiln o

NANSANET

Tunsnuniliazfinlsrandninessmaiianiaviiasseiifnmunauin dwsuginieyalalngs
ANWUE (Not only Structured Query Language, NoSQL) é’mﬁu%@gjmma?ﬁfﬂﬁgﬂLLuuf?mqﬂ@wmmm%ﬂﬁ
(JavaScript Object Notation, JSON) #8snnsd1atauaziindegaiiayamnning Tnsianizesneds ideneudey

152 ANBNINBIATITRULLNUILNEY (Dense Index) LazAT5EHRLUNTZa18 (Sparse Index) iaAfuazlsfingsuil

o a

{ATaneaaasuusrUURDNAamesTdmiosLUsyanananans (Central Processing Unit, CPU) 289 Intel™ AifAa1:15a

g
gegntla 4.90 Anzdind wianiumganudndndisuuugs (Random Access Memory, RAM) 217m 8 fins{ud

uazle@naanlnsil (Solid State Drive, SSD) awin 500 finslud [indngedayauuntiaidandn Bigdatajson

o

aufiadune (5Tudaunissnassyadeyamuin g IdgUuuingueseiaandud degual 2 9aanlng

a

Bigdata.json el Hsinagneidudaun Tigudendaya 524 518015 anfladasfign (Latitude) aasdqn

U

a

(Longitude) WA Founasdinn (Resource_name) dsAnifin 0.05% asdinyadnaasiome uazarpUdaNsSTH
Fananagnaanss nsinunifidngusrasdiensaeaautszdnsnmnailunisdimnsuazindetiays Tass
uazhifinssuilantefiieyavdalififeyafiazynia e Bigdatajson Trefnadwsannnisnaaasdsl
Tunnsnaassasuan Tiussfumlssansnmaensniadndeioyalnenistinssstiuumnusiy (Dense
Index) Tum%?ﬁq@LLﬂzLiﬂﬁa%@Hﬂ@ﬁﬂTWﬁ Bigdata.json tagitBeuifieutlss@nEainyneinuaanzasniaidinge
Hayauuumiiasentls (One to one) MsfifiATsufuLLIUIIY (Dense Index) uaz (HTA55%3 (Non Index) Ll
srdunadnAmAn (Keyword) fidnnuuugavionuadegulng Bigdatajson n1anaaesiiddngussasdii
aseapUlszAnEnnan iunsdisaeuadindeliayaresnisinsssiiuuuminuin (Dense Index) WBauiiay

fun1sdiniiviinyalae liilng599 (Non Index) TnauinfinnsfiagaaspmanniaTulwa Bigdatajson euamati
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A5t 1 9msnanianareuilifsadnsiunisdendmdn 524 dn Tnel¥nssafuuumuniusiu (Dense Index)
Fuiunafneiamasnsey Treiniausnanadsunisdindsdioyasadman (Keyword) nadumuiuamey
Windnnnstinsssiuuumsnuii (Dense Index) asnsatasanantunsiindedioyauleifieudulufingss (Non
Index) NANTNARBLNLIN ATFEflLLMIIL (Dense Index) Taanimaesiarmdntunisdndedumsstioys

p= ! U

Winfu 375.721 RaR307 daunsuiindeWe Bigdatajson Tmﬂm'mﬂmqu%md@ (Segment) W nAsdafman

[

Wiy 6.476 RadRwit wenani eRarsannisdntivliayaviansadiasnistassriluuunuiui (Dense

a aa = =3

Index) 1A lfmAnsiaAnanviniy 382.196 AaFAm7 winl{iliasszil (Non Index) s Tunisdintsliaya
inAgsiaAmanwyinfiy 26,869.218 RadAuNdt tunsvaseuTasHsaLIB 524 AMndn wudinisdindeieya
Tnalnssrfiuuummiuiu (Dense Index) Mnanadawindy 200,270.949 Radduit Tuanefinnsdindeioya
[P= a o A g a _aa a v @ R
Tnelidns3a8 (Non Index) THaanlneade iy 14,079,470.37 Radiunil nantanasauuans Hifinds
UszAvBnmmedinuinanzes assfluuumuiuiu (Dense Index) Aguiinatan Weisuiuladasssil (Non
di & v a0 o & ¥ R v Py & a X o o v o
Index) \Hasanansninndayaiitisnduuaziinfedioyaifesnsafion wanainid deindindayaasty RAM
d! 3 ' i o/ 1 v =K v v v/ v =
wiensIsnAmMAN (Keyword) gaaaantunisdntivlieyauazlszananadoys tunenseiniinn nsdnds
Hoyalaalfingsyd (Non Index) azsdniindoyasman (Keyword) anna Fesinlugnisgadeninains

WiagAnNeIeNINUATaNHANTURBLIAT Wi feliayafliisTun s afoya

A151991 1 nsFauifieudsz@nBnineesnisansaauaziaantunisiinfewadeya Bigdatajson Tnaldngswil

WUUYIRILEY was NTnsaavinag9i

nsUsziRnlseRnEaIn 524 AIRAN ANLRAY

(Rafdunil) saufi 1 saud 2 saufn 3 AR 1 ATARN

nan1adintledioya Index

Y 197,367.708 197,722.472 195,542.527 196,877.569 375.721
#m73¢ Dense Index
nanaidintlediaya Segment
. 3,388.343 3,388.343 3,388.343 3,393.38 6.476
3¢ Dense index
natnisidinflediaya
z 200,756.5 201,112.118 198,944.677 200,270.949 382.196
Dense index yINWNA
ansdinfleliaya
14,091,572.26 14,087,301.7 14,059,537.15  14,079,470.37 26,869.218

nadilNdngsndl

v oo

manaaesnsafiaes [Fusufinlssininmessnadinteiayauuutnssefiuuumnuin (Dense Index)
Tunnsdrsaauaziintieliayasanwa Bigdatajson TaenBauifieutszandammisinueanassnisiiinfeiioya
wuunilesianils (One to one)yiaimTsafULLMUIULN (Dense Index uazUsrandnmaesnisdinfieliayauuy
Tdfin5595 (Non Index) Tae W dnssaiinsndnaaclinumnan (Keyword not found) Siflasnnannidmafianig
A N~ o o g o a AP ° o
@eNUUUFNIanEA N13ANE IHRaANE299N19NARDIRIUERSNAN9197 2 3B9samnsnlifiBinuAnan
(Keyword not found) 1anTunsdnsaauaziiinfediays desnfinegfinanditdiunisdnfedoyalulndnssnil
WUDWWILIK (Dense Index) uazliifiandinstiunisdindeioyalu RAM s liftdoniiifieadasfiazingn

uaz Giflsinumids (Position) Tupssefiuuumuiwin (Dense Index) fidimsnisilindedioya Fvinnisnaanslaali
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ANMARNIBIATIETUULAUILINN (Dense Index) 524 AIAAN HAANE WA WALRANEIUTANENINNNH NI A28

a aa P

madinfietieyalneadssadmanyindy 1097 fafiuni Tneflnainddioyamasdmiiioansauwiniu
574.767 findAui Tunsmssiuing A8nnauiindetiayalaelifingsy (Non Index) Tunsdiilimuiumaaeydy
524 Andn wadnsnudnantunisiindedoyalnsindssadmanuindu 58300848 Aadaundt Tnefiiaan
madinfiefieyainfedmELorsanUWinGy 20,069,244.44 RaaAuT nadwEnudnadindedioyalnenssedl
MUY (Dense Index) TNIETTHNLAMEN (Keyword not found) Susz@nEainannndn nagifi Wilassedl
(Non Index) \avanndayaiilidnfiugninulu uastiayagniindaiesniuiaasodman (Keyword) vinlian
nantunsdinfstiaynainiesiodman (Keyword) aaaswdeLRes 1.097 AadAui bimendudiu nisdisaauas
dinflsdionalnelifinsdminnsssilunadiibinudman (Keyword not found) vinBitnantunisdnsaauazidind
Hayaunndisnn Tasandindeieyandasiodndnyingy 38,300.848 RadAuil AenanTEyILgasa RAM

Traannzatiedelunsruaunmsidndmanionn uazantunsdinfedeya

a = A a v 2 v % ~ | A a aa
5N 2 ﬂ"lﬁlﬂcjﬂuLWEUUﬁzaWﬁﬂqWﬂﬂﬂﬂ”ﬁLﬂqﬂ\ﬁﬂﬂﬁﬂ I@ﬁ?"ﬁ@ﬁﬁ%uuuuwuqLLuuLLﬂ:ﬁTNN@ﬁﬁ“ﬁuLLﬂ:ﬁﬂﬁmw

Tﬂﬁﬁﬂﬁﬁﬂ?ﬂ?\lﬁﬁﬂﬁdﬂ Bigdata.json

524 ANARN ALRAe
nsulsziiulseangnin = S = — ..
sauh 1 saUf 2 saufl 3 ALRRY 1 ANAN
nqudinfladiayadiae Dense Index
569.96 572.78 581.56 574.767 1.097

WnT A BinuAman

nsdinflediayasiae Non Index
e e o 20,528,300.2  20,871,312.76  1,880,8120.53  20,069,244.44 38,300.848
Tunseifiliwuaman

tunsneaasensafiann Huszifindssaninmniadnfelieyavesmstinssefiuuunszans (Sparse

Index) Tum‘sﬁqiqwmL%ﬁq%mj@mﬂfwﬁ Bigdata.json tagitBauiiisudss@ngnmmiednunaizeenisiing
foyauuunilssiangs (One-to-Many) MN7ifinsasiuuunazans (Sparse Index) waz (3fnssail (Non Index) 1{iu

v
. A o

findanadnAman (Keyword) AdanuuuguianuafiagulWg Bigdatajson nanaassilfiinglsyasdiiie
asraaaUlsrdninimaaniunisdisasuanidnfeieyarasnist¥nssyiuuunszans (Sparse Index)
wWigusuiulidnsseil (Non Index)Tm—JLﬁuﬁm'ﬁﬁ@gjﬂmﬁmé{ﬂmﬂufw& Bigdata.json AIuaRallaNg97 3
PEIHANITNARE LA Tasi N1 BunAan 524 A1 Tael¥nssaiiuuunszany (Sparse Index) AL
& ° A ¥ R v 1o o 1% & v @
nsfneimsasnse Taskiausnanaisunisdinfdeyasarman (Keyword) nnsAnmutiuams i
dnnstEnssriiuuunszans (Sparse Index) @1nnsngaeaaratiun1sdinteiayaiiieiaui Wilnsswil (Non

Index)WANITNAFBUNLAT AFFERULLNTEaY (Sparse Index) WHaaafsdaminan unngdindenassiium

[ ' a1 2

foyawinfu 9.7958a83W17 daunialindielng Bigdata,json Tmﬂmﬂmqmu%@gﬂ (Segment) WaainAese

AMANWINTL 756.65 Raddunt wanannil Wefiensnnnsdinfedayaimuafagnistasssiiuuunszans

(Sparse Index) a7 MaAssaAINANWINTL 854.662 Raddudl nan (Wilas5al (Non Index)tiaanlu

'
=S v a a aa a

nsdinfivlieyamanseAmanwini 55,197.734 fadaunit Tunsmasaugyivansouees 524 Aman wudn

=S v

Aadindetianalnel¥nssaiiuuunrany (Sparse Index) MnanmAsmindy 447,842.638 Raddunit Tuanued

k)

madinfivdieyalaelfnssnil (Non Index) MnanlnamAswinu 28,923,612.59 Aadauil nan1sasBLLARS
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@)

v @ R a % P Aas ! P a o =
Wifutadsr@ndnmmiedinuaaiaes asssiuuunszans (Sparse Index) IAgmuatenn Weauiulua
a A ¥ ¥ dT 1o @ ¥ R v Py & A 2 o o 9y g
A597H (Non Index)Hiasarnaunsadndayad landuwazidnfisiayaitasnsafien wonannil deidndaya
asln RAM viilen3asiarnan (Keyword) ufidnamanazdsingumatasiiwns (Position) Sanusatasaniaan

Y 8L v 4 o Y ¥ K v ra A ° U
Tunsdinteiayauaziazananatioys Tunmseiudinn nsdinteliayalae Bfingsedl (Non Index) azsinudin
Foyarman (Keyword) e 9 (Ugniagey demineinaniogaanuanag 9 nuas B NanssnusaLaT

Tunsdinfeiinyailiistuanawniaya

A15197 3 m'im%ﬂuLﬁﬁuﬂizﬁw%mmmmﬁﬁwLLmLq@ﬂsfuﬂﬂ'ﬁl,%ﬂﬁ{fw&%@yj@ Bigdata.json tnet#msgail

WUUNTEaNs wayNAN199ainnT9nil

524 ATAAN ANaRe

Uszinnaasnisnasay - S - — . o

saU% 1 sauf 2 U 3 ATRAL 1 ATARN
nan1sdintiedinya Index

3 R 52,056.211  50,885.636 51,130.898  51,357.582 9.795
#78 Sparse Index (Ha&IW)
1IAINT9E 89 Segment

395,083.445 395,693.442 398,678.282 396,485.565 756.65

)

fiel Sparse index (Raddu

natnsEintivliana
b 447,139.656 446,579.078 449,809.18 447,842.638 854.661

Sparse Index Vi9iHA (AARAWT

nanadintleday

)

o 28,850,500.91 28,970,251.46  28,950,285.38 28,923,612.59 55,197.734
N3N (Aadun)

nsnanasnsaiia TilsadussansaimniadindeieyannsnnsTinssaiuuunszans (Sparse Index)
Tuﬂ"l‘if\?ﬂ‘m@LLﬂzL“ﬁ’WﬁQgﬂ'mjﬂ@ﬂﬂTWﬁ Bigdata.json TmﬂLﬂ%ﬂ‘uLﬁﬂuﬂizﬁw%mwmqﬁﬂumm“ﬂmmﬁL%ﬁﬁmd@
LLuwi‘iwiﬂmju (One—to-Many) T1efiAs595iunuNgzans (Sparse Index) waz Hin5975 (Non Index) Tna TWg
AssrlsanatarlinumAmman (Keyword not found) ANTANEN TN A AN EUBINNTNARBIRIUEAS AT 4 2B
anun130ffilinuAIndn (Keyword not found) leantunisdigeauazitindedioya #edninagiinaniilyiu
nsdindedioyaTnidnsseiiuuunszans (Sparse Index) uazliifeniiasiunnsiiindedoyaln Ram difumans

[P A A o = °o v 1 o ' s a v [VS=1
S\INN”J‘H‘VILﬂﬂ%‘ﬂ@ﬂ%@zu"llfﬂ"lLL@tTNS\IW"ILm‘HQ (Position) Tumﬂmmummm (Sparse Index) NABINIFTLYTEN

—

o

aya fAdevinnaneanilaalifmansesnsssiiuuunszans (Sparse Index) 524 Andn nadnsuana i

U

=2¢

fadszRnBammnsdinunanaesnisdinfeieyalnsmfssarmanyingu 0.179 faddund Taefnainds

foyanfsdmIuvanspuWinty 93.543 Haddui luneaseiudnn 38n19dnfeieyalae ifdnggel

v
o o Y

(Non Index)Iunsgifilinwudvaniimaaeuiu 524 Anan nadnswudnnantunisdnfeieyalaemiose

AmanWinfiy 47,203.253 fadawndt lapflnannisdnfislieyamfsdmiuisausauwind 24,734,504.72

a aa =

o/ < ! ¥ LK v =} dd‘ 1 ° o/
Aadiundt naandnudinisdndeiinyalneassfiuuunszans (Sparse Index) Twnsdifilinurman (Keyword
not found) HlszAnBaaINNgY NI ifAT97E (Non Index) WHasandayaildandugndwly uaslioyagn

v £ A & A 1o o o v v £ v A o o =
LDNINENASILAYIRBATRN (Keyword) ‘VI’]T‘V]ZW‘IL']@’]Tuﬂ’?‘it’ﬂ"lﬂﬂ“ﬂ’rﬂé;luﬂLﬂﬂﬁlﬁlﬂﬁﬁ‘lﬂ@ﬂ (Keyword) aaaalias

@

e 0.179 faa3117 lunnenauii ni9dn9nauazdindetiana lna (NEn199m910 A5985 N oif [iwurA1nan

U

(Keyword not found) il l#aantun1sdnsaauasidindeliayauiundinnn lagnaninfeleyandssesman

U U
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= 1

Winfiu 47,203.253 AaaRundl dswansznugess RAM lnganizedns@analiunszuaunisduindindn

Viavae uaziaan iunnsdintielioya

A15197 4 ManBeuifisudssansnimessniadntivieys Tnaldnssfiuuunszanauasbifinsssiiuaznadin

TifAmanlulwadaya Bigdata.json

524 AIAN Anafy
n1sUszLAN s ANEAIN - - - — L
sau9 1 saufi 2 58U% 3 AR 1 ATNAN

nsudinflediayadiag Sparse Index
93.12 90.2 97.31 93.543 0.179

ns A BinuAman

n1sdinfivianasiag Non Index
¥ e . 26,873,520.89 23,599,661.86 23,730,331.4 24,734,504.72 47,203.253
Tunseifi linumnan

TngUszaeAdnUsrn1avileresniamnaesi ABNTSAMUATHIARIU (Segment size) ﬁmmmmﬁqﬂm
vinnanasautuangaefiuansnetiu gaeusnasaunguseus 100 e 1,000 Tagisdiniiay 100 dmsuusay
UIARIU (segment) FITFBIATBUAGH 1,000 §i9 10,000 TAeLfindi 1,000 FNSULARLINIATIH (Segment

size) qATing FastaHaEngann 10,000 fiu 200,000 Taeifisdi 10,000 dmsuustazauindan (Segment size)
KA Y NNNSYIAABI IMHAR NSO ATWIDIAIRAY WBNeINT AN5197 5 uaY 6 flangUANIAgIu (Segment
size) AT ANFIMSTUNUT2 AN ANBNNTBIATIBTULLMMIUNY (Dense Index) UATATITRULLNTZANE
(Sparse Index) Dgaaiitmmeaiasnngas TneflsneazBoneananismaasesei

A199T 5 UAPIANIWIAETN (Segment size) RMNNZANAMSUN1SUS RN 2 RYBNTNaBI AT ETLLL

UL (Dense Index) Taeutsanifiuangas usazgaswungan (Segment size) nguuansiaust 100 v 1,000

]
a1 =

AanafuAsAIManwinny 197,367.708 Aadduyl da9fiaadsang 1,000 94 10,000 HaaafdudaA1nan

Winfiy 197722.472 883U gAving Fa9fi@nmsus 10,000 e 200,000 Hiaadadaf naniviafu

=

195542.527 fiadduit sUft 9 uanaliifiuinauindan (Segment size) Tugnesiaust 100 9 200,000 W3

G

Uszannmiunisdndedman (Keyword) fAnnuandaniefiiuasdnadnties iesainnisdinfe RAM

v
¢ o o

1 . A Ao ! . O AL o 2 =~
TNNV’VJ’WNLLWﬂW'N LHBWEUNUIUIARIU (Segment size) RN NUUTLANTATNYDITLUL ADNNIGDS AN

U

Taidnannmdan (Segment size) ezt Intasln Assrfiuuunuiwiu (Dese Index) FemsaInsadanIs i

1 o ¥ £ o o 1 ' I
PHILATIHITALNTITLINIAIRN (Keyword) Tm@ma‘mm‘m
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M15199 5 U2 ANBNINATTEHLULNRILLY ANNIRIAFIN LRZAINIUBIATAAN

RIAUBIFIY ANaRY 1 AranAey (RaAdund)
100 to 1000 197,367.708
1000 to 10000 197722.472
10000 to 200000 195542.527

ATRULLI AR TR

385

=t

Aey (Hadiui)

Anady 1 Ardnn

380

375

370

365

360

355

100
200
300
400
500
600
700
800
900
1000
2000
3000
4000
5000
6000
7000
8000
3000
10000
20000
30000
40000
50000
60000
70000
80000
90000
100000
110000
120000
130000
140000
150000
160000
170000
180000
190000
200000

WLNPUBIRIU

5U% 9 naufFauiisulsraninimansnssrfiuuurunuL

M9 6 LAANANNUIARIU (Segment size) MNITANFIMTUNITUTRUUTEANEN WIIATIARULL
n9za18. (Sparse Index) lagutieaniinantag uiazdasauIagan (Segment size) NGNWINASUF 100 69 1,000

AR RRYABAMANWINNAL 52,056.21 AaA3u9 2a9fiaadnus 1,000 §9 10,000 FaalgfaA T ranyingy

v '
o '

50,885.657 fiaAAuT gating Fasfianssiaus 10,000 &4 200,000 FaapdssaAndnwiniy 51,130.898

=

Aaddwit U7 9 uaasTindrauingan (Segment size) Tugnasiaust 100 fis 200,000 wudnszansaniu
v =R 3 1% = ! 1% @ v ;& ¥ =R ra
A9dinflaAnan (Keyword) faanuuansnmsdnuasnadndiey Wesannniadnfe RAM i aansuaneng
4 oo . N2 A - - o & v .
WaWlsuiuauinaau (Segment size) y9iduag fudssvinmesssruupaniamesd Mo (dioundon
(Segment size) %ﬂ%iefum\asfm A99ERLLLNTZa18 (Sparse Index) HIANATHITNIANTTAUNHIL AITNT LS

¥ £ o o 1% 1 &
N1FLITNAINAN (Keyword) T@@EI’]\?‘;I’WIL‘?J

dl = = 1 1 dl o o/
A5199 6 UTLBNENIWATIEHULL LMY AINIUIAFQN LAZATNIUBIAINAN

AWIAUBIAIW Anafe 1 mdrdey (adsud)
100 to 1000 52,056.21
1000 to 10000 50,885.637

10000 to 200000 51,130.898
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AUHLLUNSEIANTEATE

20
18
16
14
12

ARIUTT)

a

Aty (H
o
o

L 8
R
i g
)
[ 0
&
<
(O

100
200
300
400
500
600
700
800
900
1000
2000
3000
4000
5000
6000
7000
8000
9000
10000
20000
40000
50000
60000
70000
80000
90000
110000
120000
130000
140000
150000
160000
170000
190000
200000

YUIAYDIFI

5% 10 MauRpuifisudsraninnweasnasriiiuunszeny

Tsndanmdn mantunisdrsssuazdndelieya Tnalinisvinasssfiuuumunwin (Dense Index) wudn
WA EnainasIriuuUNgzans (Sparse Index) BalunaniatniaanduinAingn (Keyword) T
sufulunsfedumisansdoyatilndnssuidnuin Dense Index) ilaifiuiiulndnsssfinszany (Sparse
Index) AsusnssEaiulEdn WaRasonanunatiduazdndoys Tasidassetluunmnusil (Dense
Index) axflauim 20 wnzluduazifioya 1,000,000 518015 Tuaaufitndnsssiluuunszany (Sparse Index)

qeflaneiien 8 wnzluduazidana 5146 91819

U

dgluarafilsena

nnafnEfiiausnafndazaninmluniadiseusndnfetiaya Tnelfinafinniaasnensed
dmsugeiinyannining nelisluudnguasenaaerdld Tnennsindszandmeafianisdnvinasseiuvoy
UL (Dense Index) ULALATIBRULLNGZANY (Sparse Index) Wlaifissz@vBnmnIadisauazidinieliays
nafunuilnansliifiniingnisasnspsariimidaaannatuniasdisauazdndeioyannasliatnemnn
WBNINT N1INARBI T AHE I T AT (Segment size) Fausigng 100 9 1,000, 1,000 9 10,000 uaz
10,000 4 200,000 HadWFAgaITHALdINE A s AdbITHdrasiaU s AN AW sF A T
n1gEnfieAnan (Keyword) é‘n"eLﬂuw@mmﬂmﬂ%ﬁﬁwﬂwmmm’mﬁﬂﬁmumju (Random Access Memory,
RAM) Ailn&iAeeriudeiflsnduauingn (Segment size) fuaungiuLlszansnmaasssunrasRuRes A
Taddnaunadau (Segment size) @z@ﬂ"fu'ﬁqffﬂ ATTEHLLLNUILLY (Dense Index) WazAT9HLULNTZAN (Sparse
Index) §9AIFNHNTSANTSTUMAE ANSLAZN1TENEIRIMAN (Keyword) THBgn950m5 wanand nssedl
WULHIULY (Dense Index) AIxNFaLNUSZAVEANIsA e Tunslindetudnuostioyauuunilstani
(One-to-One) ipAgsaAmMANIYINAL 382,196 Radiunf afisutunisdndvinyarasnsdilisingssi (Non
Index) @ABFBAMANIMANL 26,869.218 Aaddundt Twanufinssefluuunszans (Sparse Index) &MM1TOLAN
UszavBnmmsfina tuniadinfeiudnunisdoyauuumilssiangs (One-to-Many) adasafmanyiaiy
854.662 AadAund (aifisuiunisdndedoyanonadidiagsuil (Non Index) iadgsaAmanIviafu

a

55,197.734 AAAIWIT N19AUNUTE AN TULHINIINI9T AN ATTATLLUMUILLY (Dense Index) AMH79D
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= v =

ananiunIsdindedayatiy 908.57% a1ndsn1s Winsseiluarassrfinuunszans (Sparse Index) #1615

U

anantunsdinfediayatie 98.45% a1niinslifinsssiivaesiinisnssrivesfRiduannsagaeiis

o
nnsdrrauazdindsTuyngmdioyai (i lBadius (Not only Structured Query Language, NoSQL) fidmifiusg]
A8 lgUuULIRgI8991979A3US (JavaScript Object Notation, JSON) Tnatanizasnsdaifiadiansgniinya
watng) nsfnulueuanansnaenenisideililnenmaseulssavsnimasameiinnnsdnriinsseil
Audoyarszinnsing 7 uazgadiayazuiasing ¢ Wadwunanatan imsUsusmnauazaEasnsaall
unsineuluenian n1stsulgedanesfiunisdrsaauazdinfesumisdayauindassefuuununuiu
(Dense Index) aaifiudaniifdnanminnisnseaney iWosenWdasssfiuuuminuin (Dense Index) finazs
Hoyadnuansnn navuauasfnAsia s bt ansnin nsaaaniidndindmiunaruannnsi
ansnUsuUgelsrAnEnnlngsanessuuanesnsdavinassriuu e (Dense Index) TRpdnannn v
ABnnaifinlsranBamdaneifinessniadisaauasiiindedmiunnsdminasaeiinuumuuniy (Dense Index)

& PR o a
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Abstract

Sa Kaeo is one of the provinces having large agricultural land use in the eastern region. Most of the
water agricultural use is from the rain. Only some parts ate in the irrigated area, which requires good water
management in order to achieve efficient use of water and not cause conflicts. The Khlong Sam sip Reservoir
irrigation area is an area that the Sa Kaeo Irrigation Project allocated to former residents before the reservoir was
developed. Those allocated have formed a water user group to manage the water allocated from the irrigation
project and has strong group management. There are no problems or conflicts in water management. Therefore,
the Khlong Sam sip Reservoir irrigation area was selected as the study area to evaluate the development of water
management and extract lessons from the success of water management by using qualitative research methods
with in—depth interviews. The sample group was Irrigation water management group committee Khlong Sam Sip
Reservoir, 10 people. The results showed that water management in the initial stage was supported by the Sa
Kaeo Irrigation Project in terms of establishing a group of irrigation users and the amount of irrigation water that
could be used in each year making it possible to plan water use. Later, a group of water users transformed to the
water user organization. The committee was selected to perform administrative functions. Based on our findings,
stakeholders in water management could be divided into 5 groups: water users, researcher/academician, local
government, Sa Kaeo Irrigation Project and the Royal Forest Department, each of which had a role to play,
attention level and different levels of influence on water management. The group with the highest level of interest
was the water user group. And the group that had the most influence was the irrigation project since it is
the agency responsible for the supply and delivery of water according to the assigned mission and duties. The
success factors of water management were structure and strength of the integration and management and data
support from the Sa Kaeo Provincial Irrigation Project. The limiting factors of consisted of the skills and budget for
maintaining water distribution systems and equipment, the knowledge to forecast and assess water needs in crises

as well as to formulate response measures.

Keywords: Water Management, Irrigation Area, Khao Sam Sib Reservoir, Sa Kaeo province
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Abstract

The analysis of the area at risk of illegal logging of Rosewood and Padauk wood in Tham Pha Thai National Park
has utilized geospatial information data related to eight factors. These factors include the distribution of valuable wood,
distance from the locations of Rosewood and Padauk wood case, distance from road, distance from village, distance from
the National Park Protection Unit, distance from water body, slope, and Normalized difference vegetation index (NDVI).
The study's methodology involved calculating the potential vulnerability scoring and weighting factors determined by
experts. Additionally, a data overlay technique was utilized to identify areas at high risk of illegal cutting of rosewood.
Based on the study, it was found that there were five levels of risky areas, including the riskiest area of 199.72 square
kilometers, very high-risk area: 336.18 square kilometers, medium-risk area: 337.98 square kilometers, low-risk area
has an area of 227.13 square kilometers, and least-risky area has an area of 113.87 square kilometers. The areas of
riskiest and very high-risk are found around the edge of the park. The findings of this study can serve as a database for

planning and implementing strategies the prevention and suppression of illegal rosewood in the area.

Keywords: lllegal logging, Rosewood, Padauk wood, Tham Pha Tai National Park

UNiI

@WﬂﬁuLLﬁd%ﬂﬁﬁﬂwﬂfw FINIAR1U1Y ﬁﬂmuwﬁuﬁuﬁLm‘%ﬁumﬁﬂﬁzmﬂ@wgquLLﬁqﬁﬁﬁ 48 w.e. 2565

¥ '
a A

FAUNSURATEUS MU 1,200.48 AN5M97AtAWeS vi38 750,301 (5 ﬂ‘iﬂ‘l.lﬂ@ﬂﬁuﬁﬁgd‘lﬂﬂﬂ 5 a8 17 ATUa 1999990
anns Bedaliuiiuitsooas 9.57 aniiniiviainmeesdamdnantieie 7,833,726 14 UszinnassrHiUsenanlUfas
tniuayanaans UADLAS Unfeds uaztfuim sudidy uenannilssll aawdnnazansegiialuTuiuil gnanmn
wismAnnAn, 2562) Tugaadoustd w.a. 2557 iugiuun anammuismddiun mlissauiigmisnnainenn

nnsanasusnEnasinuuaziamiaesugiaidod iniidusuaunin Taaewie (8B (Burmese rosewood)

U

Dalbergia bariensis spp w3a8nEenilefia Dalbergia oliveri waz [f{Uszg (Burmese Rosewood, Andaman Redwood,

A aa A

Amboyna Wood) Pterocarpus indicus Willd Nﬂﬂmﬂmﬂ’l‘iﬁﬂ@’auﬁmfﬁ%o%’uuzvxfﬁﬂ‘iz@j?uﬁu'ﬁﬁdLLﬁiﬂ W.Al. 2557-119917

a

MU 74 AF uarnI9a8n [Beiuuas [ussg (e 747 winmaen U3nns 81.20 gnuidiiums (gyeuuie

a1, 2565) MeiAuHpINanTiadenanafiie W n1siislneasszenng anndiesnislsHilelgnadnsiiog
o Ao o A a yaa o v o -4 v 1 o Vo 1 A& Ay
a1fe uaziidAyAeiuiayuuazifaninalfiinn1sdndnetdsugsdinldn@idnddusidesniszesnann
sdszmeudianasudesn emmiedsinlsama Segemanadarenisfiadssmaiuiidarsdasniaduaum
mnieHifiuwingRuanggaamnssunisnaniaiecidanan(ineg (4 Hongmo) Seliney (Hums) nunadnie
104 (fvEniesadaniiviunanefinees B lHsusymnatgniaslnansdnisninsgiuiug g uielsymedu
WA, 2543 FeganlUialiinzes [Bein uarlivazy TnensesBawanBinalfsuanafionsgnsunsnataanbugs
#191998989U52eAN (Environmental Investigation Agency, 2014) annifeynisenanad Miiutisaniunisainnsuinis
o & oA o o ¥ A o o °o Ly y pe® X A
dnnaiuiieyinidnasfineiinisinnasnismatesiuuaslsulss nsnssvhangmsnedndiaenist i
' v v pry @) o/ = [ & o o v A & oo & ' o a
pgnadinduieiunissnuniuin neadewanauaumsanasuyin i Snvisdadiunsanassienlaunaraedguiadiviu

Wimnuandoy luideanistiasiuiazlsuUsinnisanaeudn Einaneia



58 | The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September - December 2023

nMaiAIzANuTResan1sdnasusn [HBsiuuas [fiUss g iuiuiignamuudssfiammn n [ElEuuonis

msamsshlagandenistenivieyanisgRansaumeeestiadeifsadeadodinliun fadunisnszanadves

T#ddn @oyaannuaunfiadu Smart patrol) fTadu5zazvineannstuniend ([{i8eiunaslfivezy Taduszaving

U

FnEUnsaNUIAN Jadeszasineannunasguey Jeadesrevvinsanmiaefvindgneiuuviesd Jadassesming

=}

FINUNEINT TaTaAuaIntU wazilaqsastinas19aa9NgwTaos (Normalized Difference Vegetation Index: NDVI)

o o Ada >

Weihdayaneeiladasng o sdewiuuda azinlinsuiuingaoadsiveedadosing g Aufidowinsanming

U

(2 [}
AAaA

Aeiiuiififiaandeesiasisanann1sanasusn [ nuiignauwien i Seaunsautessiueesnauides Hans

AN Ul TideiUTl (Nangneuuierf dadin wazingie, suy.) Seinlinsuteraiunisniuas

[
adaa

an AN anudesdanisyngnan fBsiuuas [ldsrg wdazifdnisimuaiuiideaie Hdngmioyaln

nsanumnasiuuazsnuUsmnsanasuy ldeiuuas sz uiuiise i

'Shi]ﬂszmﬁ

]
=

A A s ° & ! , o o Vo o o ' & A ' a ¥
LW@’JLW‘J"]ZZ'WLL’NZﬂW‘V]%@I‘WH‘VILﬁﬂ\?W@ﬂ’?‘igﬂ@ﬂﬂﬂﬂ(5]G‘ITN%\VD'HLL@Z{ENU‘J$Z]T%W‘H‘V]’QV]?J"I%LL‘VN‘D”WWQ"IN"IT‘VI
FIMIRAIL
& 4
BULANUTANE

v

& d oo v oo
Aufigneuwin Aoy Samdagiung

550000 560000 570000 580000 550000 500000 616000

2100000 2110000

2090000

2050000 2060000 2076600 2080000

2066000

T T T T T T T
550000 560000 570000 580000 590000 600000 610000
A T am0s 1003 15000 20t0
——— Vler:

1:350,000
Coordinate System: WGS 1984 UTH Zone 47N
Central Keridian: 9300

sUft 1 AnfiRnen grenuwie@iannn dmdngdiag



A o

271981531 INITNDNITAHNUIUIANTTNEINUT (JSID) T 4 U9l 3 AUeId — SUITAN 2566 | 59

\n5asiiafililun1s3ee
1) in3esnpniomes dmsuliasragdeyauaziszinanaiaya

2) gaNsiuassruumsaumAgRAansia i dafiu UsuUgeusly Siesned uarasnuuuumwd

FENISANRUNISIFY

A o & = o o = o A = ¢ o ]
HIUABUNAN 3 YUADU AD 1) ﬂ"l‘i‘i’]ﬂ‘i')ﬂ‘ﬂﬂ}lﬂ@LL@z@ﬂLm‘iﬂNﬂ@@ﬂL‘W@ﬂﬁ‘i')w"l‘i’w% 2) NITNIUAAN

o

pNAATYTadY uay 3) NsinssiuaznisUszatanadoys InevinnisAnunauaRLIunenl

Valuable tree Factors Transportation

Community Protection Unit Slope AHP

Stream NDVI illegal logging

v
Reclassify Weighted

v
SAW
v

Areas at risk of illegal logging of rosewood and padauk

wood in Tham Pha Thi National Park map

31J1‘7| 2 IURDUNTZUINNTINY

2 v o o a o

1) nMssrusandayanazIanzeniladaiNanisilasy
Tafinnssausandeyailadafilidmsunisiinseiiuiidesien1sanasusin HRsiuuas (Hu sy e luilui
greNwiIERom i erngiudeyalusruuansawna fayaienans uarlisyaniaauinudasiinnUszioanie

¥

Faeneglunowivasionly Aazuinessusiaziiade

2) nMsAmuaRIAHAAylaTe
Avuatledeiifadeaiteliunsfinssileyaiadasininuguuswesiuiidaswon1sananudn
Beduuazliisve nasanilFermuadnsssiunzumliusasiiads puanstionaudasuesiuiisenisanasusin (i

Betuuarlisrg Tnarimuassdugaeiuld 5 szau eiidrdoust 1-9 azunu Tnaimualiazuuugegawindgu 9



60 | The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September - December 2023

nuefsianResantsanasudn fdeduuas Huszguiniign uazaz uuusngawingy 1 vanafellaanudess

nsanaeudafgeiuuay [isgieaiiqn (Seassd innden, 2558)

NANTANEIN1IIHAATAIIN AT Ay 2esiiade e muaridasiminesilade lfennnis fuuuasuaiy

o

waz A A N g Ay reviladediandtn19n193A1ERIBIRIAUTN (Analytic Hierarchy Process: AHP) AW mHT 1

Tne Saaty (1980)laensiBauifiaud@eg (Pairwise Comparison) a1nd@eamneyfisndacds [ur Wmdiifvindin

L '

sumdsiandimasfivindgrnauwisanfinnuilygmnisanseudn {Beiunazfivaze 9o 5 wie @Foeed daunu

LaeAty, 2560)

ﬂ”liﬁli?"?ﬂﬂﬂﬂ?ﬁﬂﬂ@ﬂﬂﬁ@ﬁﬁuﬂ@ﬂﬂﬁ!ﬂﬂ (Consistency Ratio: CR)

e ifdrdasdminiiadands azvinniansaasauaHTanAfpITuIBIANadIAINITISEUTEY

o

ineunefiFaannny FesinlulEAuaniAn Eigenvector Arannammaannaniald ArwrslFannisinAndeilie
ANTHNEBAAREY (Consistency Index: Cl) N3dagATfEHANEBAAARILTIgH (Random Consistency Index: RI) 611717

sannfosivgpumngraiasndmiaindy 0.1 uaasdnArazuuuana Ay unswssuiauusazginans

k)

ANMATNHA AaiAndindidusFansnsain #mnssisde uiueendall (@nmssns wlsgeszga uay
ADWE, 2565) 11/ Rl 91nA1319 random index il N = 8 4z (6 Rl = 1.41 »dnsidauauaanndas CR 9INgAT

(@nn5711) Ardealifn 0.1 fiadndansanadas vnifndsnhUlsudfeuSeuifioudeg

CI

= RI (NN 1)

CR

3) Msaasziuaznislssatanadaya
HAIINNTAIATIIRUTIREssianTIanaeUdn [HBsiuuar [fivsee 4w 8 dade (Aud n1snszanadanes(d
P 1 o 1 a7 v o/ v ! ! Y 1 1 ]
fidn szpzvineansundnd EBeiuuas [fUazg sraeieani@uneasnaN sTasiieenunaegNYm sv8seeIn

B AINERNEIUUANNR SY8LMNI9INUNAIT ANNANATW uazATinasinsasfanssas (NDVI) TaglRfnnsudas

fmyailadusenanaan Polygon Taguguuuaesdiaya Raster anniinas(fings dnngulna (Reclassify) dayadili

U
'

91NN"5ULa9970 Polygon To Raster udn e lfanunsndautsiudoyasziumns@ensiu luguuuwswdise i

=
HNRNTIFANKT

v ] v
'Y

AendInIssuTaniayadmsunsiiassiiuiiidesiensanasudn iBeiuua sy g tuiuiigneng
2

v

WO wugn § 8 11ads (sn51971 1 uarguit 3-10) Toua 1) %@33@@?’1Lmi@ﬂfﬁﬂ'ﬁmmﬁfmmfm A

sumdann [HBsFuaz [fiUsre 3) srerreaInEMIANWIAN 4) STE2RNeINUNANHTY 5) Trazineennniag

o

ANENEIUUILIF 6) TTLUNINUNEIN 7) ANNAIATH LAz 8) Tedudntnasnsuaafyngs



27198153 ININDNTTNHUININNTTHITINY

'
p=¢

o

# (JSID) Tt 4 aTUft 3 fugnew — §9497AN 2566 | 61

A15197 1 foyafi N3z (Aaulasannangneuwien dadin uasiugile, sui.)

2
YBHR
U

aqani1s3aasizi

1) fayadtumdinianszansdanes [{ien
2) Fayasuniean Fzeiuuay [fiUses
3) FLULANINNLEUNIANUTIAN

4) FTHLANANUARIYNTU

5) szazvineanyseAinEgaTuutenna

6) FTHZUINIINLARINI
7) ATTHANAEY

8) taa AU HNARIYDINY NI

=}

T%ﬁﬂmm'ﬁmmwﬁfsﬂﬂwmﬁﬁfﬁﬁml,ﬁ@mmfmwmmiu‘ﬂm
YA
Tisien

T’gﬁﬁmﬂ’mﬂiﬂ‘ix@’mﬁ'}ﬂﬂd'iﬂLﬁﬂﬂﬁﬁﬂ@ﬂuﬁﬂfﬁLﬁﬂ‘lﬂ’]
ANTNIUILULYIBINTT A AAR AN RDUFA (5]

) o/ dl = =1 d’l’ dl o =
iniladefinanstearuainngn lunisdndenuiiuazn1saass
TilHasinemznan

Wniladafiuaasaeaamnaingn wnsdindenswanngil 3
pei9990159

iniladefiuansdenuanign nadindemsnanngin 3

[ o d' 2 A z_-&c!gf d' 1 o
uiladelunisipaausing [ unsdiiuiiudengzanansnanng
UnlHagtndunaanin

ntladafinansdennaindne tunisdindemsnanngin i
naluaauaasn1sdindeuaznisin Haananniud
T%ﬁﬂmm'ﬁmmwGquLLmrﬁmNﬂugﬁfﬁﬂmﬁﬁmﬁmfmmw LAY
FIURNUTLNNIBIRENTTOS WA D T WA TATRLTATI AR W50 8]

pnany3od daniniunnf EdAmnanUdas

finneesdoys : vmsruudayaanTaumeAgRAans gnauwi Ao

I =

NI HNIEUNIININTAARA AT AL Tasuen (3 5 926 HATAZ LA 1-9 (AMNInADfAa NIAee Ty

nMsanasudndge AiagAnfiaaudeenn) famnanedl 2 uazyinnnsiiAumindaeasnasseuie gy

AngBarnny (AN5197 3) WATASINEDUANAIHEBAARBIIBINTS RATINGeAT NI RsIesa AN B AR DY

TBIGWA 1A RI 91NA1919 random index 1l N = 8 4z RI = 1.41 dpanaauanuaenndes CR 91Ngns Wa

winfu 0.06 ( findtaendn 0.1 fatuanwsenafeadenisBeuiiauey uAnfieensuls)



62 | The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September - December 2023

AN91991 2 AAINANHA ALY TTaTe

[

flaas Haul AZLHY

1.119n3za8dpae [Hia (X1) 0 - 1,000 L3 9
1,001 — 2,000 LH&5 7
2,001 - 3,000 Lumg 5
3,001 — 4,000 tH®5 3

HINNTT 4,000 LHHS 1

2. 5zppinanduean Egetuas [Hiszg 0 - 1,000 \n#3

(X2) 1,001 - 2,000 t®13
2,001 - 3,000 A3
3,001 - 4,000 \n®13

AN N ©

H1NNTIT 4,000 LNES 1

3,928 NAINTUNWANUIAN (X3) 0 - 500 Hag
501 — 1,000 tN#17
1,001 - 1,500 (N3
1,501 - 2,000 A3

N o N ©

HINNTT 2,000 LHAS 1

4. 9THLANINUATINTE (X4) 0 - 800 Lum5
801 - 1,300 tH#5
1,301 — 1,800 LH®5
1,801 — 2,300 wN&g

AN N ©

HINNIT 2,300 LHAS 1

o

5.5z N eRYinEgneUuienns 0 - 750 A3 1

(X5) 751 - 1,500 tN@1g
1,501 - 2,250 @19
2,251-3,000 Hnq

© N O »

H1INNT7 3,000 LHAS

655899 NUN AN (X6) 0 - 250 WA
251 - 500 LNM5
501 — 750 LHHIS

N N ©

751 — 1,000 N@q

HINNTT 1,000 LHAS 1

7.ANNRIALE (X7) < 2 B9p 9

3 — 6 BN 7




27198153 ININDNTTNHUININNTTHITINY

'
p=¢

o

# (JSID) Tt 4 aTUft 3 fugnew — §9497AN 2566 | 63

Saulz

tlaqs AZ U
7 — 11 B9g 5
12 - 19 B9pn 3
> 19 B9AN 1
8. AaTNaFNN I NTWTIO4 (NDVI) 0.047 - 0.119 1
(X8) 0.119 - 0.210 3
0.210 - 0.274 5
0.274 - 0.335 7
0.335 - 0.463 9
An5197 3 AeAnAndTTnYesLRazTade
a9 §idnmey L4
- - - - - ANaRe
AW 1 ) AW 3 AW 4 AW 5 Ly
. ATNWNWHUINRUN
A CR 0.09 0.07 0.03 0.06 0.05
X1 0.22 0.16 0.17 0.19 0.20 0.19
X2 0.15 0.14 0.19 0.13 0.18 0.16
X3 0.15 0.20 0.20 0.25 0.11 0.18
X4 0.05 0.10 0.04 0.05 0.05 0.06
X5 0.17 0.16 0.21 0.13 0.17 0.17
X6 0.05 0.03 0.01 0.03 0.02 0.03
X7 0.10 0.07 0.08 0.11 0.11 0.09
X8 0.11 0.14 0.10 0.10 0.16 0.12
A5199 4 SrduRTIRe
seaURNTI e At
chj"l\?ﬁT@LNmi T‘Jl %’ﬂf:lﬂ$
Fnfidsssniign 199.72 124,825 16.64
Mftdgann 336.18 210,110.34 28.00
Mideatunan 337.98 211,236.63 28.15
Muidgatias 22713 141,955.63 18.92
i Reatinsiign 113.87 62,175.40 8.29
59 1.214.88 750,301 100




64 | The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September - December 2023

a e A A ' 1% o Vo 1% o 2 X A ' ~ & o o o

mm‘mmiﬂmwuwLﬁmmmﬁ@ﬂ@faummfm%q%uLL@:Tuﬂﬁx@TuwquwmumemmmTw faanistindaya
ANV 8 ﬂ@é’ﬂﬁfﬁfé‘v’mgﬂLmuuﬁqm@mﬁqmmﬁfmfiﬂwmLL@imﬂfr«ﬁﬂﬁTﬁmnﬁ%ﬂﬁ AHP snawiuiuuiayaraaus
avilade (Overlay Analysis) (FUM 11) WATHANAANTNITATLALAITHIREY Giﬂmﬁﬁ’ﬂ@@uéfﬂfﬁ%’ﬁuLL@ﬂﬁﬂﬁz@ﬁuﬁuﬁ
gwmmm’wﬁﬁﬁwﬁwfﬁ@’mﬂaﬁuﬁLﬁmmmﬁu 59¥AU (AN9199 4 UaTgUR 12) A seAUNUALININTIgR SEAU
A o X 44 o X A A o X dd . 4, - C
NWALNHIN SEAUANTIRENUIUNANY seAURUResey uazsraufiuidestissfign demalan1sunguuuy
Natural Breaks (Jenks) Usnnguasia szsiufiuiidasnnniign fildef 199.72 ansneilawmns Andu 124,825 15 wis
Zaanz 16.64 BEINUTIINNA SeAuNWEsINIn SiFlafl 336.18 sn99flawmss Anilu 210,110 14 Waasasas 28.00
ABINUTNINNA TEAUNUTIREIUIHNATS Tifla?l 337.98 an9vilawns Aade 211,236 13 vsadaaay 28.15 289

a X A

NUTN9NR sesufsiidestias Sifladl 227.13 an519ilawmns Anudli 141,955 4 waadesas 18.92 2a9NLANIne

¥
=

uazsziUNuFeiasfiga filedl 113.87 ansilawmns Andiu 62,173 15 vinipuar 8.29 uasfiniivianun

N N

A A

1:250.000 1:280,000

Saydnai

:I i 7+ Al
T
N

nr Kiomelers

ML LI Kiometers
o 12 0153 & 9 12

0953 E 2

Ut 3 nManazanednves Hfidn UM 4 szpzvineanndiumisad [{Beduuas sy



'
p=¢

271981531 INITNDNITAHNUIUIANTTHEINUT (JSID)

N

A

1:280,000

suilidnen
Asidear v

N

A

1:280,000

Aydnunl

s

o

[RURN] Kilometers o 3
0153 & 9 12 B e conige

5U# 7 szavrinsanmdiefivinggreuuien

U 3 ANYIYN — SUITAN 2566 | 65
N

Audinund

1 g
wnar oAy
¢

nr- I IKiometers
0163 6 ¢ 12

i AR

il Tgn

1:280,000

U LI Tkiometers
0153 6 9 12



66 | The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September - December 2023

1:280,000

UL L1 IKilometers -
9 12 I

|
0153 6

51 9 AHAIATU

1:280,000

AN =R :
y 4 dydnual
I:I R ov.deiln

Value
oy High : 8.586

MU LT IKilometers B Low: 2684
0153 6 9 12

FUI 11 winiiuansiuiidesannnsdawsiu (Overlay)

ALABNITIIHATALUUY

N

A

1:280.000

Foudinuni

.

M I lxiometers
0153 & ¢ 12

1:280,000

: wun pu.dunln
& o "
- WuTdsNnTign
& dd
R
&
E Fufidsaunan
dad o u
- Tuiidyatioy

MU LTI IKilometers
0153 6 9 12 Rl dosoniian

s 12 wniiuaasiuiiRessiansanasudn [{Eedu

uazlifszg uiniignanuuissnfianan



A o

271981531 INITNDNITAHNUIUIANTTNEINUT (JSID) T 4 U9l 3 AUeId — SUITAN 2566 | 67

dgluaranilsena
mstlszgnitinaiadsiuiilagosdnainigRasmumemnilussAnssiaadasenisdnasudn
Beduuazliilsg huiniignemuiandin infuiussansnmuazausanadasiudumbuiui Tnelimatianng
gRssaumAresiiadeifieados d1uam 8 Tade Hud nnanszanedanedliifldn srazvinsanndnumisnf (Fasduas
THivazg 9209199 NENANKIAN T899 INURASENI ST8ziea N Rindgna e ® seesrneenn
undann AnNaNAE uasdrnarnsansRanssns (NDVI) sanfAsnadmuasiazusmssiudnen nassin oy
dasAnsiminuuy AHP Taagidanrngy wanistmmziiuiidesianisdnaaudaideiuas sy ufuiignam
wistnAgnnln Taelnsdeuivdeyannfisnsmuneuasiiadafiiendas arnulidniadmunmpzuumezdiy

[

Ananneasituil n1sgdasAmiminanddmreudaziiady uaznislimaiadewivieya (Overlay) vnlnsuds

[ ] '
'

fuiReedan1sanaaudn HBiuuaz [iszg i 5 sz Aadindesay) THun Anldesnniign (16.64) Wdeesnn

(2 o 1
= =

(28.00) WU IHNA (28.15) Aestiay (18.92) uazidastiasfign (8.29) Tnauildasninfigauasiufiidessnn

donlnnjazeguiinnunirsuuenvasgnenuy (WnfiEesunans esinsuazifesinsfignavag Tuasiniinewt
= A v 2 o & Ao ' [N =

189gNEW) Feaasiiazlfifinnsansunanieriennasnistunianse il afiuidonaiaduiimie andoym

nsanasURn HBeuuazszg luawan

Tudonansnnsefilsnananisfinuinudnidnistitiadasing o Andneiulunats q v11ddy Wu Foeed daun
uazAndy (2560) FRNyeiuaiudsssnn1syngndnEinzg uisiignanusisn@iening Taevihnisinsnsd
foyafagszuumaawmeagimaniainiadenan 7 Jade [Aur 1) aruaiedi 2) szasisaindunig 3) svesing
INYNYUW 4) TLHTANIINUNAINT 5) 38U NanAIUMAR [Hnzgs 6) szazrnsannmieRindgreauy uas 7 fil
NaFNIEsNENTIod (NDVI) danenuddeaastenns 2953 ann195904 Wiegasena uardudy agoilszadnd (2564)
dl v dl a g o/ Ad ! a fdg/ ¢d| { ! o/ o/ ¢ o/ g ¥
PlFFnuiednsziiadefiinasianisyninuazdnssdiiuiid@essianisyngn weasneniuganding fe-gnazun
Fandaas Tealfnaiianienigninasdiasisiauansuiu (AHP) Tunistiazuunmnddyaasiiadefifinase

= ¢ 4 . o a ¢ : o Aon A
ﬂ’?‘j‘i_“lﬂ?‘ﬂLL@Z’]Lﬂﬁ’]t‘lﬁﬂqq}lL’ﬁil\‘iWﬂﬂ"l‘iuﬂ‘gﬂ@’]ﬂﬁZUUN"l‘iﬁuW]ﬂg&lﬂ"lﬂ(ﬂi WUQWﬁ@"VﬂV]N@‘VIﬁW@@@ﬂ’ﬁL‘Iﬂ‘gﬂW‘N‘VIL‘?.I@]

Snuiugandingie-gnazus Tuszer 3 Alawmsennuwas THud szezvineannngiing sesasnie szezieenn

1 ¥ E4 H

U FrEineanisiin ANHANATY STEEMne AN AN 3R UATAYINGUIENTLT anisTiindnas audy
Fudy agoaaznndod uazshude wedimmnging (2561 Tidnwfadmuafuilidesioniaynsnesdifuing
grenuwinAnegnan Sadming TagnsusygndsrunansaumegRenansiunnsimsziaanudniisneaiifives
fladanienigninaesiuiiuisszniafunisyngnaestiduituazMuuudiansladadin (logistic model
Gfuﬂ'rﬁl,mﬁzﬁﬁhmwLﬁlmGiﬂmmﬂ?ﬂﬁmﬂﬁufﬂummqwmmmﬁwﬁmﬂﬂqm wan1afnEnUdniladeiifanies
Auntaynqnuastinduin Taud szesinsanniiau ffonses srazsvinenngagy AasaIAT ARfLann syazien
EUMNIANTNAN SEELWNANNI e RN ERNeHuANR TXAUAINGS LazTzEzinsaInunain Taidures
59559 inndan (2558) Tifnumasiiuiidestenisyngnaugnanndon Smdanzen Tnetazendliszoy
ANTENAYRAIERAS (Geographic Information System: GIS) ‘iquﬁ’m:uuéL%mmfyﬁqmﬁﬁmummﬁmﬁﬂé”m?;l

ATz AN UUNAYTlads (Multi Criteria Analysis: MCA) iiaLUZsuLiiguAaNaFtysey 6 fadafiinase

A9uNINUNTH A ATHATATH TEEUINAINUHET TEEUINATNIEUNINANKIAN 528U TNUARIAHEL N5 19

ERR q



68 | The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September - December 2023

! P
caa o 1

Uszlomififu uazarduangerasiinuiiainszduiimes uazauiduoes dnnnagan Wlsgnarga uaz
posz (2565) TR lagnisuszgndlinazuaunisinszinudisudnlunnsfansandniminanadidyens
fladt uazszunasmmAgRaans iefarsanfinifivanzaslunnsfindsndesdndianmiietosiunisdnasy
daliTugnamuissfimwagan Taefiadeililunistinssitsznaudien nsnazansiuaslaiglid dl

FLYLVNIMNAUUFIFTITUE TEHEUNINEUN9AT9N1500 STeerineannnidiefying sresvinsanunastneu wiai

wefinARanaeudnaH Yeuadyo syl Reud uazAnnanad

LENNISD9D

1 a ¢ o gy a o’dy d’ { ! o [ o/ 24 d’/ d’

nINEVEHWATNG FRdin uasiugRe. (). uwannsimssiidseasaanaNn TANABLSTA [ DT
EVIYIHUINTIA. HUN.

Foiend 19U uazAdz. (2560). lasvn19AnyInTsazyns B UUa s aumaAgAmansmanuaiiEes
aan1syngnsialiweg huiigne nusisrmie ). andasauasimmNuIANITHENEHUITA
FINTAUATINTANT NTHENEUUAITE FRTU URTANEAY. NTUNNENIUAS.

Andnua audy Wiy agoiszadad uavilimdy wadmnysng. (2561). e AN UESeaN1TYNgN
29t FUNTIEN e TN RABYNAT TINIRUIN. 277A17IRAIaRT, 57(2), 60-70.

Dane 5973, dnn195300 Wisaymszna uaz Jude aqaulszndmi. (2564). nsUsvgndssunansaumegRanamnsiu

a fd’l dl . ! o= o/ o/ o o/ g v o/ o/ I's
MIRRaeiRuResanIsynInUs e e st ugandUg fe-gneun dmdniae. 99981991895 e
, 40(1), 34-49.

AnAN19904 WBEEYATEYS, SANNEe WenRed, UANTA Siule uaz wsiie aeuas. (2565), msiiasnzinans

v
o %

o Tunnanmafiniifvisnzantumsfinsendessndnanwssuudnua, 919a193mEmansuas
walulag 30(1), 186-199.

595956 \nnBan. (2558). N1 iAdENsanITyNINIMENEHYAINT Smdaneien. nalspATnnTYed
WTANENFRNEREAERS ASIT 53 aANENERS, MeTilgArnTas, FmIaeNTREnaTHAARSIAY
AFRNTINFNARS, FUIARMNTIHNEAS, AVENENNTBITHE LR RIAE BN, NFINNL. 2558.

W1 1282-1288 (1412 %i7).

ﬂWEWHLLﬁG%W@gﬁNWTW. (2562). Awumié’mfmﬁ@wmmm'qzmﬁffyfwvfw W.A. 2562-2566. NUFWAN
https://portal.dnp.go.th/Content/nationalpark ?contentld=16561.

Environmental Investigation Agency. (2014). Routes of extinction: The corruption and violence destroying Siamese rosewood in
the Mekong. Emmerson Press. London.

Saaty, T. L. (1980). The Andlytic Hierarchy Process: Planning, Priority Setting, Resource Allocation. New York: McGraw-Hill.



Y

2715981579811 N NITAMEINIANSTHTINWA (JSID) T 4 11Ul 3 ARYI8N — FUIAN 2566 | 69

<

msUszilnAmn AL Ef Az I g MARSuATAIANAARS NNNAIVIINRENZLEN

<
AHUWIVAU (AN AMEITSS 5 (WCAG)

9

NS Aaian uaz BT eyEney?

Website Quality Assessment of the School of Political and Social Sciences,

University of Phayao based on Web Content Accessibility Guidelines (WCAG)

Tanarin Khongtuan' and Thidapath Anucharn?

' School of Political and Social Sciences, University of Phayao, Phayao, 56000

2 School of Information and Communication Technology, University of Phayao, Phayao, 56000

" Corresponding author: tanarin.kh@up.ac.th
Received: October 4, 2023; Revised: November 22, 2023; Accepted: December 4, 2023

UNAALD

o/ -4 L -4 a o/ % o/ =R o o/ -
AUSTIATNATURCAIANATINAT HUIINYTIRENWELEN T@ AITEUUNTIATITHNTATYIBINTVTINHLNIYBH R

3

drasnafilatlemiianuynamn Wesasunsusulsuasimnnd Ul e Funndu fednfusineiud
aonunianiuazdoyailaqiiuieliunssuunisiinasiuasnisusulqeedneiinamomanzas Tnedquils
Tagusvaedde 1) nslsuifingunmessiulsdamuesgraniuazdeanmans snnanendenzien lnald
UMIN1S WEAG 2.1 53 AA BaiiiuliiuTadaenndnstunisTiomnsnan Tnetiedasdelunisszian
T n iR “WEB ACCESSIBILITY CHECKER” stuumsnamauiiulasifvnaiinfouas s Tamilfdn T
Wansn lngdinamimmanensmansuazmaluladiuiemnd (@m) uay 2) dmindaiaupunramsunisimm
Aulad iR umauraniail

nan1sneInudBuledansSgmansuardoanmans aniangdension deildafananly
nstsngaannALlmiaaumyng WCAG avdlssnauifiavvangesinsiaenndesiusnnsgniidmmnal
donlnajidnanngimsnvdegguadulsdliinauuuamag WeAG #ilimasddedudTaddiugAnismie

g9eng EAdelfaguinansunrunaenisUsulaaianduledlaednBesdrdunaud A unisu sl

e eXe

Wnnn3uladansfiansonensziuannguussesseazdoanislssfiunes @efanan uiadiew uazudeli

n971) uazBesadumNdeandisRananrniigalltissfige waziedfiunisidsaueuuzandavinfiuuuy

AulEfauunanng WCAG uasnasaugwudndeRamanaiinuanawnussny aedusznaugniissniu

ardnAsy: Madssfuaoanwdulad, dulsdifinnaudndeld, §Ans, Jgeens, Anigmaniuasdsnnemans

" AMEIFANARSULATAIANANERNT NMANYIRENELET TINTANELET 56000

2 Aoz A RS AT RUALATNNTRE AT NWTAVENAENEIEN SIRTANTLET 56000


mailto:tanarin.kh@up.ac.th

70 | The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September — December 2023

Abstract

The School of Political and Social Sciences, University of Phayao recognizes the importance of
disseminating useful information to everyone to support the improvement and development of the website to make
it more accessible. Therefore, it is necessary to be aware of the current situation and information to use in the
analysis and improvement process, both directionally and appropriately. The objectives of this research are as
follows: To assess the quality of the School of Political and Social Sciences, University of Phayao Website using
WCAG 2.1 Level AA guidelines, which focus on making the website accessible to everyone. This assessment will
be conducted using the "WEB ACCESSIBILITY CHECKER" an automated tool developed by the National Science and
Technology Development Agency (NSTDA). To prepare recommendations for improving the website in line with
these guidelines.

The study found that the website of the School of Political and Social Sciences, University of Phayao still
has errors in assessing website quality according to WCAG guidelines. Many of these errors are due to developers
or website administrators not following WCAG guidelines, which prioritize users with disabilities or the elderly.
Researchers have summarized recommendations and improvement gquidelines for the website. These
recommendations should be considered in order of importance, starting with the severity of the assessment details
(errors, warnings, and notices) and ranking them from most to least. When these recommendations were
implemented and a prototype website was created following WCAG guidelines and retested, it was found that

errors of all types decreased, and the components became more accurate.

Keywords: Website quality assessment, Accessible Websites, Disabilities, Elderly, School of Political and Social Sciences
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asngauinds uazdintiuannasing o Taasneiags vindles Taewaunduummnisnisimunfuiiynaudings
T# Thai Web Content Accessibility Guidelines 2022 (TWCAG 2022) @ainnnsaenuuuuasiauniules amnsn
TinunannsnisWmmn Digital Platform (Website & Mobile Apps) TngisnsazidanmetuuwnfiiRsnsssdons
WUFTRANHANATEIHENG WCAG 2.1 (198584 2.1) TaelsznauldastaunssintunsmunuazSonlosing o
fazdoalisimimunfulefaunsoennuuuuasimundulesdsng o Wdedeniadindenntu (@aadiaie
\wsugfiauazdennuialszmAane, 2565)
MANNIT WHINY URZINDITTAIINAIES WCAG 2.1 Tnandnnisfimanzandmdunisimuiuas
siavailomuasiioyareaduledd 4 ndnniadsd
1. 81905031 (Perceivable)
1.1 malEmadenguuundsuaninauyigUuundianns (Text Alernatives)
1.2 Asdmn1aRefiinsimunszeaa1Yine (Tme-Based Media)
1.3 nainanedayalfivarnnataguuuy (Adaptable)
1.4 NMFFUUNAMNANHIBIRIUNTUEAIH AT TENBU(Distinguishable)
2. au190 #aulE (Operable)
2.1 mMadnfisannuiuRan (Keyboard)
2.2 NIAMUAIART NN T aNsiBn15139 (Enough Time)
2.3 NNITANITAIHUAPNNATIENNASaDN193N (Seizures and Physical Reactions)
2.4 angvivnslussaansing o vntiduleduazszydnagfiqala
2.5 madndindeyauwninduladfaanszuamniasing o (nput Moddlities)
3 a9 ta i (Understandable)
5.1 navintignailomuassndioyaliiinlali (Readable)
3.2 nM9vinAnnsTHadnaasnsaanen (i (Predictable)
3.3 daudapmdnuuniniunnstiouioya (nput Assistance)
4. gxnsasesiunsasuulassamauladfinannans (Robust)
4.1 nasasdunaineniinasnauszndnanaliladiinuas Tnal T
anfinananniinduusiazndnnnsuaziiansinesfinoeinindnSany 3 sxdufismnsonasauls
e lisunsaliemlunadifidosfinaasauiefmuavianasdnduliluiolsd telinauanassanim
Fasnafinannaterasmmatsngy waznateaniunaolld sdlainnadmmiassituniadindel 3 sxiude
FLAU A, TEAU AA, UAZITAL AAA
s¥U A wiameiusngaidesin Bidwiudaniadndeendululiennde ilHias
2L AA usasiunansfintsesiniies e mnazaantunsiinda st
2L AAA usaingegatansasyinie Wi ndndas Trnatloniuliqegn
nnangraaauiuldinnaudndlinineraanesaudniuledud azninfumaiuiuluanmno
n1ananameuvdal G9isniangaaseniiuleddnduiulediynaudadeld fa3naman 3 98 THur
NN5AFI9RDUAIEAEY N1aRFa9aULLLARTHTRN I AUTEd uazn1TRTIesaLLULNEN 38157 1 N1
AFTIEELHILALEY BaTAnANNNIITI9ReUIAL T ANNININIINIRTITREUNIATTIHEINGYDS WCAG Tign

Wanndu Tagdeniuuinsgiuanina amnsanssaseulagnisiiunante nannis deunzsdn uazinoi
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LOOD CONTRAST
4

High Contrast

Lorem ipsum dolor sit amet

511 2 Ml RLazANIE NIBIA

finn: (@ineuanenssin1sfaviaiersegiauardennuies®, 2566)
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WWIN19 WCAG WAy
aADUTA

31J‘ﬁ 3 FUADUNITANTNY

1 Auanasinarszaun1sUseifin anfiunisimmnosinisdssiin Taelfinasinnsdszfiv
pasnAuTEdnmuamsaes WCAG 2.1 TnetiinaumiaondnSassiu AA SeAduidanasiu AA 1iagann
\dusziuiignazylidnasiy AA ilinuuamnsiunansiinessginfiasiuasanuazaonunisidindofingu
Fafindnnnaniananasay 4 nannia Hud swnsasusle, asnsaliemld, swasadintald, uazamuse
ANNIATLULAY

2 Amdannsasiia Afunadndonissasiiotunisussfingmunndulsd uansieyainaosdions
919 2 Tnenmaieuiieunnatfvasrdesfiofifanumanyantugmlsrssduasdunansniaide Tnaly
meAdetuafsiiaduladenTéindodlo “WEB ACCESSIBILITY CHECKER” szuumsaaaauiiuladiiynasuing
wazliusclenilianTu® femilagdninesimuingmaniuazmaluladviend @me) Seseusy
HAATFIHNTTATITEDU WCAG 2.1 LAdesflaanunsouaasdiuanesdisznauionun uaraiuianidnds

NANTTATI9NAUEDUNAS (3 5895UN19U5 8% 4 1annng uaz [HaAn 51 Tunie s



78 |

A A @ o P
B9 2 '?.l’md@Lﬂﬁ’ﬂﬂN@‘V]TﬁT‘Hﬂ’ﬁﬂ@L@@ﬂLﬂﬁ@ﬂN@

The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September — December 2023

4 A1 NIRTFIN URA URASTIHIN  UWTINNA
LASBIHD ;
ane td wans  avAdsTAay  HEUWAJ

TAW - Test de Accesibilidad Web N3 WCAG 2.1 4 nanne - -
https://www.tawdis.net/ (Level AA)
AChecker — Accessibility Checker W3 WCAG 2.0 4 BANNIT - -
https://achecks.org/checker/ (Level AA)
WAVE — Web Accessibility W3 WCAG 2 - - -
Versatile Evaluator (Level AAA)
https://wave.webadim.org/
Intent Based — Accessibility $99 WCAG - - -
Checker
https://www.accessibilitychecker.org/
W3C Markup Validation Service W3 HTML - - -
https://validator.w3.org/ checking
WEB ACCESSIBILITY CHECKER W3 WCAG 2.1 4 nann1a 90951 30951
https://webcheck.aaa.in.th/ (Level AAA)

@ o [ o @ o @ g o ¢
3 LASYNAHNIVINIRINSUNANDL @@LW%Y—JNVYN’]L%ULW"V"V’]HQ% 16 111 mm%uf%mﬂm:iﬁmﬂm

URZAIANANERS NNTAVIENANIe Iaea NnTadinSelf@MN URL 2e9ntiniuwmae Saiuina 16 win iuntin

1 pROTY 12 & 4 o
LLNLLUUWT‘?J’Tuﬂ']‘JLLNW\?NN‘H@H@U%LQUT%G] R {aNaNi NG

A1519 3 Jayaiuinai Eunsdsndunmadndeiulsd

sWauIn Faiin fiat] (URL) Buina
U1 WHan https://spss.up.ac.th/default
u2 Usrdfmanaiusn https://spss.up.ac.th/page/history
U3 ARevie Wushae Usaa https://spss.up.ac.th/page/vision
u4 TN UazAtyANEol https://spss.up.ac.th/page/logo
us ‘izLﬁﬂu/‘?ﬂ'ﬂﬁdﬁu/ﬁﬂﬁbd/ﬂ‘izmﬂ/ﬁﬂu/wiu https://spss.up.ac.th/docs/document
U6 TAs9a%19n19U3M5 https://spss.up.ac.th/page/mgmt_structure
u7z ADITNTINNITATUCY https://spss.up.ac.th/hr/board_master
us Nﬂﬂ%@ﬁﬂﬁ@ﬁﬂ@iﬂﬂﬁu https://spss.up.ac.th/add-callback
u9 NANGAT https://spss.up.ac.th/page/p_0561
u10 13115 e-Service https://spss.up.ac.th/e-service
Ut AUNNUR TN https://spss.up.ac.th/page/green_spss
u12 REN LLUUW@%N@@GT%%Q% https://spss.up.ac.th/page/calendar_van
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A15197 3 Foyaumai i umsUssiunnadnteGiiuled (se)

WA Handin fiat] (URL) Buine
u13 Aernviend https://spss.up.ac.th/videos
u14 Wiadnssaday https://spss.up.ac.th/page/froms_001
u1s ADINNAINADY (QRA) https://spss.up.ac.th/qa
u16 AnFaLIN https://spss.up.ac.th/page/contact
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FoAduAniuntaaasuntiAungdus 16 win uazdafudioyaieoii 15 fieneu we. 2566

5 WANTISNANDL AI9988UNAN1TNARaLLIL[BFAn S gAansuazfeanmans Nnianefensien
ATHUUINIIYBY WCAG 4 NANNTS Lﬁ'ﬂﬁumﬂﬁ:Lﬁm‘/‘iﬁmﬂ%ﬂjw‘%ﬂﬂmmﬁwu Famnrsnauuniiiv
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foya (Fun 910 uaziesas
[v3 ) o a (v @ @ o o o
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STANAATURSAIANAINAS um’fiwméfﬂwummmmmaﬁwuimﬂ%L%mrﬁqﬁummﬁﬂﬁiﬁumiﬂ%’uﬂ‘gq
o & 4
Wonssdu lesof

Yo/ O A

@ o 9 %’ o o w v A @
7 IANIAULUY LRESVIANBUAT NTFYANURUNTITIANIARLUUATNUWINI WCAG 91NA1TAALNDNLIY

U
]

wafifinalsnfiuiidossudgamdetigniinuaindaiausuusdmdunisimuniuled Sedmiumaiing
IaRananm nsudafion uaznsudainsuanniigressusazlszsnm uazABun1AEaUBLINGZN9WnN
asnagaualinussdusznauiiiulssianieRanann dauiynifidonansznusonislidaudulsd

Tﬂi’:l@l‘i\‘i

NANISANET
annnstEegesiie unnsussidnuaanwdulsd sauamn 16 Bumalaaliunanie WCAG 2.1 tnusd

o & o 1%
ANTHAITTIZAU AA WUNRNTITANE LAANAIATTIN 4

4' o '3 d,, @ o a =] %
M99 4 ITUIRBIALTLND LR ILRLILNG "V’WLLuﬂG]’lN‘lJ‘ﬁZLﬂWN@ﬂq‘ﬁﬂ‘ﬁzLNHﬂﬁ‘ﬁLﬂrlﬂﬂtﬂ

s1aasIdaan1sUsEIAN ERILLY, Sasaz
faRAwam (Error) 193 1.45%
wa9LFaN (Warnings) 4,262 32.03%
wialing 1y (Notices) 5,049 37.95%
WY (Pass) 3,801 28.57%

99 13,305 100.00%
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9PN 4 Wod SmnussdUszneuian AL ImeisasldaLsIsisan 13,505 asdszney
TnesneaziBannisusufinfinuanniigada Ussinnudelinany femun 5,049 aedusznay Seldndon
57.95% fufurasAatszinnudafien fioun 4,262 asdlazney uasfidndanadil 52.05% Sudusuie
Uaziamron fiman 3,801 efilazney uasidnaimatf 28.57% wazdudugaiinesiasdennislssiing
wutinsiigade Usziniiofamann fiainn 193 aeduazney Felidadiunil 145% vasasdaznanvionsn

\efersainnaniaseuSuladanesgrmaniuasdanmans snianendanzien 9119 16 1
INTRTHUUINI WCAG 2.1 INSTIAHANS932AU AA Wuran sUszifiundssnn @eRanana, uiafien,

LL%QTﬁ‘Vﬁ’IU LATNIN) MINATITUINANI1TUTLRUUAREUTEOINUNANITAN®E UEANFIATTIN 5

PN ° g & 3 | a =1 ¥ o s 3 =
115199 5 "V"Iu’luﬂxiﬂﬂ‘izﬂﬂ‘l_lL‘l«éﬂ‘lfifl‘l_luL']‘LlLW@Wﬂ“ﬂﬂﬁzLNuﬂq‘iL“ﬂqﬂﬁfﬂ FULHRNATHINTNAUILISILRSLBEANTT

pEHEUN
s1gazIaganTUleeI AN
SUANRTN ADRANAIR waLFan wislvinsu A

I 5BEAT  9IWIH 5BERT 9N 5BEAT  97WAN S9Ay
Ut 13 6.74% 460 10.79% 468 9.27% 432 11.37%
u2 5 2.59% 277 6.50% 304 6.02% 254 6.68%
U3 5 2.59% 258 6.05% 301 5.96% 244 6.42%
U4 5 2.59% 251 5.89% 298 5.90% 216 5.68%
ub 30 15.54% 288 6.76% 357 7.07% 275 7.23%
ue 5 2.59% 226 5.30% 281 5.57% 186 4.89%
u7 45 23.32% 277 6.50% 358 7.09% 238 6.26%
us 13 6.74% 230 5.40% 303 6.00% 197 5.18%
U9 5 2.59% 247 5.80% 285 5.64% 223 5.87%
u10 5 2.59% 281 6.59% 294 5.82% 247 6.50%
U1 5 2.59% 226 5.30% 284 5.62% 189 4.97%
u12 14 7.25% 234 5.49% 286 5.66% 202 5.31%
u13 17 8.81% 286 6.71% 366 7.25% 271 7.13%
u14 6 3.11% 226 5.30% 280 5.55% 187 4.92%
u1s 1 B5.70% 254 5.96% 299 5.92% 237 6.24%
u1e 9 4.66% 241 5.65% 285 5.64% 203 5.34%
99N 193 100.00% 4,262 100.00% 5,049 100.00% 3,801 100.00%

91M1919 5 WU BumafinudeRanaianiniige WefisuiuswndeRanaiaionun 5 a6y
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Abstract

The project involving the virtual reality representation of sandstone Buddha statues crafted by artisans
from Phayao holds significant importance within the realm of Buddhist arts. Originating during the Lanna Kingdom,
specifically spanning the 19th to the 22nd Buddhist centuries, these statues have garnered distinction as a unique
and exceptional form of artistic expression. A testament to the enduring opulence of the Lanna Kingdom, these
artifacts continue to resonate in contemporary times. This research endeavors to adopt a novel approach, fusing
artistic and methodological elements to unveil its findings. A comprehensive search was undertaken, underpinned
by a creative amalgamation of art and research. A compendium of relevant scholarly sources was amassed,
shedding light on the sandstone Buddha statues attributed to the skilled craftsmen of Phayao. Subsequently,
employing the innovative technique of photogrammetry, By DSLR camera and use the program ( Agisoft
Matashape) for processing. intricate three- dimensional renditions of the Buddha were meticulously created.
These digital representations served as the foundation for the ensuing construction of an immersive virtual reality
environment—a platform conceived to be accessible to the broader populace, facilitating their engagement with
this cultural heritage. The resultant feedback derived from the assessment of the polygonal 3D models of Phayao
artisans' sandstone Buddha statues underscores a pronounced level of satisfaction. The evaluative metrics yielded
an impressive satisfaction rating of 4.25— Satisfaction is at a high level. a testament to the profound enjoyment

experienced by the participants within this virtual realm.

Keywords: Sandstone Buddha Statues of Phayao’s Craftsmen, Virtual Reality, Photogrammetry
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Introduction

Phayao, situated in the northern region of Thailand along the Ing River, holds a pivotal position within
the historical tapestry of the Lanna Kingdom. This province bears considerable historical significance, particularly
during the 19th Buddhist century, spanning from 1977 to the present day (Phanintra Teeranon, 2015). Notably,
Phayao emerges as a treasure trove of archaeological riches, with a pronounced focus on the unearthing of
sandstone Buddha statues. These discoveries, interwoven with Phayao's artisanal legacy, stand as a testament
to its vital role within the broader landscape of Thai craftsmanship.

The sandstone Buddha statues of Phayao encapsulate the zenith of Buddhist artistry and craftsmanship,
epitomizing the very essence of this city. A plethora of sandstone inscriptions, predominantly from the latter
stages of the 20th century.

The investigation of historical artifacts has undergone a transformative evolution with the integration of
contemporary data collection technologies. This synergy facilitates the precise and comprehensive documentation
of antiquities, encompassing a spectrum of methodologies. Among these, photogrammetry has emerged as
a pivotal technique, harnessing technology to measure objects remotely through laser-based measurements
directed at the target. This process yields a voluminous dataset, characterized by tens of thousands to hundreds
of thousands of coordinate values, colloquially referred to as "point clouds" (Paisan Santithammanon, 2010).

The transformative potential of this technology is underscored by its capacity to further extrapolate
the processed information into intricate three-dimensional representations. Beyond mere geometric attributes,
this technology's prowess extends to capturing the nuanced facets of an object. Notably, it impeccably documents
not only the object's shape and dimensions but also meticulously encapsulates its chromatic and textural
attributes. Such a multifaceted analysis is facilitated through a meticulous examination of the accumulated data
derived from the subject artifacts. This reservoir of information is not confined to archival purposes; it constitutes
a fertile ground for the genesis of novel artistic endeavors. The digital realm becomes a crucible wherein these
data-driven processes converge, culminating in the creation of artworks that extend beyond the confines
of traditional methodologies.

In essence, the amalgamation of data collection technology with antiquities studies heralds a paradigm
shift. It converges historical appreciation with modern ingenuity, facilitating a comprehensive portrayal of objects'
intricacies. The symbiotic relationship between technological precision and artistic expression is evident, as
the digital repository of information breathes life into contemporary works of art, all while preserving the legacy
of the past.

The convergence of creative technology and the articulation of artistic and aesthetic perspectives has
engendered a diverse array of methods and tools, reflecting a seamless interplay between innovation, technology,
and creative ingenuity. This amalgamation of disciplines has not only facilitated the harmonization of artistic
and creative values but has also led to the widespread adoption of integrated tools that traverse multifaceted
domains. The utilization of digital tools in the creative process has unveiled a myriad of avenues through which
artistic concepts can be realized and extended, encompassing a wide spectrum of innovative techniques

that harness the intrinsic potential of digital mediums.
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The transformation of creative elements into digital designs is a process that extends far beyond mere
replication; it encompasses a dynamic array of approaches wherein information gleaned from existing works
serves as the foundation for novel artistic endeavors. Digital data, when dissected and reconstituted, assumes
new configurations that possess the capacity to evoke profound artistic expressions. The manifestation and
exhibition of artworks within the multimedia and digital realm are underpinned by a versatile framework that
draws from the evolving landscape of technology and innovation. This dynamic interplay allows art to be conveyed
to its audience through a prism of technological tools meticulously selected by creators to effectively channel their
imaginative concepts, rendering the transmission of ideas inherently captivating.

One noteworthy instantiation of this technologically-infused artistic paradigm is the utilization of virtual
reality (VR) technology. Situated at the crossroads of multimedia and technology, virtual reality offers
an immersive platform wherein viewers can traverse a simulated environment meticulously crafted by creators.
This sensory immersion is characterized by a detachment from the immediate physical surroundings, effectively
transporting the audience into an alternate reality centered on visual engagement. The potency of this medium
lies in its ability to engender a profound connection between the viewer and the subject, thereby affording
an unprecedented depth of engagement and comprehension. By harnessing the power of VR, the presentation
of sandstone Buddha statues of the Phayao craftsmen's lineage becomes an innovative conduit for delivering
an enriched learning experience and kindling motivation. The transformative potential of this approach is amplified
by its capacity to transcend traditional boundaries, reaching an expansive audience in the contemporary
landscape.

The endeavor to harness the 3D photogrammetry technique in collecting data pertaining to the intricate
patterns adorning the sandstone Buddha statues of the Phayao craftsmen's lineage attests to a broader narrative
of preserving cultural heritage. This data-driven initiative not only enriches the artistic landscape but also dovetails
seamlessly with modern presentation methodologies rooted in multimedia technology. The immersive potential
of virtual reality unfolds as an instrumental vehicle for offering fresh perspectives on traditional art forms.
In the present era, characterized by heightened connectivity, this medium transcends geographical limitations,
ensuring the dissemination of artistic values far and wide.

In summation, the symbiosis of creative technology and artistic representation epitomizes a paradigm
shift that transcends conventional boundaries. This transformative fusion of innovation and aesthetics breathes
new life into age-old cultural artifacts, bestowing upon them an enduring legacy poised to resonate with future

generations.

Research Objectives

1. To comprehensive study and 3d data collection of Phayao sandstone buddha statues using
photogrammetry.

2. To present a multimedia of Phayao sandstone buddha statue artworks through virtual media.

3. To the study evaluating user satisfaction with virtual media usage for Sandstone Buddha statues of

the Phayao’s Craftsmen.
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Methods and Materials

1.Research Scope

1.1 Documentation resources study: The initial phase of this research involves an in-depth study of
specific content pertaining to the sandstone Buddha statues of the Phayao’s Craftsmen. This encompasses an
examination of the artistry inherent in sandstone Buddha statues within the lineage of Phayao craftsmen.
Information integral to the production of virtual reality media will be garnered through an extensive review of
documents, books, related research publications, photographs, and recorded media. By delving into these diverse
sources, a comprehensive understanding of the subject matter will be cultivated, facilitating the synthesis of
a rich narrative.

1.2 Sources from expert interviews: Integral to this endeavor is the engagement with experts well-
versed in the domain of sandstone Buddha statues. Insights of artisans and specialists within the Phayao
technician family will be gathered through structured interviews. These interviews will serve as a wellspring of
knowledge, offering unique perspectives and a contextual understanding of the art form's intricacies and
significance.

1.3 Field data collection: Field research will be conducted through visits to museums, temples, and
historically significant sites across Phayao Province. These locales represent the very crucible in which sandstone
Buddha statues attributed to the Phayao craftsman family were unearthed. By immersing in these physical
spaces, a tactile connection with the artifacts will be established, supplementing theoretical understanding with
a palpable encounter of the art's embodiment.

1.4 Scope of data collection and recording technology implementation: The research scope
encompasses the pragmatic utilization of photogrammetry technology. Employing this technique, a comprehensive
compilation of field data will be conducted, encompassing high-resolution images and supplementary information.
This concerted effort will culminate in the development of a detailed repository, capturing the nuanced intricacies
of sandstone Buddha statues within the Phayao craftsman family lineage.

1.5 Scope of presentation style: The culmination of this research effort will be manifested through
the presentation of artworks in a virtual reality medium, facilitated by an immersive exhibition format. To access
this multimedia experience, participants will don VR Headsets, thereby submerging themselves within
a captivating digital environment that mimics the intricate aesthetic and cultural nuances of the sandstone
Buddha statues.

1.6 Scope of population and sample: Central to the research's methodology is the establishment of
a specific sample group comprising 100 Phayao sandstone Buddha statues. This cohort is emblematic of
a particular variant of virtual media usage, and their engagement with the virtual reality presentation will serve

as a cornerstone for gauging the impact and efficacy of the chosen medium.
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In essence, the comprehensive approach outlined in these distinct scopes collectively underscores
a meticulous and holistic exploration of the artistry embedded within the Phayao sandstone Buddha statues,
culminating in a multi-dimensional virtual reality experience that fosters a deeper appreciation and understanding
of this rich cultural heritage.

2.  Methodology

The research methodology employed in this study embodies a fusion of creative art-research and
meticulous information retrieval. The research process was meticulously orchestrated, with each step designed
to seamlessly contribute to the comprehensive exploration and presentation of Phayao sandstone Buddha statues
through the innovative medium of virtual reality. The sequential steps and methods undertaken were as follows

2.1 Planning and work process allocation: The research endeavor commenced with meticulous
planning, wherein the responsibilities and duties of the research team were delineated. This phase also entailed
a critical assessment of the research timeline, ensuring adequate time allocation for each facet of the investigation.

2.2 Data collection and storage: After planning, the data collection process was initiated. Various
sources were tapped into, encompassing documentary materials, research-related content, photographs,
recorded media, and interviews with knowledgeable individuals possessing expertise in Phayao sandstone
Buddha statues. These diverse sources collectively furnished a comprehensive repository of information.

2.3 Data categorization and analysis: The amassed data underwent a rigorous process of
categorization and analysis. Information gleaned from field visits, which included immersive studies of museums,
temples, and historical sites, was meticulously examined. This step facilitated the organization and systematic
interpretation of data obtained from physical locales.

2.4 Photogrammetric scanning and recording: Integral to the research was the application of
photogrammetric principles and techniques. This involved the scanning and recording of Buddha statues using
advanced imaging methodologies by using a DSLR camera lens 50 mm. To photograph the details of the Buddha
statue from a distance of 50 centimeters, In every angle, the image of the original Buddha image. The data
collection process synergistically accompanied these efforts, Including the use of images in processing. With the
ready-made program (Agisoft Matashape) for completeness in creating 3D models.

2.5 Taking data from processing with a ready-made program (Agisoft Matashape) and recording
Buddha image data in 3D format.: The research ventured into the realm of three-dimensional data synthesis and
analysis. This intricate process involved the creation of 3D representations of Buddha statues, encapsulating their
structural intricacies. Central to this endeavor was the generation of point cloud structures, a product of
the photogrammetric data processing. The digital depth measurements enabled the recreation of minute details,
while simulation techniques facilitated the generation of the Buddha statues' structural components. This intricate
digital repository was primed for deployment within the virtual reality medium.

2.6 Virtual media presentation and dissemination: The research culminated in the creation of virtual
media for user engagement. An interactive exhibition titled "Phayao Stone Sculptures and the Creation of Virtual
Media" was established within the Cultural Exhibition Hall at Wat Si Khom Kham, Mueang District, Phayao

Province. This immersive display facilitated users' exploration of sandstone sculptures through virtual reality
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media. The audience's experience was further enriched through the administration of questionnaires, serving as
a means to gauge satisfaction, gather opinions, suggestions, and inquiries, while concurrently forging a nexus
between the sandstone Buddha statues and the aesthetic essence of the media employed.

2.7 Research results summarization and documentation: The culmination of these multi-faceted
efforts led to the synthesis of research findings. The creative art-research undertaken yielded a corpus of artistic
creations, which were meticulously documented. A comprehensive book and research report were prepared,
encapsulating the journey, insights, and outcomes of the study.

In essence, the research process represents an intricate tapestry woven with creativity, meticulous
data collection, immersive presentation, and analytical rigor. This holistic approach not only unraveled the artistic
and cultural tapestry of Phayao sandstone Buddha statues but also paved the way for their enduring preservation
and enriched appreciation in the annals of cultural heritage.

3. Data Analysis

The process of collecting information from viewers and analyzing virtual reality media data involves a
rigorous application of statistical methodologies, specifically mean (X ) and standard deviation (S.D.). These
statistical tools are paramount in deriving meaningful insights from the collected data, particularly from

questionnaires and additional suggestions provided by participants.

Results

1.The study's outcomes encompassed a meticulous and comprehensive collection of 3D data for Phayao
sandstone Buddha statues, achieved through the application of photogrammetry. This innovative methodology
facilitated the transformation of these cultural artifacts into detailed digital representations, ensuring their
preservation and accessibility for future generations.

The Study of Phayao Sandstone Buddha Statues

The sandstone Buddha statues stand as a quintessential emblem of Phayao craftsmanship, embodying a
profound historical and cultural significance. The evidence garnered from explorations and discoveries underscores
their prominence within the 19th to 21st Buddhist centuries, marking a golden era for Phayao's artistic endeavors.
This period witnessed a vibrant efflorescence of sandstone sculptures, a testament to the flourishing artistic milieu.

The influence of the Sukhothai Kingdom is discernible in the design of these Buddha statues, characterized
by distinctive features. Notably, the statues exhibit a semblance to a long Sangha robe, with the Sanghati's tip
evoking the imagery of a centipede. The square configuration of the Buddha statues is a discernible hallmark.
Despite this influence, intriguing observations emerge. While Phayao boasts an abundance of sandstone Buddha
carvings, the same cannot be said for Sukhothai and Sri Satchanalai, where such artifacts appear to be absent.

Intricacies in the crafting process also emerge. While laterite lacquer was employed to frame Buddha
statues, and outer plastering was commonplace, a notable proportion of these statues were crafted from bricks,

stucco, and bronze. The bronze Buddha statues, contemporaneous with the early Ayutthaya period, present a
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distinctive facet of artistry during that epoch. It is intriguing to note that, during the early Ayutthaya period,
bronze was predominantly combined with masonry for Buddha statue construction.

An assessment of the existing Phayao sandstone Buddha statues reveals a rather poignant state of affairs.
Many of these statues are in a state of disrepair, bearing visible signs of deterioration such as broken heads and
arms. The number of fully intact Buddha statues is limited, with a majority requiring restoration efforts.
Such restoration has sometimes led to alterations, including the application of plaster or paint, thereby modifying
the original form.

Constructing 3D Buddha statues using photogrammetric methods and procedures
(Photogrammetry)

The culmination of the study and meticulous data collection process has been harnessed by the researcher
to craft invaluable digital representations. Central to this endeavor is the utilization of 3D technology,
a sophisticated technique employed to meticulously generate and preserve accurate models of the Buddha
statues. This approach ensures the fidelity of the 3D renditions, capturing the intricate details and essence of
these revered artistic creations.

A total of 9 Buddha statues were chosen as the subjects of data collection. These selections were made
deliberately, focusing on Buddha statues that retain their original completeness and authenticity, untarnished by
modern interventions or alterations introduced by contemporary craftsmen. The core objective was to curate
a dataset that serves as a faithful reflection of traditional Buddhist art, thereby enabling the transmission of
this cultural heritage to a wider audience through various media platforms.

The process of selection involved grouping the Buddha statues into three distinct size categories: small,
medium, and large. This systematic categorization facilitated a comprehensive representation of the diverse
dimensions that these artistic masterpieces encompass. The subsequent phases of the study involved the intricate
task of translating this curated dataset into intricate 3D models, a harmonious fusion of technology and artistic
legacy.

The resulting 3D Buddha statues, meticulously crafted from the amalgamation of data collection efforts,
expert analysis, and advanced 3D modeling techniques, stand as a testament to the confluence of tradition and
innovation. Through this multidimensional approach, the researcher has succeeded in immortalizing the timeless
beauty of these Buddha statues within the digital realm. The subsequent sections provide an insightful delineation
of the specific Buddha statues that have undergone this transformative journey, illuminating the culmination of

this pioneering endeavor.
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Figure 1 Small Sandstone Buddha Statues in 3D Format.

Figure 2 Medium Sandstone Buddha Statues in 3D Format.

idda

Figure 3 Alarge Sandstone Buddha Statues in 3D Format.

Point cloud data from photogrammetric data collection (Photogrammetry)

The process of data collection, utilizing the advanced technique of photogrammetry, has yielded a
comprehensive dataset imbued with intricate insights into the three-dimensional structure of the depicted artwork.
The essence of this 3D structure serves as the focal point, a pivotal element hamessed for the creation and
subsequent presentation of the artwork. Notably, the research endeavor revealed intriguing pigmentations that
manifest on the surfaces of the Buddha statues. These observed pigment spots, upon scrutiny of the study's

outcomes, have ignited an inspiring creative spark.
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This inspiration has led to the incorporation of the aforementioned pigment-related information into
the digital representation. Real photographs, meticulously capturing the highlighted pigments alongside the
underlying structural nuances of the Buddha statues, have been seamlessly integrated. The intention behind this
integration is to empower viewers with the immersive experience of traversing the intricate visual landscape of
the Buddha statues through virtual media presentations.

The salient characteristic of the structural portrayal lies in its remarkable semblance to translucency, akin
to the ethereal quality of light passing through a delicate veil. This effect is achieved through the strategic
arrangement of sand grains, thoughtfully spaced and orchestrated according to the inherent color structure of
each Buddha statue. This meticulous orchestration results in a visual tapestry marked by a diverse array of
Buddha statues, each distinctly different from the next.

Within this captivating display of structural characteristics, a myriad of intricate details is unveiled, capturing
the dynamic essence of each Buddha statue at different stages. This presentation provides an unprecedented
window into the nuanced world of Buddhist art, inviting viewers to perceive dimensions beyond their prior
encounters. It is paramount to acknowledge that the color point information, encapsulating unique colorations and
patterns, is a testament to the stone's innate composition and texture. This includes the artistic ingenuity of
the artisans who contributed to the decorative aspects of the Buddha statues.

Considering these revelations, the researcher has undertaken a comprehensive classification and analysis
of the distinct rock compositions. This meticulous categorization, marked by its meticulousness and rigor, paves
the way for a deeper understanding of the intricate interplay between natural elements and human craftsmanship,

ultimately enriching the appreciation of these culturally significant artifacts.

Figure 4 Sandstone Buddha Statues in the Form of Point Clouds and
the Set of Colored Dots Found in the Buddha Statues.

Depth Map Data

The data collection process, executed through the utilization of Model 3, centers on the comprehensive
assessment of the dimensions inherent in the sandstone Buddha statues. This encompassing approach enables
the researcher to capture the intricate measurements and proportions of the statues. These collected dimensions
are then seamlessly integrated into the realm of 3D software, where they serve as the foundational data for

the subsequent calculations.



96 |  The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September - December 2023

The calculated dimensions converge within the realm of 3D software to breathe life into accurate 3D
renditions of the Buddha statues. This calculated transformation employs innovative techniques, including
the strategic manipulation of depth of field. The shallow depth of field effect is meticulously calibrated, achieved
through the intricate computation of the depth map derived from proportional 3D model data. This calculated
depth of field mimics the visual characteristics observed in the physical counterparts, effectively recreating the
nuances of depth perception that emanate from the original statues.

The calculated depth of field assumes a pivotal role in accentuating the key features and distinctive
attributes inherent in the Buddha statues. By artfully highlighting the crucial corners and intricate details,
the depth of field manipulation brings to the fore the patterns and noteworthy characteristics embedded within
these revered artworks.

This calculated and refined representation of the Buddha statues forms the bedrock of the subsequent
presentation within the realm of virtual reality media. The statues, imbued with meticulously calculated
dimensions and strategically highlighted features, are artfully showcased through virtual reality, affording
the audience a unique vantage point. This immersive experience empowers viewers to perceive the proportional
intricacies of the Buddha statues with unparalleled clarity and precision.

In essence, this integration of advanced techniques, ranging from data collection to 3D software
manipulation and virtual reality presentation, culminates in a transformative encounter. Audiences are bestowed
with the privilege of engaging with these cultural treasures in a manner that transcends traditional viewing
paradigms, enriching their understanding and appreciation of the intricate beauty encapsulated within

the sandstone Buddha statues.

Figure 5 Shows the Display of the Depth Map in Each Corner of the Buddha Statues.

2. The results of the presentation of artworks of Phayao sandstone Buddha statues through
virtual media

The process of sculpting Phayao Buddha statues involves a meticulous amalgamation of distinctive
attributes and structural elements extracted from the collected Buddha statues. These facets are intricately
interwoven to craft a three-dimensional digital model, meticulously informed by the actual structural analysis of
the Buddha statues themselves. This meticulous approach engenders accuracy in both structure and proportion,

resulting in faithful representations of the sandstone Buddha statues.
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The inception of each 3D digital model is rooted in the profound examination of the physical Buddha
statues. This process unveils the intrinsic proportions and unique features characteristic of Phayao craftsmanship.
The culmination of this endeavor yields a captivating tapestry that weaves together the artistic evolution of
Phayao's sandstone Buddha statues across different periods.

Through this creative journey, the distinctive characteristics of Phayao's artistic lineage are meticulously
distilled and infused into each Buddha statue. This infusion births a realm of imagination, where the artistic
heritage of Phayao thrives in all its completeness. The process culminates in the realization of the remarkable
artistry ingrained within the Phayao craftsmanship, encapsulating the outstanding proportions that have been
unearthed from the annals of time.

The evolution of Phayao's sandstone Buddha statues is a rich tapestry, woven from diverse influences and
artistic paradigms spanning different epochs. From the very inception of sandstone Buddha statue construction
within the Phayao region, the influence of the Chiang Saen Buddha statues is discernible. This influence is palpable
in the oval and subtly round countenance, characterized by a small yet prominent nose. The visage is distinctively
egg-shaped, with the nose prominently accentuated, and a double line adorming the mouth's edge. These
elements converge harmoniously, constituting the hallmark of Buddha statues that grace the expanse of Phayao
Province.

The creative process entails the careful curation of these significant proportions, a process wherein the
Buddha statues are meticulously brought to life. This endeavor doesn't merely reflect the artistry of professional
artisans; it extends to encompass the contributions of villagers, artisans, and temple offerings. The separation and
discernment of these pivotal proportions are the bedrock upon which the creation of Buddha statues rests, an

intricate interplay of historical legacy and artistic ingenuity.

Figure 6 Reproduction of the Buddha Statues from the Phayao Sandstone Buddha Statues Structure.

The comprehensive compilation of information meticulously gathered by the researcher culminates in the
creation of immersive virtual reality media, a medium expressly designed to showcase the splendor and
significance of Phayao's sandstone Buddha statues. This multimedia presentation is thoughtfully divided into
distinct content segments, each strategically curated to convey a specific facet of Buddha art and the cultural

heritage encompassed within Phayao's sandstone masterpieces.
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2.1 General information content of buddha statues: This segment serves as an introductory
immersion into the realm of Phayao's sandstone Buddha statues. Drawing from the dimensions meticulously
captured through Model 3, the audience is granted a virtual journey that transports them into the very essence
of the statues. This immersive experience encapsulates the exquisite craftsmanship and proportions that
distinguish these artistic creations, offering an unparalleled encounter with the Buddha statues' majestic presence.

2.2 Point structure and dimensions of buddha statues: Delving deeper, this segment unveils the
meticulous structure of the Buddha statues through the lens of 3D representation. The intricate dimensions are
meticulously brought to life, harmoniously integrated with the pigments that adorn the statues' surfaces. This
presentation underscores the interplay between form and color, enriching the audience's understanding of the
statues' visual allure.

2.3  Depiction of statues' depth structure: The third segment delves into the dynamic dimension
of depth within the Buddha statues' intricate structure. Through the strategic utilization of depth maps, the
audience gains insight into the captivating interplay of light, shadow, and contours that breathe life into these
artworks. This immersive exploration offers a unique perspective, allowing viewers to appreciate the statues'
intricate features from a multidimensional vantage point.

2.4 Reproduction of sandstone buddha statues: The final segment delves into the technical
process behind the reproduction of Phayao's sandstone Buddha statues. Through the meticulous assembly of 3D
skeletal components, the intricate journey from conception to creation is unveiled. This segment showcases the
artistry of transformation as the statues' essence is brought forth from digital realms into tangible, awe-inspiring
representations.

Each content segment contributes to an immersive and enlightening journey, wherein audiences are
invited to explore the rich tapestry of Phayao's sandstone Buddha statues. The virtual reality media presentation
serves as a testament to the dedication of the researcher in preserving and sharing the cultural legacy

encapsulated within these masterful artworks.

3D model statues

Point cloud outline from

2 2 < the Buddha statues
Photo information of the s :
digital processing

sandstone Buddha statues ;
3 / The picture shows the shallow

depth of the Buddha statues

The Buddha statues is a replica
of the Phayao sandstone

Buddha statues structure.

Figure 7 Schematic Showing the Analysis from the Digital Process

in the Sandstone Buddha Statues Create Content within Virtual Reality Media.
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Reproduction of the structure of the sandstone Buddha statues Information about the proportions

from the original structure of the Buddha statues in 3D. of each piece of the Buddha statues

main menu

Buddia 1 ~ 8 3D model statues of Point cloud outline of Shallow statues from General information
uddha 1 -
the Buddha statues Buddha statues the Buddha statues of the Buddha statues

Figure 8 Diagram Showing the Layout of the Virtual Reality Media Workflow.

Figure 9 Shows the Main Menu Page for Selecting Buddha Statues.

3. To the study evaluating user satisfaction with virtual media usage for Sandstone Buddha

statues of the Phayao’s Craftsmen.

Throughout the course of this research endeavor, the primary focus was the creation of a digital
masterpiece—a virtual presentation and cinematic exploration of Buddhist art manifested through the intricate
Phayao sandstone Buddha statues. This innovative research yielded a dynamic digital composition that possesses
the remarkable advantage of accessibility and distribution, enabling audiences to engage and study at their
convenience—a distinct attribute of digital artistry. Beyond its exhibition and showcase, this virtual reality medium
offers a viewer- centric encounter, facilitated through specialized viewing apparatuses or personal computers,

thereby extending its reach and impact.



100 | The Journal of Spatial Innovation Development (JSID) Vol. 4 No.3 September - December 2023

The dissemination strategy encompassed three integral components, each meticulously crafted to reach
diverse audiences and facilitate engagement:

3.1 Presentation and Dissemination at National Exhibition Hall, Wat Sri Khom Kham, Phayao Province:

The inaugural phase of dissemination entailed an exhibition held at the esteemed National Exhibition Hall
within Wat Sri Khom Kham, Phayao Province. During this presentation, viewers were guided through the intricate
work's highlights, accompanied by recommendations and insights provided by the research team. Following their
engagement, attendees were invited to partake in questionnaires designed to elicit their impressions and
experiences.

3.2 Public Access via Virtual Media:

In a bid to ensure widespread access and foster public engagement, the virtual media content was
made available for download through the dedicated research website, http://pysandstonestatue. ict. up. ac. th.
This approach empowers individuals to delve into the immersive world of Phayao sandstone Buddha statues at
their leisure, equipped with personal virtual reality viewing apparatuses.

3.3 Viewing via Personal Computers:

Recognizing the diverse array of platforms accessible to the modern audience, the digital artwork
was thoughtfully adapted for personal computer viewing. This strategic adaptation aimed to broaden the reach
of the creative work, catering to those who may prefer the familiar interface of a personal computer. Interested
parties can access the content via http://pysandstonestatue.ict.up.ac.th.

3.4 Data Collection and Analysis:

The research further entailed a meticulous data collection process through questionnaires, employing
a purposive sampling methodology with 100 Phayao sandstone Buddha statue enthusiasts. The demographic
breakdown revealed 66.0% male and 35.0% female participants, with 25.0% under 20 years of age, 38.0%
between 20 and 30 years, 22.0% between 31 and 40 years, and 10.0% aged 41 to 50 years. Data analysis
underscored a high level of satisfaction among users, as indicated by a mean ( X ) of 4.25 and standard deviation
(S.D.) of 0.34. Particularly noteworthy were the high levels of satisfaction regarding positive attitudes toward
Buddhist art antiques ( X = 4.36, S.D. = 0.66), appreciation for Chang Phayao ( X = 4.35, S.D. = 0.67),
heightened interest in Buddhist art via digital media ( X = 4.32, S.D. = 0.75), appropriate exhibition and
presentation ( X = 4.30, S.D. = 0.69), as well as the conveyance of the Buddha statues' aesthetic allure and
components (X = 4.25, S.D. = 0.66). The comprehensive dataset is detailed in Table 1.

In summation, this research journey has culminated in the creation of an intricate digital marvel—an
evocative portrayal of Buddhist artistry manifested in Phayao's sandstone Buddha statues. Through meticulous
dissemination strategies, this creation has been shared with audiences across various platforms, fostering

engagement, appreciation, and understanding of this treasured cultural heritage.
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Table 1 Satisfaction of Virtual Reality Users of Phayao Sandstone Buddha Statues

Satisfaction List X S.D. Meaning

1. The artworks that have been viewed were new and exciting. 3.93 0.79 good
2. Watching the work helps to see the beauty of the Buddha statues and the elements that

4.25 0.66 good
have been conveyed.
3. Are the elements of the Buddha statues shown in the digital form suitable or not? 4.24 0.74 good
4. Viewed media adds more interest to the works of Buddhist art compared to viewing other

4.32 0.75 good
digital media that have been viewed in the past.
5. Watching such media helps create interest. More about Phayao sandstone Buddha statues.  4.35 0.67 good
6. A positive attitude towards viewing more antiquities and Buddhist art works. 4.36 0.66 good
7. The display and presentation are appropriate. 4.30 0.69 good

Total 4.25 0.34 good

The satisfaction of virtual media users engaging with Phayao sandstone Buddha statues yielded
noteworthy insights. Upon analysis, it was determined that there existed no discernible difference in the level of
satisfaction when comparing both sexes and different age ranges. This outcome was established with a statistical
significance level of .05, indicating that the varying demographic factors of gender and age did not significantly
influence the degree of satisfaction experienced by users interacting with the virtual media presentation of Phayao
sandstone Buddha statues. This observation underscores the universality of the virtual media's appeal and
effectiveness in conveying the essence and allure of these cultural artifacts, transcending demographic

differentiations.

Table 2 Comparison of User Satisfaction Levels of Virtual Reality Media of Phayao Sandstone Buddha Statues. There

was a Level of Satisfaction Towards the Virtual Media of the Phayao Sandstone Buddha Statues According to Sex.

Male Female
Satisfaction F Sig.
S.D. X S.D.

bl

Total 4.21 0.33 4.31 0.31 0.35 0.85%

* Statistical significance at the .05 level

As indicated in Table 2, the data gleaned from the sample of users who engaged with the virtual media
of Phayao sandstone Buddha statues revealed that both male and female participants exhibited similar levels of
satisfaction. Notably, this lack of disparity in satisfaction levels between genders was statistically significant at

the 0.05 significance level. This suggests that the virtual media presentation of Phayao sandstone Buddha
statues resonated equally with individuals of both genders, showcasing a consistent and equitable level of

satisfaction across male and female users.
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Table 3 Comparison of user satisfaction levels of virtual reality media of Phayao sandstone Buddha statues. There was

a level of satisfaction towards the virtual media of the Phayao sandstone Buddha statues by age range.

upper
under 20 20-30 31- 40 41-50
50 years
Satisfaction years old years old years old years old | Mean S.D.
old

X S.D. X S.D. X S.D. X S.D. X S.D.

Total 429 028 421 037 425 039 430 017 411 025 424 033

* Statistical significance at the .05 level

As illustrated by the data presented in Table 3, the analysis encompassing users of the virtual media
showcasing Phayao sandstone Buddha statues across different age groups revealed a consistent level of
satisfaction. Importantly, this level of satisfaction remained statistically indistinguishable at the 0.05 significance
level. Thus, it can be inferred that the satisfaction derived from engaging with the virtual media presentation of
Phayao sandstone Buddha statues was uniform across the various age segments represented in the sample.
This suggests that individuals spanning different age groups experienced comparable levels of contentment

and gratification when interacting with the virtual representation of these cultural artifacts.

Discussion

Based on the study evaluating user satisfaction with virtual media usage for Sandstone Buddha statues
of the Phayao’s Craftsmen.

In order to compare user satisfaction with virtual media for Phayao Sandstone Buddha statues across
different gender and age groups, a comprehensive examination was conducted. The study revealed that there
existed a notable level of satisfaction with the virtual media representation of Phayao Sandstone Buddha statues.
Importantly, this satisfaction was consistent across both genders and various age ranges, and no statistically
significant differences were observed at the 0.05 significance level.

This finding underscores the efficacy of virtual media in satisfying users' curiosity and interest in Phayao
Sandstone Buddha statues. The virtual media successfully stimulates engagement and cultivates a positive
attitude toward experiencing antiquities and Buddhist art within a simulated virtual reality environment, facilitated
by visual perception.

This outcome is in line with prior research conducted by Narut Soontranon, Panu Setthasethian, and
Preesarn Rakwatin (2017). Their investigation into 3D modeling of multiple statues for cultural heritage
emphasized the utility of accurate 3D data capture, which can be effectively utilized through various media
channels such as websites, DVDs, and high-precision datasets. These resources serve as essential references,
particularly in the restoration of culturally significant heritage sites.

Furthermore, when assessing individual elements of satisfaction, the study revealed that the most highly
rated aspect was the positive attitude toward exploring additional antique Buddhist art pieces (Mean = 4.36,

S.D. = 0.66). This observation highlights the potential of virtual reality technology in conveying information about
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the Buddhist art and antiquities present in Phayao sandstone Buddha statues. Virtual reality, as an accessible
and engaging learning medium, promotes continued exploration and facilitates the dissemination of clear and
comprehensive information.

This conclusion aligns with the research conducted by Nat Disjaret, Korawat Phonyaem, Panida
Wangkhahat, and Purim Jaruchamrat (2014), which demonstrated that augmented reality technology enhances
content comprehension in a more accurate and efficient manner compared to conventional 2D learning methods.
Moreover, users exhibited a consistently high level of overall satisfaction.

Similarly, the study corresponds with the findings of Wiwat Meesuwan (2014), who determined that users
reported heightened sensations of novelty, excitement, enjoyment, and satisfaction when engaging with
augmented reality technology developed by the researcher.

In summary, the study underscores the significant role of virtual media in fostering user satisfaction,
generating interest in Phayao Sandstone Buddha statues, and cultivating positive attitudes toward exploring and
appreciating antiquities and Buddhist art. This positive trend aligns with existing research highlighting
the effectiveness of virtual and augmented reality technologies in enhancing learning experiences and overall

user satisfaction.
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Abstract

Waste collection is considered a critical aspect of local organizational management. Furthermore, it plays
a pivotal role in reducing transportation costs, significantly contributing to the country's budget savings. Therefore,
this research aimed to apply Geographic Information System (GIS) and Vehicle Routing Problem (VRP) Analysis to
determine an appropriate waste collection route in the Maeka sub-district Municipality, Muang District, Phayao
Province. GIS data layer for landfill site, road networks, garbage bins, and their volume were updated from field
surveys conducted in June 2023. Although the load-carrying capacity is equal, the workload varies, especially in
terms of garbage volume. After identifying three collection zones based on waste quantities and determining the
most fuel-efficient routes from all possible options using VRP, the results showed a significant reduction in fuel
consumption. Additionally, the overall time and distance traveled by waste collection vehicles decreased. These
results can serve as a model for creating more efficient management processes and can be used for daily route

optimization or in cases where conditions change.

Keywords: Network Analysis, Garbage Collection, Vehicle Routing Problem Analysis
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