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Effect of Mixing on Biogas Production Rate in a Two-Stage Digester
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(Received: October 5, 2025; Revised: January 28, 2026; Accepted: February 3, 2026)

Abstract

This study demonstrates the effect of stirring on the biogas production rate from cassava pulp
under anaerobic conditions using a two-stage digester system which is operated in the mesophilic
temperature range (35 °C). Immersion heaters were installed to control the temperature in both the
acidogenic and methanogenic digesters, and the initial pH was adjusted to 8. The two-stage digestion
system consisted of one acidogenic digester with a working volume of 250 liters, two methanogenic
digesters with working volumes of 500 liters each, and one gas storage tank, all tanks are connected in
series. The system was operated under batch feeding conditions using organic substrate prepared by
mixing cassava pulp with water. The hydraulic retention time was set at 12 hours, and the total solids
concentration of the solution was maintained at 20% (w/v), corresponding to an organic loading rate of
0.417 g COD L'day". The stirring frequency was varied from no stirring to intermittent stirring at
frequencies of 12, 8, 4, and 2 hours per cycle, with a stirring duration of 10 min per cycle. The results
showed that the average biogas production rates were 140, 160, 190, 240, and 280 L day’1, respectively.
The average electrical energy consumption for stirring was 0, 373, 1,119, 2,238, and 4,470 Wh day'l,
respectively. The average net energy outputs were 898, 654, 100, -697, and -2,672 Wh day'l,

respectively.

Keywords: Biogas, Cassava Pulp, Anaerobic Conditions, Mixing. Two-Stage Digestion System

Please cite this article as: P. Promphiphak, P. Chidchob and S. Khamsuwan, “Effect of Mixing on Biogas Production
Rate in a Two-Stage Digester,” The Journal of Engineering and Industrial Technology, Kalasin University, vol.

4, no. 2, pp. 1-11, 2026.




. &

d Joumal of Engineering

and Industrial Technology

NIATImNTsukazimalulaggnannssy uninedeniwdus U9 4 adui 2 Swie - wwieu 2569

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

UNAUAIY (Research Article)

1. unun

Tuifagdumnudeanisndsuveslantiia
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Weoadalogededninuaznalviiionansenuse
dawandou lnglaniznisudesfiwiseunszan
denalinansuszimanuuiliaudAgiunis
fimumdsnunaunuifaudBulazduiingde
Aawndensnntu MeTanm (Biogas) Wundwu
naunuindnlsannnsgesaaeasdunIdneld
anmzlioendiou et elmudussrUssneundn
ansninlUlgndandanuainusoutasndsany
TWil1 Snviedadrsanuiunavendeainnia
NYATNTTULALEAAINNTTH TUY a7 AU
suATeiunsaaniiedanwleyadunisiiia
Usedniainvesszuudanydn nnsusudga
ANANURVDITNNAU ATAIUANAN1IZNITULN
WU gaunil A1 pH LagdnsINITusINNANTaUNTY
dielimananinedienuiafiosuaslinanang sty
uan1nil n1snunaNlunszuIUNITs e ARy
wuulderntadidud adedd s anisiiiu
Usgdnsnmmssanfiedanim ilosndeliia
Tonafigduvidasdudaiuansdunisluindeld
pg19aiuds Fidmaliujazensdesaany
Aaduldsmsidu Tnsanglunsdninifu
fgvdsnenamnssuutaudusndsdeiiuds
WHussAusznoundn nsnIuNENaIIsannIg
Juiiududeuvesuts vlinsdevaarsuls
Antuldedediussansamanntu uenaini ns
nunaudlenszegun)dagludmdnla
aniaue annsiAauinadifonmgiuansieiu
wazaENNIYIBaNTEEZIIALAUANYDIIURATEN
(Hydraulic Retention Time: HRT) 1@ 35n15n2u
HaNaunsaaiunisiavatesluuu laenisld
luianiuliused@nSangandinnsuaun 813
yudeuvesineiiiatumelussuy el manau
wanannsadenldlitauusaidouasuvufy

Fraa eg1dlsfiny wuailiSenquadsfineiiony
(Methanogenic Bacteria) fiaulisanisniudd
AINTULIIGS LABIAMITNITHANKUUTINS D
(Rapid Mixing) 7i5ien Velocity Gradient (G) tnnni
500 s ap19vinliiuuailiSengaeonainszuy
niagnduds denaliuszansnmnisudnfing
Fammanawiselissuunindmmanls s
MsfvuASRI A TULUUANIIUTITIN NS
JutladedAyseiaiiosnimassseuu [1] wenain
MIMURENLEY JULUUTBITZUURINAg T nA
Jusnniadaduddnyfifnasenisndnfiedinmn
Tnesruuninuuuased unou (Two-Stage
Process) le sunswaunduii el udszans am
Y0INITUIUNIT BB@a1aLUUls01N1A S3UU
AananIusEnaualedandn 2 dereaynsuiy
laun dendnnsa (Acidogenic Reactor) Waz s
WNTWMU (Methanogenic Reactor) Faanunsoan
uInved M ndimualdUssuians anils
waesesfudSnanindeliiutulssanaseash
Methilosanuuailideadansauazuuniseadng
fudanudesnisannizuandey funnsneiy
nsuennsTUILMIninesnduanstunauiae
TansanuauanmuIndenfimuzaudmiy
wupilieusaznaulaeg1aliussd@ninm danalu
NSYOUAAYAENTDUNI T UuazNITNERN 19T NN
Uizﬁw%quqsﬁu

nuideinunlduandimiiuianudfay
YOWINTNIUNELLAE S U UM ALUUED 1T UR B
Aon1sui ulszdnsaannisudad 1901w
Paranjpe et al. [2] laAnwuSsuvisun1sudin
wuulfenmatuneuiien (Single-Stage Anaerobic
Digestion: SSAD) LATLUUEBIT UADY (Two-
Stage Anaerobic Digestion: TSAD) lagld vy
onsuaziudeilldsunsiidadutagiu
WU TSAD Linandnfi1wd3n nazauganin

o w

SSAD og13iusd1Agy lasdAnananingyinn
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avay 1,914.8 §addns (ml) i ewisuiu SSAD
1,309.4 ml wazAududureafsimuiuiy
90 519% 18U 75% e aufinUszansaimnis
mdnveandesyingle Volatile Solids (VS) way
I NANAAR BTN NT T Y 41.9% [2] Saipa et al.
ANYINAVDITNTINITNIUNAULASNITNYULTEY
AZNBU WUIINITNIUNN 6 uay 12 Falus souay
10 it U3 uaufnedaninades 283.34 was
240.63 8n36197U (L/d) aud1avu wasddnenin
AIHNARA19INY 0.688 Lag 0.564 dnsigdiny
naniuves (Volatile Solids) (L CH, g VS) uana
Tiiusnaud aesn1sniudinanesnsinisiin
AgginmegeTaLau [3] Karim et al. [4] 518974
1MNAYINITNIULANNEIATYFENITIAANIZUIN
JuidlotngAvdvsinaveudegs nenavinyat
Aflveaunds 10-15% areldnisniuaiuisaiia
nandniadinnlaussuia 10-30% eliieu
Fuszuud L dn19nau 4] wazauiTeveq
Callaghan et al. [5], Angelidaki et al. [6], Hernandez
and Edyvean [7], Dinsdale et al. [8], Wa¥ Cho
et al. [9] M19EUTUITLUUEINTNLUUNIUNEL
auy s 2l (Continuous Stirred Tank Reactor:
CSTR) wazszuUwTnLUUADIT unay luanan
Medin muaziimuganii loganzlunsdves
vesdeiifanudutugmiedansduds wu fluea
Fauf71973 77 Waun e wanalw i uda
UsEENENINVBINITNIUNANLALITUUNL DU
dostunouag1adny Fanudn NuIdvalng)
ANWINAYDINITNIUNAUNRI DITUUNLNULUUEDS
Funsuusnaniu Fedoyaiiefiunavesdnginsg
nunasluszuunnLuasstuney Sailsin
Inganizlunsiinindudlerdsaingnamvingsy
wasfudUznded didnwazlanza1un1s U
99uU9 kagdIv1aLuININT IdInssulunis
AINUASATINITNIUT I ZdLT YOI UNaNER

6y =

Aadinnlaelidananssnunawunis s Nase

[24 a

ANYUNUY

fau uiTeatuitadnvinavesnisniu
ey adnInsAnfiedinmludeninuuuass
Fupou Tagldnnifudendsangramnsauuil
fudrgndaduianivndn efnvufvaiy
ansnavesgnsnisniuluszuundnuuuass
Funou fATonTeimamfnuiagdeinuiun
NNIN1TBONRUULALAIUANTEUUMINANGT 1IN
ThiuszAnsamgedu anaanudesvosaul
Lafies035r vy wazanu1sadiluuszynelaluy
seavgnamnssuldog1aunzay duaziiu
Uselegilsian15dnn1sveandenasnsHanna sy
vawangaamnssuwlaiudusndduotnaasoly

o/

2. 359w

2.1 nghvu

Tanndudivsnasainnszuiunisnanuwda
SulpeininsiudUsudsanunnauiudiien T
(Total Solids) = 20% (mauﬁaﬁwmlnmsazma
158U 20% ) Sauru 140 Aas (L) wausuly
iTmaméﬁ’aLLamTugﬂﬁ 1 N1SAUINKIAT TS U89
nnsfuNELSEunns? (1)

Wa—-We

TS% = 450 X 100 (1)
e
W, = thahanausian (9)

oY

Y

W,, = dwminaivuy + aregralen (g)
Wy = UMW + f08 WS IOULAd (9)

Vo = USunnseiaeg1e (ml)
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n5i5 udunaaosinadud s uazld
JovdunisiFuduanlssnuutiaiudiugnds
TIUIU 40 AAT LAgvIN1SA UsnE¥ININTY
dgndsanlifvosmunugamnil (0 - 4 e
waldea) wazneudrluldauiinisieszinindu
dUendafinauf vl ladn TS = 20% reuvh
nsvnaaanAsa Tnefie1 COD 5,011 fadnfuse
a0 (m/L) Tnedasizianeds lnmsauazusu
oH BSudu Wity 8 Tneldansazaneladienlansen
lgalun1susuan wazinA1sie pH meter [10]

2.2 N1599NBUUSTUUNMANBUUEDIVUR DU

FamfnAnedn muuvassduney fdemey
ASTUEUEnEIAUYS UL 1§ 3uam 330 L
MNNANEAN HININATATIUIU 1 69 UM 250 L
MANALAULAE DIRTNTNUTIUIN 2 69 WA
500 L viannaunuLaa wazdanunwainiu
U ldlgausiuiu 1 89 Ingludwmdnnsawazds
vafnflmu 9zfinnsiesslunutasinayineng
waULaERIAIRIBLBINOS INHNIUIR 1 U39t (hp)
HuALiaInavUIn 1:20 soUABUT (rpm) Way
finsauangunilngludaminnsauasdansin
finu 1,29 35 °C lagld Heater LUUT YuA
2,450 Sag (W) Buslimnudeunninludmsin
$1nu 5 67 TneRndaidansinnse 1§ wazRnda
Adasdnfiimusiuiu 2 d3 fiaz 2 §2 AruAy
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Abstract

Drying is a key post-harvest process for preserving agricultural and herbal products. However,
under humid tropical conditions, drying remains energy-intensive and limited in performance. This study
presents the development and performance evaluation of a photovoltaic-thermal (PVT) solar dryer
integrated with porous absorbers to enhance heat and mass transfer. The system consists of a 150 W
PVT panel and a solar air collector equipped with porous steel mesh absorbers with porosities of 0.98
and 0.96, together with a non-porous reference configuration. Drying experiments were conducted in
Thailand under tropical conditions at an air velocity of 0.1 m/s using kaffir lime leaves. The results show
that porous integration increases the effective heat transfer area and thermal energy retention, resulting
in a drying rate increase of up to 50% and a reduction in specific energy consumption (SEC) of up to
33.3% compared with the non-porous system. The configuration with a porosity of 0.96 provided the
best overall performance. Overall, integrating porous materials into a PVT solar dryer significantly

improves drying performance and energy efficiency.

Keywords: Solar Drying, Photovoltaic-Thermal (PVT), Porous Material, Kaffir Lime
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1. Introduction

The escalating g¢lobal energy and
environmental challenges have intensified the
demand for sustainable technologies capable
of reducing dependence on fossil fuels while
maintaining  process  efficiency.  Among
renewable energy sources, solar energy is
regarded as one of the most promising
options due to its high potential,
environmental benignity, and suitability for
practical applications [1-3]. In particular,
Thailand

irradiation throughout the year, making solar

receives high levels of solar
thermal technologies especially attractive for
agricultural processing and food preservation
applications. Drying is a critical post-harvest
operation that accounts for a substantial share
of energy consumption in agricultural
processing chains. Conventional open sun
drying, although widely practiced, suffers from
several limitations, including long drying
times, contamination risks, and non-uniform
product quality. Dryers provide better process
control and hygiene; however, their high
energy consumption and operating costs
often restrict adoption, especially among
small-scale farmers and rural communities.
Consequently, numerous previous studies [4-
6] have investigated solar-assisted drying
systems as a sustainable alternative, as they
are capable of reducing energy consumption
without compromising product quality. In
recent years, efforts to enhance the
performance of solar dryers have focused on
design optimization for forced convection and

the integration of thermal energy storage
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systems. Both sensible and latent heat storage
materials, particularly phase change materials
(PCMs), have been

effectively improve drying continuity and

demonstrated to

system stability under fluctuating climatic
conditions [7-9].

Recently, photovoltaic-thermal  (PVT)
systems have attracted increasing attention
due to their capability to simultaneously
generate electrical power and recover useful
thermal energy from photovoltaic panels,
thereby enhancing overall solar energy
utilization. Previous studies [10-12] have
confirmed that PVT-based solar dryers are
able to supply electrical power to auxiliary
components while concurrently providing
thermal energy for the drying process,
resulting in superior performance compared

with conventional solar drying systems.

At the same time, the application of porous
media in solar air collectors has emerged as
an effective approach to enhance heat
transfer by increasing the heat transfer surface
area, intensifying convective heat exchange,
and improving thermal energy retention.
Previous studies [13-15] have reported that
porous absorbers can enhance temperature
uniformity and drying performance. However,
excessively low porosity may lead to
increased pressure drop across the airflow
path, thereby deteriorating overall system
performance. Despite these advances, the
integration of photovoltaic-thermal (PVT)
systems and performance enhancement
through porous media has largely been

investigated in a fragmented manner.

Eakpoom Boonthum et al., Development of Photovoltaic—Thermal Porous Solar Dryer
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To date, limited research has examined
the combined effects of PVT systems and
porous absorber characteristics within a single
solar drying system, particularly under humid
tropical climatic conditions, where ambient
humidity strongly influences drying behavior
and energy efficiency. Moreover, the influence
of porous material porosity on the
performance of integrated PVT-based drying

systems remains insufficiently understood.

Therefore, this study aims to develop and
experimentally evaluate a photovoltaic—
thermal porous solar dryer that integrates
waste heat recovery from photovoltaic panels
with a porous absorber-enhanced solar air
collector. Kaffir lime leaves were used as the
drying material, and experiments were

conducted under real tropical climatic
Thailand  to

temperature variation, drying rate, and specific

conditions in investigate

energy consumption at different porosity

levels.

2. Design Parameters

The theoretical design of the solar drying
system is based on several simplifying
of the

absorber plate and the drying air are assumed

assumptions. The temperatures
to vary only along the flow direction. The glass
cover and the frame of the solar collector are
considered to absorb a negligible amount of
solar radiation, while the remaining collector
components are assumed to be adequately
insulated to minimize heat losses. The solar

collector consists of an absorber plate with a
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selective coating, a transparent glass cover,
and thermal insulation. The absorber plate is
designed to satisfy the required operating
temperature and airflow rate. The glass cover
reduces convective and radiative heat losses,
whereas the thermal insulation limits heat
losses from the bottom and side surfaces of
the collector, thereby enhancing overall
collector efficiency. The solar radiation-
receiving area is designed to match the airflow
rate within the drying chamber and is

calculated using Eq. (1).

mC (T, —T)
Ac - P ©° (1)
m

The air mass flow rate is defined as:

m= PAV (2)

where Ac is the solar radiation-receiving
area of the solar collector (m2), m denotes the
air mass flow rate (kg/s), C, is the specific heat
capacity of air (kJ/kg-K), T, and T, represent the
outlet and inlet air temperatures of the solar
collector (°C), I is the solar irradiation (W/m?2),
1] denotes the solar collector efficiency, Qs
the air density (kg/m?3), A is the cross-sectional
area of the drying chamber (m2), and V is the

air velocity inside the drying chamber (m/s).

The required electrical power of the

photovoltaic panel is estimated using Eq. (3):
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(3)

where P, is the required photovoltaic
power (W), Eue is the required electrical
energy (kWh), and T is peak sun hour of
Thailand (h).

3. System Design and Construction

The solar collector was designed based on
rate of 0.145 kg/s,
corresponding to a maximum air velocity of
0.2 m/s. [16-17]

reported that the recommended air velocity

an air mass flow

Previous studies have
for solar drying applications lies in the range
of 0.1-0.2 m/s. The design assumptions
further included an average solar irradiation of
800 W/m?, a 5 °C temperature rise across the
solar collector, and an assumed solar
collector efficiency of 0.7, which falls within
the commonly reported range of 70-80% [18-
19]. Using Eq. (1), the minimum required solar
radiation-receiving area was calculated to be
1.303 the

dimensions were selected as 0.75 x 1.85 m,

m2.  Accordingly, collector
providing an effective absorption area of 1.387

m?, which exceeds the design requirement.
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Drying chamber

Porous material

Solar collector

Blower 4@ Ajr direction

Figure 2. Photograph of solar dryer

The electrical subsystem was designed to
meet a total energy demand of 0.5 kWh under
a peak sun hour of 5 h. The required
photovoltaic capacity to supply the fan load
was estimated at 100 Wp; however, a 150 Wp
photovoltaic panel was selected to enhance
operational reliability and accommodate
power fluctuations. Battery sizing was based
on a nominal voltage of 12 V, a usable
capacity of 60%, and an inverter efficiency of
80%,

resulting in @ minimum battery

Eakpoom Boonthum et al., Development of Photovoltaic—Thermal Porous Solar Dryer
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requirement of 12 V, 86.8 Ah. To comply with

commercial  specifications and  ensure
continuous operation, a 12 V, 100 Ah battery
was adopted together with a 12V, 15 A solar

charge controller.

The PVT-porous drying system consists of
a drying chamber equipped with a fan and a
solar air-heating unit comprising a solar
collector coupled with a photovoltaic—
thermal (PVT) module. The overall system
configuration and the fabricated prototype are

illustrated in Figures 1 and 2.

4. Experimental Setup

The photovoltaic-thermal porous solar
dryer (PVT-porous solar dryer) developed in
this study operates as an active system and
integrates a 150 W photovoltaic-thermal (PVT)
panel. The PVT panel is mounted on the top
of a cubic drying chamber fabricated from
insulated steel sheets with dimensions of 1 m
x 1 m x 1 m. An air duct connects the PVT
unit to a dual-pass solar air collector with
dimensions of 0.75 m x 1.85 m x 0.25 m. The
solar air collector contains a 1.5 mm thick
steel absorber plate, above which porous
absorber materials are installed to enhance
heat retention and heat transfer. The porous
structures are fabricated from perforated steel
sheets with a hole diameter of 10 mm and a
thickness of 1.2 mm (2 PPI). The perforated
metal sheets were assembled into hollow
rectangular modules with dimensions of 100
x 90 mm and arranged across the width of the

solar collector. Steel meshes were inserted
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inside the hollow structures. Previous studies
[15,20] have reported that this type of porous
exhibits ~ high  heat

effectiveness, with typical porosity values in

material transfer
the range of 0.96-0.98. Accordingly, two
porosity levels, & =0.96 and & = 0.98, were
investigated in the present study. Heated air
from the solar collector was supplied to the
drying chamber through an air duct installed
at the lower sidewall, driven by a fan. The
system configuration and the arrangement of
the porous absorber materials used in the

experiments are illustrated in Figure 3.

(@) € =0.96

(b) & =0.98

Figure 3. Porous absorber material

The porosity of the porous material was

calculated using Eq. (4):

where V; is the pore volume (m3) and Vi is

the total volume of the porous structure (m?3).

Experimental drying tests were conducted

in Thailand under tropical climatic conditions
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during June and July 2025, between 9:00 a.m.
and 4:00 p.m. Kaffir lime leaves were used as
the drying material, with an initial sample
mass of 200 g for each experiment. Moisture
content was determined according to the
standard AOAC (2019) method [21]. The hot
air velocity inside the drying system was
measured using a hot-wire anemometer. Air
temperature was monitored using K-type
thermocouples connected to a data logger,
while the sample mass was measured using a

load cell and a digital balance.

5. Data Analysis

The moisture ratio (MR) was evaluated by
assuming negligible equilibrium  moisture
content and was defined as the ratio of the
moisture content at any given time to the
initial moisture content, as expressed in Eq.

(5):

— (5)

where MR is the moisture ratio (=), M, is the
initial moisture content on a dry basis (d.b.),

and M is the moisture content at time t (d.b.).

The moisture content at each time interval

was then calculated using Eq. (6):

(6)
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where MC is the moisture content (d.b.), w
is the wet mass at a given time (g), and d is

the dry mass of the product (g).

The drying rate (DR), representing the mass
of moisture removed per unit time, was

determined using Eq. (7):

Aw
DR=—
At

(7

where DR is the drying rate (¢/h), Aw is the
mass of evaporated water (g), and At is the

corresponding drying time interval (h).

The specific energy consumption (SEC),
defined as the energy required to remove a
unit mass of moisture, was calculated using
Eq. (8):

(8)

SEC is the

consumption (MJ/kg), w; and wf are the wet

where specific  energy
masses before and after drying, respectively

(kg), and E is the total energy input (kWh).

Measurement uncertainties were evaluated
for key parameters, including air temperature,
air velocity, solar irradiance, and mass. The
uncertainties associated with the K-type
thermocouples, hot-wire anemometer, solar
radiation meter, and weighing devices were

+1.0°C, +5%, +5%, and +0.1g, respectively.

Eakpoom Boonthum et al., Development of Photovoltaic—Thermal Porous Solar Dryer
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The individual uncertainties are summarized
in Table 1.

Table 1: Individual uncertainties of measured

parameters
Parameter Device Uncertainty

Temperature K-type +1°C

Thermocouple
Air velocity Hot Wire +5%

Anemometer
Solar radiation | Pyranometer +5%
Scale Digital scale & +0.1 ¢

load cell

The combined uncertainty was estimated
using the root-sum-of-squares (RSS) method,

as expressed in Eq. (9):

_ 2 2 2 2
Utotol - \/UT + U\/ + USR + UM ©)

where Uiota 1S the combined uncertainty,
and U, Uy, Usg, and Uy represent the relative
uncertainties of temperature, velocity, solar

radiation, and mass, respectively.

The uncertainty  associated  with
calculated parameters, including the drying
rate and specific energy consumption, was
evaluated using standard error propagation
procedures based on the guide to the

expression of uncertainty in measurement.
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The combined uncertainty of the drying rate

was determined to be +7%.

6. Results and Discussions

6.1 Temperature profile in the solar dryer

Experiments were conducted at an air
velocity of 0.10 m/s between 9:00 a.m. and
4:00 p.m. to examine temperature distribution

under different porous configurations.

300 1 —e—solarimadiance - Ambient

200 4 —+—Absorher ——Solar collector inlet % 20
100 1 —o—-Solar collector outlet —&— Drying chamber inlet E 10
{1 —¥—Inside drying chamber --=0--- Drying chamber outlet [

0 AT T T T T T T T T T e O

L e Y Sy

00
¢
0
2
0
2
0
o
0
c
0
<
0
2
00:9

O'Clock

Figure 4. Temperature profile in the solar

dryer without porous material

Figure 4 shows the temperature profile of
the non-porous system. During the tests, solar
irradiance ranged from 371 to 972 W/m?2, with
an average of 764 W/m2. The drying chamber
temperature varied between 38 °C and 45 °C
(average 42.7 °C), while the
temperature ranged from 39 to 46°C (average
43.2 °C). Ambient temperature remained
stable at 30-35 °C (average 32.6 °C). The

absorber temperature was higher, ranging

inlet air
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from 51 to 66 °C with a mean of 58.5 °C,
whereas the solar collector inlet temperature
varied slightly between 33 °C and 36 °C
(average 34.6 °C).
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Figure 5. Temperature profile in the solar

dryer with porous material (& =0.98)

Figure 5 shows the temperature profiles
for the porous configuration with a porosity of
0.98 at the same air velocity. Solar irradiance
ranged from 332 to 1,028 W/m?, with an
average equal to the non-porous case (764
W/m2). The drying chamber temperature
increased to 39-48 °C, with an average of 44.6 °C,
while the inlet air temperature ranged from 40 °C
to 48 °C (average 45.0 °C). Ambient
temperature remained similar to the baseline,
averaging 33.0 °C. The absorber temperature
rose to 53-69 °C, with a mean of 60.0°C,
whereas the solar collector inlet temperature
showed only a slight increase to 33-37 °C
(average 34.9 °C).

Figure 6 presents the temperature

distribution for the porous configuration with
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a porosity of 0.96. Solar irradiance ranged from
389 to 1,005 W/m?2, with an average of 770
W/m?. This configuration produced the highest
drying chamber temperature, ranging from 40
to 55 °C (average 47.6 °C). The inlet air
temperature increased to 41-55 °C; with a
mean of 48.0 °C. Ambient temperature
remained stable at 31-33 °C (average 32.2 °C).
The absorber temperature reached 53-68 °C,
yielding the highest average value of 60.8 °C
among all cases, while the solar collector inlet
temperature remained nearly constant at 33—
35 °C (average 34.0 °Q).
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Figure 6. Temperature profile in the solar

dryer with porous material (& =0.96)

In summary, the experimental results
demonstrate that the incorporation of porous
materials  significantly =~ enhances  heat
retention and increases the air temperature
within the drying chamber. This improvement
is attributed to the increased heat transfer
surface area provided by the porous structure,

as well as its ability to store thermal energy.
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This thermal

improved drying performance, as discussed in

behavior directly leads to

the following sections.

6.2 Effect of Porous Materials on Solar

Dryer Performance
6.2.1 Effect of Porous Materials on Drying Time

Figure 7 shows the moisture ratio (MR) as
a function of drying time at a fixed air velocity
of 0.10 m/s for three configurations: non-
porous, 0.96 porosity, and 0.98 porosity. In all
cases, MR decreased continuously up to 420

min, indicating a dominant falling-rate drying

regsime controlled by internal moisture
diffusion.
1.0
08
o
0.6
g
é 0.4 ] —8—no porous - V0.10
o] 1 —=—0.98 porosity - V0.10
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Drying time (min)

Figure 7. Moisture ratio versus drying time for

different porous configurations

The incorporation of porous materials
significantly accelerated drying. The 0.96
porosity configuration achieved the lowest
final MR (0.13), compared with 0.19 for 0.98
porosity and 0.42 for the non-porous case.

This improvement is attributed to the
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increased heat exchange surface area, which
leads to higher air temperatures within the
chamber internal

drying and promotes

moisture vapor diffusion. As a result, the

by
approximately 50%, from 7.71 g/h for the non-

average  drying  rate  increased
porous configuration to 11.57 ¢/h for the
porous configuration with a porosity of 0.96.
These results confirm that porous materials,
particularly at lower porosity levels,
significantly enhance drying efficiency while
reducing drying time and energy demand.
These findings are consistent with previous
studies [22-24], highlighting the critical role of
enhanced in

transport mechanisms

accelerating moisture removal.
6.2.2. Effect of Porous Materials on Drying Rate

Figure 8 shows the drying rates of kaffir
lime leaves at an air velocity of 0.10 m/s for
three configurations: the non-porous system
and porous systems with porosities of 0.98
and 0.96. The configuration with a porosity of
0.96 achieved a higher drying rate than that
with a porosity of 0.98.
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[
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Figure 8. Drying rate under different porous

material configurations.
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These

porosity does not necessarily yield the best

results indicate that maximum
drying performance, as the structure with a
porosity of 0.98 contains an excessive void
fraction, which reduces the effective surface
area available for heat exchange. These
findings are consistent with previous studies
[22-23, 25], which reported that porous
material structures can significantly enhance

drying performance.

6.2.3. Effect of Porous Materials on Specific

Energy Consumption

the

consumption (SEC) at an air velocity of 0.10

Figure 9 shows specific energy
m/s for three configurations: the non-porous
system and porous systems with porosities of
0.98 and 0.96. The incorporation of porous

materials clearly reduced SEC.
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Figure 9. Specific energy consumption for

different porous configurations

The non-porous configuration exhibited
the highest SEC of 30.33 MJ/kg, while SEC
decreased to 21.84 MJ/kg and 20.22 MJ/kg for
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porosities of 0.98 and 0.96, corresponding to
reductions of 28.0% and 33.3%, respectively.

The lowest SEC obtained at a porosity of
0.96 indicates that, although this configuration
requires higher fan power due to increased
pressure drop compared with the 0.98
porosity case, it enables greater moisture
evaporation for the same drying duration.
Consequently, the porosity of 0.96 resulted in
the minimum SEC. These findings are
consistent with previous studies [26-27] and
highlight the importance of optimizing porous
structure characteristics for the development
of energy-efficient and sustainable solar drying

systems.

7. Conclusions

This study successfully developed and
experimentally evaluated a PVT solar dryer
absorbers under
The

indicate that porous integration significantly

integrated with porous

tropical climatic conditions. results
improved drying performance and energy
efficiency. Compared with the non-porous
the

increased by approximately 50%. A porosity of

configuration, average drying rate
0.96 provided the best overall performance.
In addition, specific energy consumption was
reduced by up to 33.3%. These findings
confirm that the PVT-porous solar dryer is an
effective and energy-efficient solution for
agricultural humid

drying in tropical

environments.
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Abstract

This research presents the development of RiceCare PWA, an application for classifying rice leaf
diseases using Artificial Intelligence (Al) integrated with Progressive Web Apps (PWA) technology. The
system is designed to provide farmers with a convenient and rapid tool for analyzing diseases from leaf
images, even in areas with limited internet connectivity. The Al model was trained on a 6-class dataset
from the rice leaf disease dataset using the Google Teachable Machine platform. The model's
performance was evaluated through eight statistical metrics: precision, recall, F1-score, specificity, NPV,
FPR, FNR, and MCC. The results demonstrate high classification accuracy, with precision values ranging
from 0.70 to 0.78, recall between 0.72 and 0.82, and MCC between 0.65 and 0.76, reflecting strong
stability and correlation between predictions and actual ground truth data. By leveraging PWA
technology, ricecare enables offline processing, which is crucial for field operations in remote areas.
System testing across six Android smartphone models revealed an average image processing time of
only 1.46 seconds and a high operational success rate of 99.4%, with only minor initial latency during
the first-time model download. Field testing on 200 rice leaf images showed a 90.5% agreement rate
between the application's results and expert farmers' assessments, with nearly 100% accuracy in
identifying healthy leaves. Furthermore, a user satisfaction survey with 10 participants yielded an
excellent rating of 4.65. These findings confirm that RiceCare PWA is an effective tool for rice disease
detection, reducing diagnostic time, increasing accuracy, and serving as a sustainable framework for

applying Al and PWA in community-level smart agriculture.

Keywords: Rice Leaf Diseases, Artificial Intelligence, Teachable Machine, Progressive Web Apps
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o ° ) ! L Adaw ° Y]
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Abstract

This study aimed to develop an intelligent system for vital-sign monitoring and patient
identification using Internet of Things (IoT) technology. The proposed system integrates multiple sensors
to measure vital signs and employs a QR code embedded on a wristband to verify patient identity,
thereby reducing the risk of misidentification and enhancing patient safety. The system is also connected
to the Hospital Information System (HIS) to enable real-time recording of vital-sign data, allowing
healthcare personnel to monitor patient conditions and assess disease severity promptly, thus improving
the efficiency and quality of clinical care. System usability was evaluated using the System Usability
Scale (SUS), and the obtained score was close to the general benchmark. In addition, system
performance in terms of Quality of Service (QoS) was assessed, covering key indicators including
availability (88.33%), accuracy (73-89%), and system stability (65.75%). The findings indicate that the
proposed system can reduce healthcare workers” workload and minimize redundant documentation,
which may otherwise lead to errors and delays. The device automatically measures three essentials
vital signs blood pressure, blood oxygen saturation, and body temperature—and transmits the data
directly to the hospital database, enabling medical staff to access accurate and up-to-date information
for effective clinical decision-making. Therefore, the system serves as an important component in

supporting the Smart Hospital initiative in accordance with the policy of the Ministry of Public Health.

Keywords: Internet of Things, Vital Signs, Smart Hospital, Quality of Services, Realtime Monitoring
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Abstract

This study compares the electrical energy consumption per passenger-kilometer (kWh/pass-km)
and per car-kilometer (kWh/car-km) of the Northern Red Line electric train service between Krungthep
Apiwat Central Station (KTW) and Rangsit Station (RST), focusing on two train types: the Hitachi Series
1000 (6 car) and the Hitachi Series 2000 (4 car). Energy consumption data were obtained from the SCADA
system, while passenger volume data were collected from the OD Matrix of the AFC system during
October 2023. The analysis revealed that the Series 1000 consumed more energy per passenger-
kilometer (0.2179-0.2411 kWh/pass-km) compared to the Series 2000 (0.1547-0.1749 kWh/pass-km), and
also exhibited higher energy consumption per car-kilometer (4.5933 versus 3.3335 kWh/car-km),
reflecting differences in energy efficiency between the two train types. The findings have significant
implications for railway operations: train selection should be aligned with passenger demand, with Series
2000 offering greater efficiency during low-demand periods; flexible scheduling that deploys Series 2000
during off-peak hours and Series 1000 during peak hours can balance energy efficiency with passenger
capacity; long-term energy cost assessments can benefit from the observed differences in energy
consumption per passenger-kilometer, particularly in scenarios of route expansion or increased service
frequency; and empirical evidence from this study can support future procurement or retrofitting

decisions to enhance energy efficiency, especially when expanding the system or increasing fleet size.

Keywords: SCADA, AFC, Kilowatt-Hours per Passenger-Kilometer, Kilowatt-Hours per Car-Kilometer
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Abstract

This study aims to investigate the feasibility of utilizing agricultural waste, specifically the inner
core of corn stalks, as a partial replacement of conventional aggregates in concrete block production.
The research focuses on analyzing the effects of replacing natural aggregates with corn core at
proportions of 15%, 20%, and 25% by volume on the physical and mechanical properties of concrete
blocks. Experimental evaluations included density and compressive strength tests to assess the
suitability of the developed material for non-load-bearing wall applications. The results indicate that
increasing the corn core content in the mixture leads to a continuous reduction in density, decreasing
from 2,453.4 kg/m3 at 15% replacement to 2,243.8 kg/m3 at 25% replacement. Similarly, compressive
strength declined from 24.274 MPa at 15% replacement to 15.848 MPa at 25% replacement. This trend
suggests that a higher proportion of corn core increases the internal porosity of the concrete matrix,
resulting in reduced unit weight and compressive capacity. Nevertheless, the compressive strength
values at all replacement levels remained within an acceptable range for non-load-bearing wall
applications. Considering the balance between weight reduction and mechanical performance, a
replacement ratio not exceeding 20% was found to provide the most suitable outcome. At this
proportion, the concrete blocks maintained adequate structural integrity while achieving a meaningful
reduction in density. The findings demonstrate the potential of corn core as an alternative aggregate
component in concrete block manufacturing and highlight its applicability as a locally available
agricultural resource for producing lightweight construction materials suitable for practical

implementation.
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M3 2 TUNDUNTYINBFNBAT VA 5 cm x 5 cm
(vi9)

) a
YUABUIZNIT Funm

7. UNETUNENUDY
v anldina
NAaBd 3 ¥4 lng
a3 fu

8. ldfoumnu 32
ATIlUNUNUTINS
AwideudnTa

9. Mamanly T
YuTudins 28
U

ASAIMUASAIIAIuRANT ugIuFINTY
pauninudondadulysudmin Tnefauus
UfvAnsuanudonsirlulugpaivnssy ves
Samdnilasiminde 1 gnuiafiuns Taogas
AIUANYBIABUNT AUE BNLT A ug N MUAT
BnTIEUYUTLUA 320 ke/m? N318 1,780 kg/m?
(unsiwasuulag dn 15%, 20% way 25% an
Uinameldwnuduluddutnlnaniud
fmun) wazdn 165 ke/m? Tneildnsidiutise
Yuduiud 0.52 TieaamuiuiuiadsUszang
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2,260-2,300 kg/m3 N1SNAADUAIINTULAAINE
75 Slump Test 1A 18 + 2 mm dmsugns
AIUAN LAYANAINIARFIUNTULUTTanTaia
Wil it ol uledndunaudsnsnunzause
ﬂizmumsé“@éﬁugﬂ LAZANLNTYNEIN1INABEY
Ignnelddoulafisivue

5. Nan1599y

HANITILATITHNITNAEDUDBNWUUEIUNEL

o A

Tanndnvininnssundnduanannenssuainad
Futnlnaiidanuudussanmsmaasunien
MmUY wazidadaneuninudeniings
Pndagumdsliniansinens laglavinimegeu
fushegredgiamun 10 fou ulseendu 3 gns
waumudnduvesdetnlnafiunndneiy Tiun
15%, 20% Way 25% HANISNAABUAIAIY
MWL uaziasengegn (Max Force) faauana

Tuans199 3 wolddl

A1519% 3 NaNISVIAERUNIAden (Max Force: kN)

dadau
wnunnuly s . D

o, ARNEA A1g9ER Aaie
Afu

F17nn
15% 60.45 61.12 60.69
20% 45.5 51.83 49.71
25% 35.85 42.86 39.62

NNINAFBUASIDAVBIABUNIAVABNIN
unudruludidudnlnaia 3 gasuay nanis
NAaUMAInaanvetnaunInuUAnTdullsy
v iinauunudulugrdudnlnanuii e
AUERAIURAUAIN 15% 1HU 20% waz 25% A
dSaeasanadan 60.69 kN vy 49.71 kN
LAz 39.62 kN muddiu ArrngauazAgegaly

a o [

inn fuaseysng wazane, NswasnaunTavdenideiulusiiinama s iageIndutilng
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uiazdndrufianasmuuuieaiu lnsdmgaan
911 60.45 vJu 45.5 wag 35.85 kN uazAdgn
anan 61.12 1Ju 51.83 uay 42.86 kN wualtiudl
wanslifiiuin nsuiudnauunuTamadifiimn
wikasngugatanluvden dawaliruaiunse
Tunssunsesnanas Wosmnunuddudilnely
ANU1TOTULSITA LA LY INIATINGTTUI IR VO
ADUNGA WIINNAIONILANAIMINAAFIULAY LAl
uBendanunsaldneadisnislifuiminld uas
Fadruiivnzauiiednuiddafismenised
7 15-20% 1NHANTIATIZIFINET BRI
ansuay 20% livaUssAnsnmiuidsdauay
Anuaianeiinfian Tuvasiigns 15% faudfa
fAndsdeuiisgausianuliuiueulunisnn
Tunenseiudy ans 25% Winadnsauiaade
snAuludmsunsialuldny

3INNTAATIERadALuuUSsuisud ug
(Post-Hoc Analysis) UBIHANIINAADUNIS 19
Aaunsaudananwnua uluadud 13 lnn
#1U150ATUANNLANAINTENINGATHANAS 9 19
el

MSUSIULBUTENING 15% wag 20% Nu7l
AMULANA1IBIRGIDnditedAY axieuliiiu
11 siiindmndrunnuadutlng 5% ylids
9AANAIRYNTALIY NSIUSHUTEUTENING 15%
uay 25% fAuuansnsiidaiauinniian uandli
Wiudn miLﬁuLmu%amamﬁqﬂluﬂdmmaaq
denalinddnanasey i dsdingy n1s
Wiguisusenang 20% wag 25% ANUAINY
uAnAnef Tdd Ay wisziuamAnenaliige
WihumsUisuifisuiu 15% msifindadiunnu
adudnlnaluvdeniinasemdednlnedwulldy
Y9M1aIgnanadnINdadlunnua 1uluafu
e fifisdy

W aNTUINUANAN 25 cm” Fwviy
2500 mm? Fa U aMIAUATUNIUKTIEAANT
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AIUNIATFIUNDN. 2895-2564 (TIS 2895-2564)
finnuduniuussdngniuiazieulivaenin
3.45 MPa (N/mm?) LagAIuAIuNILLII8nans
wae dodlddeundn 4.14 MPa (N/mm?) uay
UINTFIUAIAIUNUIMUUYDIADUNTAUADNLTIRAY
Lisuhmiingdauandunssd 4 uaglumsmagou
dmsumsmAinEmuIuLLaIngms ievinns
WeuiuunsgulunsuusUssnnuesdgaaland
Tuamnisi (1)

A9 4 AUNUILUUVDIADUNT AUADNLTIF Y
Lusuiwiin wheduilansusegnuiaduns

Usslan AUNUILUY (O)
Y < 1,680
hviinuIunans 1,680 < P < 2,000
dhuinitaly > 2,000

NMSAMUIUAIAIIUAUILUUIINGAS

p- my (1000) 1)

Mg - M;

las pAasaunuinyudunlansune
anulAfluAg, m, fownatunageuidloduddag
i Wudlanda, my Aoinadunaae ULl Do UL
Judlansy, m, Avwnatunagouiiediluth 1u
Alansu

31NNITNINTUIIAIAIILATULIIGNT VD
Aoun3audana1nunusulud dudlnadilavia
MsoenRUUANsafiaIsaRaldfmseil slag
nsnAdeUNauRBg1NvednadLLnuA Ul ua Ry
d1alwn 10 Fuldenarsingn ArgeanuazAiaie

v 5 a

imn Fuaseysond uazaniy, n1swanneunSnuaenduiulysuiminanaunauanwindutilng
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Taonswanwnuauluaaudlneaslunounina
vBeni@eiulaisudhmdn vildannuduniunsesn
anasethadnaumudaduiintu Tnod 15%-
25% veaunuTnailiaundwsiedvanas
91 24.274 \Ju 15.848 N/mm?

A19°991 5 ANUEUNIULSITAgVEAeuUnIauden
anwnusuludeuglng (N/mm?)

dnaunu
duluddy | dwnge | A1gedn | Aade
1IN
15% 24.18 24.448 24.274
20% 18.2 20.732 19.884
25% 14.34 17.144 15.848

NNAREILHaN (15-25%) TiA1AILAIUNIY
LIEARANEINTNNUININTTIU 4.14 MPa lag
' ¢ 1 = ] a1 Al
UINAIUNUNAWLA 3.8 619 5.9 111 Imsmm‘mqq
ke Size Effect NUsvanadlin 1.10-1.25 wi

NANISNAADIATAIIUNUILUUYDIABUNTA
vBond sl duimdni naunnuduluddy
Flnanudn Weudadiunnuain 15% Ju
20% way 25% fauanslumsned 6

A9 6 AUNULUUVDIABUNTAUADNLTIFU
TuSui TN ARaLLAUA LI UAIA UT I TNANUIN
15%, 20% Wag 25%

darunAuY |, . L4
L, ANPNER | AASER | ALRAY
Tuddut1lng : Y
15% 2,398 2,528 | 2,453.4
20% 2,295 2,403 | 2,348.6
25% 2,198 2,290 | 2,243.8
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TneA1L08 sAINMUILLLANAI9IN 2,453.4
Ju 2,348.6 uaz 2,243.8 AlaniusegnuiAnuns
AU AgauazAgegalunsazdadaus
anasnuLuBAeaty Tngdrgaanain 2,398
U 2,295 way 2,198 Alansusiegnuienuns
LazA1gananain 2,528 10 2,403 wag 2,290
Alansusegnuiadiuns wuildudasioulfifiui
unuddudnlnadadutagiunanguuazimin
LN L:ﬁ"awaﬂuﬂ%mmqﬁu%amﬂ%mmmaim
55UYRLUABUNTA dINalAAIUNUILLUYD
URenanas uawsiTidndiunnusulugdudining
25% AMURUILUULAEA 859AIN1INA11 2,000
Alansusegnuisfiuns ibireuninuiondsdn
oy lutszinnuminialumuninggiu wen.
2895-2564 N15AAANAMULYUTIT8anM
vden vldneasieinsuaranniselasaasie
YULLABITUANY99d A -g 9 ALARIT 1A
WUSUSIUINATEUIUNISHANLATNITNTEANYF
vosianluvdeon 4sogluszdufialiauouay
wisnzandmsunisldaundslaisusmmin

Tugnswaufivanzay (Wufinsie 20% lag
USUIA590907a5I8azLDYA) USUNBULAUEIAY
F1alnaildAanidy 80 ml sediunay 0.5 a3
nsaAaaLd Y 0.00008 M@ 0.0005m3 Vs 9
AOUNSAUSENAIDE1Y B uWInSUNUTILaTI
5ISUVIRUTEAU 16% lmedsunns minAtulalu
SLAU 1 M3 UBIADUNSTA FLEINITNAANITLINTY
19 0.16 m? ¥30 425 kg (AUIAINAMUAU LU
N518 2,660 kg/m?) ‘Lum”mms‘uauv{mﬁyuﬁ
AsHaans1edainsUassn1s veulnoiade
0.005-0.01 keCO,e/kg Yeuz i T3 bl 1
nsrUIUMSHIMTeIUsIUnINaedAn1sUdey
Tndrudludusiu dufu maaanse 425 kg de 1
m3 @runsnannisuasemis veula 2.1-4.3
keCOse 719 1 m? VoINARA MY WanaINd min
finNsanin?ana 1 ke figninnazdasy CO, agi

v 5 a

imn Fuaseysond uazaniy, n1swanneunSnuaenduiulysuiminanaunauanwindutilng
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1.6-1.8 kgCOze nMsumnuaIdUT 1IN lgLNY
15 luUS U 6.4 kg i 1 m? (AIUIUAN
AURUILUUT 178 40 kg/m? x 0.16 m3) 9
Frendnidesnisuaesmsueuls 10-12 kgCOse
o 1 m? i uAsnlududunu Tanunuady
drlnalufluiiddunuingAvlndeud (Huves
Wde) Aunundnegn1suaLazAnvuIe 49
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Uszifiudosdulaliiu 300-500 U nsesy e
NTIUNBET 19T 51A1 350-500 UINA DA U N5
uWuAnTIe 425 kg o 1 m? azandunuian L
Uszand 150-210 UIee 1 m? AaLEnlunige
i 7 Feazvioudnunimsuanudualuszdy
yuyuviselsanulndunasingdu

A15199 7 N5UTEETUAMUANANTIUSUINTAIUNUTINTIE 20% LagUTuInsueeiiasinaziden

(@Ansia 1 M3 Ya3ARUNIAUADN)

snensseuiiey nsfnaunIAUNg | nsdlunudinie 20% | wadry/wauszlevdiile
R .. . ANy
USunauns1enld 1.00 Wigugnu 0.84 m?
0.16 m3
11an318 (P = 2,660 kg/m?3) 2,660 kg 2,235 kg an 425 kg
USuaudinia (P ~ 40 kg/m?) 0 kg 6.4 kg Tdvoundenauny

A1sUasy CO, NNTIY

13-27 keCOye
(0.005-0.01 kgCO,e/ke)

11-22 kgCOye an 2.1-4.3 kgCOe

CO, fianidsaannslaimnda
178 (1.6-1.8 kgCO,e/kg)

a A
VGRIBEEN

10-12 kgCO,e

annsUaouLiy

dngninan CO, 591 -

- 12-16 kgCO.e/m?

G’Tunumw (350-500 U/6iu) | 930-1,330 UM

780-1,120 um an 150-210 un/m?

AU (Ua/fnvune
300-500 U9)/Fi)

2-3 UM AUYULAAENEN

Meme): kgCOze (kilogram of carbon dioxide equivalent) nunedis AlansuArsueulneanlasiiieuirin

PInmMIrfuandunsad 7 mswiud
N318 20% lagUTuinsarusaannisidnsele
Uszaned 425 kg 19 1 m? Y09nanA e dwnaln
anN15UABEAISUDUINNATEUIUNISTIATIY 2-4
keCOse WAZMINAITUINITNE NV B9N15LHT
w38 9za1u1saannisuaeelasiudl 12-16
keCOze #i® 1 m? YUz eInU AuNUIngAull

wualduanaedl 150-210 umsio 1 m? 1189310
Funadisunuiundemeuiune

6. afuseuazasUNa

AINNANITNAFDUADUNS AUADNT NANWNY
aludrdutlnens 3 gas nuwwdldundaau
71 MSUEAFIULNUTINIAF N9 Ay
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VU WAz MAISAEIEnN Y8IUABNANaIBEIY
soiiles dmiugnanay 15% fimdssaade 60.69
kN @ sfieingeanlungumaass uansinudeni
Auudsussiganed msunisldaumislisu
ionin uagdanunanfuusadaldd dmiugns
wew 20% fidsdaiade 49.71 kN nsanasil
A8YiOUHAYDINTWNUTINIATINEITUVIRF I Tan
Fanafitiutniuiuasngy dmsugnanay 25%
fifdadaadsanasunniian 39.62 kN auddy
vnliudendainuaiunsasuusidnanatagadl
WedAty NKANTNARBINUINGATHEAN 15-20%
wnusnuluddudnlng iudfmngauian
dwsunisudaneuninudenlysuuvin
ileandsnsnnuudausafisanelunsiuussda
Turausifenfufitieamiminuden vilineadns
fpuazannstlaseaine grsiivanzanfigade
goswandadiunnuauluddudilnn 20%
\osnnliaugaidseninsnnuudusuaznis
antniin fmdsdande 49.71 kN Tnognsiidns
ogflunaueitmiinialunuaasgiu wen. 2895-
2564 uavivnzausensldeundslidsudmin
iliauseanUIunuianuazatldanglunis
neaialiograiusednsan

1NHANITNABDIAIAIIUATUNIULIITAFNT
Y03noUN3AUEanTinauwnusUlug Fud 1l
WU HANITNAGOUANUATUNIULIIBAANTVDS
ARUNSAUABNINNSHANBAUALT LA ALT1 TN
wuimndnduiivihnnsmaaeu Tiun 15%, 20%
uay 25% Suiimanuiumunsssadsgandi
N UIATFIUT FIUA (4.14 MPa) o8 1ad]
Toddey tneliaiade 24.27 MPa, 19.88 MPa
Way 15.85 MPa muanay 4 samdurining
ﬁwummmé’mLaﬁaqaﬂ'jwmmeﬁmmgmﬂizmm
5.86 111, 4.80 W11 LAy 3.83 WNANUAIAU  LEAY
TiwiudnnsihTagmdeldainardudalnauld
Dudrunanvasrouniaudenaunsafiudnenimn
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nsldulaase wuilduanasmudadiunisnay
agvieuliiudn maiudadiutandanaaiil
dminiuuarnsugs vlianudiununssd
Y93UE 0Nanateg 19TALIY 1 D991 LAUEIFY
T nald @155 uLsI9 Al A UNIa5IY
S5UYIRVDIADOUNIA MY Wen. 2895-2564 Tisu
AUNIININTAUN Size Effect 91nA298191Un13
naEeufl 1.10-1.25 Wi peunIaudentinin
lumsiianudununssaiosmodmiunts
1ai¥urimiin (Non-Load-Bearing) idnaau 25%
AU TUNIULTITALRE BanAUNE D 15.848
N/mm? wagaiganad1nsu nshaarundalisu
v Tnensuauunusulugdudalnnadly
AounInudentdadulafutmin dewaly aanu
Frumuusiaanasnudndiuiifivdy iesin
fanFnnadiminiuiwagngugaunuiiinasom
555U RTSULSSRled urudendinsauisald
AeniTslasurimiin 16 Tnedndiufivnzaunsl
A 20% Hlesnwanundausaiioame

TudrurasAnua1unIuLsIsnluszezey
vdsanilulden Fanszuaunmandulegn
unazeauazgnioviuneluunIndyudiuud
Feeannsdudatutladeneuenlaenss 39m10
Jrazszaonsidenaninlaluseaunds wivin
Annswdsuanimveaduleluouan nanssnu
wdnfonaind uAemsiulnsuaEnaely
Lﬁya"j’aﬂLLasmsamawaqﬁflﬁqa‘”mquau Wl
idlesannwdnfusidneglunguasuninudenlsisu
dvein Seflmnudsadslassadnaroudna sl
dWouanudedulunisldussesen aasil
N1SANYINBEDATUAIUNITNARBULTIANIN WAy
mﬁﬂsmﬁumi@m%mj{ﬂ FNIMTUFUUFeEn
dulunounay

NsHANLNUNANNEIR UT b NA luUS Ul
WHNvaEd 913 siNAMENURAUNDEN LYY AT
N5l 7an I Ma71991NN15IN¥AT WA EIAIAIY
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ALLUULNNAT 2,000 kg/m’ wansInudendsna
il dndruvennasiusIsual (Yu wasnsie) Wu
dlvg) uaz denseglunquasun3nudenigany
Lisudhminedniminiald Tnenisiiud3ana
wAUAFUT Nl UEIUNENUBIABUNI AUADNLTS
Fulisudhmdn dealdrnanumuiuduanas
sgsrawlesfidndin 15%, 20% uaz 25% Léen
AVNALNLLLLREY 2,453.4, 2,308.6 UA 2,243.8
AlansuAogNUIANLUAT MINEIRU ATAIIY
ALY ILIALIANTY 2,000 Alansusiegnuaen
wns Fedsegluinasiiminitily aasnesgiu
uen. Jeunudrdudnlnedaansaldiduian
naunuUEIiisaniiinvesudenls Tagl
ﬂiwmammgmmwwmLLﬂusﬁgwf’wawﬁaﬂ
pounsathwinily Taseideysiauaounie
Uﬁaﬂﬁﬁﬂmﬁuﬁa‘j’mﬁ'ﬂLU’]ﬁﬂﬁ]WﬂQGﬁUﬂa WANG
NINAFDUNUIIAIAUNUILUUYDW NEATE e
11NN 2,200 kg/m? %ﬂag%%mﬂauﬁmfmﬁﬂ
Unf aghalsfiniy deiarsandewun iy wuii
A udnduwnud g dudlned swaldd
AUk ULanategesaLies Tnuanauszana
Yowar 8-9 Llawivuiugnsiddndiusan
agvioulifiuinsunuiiinaniuudiuse va
Faunaaunsaanntnsnvewansuefldass
wdgslufeszaunouniaulatuInIut gy
UIATFINAING T 9VBUIUAYDIIIUT T LTy
ﬂauﬂ%'m%ﬂ"L;J'%’uﬁ;mﬂ’ﬂmummgm non.
2895-2564 lag@eaiAinuudalsaieanonay
arusalvaulaegrsvasndy n159AEIAM
punuulyoglugasaoundnuminund
VULLAYINUAINITOAANITITNTNYINTTITUYA
wazantminsaUeaaulE SeEsieunuannens
WA sUSUUTsaussauy (material optimization)
wnnimaiuAsulssinntandeiuy san1sveas
Feaenadostuinguszasdludanisanimin
duinduaziinaudsBuvesian uiindaliegly
nauAdUNIANIALUNBY 1Ay Tl Feon19.9u
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wuaneaudssenlusuiAnatn Ty ud
FlifudnenmvesnisldTanndoldmig
nMainunslunsnaniannaunudiud e
mnudulazanuansznuedainden Tnenns
UszifiudsUSmnandestunandiuinmaunui
NIIgUNdINAILNUEIAUT I INAludRd I 20%
a10130aANNTNEINTTIIUYIR 425 kg/m? an
nsUaesAsuausiuluyag 12-16 kgCOe/m?
warfidnenmandunuiagleluszaunia 3
advayuaud A yLd g suandouuaz
LASUPANANS

HANISNAADILAAIAINNFUNUS LT IUT U
agsdmausEnIadndIun sunuknud L lud
Fudalnefuaussausvatpaundauden laewdle
dudndauann 15% 1Ju 25% Addisnanas
91n 24.27 MPa 10U 15.85 MPa LagmI1y
VULLLANAIN 2,453.4 18U 2,243.8 ke/m? &4
Julumunalnandeuszneu esaindauiadl
AITNNT ULALAIUNUILY Un d saals
UszAnSnmnisaneusidnanas agslsiang vn
dagdrudadA1AUAIUNIULTITAFINT NN
1IRTFIU BN, 2895-2564 (4.14 MPa) naneiiin
wazdanseglugasaauninudentindnsialy
(AMURUILUU>2,000 kg/m3?) Felulaaeviou
UgunlATIas 19U0INanA Uy WA LAAIDY
YOULIANITEONKUUT I aNlAEIaNIZY2e 15—
20% Falsiannaseninenundanss n1san
dontn wazrUslovduaud i

Tufifszezen winsidevanmveadule
21N MALAR NSV UIRLANLALYI A9 nanaa
u1edu widulegnuaaziduauazgniieriuluy
WS NDPLUUR FITNANTAUNFNUFNNLINA DY
Tnemss Snviandanduridneglutssunnudenlaisy
vndn virldannud saudalassadaan ile
NITUNTINAUANIAINNITAANITIINTIY B@ANIT
UaouA1suau wazhudlduandunuian uag
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At uAULUININTAUNTaR Aea3 19N ATy
AUAANIAUANTIOULATAINEIEY

7.  YDLEAUBLUZAINSUNISIVY

! A

orausuuziionsidosioiiles Tnensiaun
nwidely 3 Ganan lown (1) dfduienssuan
IngAnwin1suTulisanmduianaunas (\Wu
nsnaeuRIvTeUSUanEYlY) N15TATIENRa
1ASIATI9 LAZNITNARBUAIIUNUNIUTEYLEN?
el uAuuAnA1udsansTous (2) A1
PAFINNTINLALNITNENIT S lagBaNLUY
NIZUIUNITNAAAULUY (pilot scale) TLATIZH
AmvaLaevesingAu asldguniu uagnns
AIUANAMAN LAz (3) TALTuATYAIENT LAY
danndon neddumslinseisununaias
Fi0 waznsUszduindns?in ionansniny
AUANTIsTUL W3suisuiuudandanidyd
ognafususssn Tnsuvadusdelded

1) msfnudadudu q lenadmasionnnin

BPNULAY WU VUINBYNIATDINUAUIUERY

Y1INATTNITNEN LAZENINAITUL LBLANAY
L@DETNINVDINTZUIUAITHEAR

2) wamwmaauﬁwé’qé’miuam%’ﬂﬁagﬁmq
28 Fuwadalddmsfnwilulszifuninvaey
annluszazenveaduledanin duiugide
MUHUANYIA08aATUUTHAUAIUNITNAFDULTS
anin n1susvlsudulenaunan waznis
Uszgndltluianuszneueiasussinnd uil 3u
L5967

3) anetsiandsliasounquunntu fialy
A1uAIuUsIT9Tan (material variables) Lo
AnAIULAZIUINBYNIATBINUTIILNG §nTTdI
heefumd nsldfanueslaatu nisufuann
idulonounan wagd U9 InTzUIUNIT
(process variables) laun 38uagsruziiainig
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AGH LLNETG]%UEU ANNTUAYTYELIAINITUY
yufeniesziidgana Weiuanuudauss
YostoagUneedia uaziiiudnanmnisuseyndld
NuTInairgluauag

4) N15ILATITHAUNUARDAI9ITTIA N9
Uzl UNANTENUALING DY WazNI1SUSauLiau
AUV UABMNEMNABANTBUTEANSAMMBING 91U
FUUADNBINIMVE LI DWAAININTIULTITSUY

1 [~
pyugUsIIN

5) Msfmueounaudenlusutminan
drunantagunsudnlnelusuuuudug 1wy ms
lvoanwuudganussntsasisairnasliiie
qunseza1nsIsuYd nsaundudguiendes
antedasiudu PM 2.5 Tuswian Wusuy

8. nNAANssuUsENIA

YBUBUAMNBIVUALATIINIANANS TTuaL
uinnssy (1) ddnauanenIsuNTawEsy
ANgrAEns I9enasuTanssy (andal.) N1
UMNINYIFE51907 089518 UseT1deuyseana
W.A.2568

9. 1@NA15919949

[1] &UnNuesgIUREniagnaIunIsy,
won. 1776-2560 Yuneuazyuaiv (Mortar
for masonry and plastering). NTUNN:
ﬂi%ﬂ'i?\‘i’qmﬁ’mﬂiﬁm, 2560.

[2] S. Saksakulkrai, S. Chantara, P.
Kraisitnitikul, D. Srivastava, and Z. Shi,
“Unveiling the origins of Northern
Thailand’s haze: comprehensive
chemical characterization and source
apportionment of PM, s using targeted

molecular markers,” Journal of

v 5 a

imn Fuaseysond uazaniy, n1swanneunSnuaenduiulysuiminanaunauanwindutilng

o



. &

d Joumnal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

Environmental Sciences, vol. 159, pp.
635-648, 2026.

[3] W. Fhagatong, S. Visitsak, and S. Suirit,
“Structure Weight Estimation of Low Rise
Steel Frame Buildings by Generative
Design,” Kmutnb Journal, 2019.

[4] S. P. Sravut, "Strength Development of
Hollow Non-Bearing Concrete Masonry
Units Using Fly Ash As An Additive,"
M.Eng. thesis, Suranaree Univ. of
Technology, Nakhon Ratchasima,
Thailand, 2017.

[5] Z. Lu, Z. Zhao, M. Wang, and W. Jia,
“Effects of corn stalk fiber content on
properties of biomass brick,”
Construction and Building Materials, vol.
127, pp. 11-17, 2016.

6] M.S. Ahmad, M. N. Ahmad, T.
Muhammad, M. J. Khan, F. Jabbir, S. A.
Alghamdi, M. Alhomrani, and A. S. Alamri,
“Utilizing agricultural waste in brick
manufacturing for sustainable
consumption and circular economy,”
Scientific Reports, vol. 15, Art. 22741,
2025.

[7] J. Chen and C.-S. Poon, “Photocatalytic
cementitious materials: Influence of the
microstructure of cement paste on
photocatalytic pollution degradation,”
Environmental Science & Technology,
vol. 43, no. 22, pp. 8584-8590, Nov.
2009.

[8] F.Hamidi and F. Aslani, “TiO,-based
photocatalytic cementitious composites:
Materials, properties, influential

parameters, and assessment

NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

techniques,” Nanomaterials, vol. 9, no.
10, Art. 1444, 2019.

[9] @UnaUNRIUINITIFBNISIAEAS, "V1ILNe,"
2016. [oaulatl]. Available:
https://ebook.lib.ku.ac.th/ebook27/eboo
k/2011-005-0086/#p=8. [Accessed: 24
Oct. 2025].

[10] S. Saowanee, "Lightweight Concrete
Block Form Corn Stalks," M.Arch. thesis,
Chiang Mai Univ., Chiang Mai, Thailand,
2016. [Online]. Available:
https://cmudc.library.cmu.ac.th/frontend
/Info/item/dc:124735

[11] J. Pongsak, "The Mechanical Properties
and Thermal Conductivity of Concrete
Block from Agricultural Wastes," The
Journal of KMUTNB, vol. 29, no. 2, pp.
342-351, 2019.

[12] R. Jarabo, M. C. Monte, E. Fuente, S. F.
Santos, and C. Negro, “Corn stalk from
agricultural residue used as
reinforcement fiber in fiber-cement
production,” Ind. Crops Prod., vol. 43,
pp. 832-839, 2013.

[13] M. R. Ahmad, B. Chen, S. Y. Oderiji, and
M. Mohsan, “Development of a new bio-
composite for building insulation and
structural purpose using corn stalk and
magnesium phosphate cement,” Energy
and Buildings., vol. 173, pp. 719-733,
2018.

[14] S. Salem, Y. Hamdy, E.-S. Abdelraouf,
and M. Shazly, “Towards sustainable
concrete: Cement replacement using
Egyptian cornstalk ash,” Case Stud.
Constr. Mater., vol. 17, p. e01193, Dec.
2022.

imn Fuaseysond uazaniy, n1swanneunSnuaenduiulysuiminanaunauanwindutilng


https://ebook.lib.ku.ac.th/ebook27/ebook
https://ebook.lib.ku.ac.th/ebook27/ebook
https://cmudc.library.cmu.ac.th/frontend/Info/item/dc:124735
https://cmudc.library.cmu.ac.th/frontend/Info/item/dc:124735

. &

d'Err NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
sl Tecoioty Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

UNAUIIY (Research Article)

[15] S. A. Stel’makh, A. N. Beskopylny, E. M.
Shcherban’, D. V. Mavzolevskii, S. P.
Drukarenko, A. A. Chernil’nik, D. M.
Elshaeva, and A. A. Shilov, “Influence of
Corn Cob Ash Additive on the Structure
and Properties of Cement Concrete,”
Constr. Mater. & Prod., vol. 7, no. 3,
2024.

[16] M. M. Ahmed, et al., “Utilizing
Agricultural Residues from Hot and Cold
Climates for Construction Materials,”
Sustainability, vol. 16, no. 23, 2024.

[17] S. A. Mohammed, et al., “An
environmental sustainability roadmap for
partially substituting agricultural waste
for sand in cement blocks,” Frontiers in

Built Environment, vol. 9, 2023.

—
—
(0]

[t

dinunnsgIunNandueigaaInIsy,

uon. 2895-2564 poun3nudenlisumin

(Non-load bearing concrete masonry

units). NIWNW: ﬂswsmqmmmsim,

2564.

[19] Z. P. Bazant and J. Planas, Fracture and
Size Effect in Concrete and Other
Quasibrittle Materials. Boca Raton, FL,
USA: CRC Press, 1998.

[20] A. M. Neville, Properties of Concrete, 5"

ed. Harlow, U.K.: Pearson Education

Limited, 2011.

-
imn Fuaseysond uazaniy, n1swanneunSnuaenduiulysuiminanaunauanwindutilng
88



. &

d'Err NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
sl Tecoioty Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

UNAUIIY (Research Article)

N1398NUUUKALRAILITEUUYRATAUINAULLAUIINAUA0151AR
AN NEITIIAUSTTN AuaUInNg JWINANY3

et annndivena’ wag adeing Sunsa®

favinimelulagiafive euswealulagasauma wnnedosvigmnans

*UsranunuUNANUEURy: duangthip.relawasri.tru.ac.th Insdnyi: 081-8530961
(GUUNANY: 15 UNFIAN 2569; wAbUUNAINL: 25 Tu1AN 2569; ABUSUUNAINY: 1 w8 2569)

UnAnge

sifedITnguarasdiflssenuuuuariaissuunfiasaunavuiuiuiuensléa iens
sieufirndsiaussslufiuiiduatine fwiaanys el mneifloaiuayunisianisuagnmadfedaya
Feiuluuiunmsviesdlendeinussauesaissavinm ssuugnitmunmeldaniinenssunuugnine—usane
Tneifunsdoslostoyaideiiuiifunisdifisfeya o aniufiadeinuAaoislda mamadeuszuudiunig
luuiidnuass Ingldnguiegnsiuan 210 au Uszneudeussruluiiud dnvoud oa uasdldamsialy
inseslefililunsiseAeuvuusiiurnufimelalusuuuumasyszanaa uuuaiAse uaziinideyadie
adAlanssoiun ldun Anadsuagdrndenvuninigiu wan1sidenudn ssuvamnsaiauldasudiuny
fioonuuuld wazdldanusinnufianelasoszutluszduvndu Ineddnadesauyintu 3.94 wagdrudsauy
1195 U 0.69 Feaitoufisussavsnmvosszuvlumsatuayunisdifsteyamsioniiondediui
Tuvdunass uenant sevudauandifiuuuamensysannsteyaieiufiuas Yanusssusauiunisiidausoy
vosguy Loduaiumsldnussseitiomaraudiulussduiiug

AaAgy: svuugiiansaunauliu Aenslan nMsviesiendeiuusssy nsdanisdeyaideiug

NFEBIUNANIL: YIURRIY AININTENA kaE ANTING SUNTF, "miaaﬂLLUULLa3ﬁwmszwqﬁmsaummuﬁu
SufufrensidaienisvieanenBeiausssy duatina dJminanys,” Msmsimmnssuuszmeluladenamnssu
umInegnaenag, U 4, adui 2, wii 89-102, 2569.




. &

d'EIT NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
sl Tecoioty Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

UNAUIIY (Research Article)

Design and Development of a Web-Based Geoinformatics System Integrated

with QR Code for Cultural Tourism in Pa Tan Subdistrict, Lopburi Province
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Abstract

This research aims to design and develop a web-based geoinformatics system integrated with
QR code technology for cultural tourism in Pa Tan Subdistrict, Lopburi Province. The system is intended
to support the management and accessibility of spatial data within the context of cultural tourism. The
system was developed under a client—server architecture, emphasizing the integration of spatial data
with on-site information access through QR code technology. The system was evaluated in a real-world
environment using a sample of 210 participants, including local residents, tourists, and general users.
The research instrument was a five-level Likert scale questionnaire for user satisfaction. The data were
analyzed using descriptive statistics, including mean and standard deviation. The results showed that
the system functioned according to the design specifications. Users reported satisfaction at a good level
in all aspects, with an overall mean score of 3.94 and a standard deviation of 0.69, these findings indicate
that the system effectively supports access to spatial information in real-world tourism contexts.
Furthermore, the system demonstrates an approach to integrating spatial and cultural data with

community participation, promoting continuous usage and sustainability at the local level.

Keywords: Web-Based Geoinformatics System, QR Code, Cultural Tourism, Spatial Data Management
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Geoinformatics System Integrated with QR Code for Cultural Tourism in Pa Tan Subdistrict, Lopburi Province,”

The Journal of Engineering and Industrial Technology, Kalasin University, vol. 4, no. 2, pp. 89-102, 2026.




. &

d Joumnal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

1. unun

lugatagtu walulagarsaumagiaians
(Geographic Information System: GIS) W&
uinnssufdialaudunuindfgsoanis
Waunsvieuiion laglaniznsvioni el
TuusTsukazyuvy nsussendldinaluladfiva
Yrgg1ueANaraInlun1siid oy aves
Fnviondlen wazdieideulesdoyatuiuiiadeld
ag19dUszdnsarn [1] egslsfinin n15un
weluladunldlusgauiufidmandeiuainu
Ay eludruanuasgningvesldoy
ANuUaoAfEreItayadiuyAna Lagnalnnig
U lUUfoASsuaUszansaw (2] Tnslawzly
uSunvesUssnalned Sanutediiad1unis
fimunsviouflensaniezuaznsysannteya
iiensldnuegaduszuu [3) dswalsinnsdeans
AnuABILTae sl sinvioneadaliin
UsgAnSualiniiang

IINNITNUNIUITIUNTIUNUI T NS
Usggndldimaluladfivannvansifieatuayunis
eufleuarnisinnistoyadeiud Taseuves
Yanis et al. [1] aduayuwuiAnnisldaiensian
sufuduueundinduiiieidenlesdoyandvaiu
maiifedeyaluaniuiiaie vad Jilong et al. [4]
avvieuliiunumenm st ssuugiasauwme
vuduiieliuinmsteyanisvieniierueetng
dumesida dmsuuIunveinisinnisteyaids
fiufl Taos wazaiivand [5] uazasiy (6] wansly
WUUNUINYBITTUUAISAUMA T AEnslunis
Foulouna e sadvuunyuvy vaed
g wazenuiing [7] uwansliiunisuszandly
waluladAi0191dafi ouinisdeyaluunas
siouflendeianssa uonanil magi uaveas (8]
warAndlyn wazane [9] SaasiauuwuInianis
fimuIuneUndinduuunuiigimansuaznis

NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

Uszgnaldd oy seAvg il eafuayunisiugii
uawieaen drudiassaiinn waggn1nssal [10]
A unnudfyvessndnvalnisniwiuas
JansssudenaiauInsvieniondeiauss
Tuseiuiiudl uasdne uassad [11] asviou
LUINIINITBNLUULAEHAIUNTEUUUSNTT0YA
afiasaumavweievrodumesidnionis
vioufle e imussu

dleRersanddninenuii uderuddefiy
UnzasNoulIdnen nUeunAlulagfdiasenis
Wannn1sveaiiondeinusssy widmudasiia
Tudrunisdexlestoyaideiud fudoyaunds
vosfieliaunsaddldegvazainuazidu
svuvluseiuiiud dodu enAdedfajaunis
PONLUUKATWAILISEUUN Ta1Taun ALY
Jufufeilan tngldiualing Jminanys
Buitufivszgndld Weatuayunindfedoya
dnsunsreadisndeiausssuliiuseansam
UNBaTY

2. N139NLUUUISUU

BT UNBLUIAALAYNTTUIUNTOBNUUUTEUY
AfarsaumauuIusuAua1e13 A aluds
Aenssu Wnggadunisimueanidnenssussuy
msoenuuuiukeUndindy uaznsdnnisteya
Feluit 1A eatuayunisliuinnstoyanis
vioafionTaTmusTTURUTIUULHUT A3 iauaY
nsndeyasewalulagionsldnegialu
YUY

2.1 da1Unenssussuuy

andnunIsuszUugNeRNRUULN AIVUA
TASIAS19NISYNIUBALAUAUNUS TN 14

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR

wen e udeianisssu svathnia Jminanys

91



. &

d Joumnal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

09AUZNBUNANYBITLUVANTAUMANNTYIDALTEN
Faftudl Tassosfunisidrdsdeganuiy
woUwdiadu n1sdanisteyaideiiud waznis
deulostoyanniiufiaishumeluladfieslén
Tassasasisnandaelvszuudanauduluga i
Augangulunsuee LagTaesuNITYININIG
Toyaarnuangunadlingliaainenssuie i
Tunsvinuvesssuy fldnuansadifadeya
16 2 suuvv lawn msldmuruivueundiadu
Tnenss wagnsid1daw1uAao191dnd Ansa
& anuiiete Weglinudengeyavieaunudn
9151A 0 szuvIvdsA1veludidiudanistoya
MnuszuvazBndeyanngudeyauazdindu
urnansnalag 19 ulug uuuunud uaz
swaniBuaaniudl lnensvieusdana gl
A ruamsadidsdoyadeiuildogiolos
uazasandesiumslinuaia duanslusud 1

User or Tourist

v

QR Code Location

v

Web Application Frontend

v 1

Application Server

Database Server 1J \—b GIS Map Service

sUN 1 1A9a319N1599UVBITTUULAZ NS LA

Y

Y

YDIURYATENINA LTNU TEUU uazgIudaya

mﬂg‘uﬁ" 1 A5eveve ldaugnariwiy
woundaduluss Backend API i aUsza1aNa
Swdugudeyauazusnisusuiinoudsadng
ﬂé’umLLamL‘f]uLLmuﬁﬁﬁﬁaLLas%yjanzﬂauﬁ
duiusiudunisasaveldan

NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

2.2 n1seankuUIULaUNALATULazHanTunan

NN30ONKUUTEUUTATAUVMAULLIUTINAY
A915 A Ay Ll unIsAIuaN en Tuna nlv
aonAdaeiu ldunateunum uagseasuns
TWusnsiuduiusiweslaelddosinda
lUsunsy ssuugnitunnelaiuiAnnsuendu
seninsdufaseldnukavdiuUssuIana Loy
T¥nalnn158ea15wUy Request-Response K1
RESTful API ifiodnnnsAnFesvauaziFenlduinng
foyasiuiiogaduszuy

ilsuanvaunANaNINsvassEuUlude
Hadu muddelanmuaunuingldanuasnsdl
T undnlugduuuununinnsaldau (Use
Case Diagram) ﬁﬂLLﬁ@ﬂﬂgU‘ﬁl 2

Cultural Tourism GIS Web Application

“Access via QR Code-:“)

)

:'_Vi.'iew Place Details: >

\

if_'_.Search and Filter Places;,)

\

—
T E— ff-}jiew Map and POIs\

Tourist / General User—_|

_share Information

\7 :_Eaakmark Placre-:__,l-

\Na vigate to Placré:-:_';‘
< Upload Media >
(J | ——
P—
AN T o
7N — e

Research Assistant _Add Place Data_

O ¢ Manage Users

| e SerE
I

Pas — | -
System Administrator T —
(_Review and Approve Data )

3UN 2 ununmnislgau (Use Case Diagram)
VBNIETUU

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR

wen e udeianisssu svathnia Jminanys

92



. &

d Joumnal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

911307 2 uansunumgldan 3 ngu éun
davioaniioy/fldnuialy §91033s wazdqua
53UV IA8TEUUTITUNIAYIUATOUARNNIS
dnistoyadeiuil (wufi-dumn-seanden-an
9191An) waznisinduguateya (udesya-
nI9aBU-01ilR) ilersnanmteyaneumeLNs

2.3 N1399NLUUNNTIANTYRYaLadIUAAND
¥
K ldu

nseonuuvudniyaiu (1) Tassadians
Famsteyaisesiunisliuinsteyadeiuiuas
dovdsznou way (2 drufadegldeud
atfuanunsTAnoULUY End-To-End fausinng
AuN NIRS1Eazden LUaudansduin wys
waztvne Tnedinsdoanssiiy APl Huununans
W elwnisviauveslugasie q Wuldegas
GRLLERN

23.1 nsdeasuuy Request-Response {11
AP

Wi ol uN199191995 9581319 Front-
End, Backend API, GIS Service way Database Tu
Anwale Request-Response 4MUITUAIRUAAIAY
o [~ . [
n19vudu Sequence Diagram Aauanalugy
=
9 3-5

GIS Map Service

i Web Frontend

USER

Backend AP| ‘

Open Web Application  Scan QR

o GET / places {Request Data)

o - e [
o Request map/tiles
Map tiles | Marker render
. sl [

i Web Frontend GIS Map Service

USER

Backend API ‘

5UN 3 Mslnaanthusniasdoyaunui

NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

Backend APl GIS Map Service

i Web Frontend

USER

Salect localion { View delails

e GET/ places /[id]

Query detall + media

Place detail

Backend API GIS Map Service

i
Web Frontend

USER

5UN 4 n1siengeazidynanud

GIS Map Service

i Web Frontend

USER

Backend API ‘

Navigate

Qo————

Request route {origin, dest)

Route polyline)/ ETA
A sl o-lia IR [
Save / Share

POST / bookmarksQR/ Sharelink
»

Reponse (success,
€----Fe ponse (success) ) o

Web Frontend

USER

Backend API GIS Map Service

UM 5 Mathneuasiliesiasy

MN3UT 3-5 uaneNsAeansseninsdIu
Aas ek LY9unUIzUUK 1Y Backend APl A1yl
E‘ULL‘U‘U Request-Response 1y Backend API 91
wifidugaguinandunisifenlddeyaain
srudeyauazuinisunuil ielvinadnsiidenaud
Aruaenadastuiundsiuiuaznislinoures
Aldau

232  1AS9AS19NISUNNAE N0 uaN

Walkansa1aun1sna e bauly
sEuUkaransEuusenldfleandudiAy nuidy
uua Ul Flow Diagram fiauanslugud 6

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR

wen e udeianisssu svathnia Jminanys

93



. &

d Joumnal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

User

l

>
= Home Map Screen

A A

Search and Filter

" Select
Fllterl l Search Marker

POI List View

Share Action

l v [y

POI Detail Screen

Bookmark View | L

31]17; 6 User Navigation Ul Flow

Bookmark View

N3V 6 uansEIAunNITUINISYe S
fldsnusnuminoondn wnsfum 19A5aa LR
wagminswazidn laoideuseilsidumivayu
Ifun s nstudin uagnisuss i old
Hldau vihawasunseuumsngludumesing
WAl

233 lassasedeyansesiuanaula vanangy
do waznstuiin

Woligudeyasenadesiuszuuaia
miAdeidonuansassaidusuuuy ER Aavviou
luifidunsviondien ldun anuil naemny
Uszinn deUsznev 14 sionsvudin wazdend
wws fanandlugud 7 Fadunsuandlassadng
Fudayalieduiusvedseuy laenivun Place
Wuteuii Andnid eudu Category/Group Lile
599TUNTIANUIANY wazideurdu Place Media
i ed A ud aUsenou vmusLA i uloud @
Bookmark Wag Share_Link 5995un1suuiinuas
nsuyiveyaluusunnsldnuass

NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

BOOKMARK GATEGORY contains rowr |
int bookmark_id int | category_id int | group_id
int user_id int | group_id string | group_name
int place_id bookmark | string | group_name

datetime | created_at }Iass\ﬁer&
=saves PLACE
USER int place_id
int user_id int category_id
string role string | place_name
string name string | description
[ generctos float | lat

SHARE_LINK float | Ing has PLACE_MEDIA
int share_id string | address int media_id
int user_id string | zipcode int place_id
int place_id shared string | qr_code_foken string | media_type
string share_token string | public_status string | media_url

datetime | created_at int | created_by string | youtube_url

gﬂﬁ 7 ER Diagram ¥8458UU

2.4 N1599NLUUATUANEINITATUNITVEY
FTUULAZANNUADANY

spuugneanuuulaedanannisuendiu
N57I9UKkAENTIAUIN1SHIU Backend AP WUy
Stateless 1 03995 UNSYE1BFIvR s IT LAY
Ysuaudeyalusuian lnenisuendiuinser |y
dqulszuiana wasaiudaiudoyayiean
AW AN uTeseIA Usznay uagid one
n1sUsuUganievensssuulaglinsenuse
lassairmdn lusuaiudasade seuufiivue
ansmaidrdenuunumgldan wonnsdanis
ToYATDINILTIUUALHALATTUUBDNINE 1T
U wieuldanugnmisiwounsifunalnaunu
AMATNY oY AN BULARINE LazaanLuuly
N15L01890 Y Al 1UAID1T LAAVITUK Y AP
Aoy i elWaunsonuan n9aeU uaz
Ansnunisldauldegiadussuy

3. NMINA[BNLLASNNINAFDUIEUU

A UTUULAUDNTNARDILALNISNARDUTEUU

I v

W ad ugun1svauvesszuuliiduluniy
A01URENITULAZNITODNLUULT I AINTIUN LA

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR

wen e udeianisssu svathnia Jminanys

94



. &

d Joumnal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

dnauelineunt lngandunisnaassniele
viunnsldauaidufuiidnw uagyadunis
ATIAFARUNTVINNUTBILUAANANUATNTEUIUNTT
famsteyaiBeiiui

3.1 E‘U LUULAZUUADUNISNAADITEUU

nsideadedlynliuniseaniuuuasvaun
sruugiansaunauuIvTiniumalulagiiens
1dn W eatiuayunisvisai sndeimusssuly
seAui Ll Tnelddoyadeaiuiluazdoyaunds
yisa oudedausssuvesiivatinia Sanda
anud Wudeyavsznavlunisesnwuy wWawn
LAEVAAEUNTIYITUTRSTEUY Ui Tty iy
nswaunszuudunan dldysdnwinszuiunis
an1steyaseavynvuludadnlaense walv
mmeﬁﬁ’zyﬁ"uﬂﬂiﬁw%a%aiuu§uwﬁuﬁ'a§amW
Usegndld elanunsoUssifiuussdninmues
spuuiifaudulfosnamanzay

n1snaaessLTunstui ufl fuadnia
Favinany3 Tngldmameaoadanaau el
AOAAABIAUUTUNNITIT 91UDT 99895EUU
Uszrnsianen laun ;Eﬁﬁmi’fmﬁ’umﬂ%mu
svuvlufiufl Usznousae Ussvulufiud ndy
yuyu ngueyinyg Wnvisadien uaggldanmuinly
NauF10819311U 210 AU tAN1AINNITARLEEN
wuu Tngmivuainael nsAaLEenang 7 il
Uszaumsaimseddiuieatesiunisldaussuy
LLazmmm’Lﬁﬂé’J’mﬂaLﬁamiﬂimﬁuﬂizﬁw%mw
Ypa5zUUle

i3eaflefldluniside laun wuusaiiy
anuflenelavesgldauszuy deimunluguuuy
WINFIEIUUTZUIUAT 5 52AU ATOUAGUAIUNIS
Td91usEUy AUANUNABIYRITIYR waTAY
Usraumsalgldau lnsuuuussiludnailasu

NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

N15M59980UAULMNTvALYB LT o ne
A3 wazthlunaasdddnounsiiuteya
959 adi nsudanaruianelaldinasinsuds
Parnadseeniduszdu ldud anndign un Uiu
nas Uey LLasﬂaaﬁq@ ATULUINIINTTITELTS
NOANTINANANT

NTEUIUNITNAADILT UIINNITIIVIINLAE

Ly

uiindeyauvasisniisndeimussnilaeizie
Ferhusruvdmdsiiu el unumvesdaae
¥eluauAdediBunisdasinszurunmstuiin
Teyalusrerauiuasnaaousruy lnglunsdl
nsldaueta goufindeyaaansafudmihig
Aendesdefguaszsuuluiiuil mndudeyaazgn
MTIVABULAL YN ALAUN AUATEUUNBUNELNT
A euialy luduneunsiduquatoa daua
FEUUILNANTUIAIUATUNIUVRIT B A AT
gndesveshumiaBeiiuil uarauaenadosues
Yeyausznou 1Wu TwaziBenaniuil nmane
uagida neuoylAlvineunssuszUY 1ete
ANAINNAAIALAG DUVDIT DY AUAL LA HAIY
undefiovesansaumaiiuannaungliny

AENFRINMTHEUNTTOLA HlFuaunTe
dhfisdayaruiuueUndady waviunIsawny
A19191/n u anuiiade Fudenlasluseteya
azdunvosuaazyavioniioaluszuy lne
Hldauaiunsanaassldaiuisidusiie 9 veq
sxuv IiuA nmsfundeya nsuananauud N
aseazdenaniuil wagnishmne anelduium
slfuaisluiiuiidng

Tunsveaes IdeldRITuNsasuTis Y
Aldsulungusing 9 ilelinseunguanuwazns
Tnuiiviannvane uazaseunginssunislde
139909380U ninESadumIvaans §35eld
Ausrusindeyaninudianelavealdauiie
ihlUliesevinaseaifidmesaun edseiiiy

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR

wen e udeianisssu svathnia Jminanys

95



. &

d'Err NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
s e Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

&nd Industrial Tech:

UNAUIIY (Research Article)

Usgansnimvesszuuiimunu lngnsguiunis TUAIUVRINTUAAINAUNUT T2UUAINNTD
noaaasninarndunisldoussuuswdudldnu  wansiundsaaiuiivieaviealugluuunyauy
P3dluiiud dananslugui 8 WHUARS Iaggldauainsaidengneaziden

YosusazANUANIUNNIAANTIVAUULNLT 99y
wanadeyadiiieddes 1y Jeanuil Uszian
an il wazdeyausznoudu q daandlugud 9
uufiansiwsaauivieadiodlussuy

SUN 9 MIUARILKNUNLAENAAATUT
= v < a o & A :
sU# 8 mneaesldauivweundinduluiug ndeyalugrudena
suatina Jminany3

» ") -
wihusn ANTURIRINS 5 anwiiuims  namdudunne(3)

wiwsn > anwiimusssu

dl lﬂy dl 13 ¥
1N3UT 8 wann1sasn Uil vty auay o ol
naaesldusyuulnggdieideuasyldanuase

Sudodld < (enwnawyiansssu < Awn

wadAWSHINTY > UstiamTaiusssu : Sudosld drauadng
WAAWSTOUUR 59 $18m5

3.2 AISNAFIUNISNISIUVBITLUU

nsnAdausTULLsiun1sATIvEeUiendu
[ v [ [y a - - "
UGHRIRNPIAY Uiua RIZGBIN UI;“I @_, avoan LLUU"Lﬂu fuwsdudlosinanys wavuluas (Phuang Vouduvurasasu
19 ' a (The OId City Wall) Malhot ) (Chaichanasongkhram...
A01URENTIUTEUU LOWA NSHENINALNUT LAY
MUAANUN NSAUMTaYa MNDeayaNuAY
215LAN NISLANISIEALLDUAFDIUN kATAITUN
[y A a = v -

VI’NVLUENE{IEY]UVH]’N Iﬂﬁl’iuUUaﬂﬂJ’lﬁﬂﬂﬁsUE]Haz]’]f? vwASguity (Bai Sri Su Usegvoung (Pratu Chong Favudun (Wat Huai
F1utoyails Back-End Uaghaninadoyaidaiui ) ! e
VULHUT LUULAROUNIU Google Maps API gl

UM 10 fegantingenIsAunIuae

9E9QNABY
LAAISIENITANIUT

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR
wen e udeianisssu svathnia Jminanys
96



. &

d Joumnal of Engineering

&nd Industrial Tech:

UNAUIIY (Research Article)

U7l 10 usegamiaensdumuazians
s1ensaatuiludiuesnisduniuazuans
seMsanud sruUsesiuMIAUIdayanINe
A uazNITUARINATIEATANLT luFULUY
519m5 eligldauannsadenddadoyals
agmnbetu lnganunsnuanidoyaaniufindey
AwUsEneULarasBRL Doy

wananil sruudasessumsidnfeteyaniu
walulagale1sldn JagnAnaald o 9aunes
| a & A = v ° a
viesnedluiun@nw Werldauvinsaunuda
915lAnRugUNsalnRaul SruvazteNlasluds
wiivkeundintuiivanidoyasieazidenves
anundulagdnlud@ lnedayaninaignisen
WU Backend APl LaguanINasuny Google
Maps APl TugUiuuunuilidslanay vilvigldau
Y o v a & A a
a1unsaifaeyalainui lalagnssainaniud
239 SYUUD9I5095UNTHERNISIUATLDUARDTUNNIY
i ukeundinduiidouleadudoyaidanud
wagdeUseneau saandluguil 11

sowffulns  nszdudumn(a)

n > monitias > Aaguinna(

w 128 (Naga Hoad Covring Cloth
¢fiAquwaunn (Naga Head Covering Cloth )

€ douniiy IR

Tagdu

qaufsvesirusssy

JUN 11 ihaeuanIseazdunanIuiniu i
wounaAdY

NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

NN3UT 11 wansmsiinfsteyasioaziden
anufinuszuy Tngsessumsduiindeya ng
Wniadeya waznsimialdsaniuiiadeinu
Google Maps APl @steifinauazaintunisly
silutiunmsvieaiisnnia

HANISNAZDUNINTUNITVNIUYDITEUU
wanslmiuinszuvatunsainaulsasudiuniy
youaieonuuuld Tneflasdundn laun nAns
uanIuNLT MsAumdeya nsiiidsteyariud
91518 n1suanITsazBendnIudl uarni1sin
M9 ansavinulieggnieuaraenndeeiu
TrguszaaAveIssuy Fauandlunsedl 1 wanis
NAFDUTINTUNITINUYBITEUY

A15197 1 HAN1SNAROUNSTIINUYBITATUNEN

UYDNITUU
co o $19a2128ANS NANS
Weandunnagau
nagau Nadau
ATUEAAUT | AISIFABUNISHERS U
WagvIREnIUA | Aumiaangiudeya
NMsAuMeYa | AUIMNTINALAE H1Y
ATAU
ATUER nIRaeUtoya U
8aLiden YA LATAN
A0UT
nsaunuAies | Whiledeyaanniiui WU
Tan 239
AU \Senleu Google Al
Maps API
nstuiindeya | Winanuiiaesens N1
Judin
nsusveya wysTeyaanuiluds H1Y
wrannasudu

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR

wen e udeianisssu svathnia Jminanys
97



. &

d Joumnal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

M5 1 mansmageuilerdunsriney
YDITEUU WARIT18NSHINTUNRENUDITEUUNS DY
Han1snaaey lnenudmnilsiduaiunsarinnula
aufieanuuuls

uenand szuudeldfunsussdunany
#oARd a9 UANNABINITVRE Muludusng 9
lawn Map & POI Module, Search Module, QR
Code Module, Detail Module, Navigation Module
wag Admin Module Taanani1suseLd unuin
JLUUANLNTNNBUAUDIABAIINABINITUBIE IaU
Ieluszauilvnzay daandunised 2 A
#8AARB9VRINIATUNITYINUVBITEUUAUAIY
MR ELNIRARIY

AN5199 2 AUABAAR DITLRINNNITDONLUY

NIeTIFnssukamalulaganaInnsy aninerdenwdug Un 4 atun 2 uiew -

IEUULLALNITINAEDU
Tugaly v
v Wangun -
aandnanssu BNINAFIU
DONUUY
STUU

Map & PO UAAIUNUT | naedlgeIuass

Module AT VA LaLATINAIUNT
A01U7 AN

Search Module | Aumdoya | NAdRUNITAUM
Auvakay | 3l
AAY

QR Code memam aunufoIslan

Module mnitufiase | o AvioaIen

Detail Module | wana RPRGRIN NG
FWAZLBEA | AN UATTNA
anun

Navigation uwnaluds | Fenld Google

Module AUNATY Maps

Admin Module | As19d0ULaY | NAGDUUNUIN
pulAdedn | §Yieidouas

HauaTEUY

IygU 2569

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

3.3 NUNWAZISNITUTLRUNE

nsUsiliunansidaussuuaLdunising
TFuvvaouniuauianalaninnqudiag g
U 210 AU LagldunsussanaALUUaLASH
Lwaﬂiymumwmmmuiumumﬂsumu Guamalfm
U waudl N5YIMNG LATNINTINVBITYUU 9t
Tnsead1svesuuUssfiuuansiemsned 3

wuuUszidunana1lasunisnansannly
wanzanvestormanulneidernasiui 3 au
noululdasa Lwaiwaamaaﬂﬂmmﬂi am
Y9N TITEuarUTUN YRS ULTIRALT Y 91nty
FathdeyadiliundinsevidieadAldmssaun
loun aiad suagdud saiuuninsgiu e
adunesEAUANUTanelavewldnussE Uy

a 9] a =
M990 3 If"’ﬁﬂfﬁ’]ﬂLLUUU?%LNUQ?WNWQW@I"\]‘;{J@Q

v
Aldnussuy

Aun1suseiiiv Uszaunldlunsusaidiv

FUNTITINU ANUALAINwarANNIelunTLY
NUTEUU

Auteya ANMUTALIULALAIUATUD IUVDY
Jaya

Y

AUUKUT ANHYNABIVBIUNUILALNTS
WERINE

AIUNNTUINNG ANEEAINbUNISRUNSLUS
A0NU9

AINSIUTTUU AL ALVDITEUUADNNT LY
U

9191597 3 uansileiFundnvessEULLAL
NANISNAADUNISINIU LAENUINTLUUEINITE
vewldnsudiunuveundieanuuuld sialy
ATUNITHAAINATBYA NITAUNITBYR LAZAIS
drdadoyaideiiuiiniuiteddusing 4 vasszuy

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR
wen e udeianisssu svathnia Jminanys

98



. &

d Joumnal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

YL aUDIANUNSauYaszUUlUN155995UNT
TgnuluuSunnunas

doyafivnausluduiifunavesnsnaaes
LazNTAABULEITEUY LileBudunisiaues
Auweundedumuantdnenssuuazniseaniuy
ffvuald Tnoaseungunisvinauvesilsidy
VANYBITTUULAENITNO VAN BNTITUYBY
Aldauluaniunisaiade siadl msfieseideya
WeuFuraanuuudseiiuanunanelaves
Aldeuagdiaweluidedialy

4. WNaN1sNNaBILaraNUsIgNa

druil v iauonanisnaassannnisusediy
anuianelavesyldnussuugliansaunauuiy
SaufuAre19lAAL an s o T T Tmus T
Inglddayaainngusiiegediuiy 210 AU Kan1s
AATUOYATIUTHNUAILATATINTTUU AR
TAdiuInsruvaunsaseesunsidanuaselaegi
WINNZEN LAYERAARBINUNITEBNWUUTEUULAY
andmonssuiivuaus Seunti

4.1 wanmsussdiuanuiswelavasdldau

Han1suseiuauianelave sl ldude
sEUUNTa1sauMAUULIUT A UA29191AR
AATIENIINUUVADUAINUTEUIUATLUUSLASA
AsouAgy 5 AU en snunsldau udeya
FALUAUT A1UANTEIMNG LaEATNTINYDITEUY
Taesansinsziadmidmssann liun dnade
wazdudesuumnasgu Wusy

nsUssdiuanuiianelavesdldanlunuide

1%
=

UlFumsdiudssuiuei 5 seau Ingdinaun
AnTeRssAnd skazdud e L uuNINTgIY
W auansszEAuAUAAiuYe ldu wazld

NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

Wnagin1sklananuseamidy 5 seau lawn 11
7gn 11 Urunae Uee uazteenan wanss
AN519N 4

A13199 4 wan1sUsziduanuianelaveslda
AOIEUU (n = 210)

fun1sUsEiiiv X S.D. igff wlm
AALAU
Aunsigau 3.91 0.71 A
Anudeya 394 | 063 g
UL 3.95 0.73 A
AUNITUIN 3.95 0.73 A
AMNTIUVDITEUY 3.94 0.69 A

915197 4 wuhldauiinnuiionelase
szuvegluseAuAnndu Tnesunsuanaunui
wazn1simsdA1ad vgevian azeuds
UszAnSn1myeansesnuuUsEUUHUATsFRoy
waznaidoulosdoyaideiui vaeddunisld
suuaziudeyaiidedveglusyiulndifeiy
uanstanuaianevesUsTaunsaigldaly
ams Aadanufiaelalnesauiidy 3.94
S dsauumsguitligs wansliidiy
TenuAaiureslldnuiiaudenndeiu uaz
attoumsldnuatiluuiuniiuiidng

definsuniisuiisuiunuideiiiades
nuIman1susiiiuauienelave s iauly
Ui iuunlduaenadesiuauide [1], [6]
fuszuugiansaumALazn1sieuioafiiunnsg
Afadeyadei uiiuagnisldeuniugUnsal
wndeud Tagiamzluduanuazaantunisidngs
Toyanarnisldauluuiund uia3s dadae
aﬁuaiguu53?11nﬁmwmmiswﬁﬂ’wm§u

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR

wen e udeianisssu svathnia Jminanys

99



. &

d Joumnal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

4.2 N152AUSIENANISNNARITITEUU

R asuwanisusziiusaudunanis
naasusruuludIuil 3 nuran1sesnuuy
anUnenIsUTEUULUUNUIE-LUANY LATNIT
wenlugan1svinaudeliseuuansnseesuns
Tdnuresldnunaenaulaegradussaniam
Tnglangluganisuanaunuiiuagnynan s
Juwnumanvesssuy

Auianealasunsldukaznisiinig
A¥YIoUTIAIUNNTANVBINTORNUUUAIURAAD
flénuuaznndonlosteyadeiiuiiiiuninig
uNUT Aguen YazREIiY Azluududeyaly
sEAUALAnIDUTEANS A NYRINTEUIUNNTIANS
waziuguatoyailuonunuIng¥sidonas
HauaszuUetstaL duinifiunnuundete
vostoyanoumeunsggldauinly

18571 NAN1TNARRITUTUIINITODNUUY
seutludimnssuaunsasessunsldanuasaly
Uiunmsviesiondeinmsssy wasdanudaneuy
Wesnedmsunisvengszuvlusuian 910
nanTIdesananasadonlesfuuuanluum
ihilyadunisysannisteyadsiuiiuasdoya
Susssuluseiuary neszuuiivanduiae
Tanunsndanisuazioulesdoyauvamioniieon
Tuiuilldegrafussuy atfuayumadnfsdaya
Yo lguluuTunase uavduasunisiidiugiy
ﬁuaaﬁqmumuﬂizmumﬁmmiﬁﬁagaL‘?Nﬁ/uﬁ

sAfeinandiifiufauamenisysainis
sruugiansaunauuIvniumalulagiiens
1#n 1 eafuayuniIsuimssnnisteyanis
vieaiondenuiinas Sanssalussduuruegng
ussuy

NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

4.3 YN AVDITLUUBALHUINIINITW AU U
au1An

W58 UuT Waund uazuansld i ud
dnennlunissesfunisldauluuiunitudiassld
A wigeddadinluaIuaugnieLazAIy
Asufuvasdieya Selusgiunmstuiindeyaves
Fldaulufind swdsnnumieuesgunsaiuas
annundonlunisldaiuase Ssonadwane
Usednsnnaessruvluuiensd wenannd
Gua‘uLsumsuaaﬂ’lwmamé’aﬁi’wﬁmagﬁiuﬁuﬁﬁi’waﬂw
A8 aninanys J9o13diliasounguuiunnis
T luiuiioy

wumamsiaulusuesansaveeiiu
Anwilinseunquund siu 1feulesdayaiy
uwdsteyanieuen wazifinileitunisldauiie
atfuayunsvioniiondsaieassd sudadaeaiy
nsffdausamvesmurlusgduiiniedu ey
Uszansnmuazanudsduressyuuluszozen

5. unagl

mu%’aﬁjﬁ,{aLﬁumiaammmazﬁ’wmﬁu
weUndinduunuiivieniondefuussauluiiud
svatima Jamdnanys lagysannismalulad
Auseundadu wnasvesuaisaumagiiaians
wazn1sidndadeyaniudiensldn ileatuayuy
nsfadeyaded uiluuunnnsldauaie
szuugneeniuunegliannenssuiuugnine-
usiting uazuonluganisiausgstaay Lile
sesfuMsdnnistoya nsuanNauNLT waznns
lanauvadldauvangngy

NANISNAADILAENITNAADUSEUULARNI LI
Wiuiduweundaduaiunsaviianulaasudau
auitaiduiioanuuuls uaznsvnaedldauads
guduiemnumnsauvesaadnenssussuuLay

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR

wen e udeianisssu svathnia Jminanys

100



d Joumnal of Engineering

and Industrial Technology

*

UNAUIIY (Research Article)

NLUIUNITAAUALATBYA LABLANIZAITHEN
UNUNTENI AT I8 LA ARATEUUT 8L Y
ANNUBNBYRITRYE

NaN15UT2LHNAINNGNMBE19TIUIU 210 AU

U L4 = = ! 1 v a
WU M eulinuianelasieszuvegluseaud

ey asvieudneninvesseuulunisunlulda
3939 uaganunsaldiduduwuulunisimunssuy
ansaumANI s g nTaNunlussAuyusULaY

NundumslUlusuian

6.

LNEANSD1999

[1] M. Yanis, M. Zainal, R. A. Putra, and A. Y.

Paembonan, "Integration of QR-Code and
Web-Based Applications for Developing
Digital Tourism in Iboih Village, Indonesia
as a Lesson Learned Media on the
Volcanic Island," GeoJournal of Tourism
and Geosites, vol. 47, no. 2, pp. 499-507,
2023. DOI: 10.30892/¢te.47217-1049.

[2] S. Amir, N. Dura, M. A. Yusof, H.

Nakamura, and R. A. Nongs, "Challenges
of Smart Tourism in Malaysia Eco-
Tourism Destinations," Planning
Malaysia, vol. 18, no. 4, pp. 442-451,
2020. DOI: 10.21837/pm.v18i14.844.

[3] AN AUATIUUN, "N IHATITRAILEILNTO Y

M3uLetuves Smart Tourism (MsviaaLTien
Pansey) ludsswdlne Tnglduulfn
Diamond Model," 275a73g95U5viAY, U7
33, atfufl 107, nih 39-50, n.a. - n.e.
2562.

[4] S.S. Jilong, A. R. A. Rasam, R. Ghazali, S.

A. Jaafar, and F. D. S. Bahry,
"Development of a Web Mapping System

(8]

NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

for Tourism Attractive Places in Bintulu,
Sarawak," Journal of Information and
Knowledge Management (JIKM), vol. 13,
no. 2, pp. 92-105, 2023. DOI:
10.24191/jikm.v13i2.9118.
U993 uﬁy‘fylu, wag aivand suge, "n1s
Usggndszuuansaumagiimansiiioadn
uufipaulansve o ndeausssungy
YIARUFAN: NIAUANY SNNBUATHA
JMTANTTUATATOYSEN," 27957539INIT
oyseAnm, Uil 14, atiudl 1, nih 102-116,
1.A. - 8.8, 2565.
a53v My, "N13IANISIEUUAITAUVATING
QimEn3 dmTuNM IR ILEUNINIT
viouflgayurudeomsegadaiu
nsglfnw suavindy Jamdnasuan,” Tu
Meduiosnmsszan msUsya
WA ININITTLAVTITUAZUYIYIYI s
16, 2568, W1 776-786.
lnAra NIYAUNA, ez DIUTING NIQYIUNA,
'msUszgndldineluladunilanassdifiile
Uinsdeyaliminvieaiienluuviamiosilen
NIANANY TANTLTINARLFVINITING
Jaslud," 97587575 UASUN I sITeuaY
W) (@191uuvemansuasainumans), U
7l 9, atfuil 17, wih 120-134, ua. - fle,
2560.
Manil astla, aua ussmiyadde, guasmi
Asaulam, way Twena Funanen, "nns
AaLAuLUUAULOUNGIATUALESLNNS
viouflsndsuszRmansuasssumives
%’qui’ﬂqmsﬁmﬁuuLLmuﬁQﬁmami“ Tu
se9ududesnInmsUssguiing
AR uInendesiusunsUsy A
15, 2566, w1 442-452.

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR
wen e udeianisssu svathnia Jminanys



. &

d'Err NsaFimnssukazmealuladgnamngsy unAnerduniudus I 4 avuil 2 funew - wwey 2569
sl Tecoioty Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 2 March — April 2026

UNAUIIY (Research Article)

[9] fAndlyn AuATY, auashu Asgulam, wag
Tnwena Fuaen, "nsiauIuwaUnase
Fuliusnsuuzanufiviesdiease

Ty 1Useiugsauiussuuusnsinnis
Yoyavuunuiingimans nsdnwdmin
W3, MImsInearsaumauazinelulad,
U7t 6, atiudl 1, wth 4355, 1A, - D0,
2568.

#3795 SUITVIRIY, AL gAITIO A

—
—
(@)

P’

U, "miﬁmmmwiaqLﬁenl,%wﬁﬁuﬁ:
amafiazanisdudminuasususinuse
ANWAINIIN WAL IRUSTTUUTELNE,"
15AITUIANTIINI AW IaENTI9Y, U7 8,
atiufl 2, mih 556-579, Lo, - 0.6, 2567,
DOI: 10.14456/jeir.2024.35.

[11] inae waswel, wag Sall aassaddseies,

[—

"mseenLUULarRRLLNsUSSaLie

aruayuszuuUIMeyagilansaumeuy
wdetedumefidndmsunisvioniiends
TausssuludwriaUaand," 275575025979,
Uit 37, atud 4, uh 812-827, m.A. - 5.0,
2567. DOI: 10.55164/pactj.v37i4.271428.

il anndivena wag Aiing Sunsh, nIseenuuUkasIRITEUUTT TUNAUIL SUS A UAI8751AR
wen e udeianisssu svathnia Jminanys
102



g

( () |
\_ _./ Journal of Engineering

and Industrial Technology

01Sa1S3AJNSSY
nazinalulagigonairnssu

URIONenagnwaus

Journal of Engineering and Industrial Technology,
Kalasin University

NBIUTIUIBNI521583

"9158153ANTTUUaz VA lULagAE1N TN ANINBIaENIWELT"

"Journal of Engineering and Industrial Technology, Kalasin University"
ARIEIMNITULAEINALULaERREINTTY

62/1 QUUNEATANYTO! A.AWANT 0.10849 3.1M1AUT 46000

Ins: 088-574-2199 Email: jeit@ksu.ac.th



