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Abstract

The prediction of land use changes in the Loei River Basin plays a crucial role in analyzing
trends in land use transformation. Various factors and variables in the area may sometimes be
difficult to isolate and analyze using conventional methods. Therefore, modern technology is
required to enhance the accuracy of these predictions. This study applies the Land Change Modeler
(LCM), TerrSet, to evaluate Multi-Layer Perceptron (MLP) in Markov Chain Matrix met 2021 and 2039

The study found that between 2021 and 2039, land use changes in the Loei River Basin will
be most pronounced in forested areas, which are projected to experience the greatest decline.
Forest areas are expected to decrease by 143.8 km?, accounting for 12.9% of the total area.
Similarly, rice fields will also see a continuous decline, with a projected reduction of 142.8 km?
(37.49%). Conversely, rubber tree plantations are expected to expand the most, increasing by 286.0
km2, or 29.0%, with a consistent upward trend. Additionally, sugarcane plantations are projected
to increase by 142.8 km?, representing 25.8%, and are also expected to continue expanding over

time.

Keywords : TerrSet, Land Change Modeler (LCM), Multi-Layer Perception (MLP),
Markov - Chain Matrix, land use changes
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WanAAuY w.a. 2556-2562 nuindnsdaliviiaetivugien wazvinismnzugniiviasugianu Sog
g1 TNy FIUNINITVEIEAIVR UL DINUYUYUAY ) fuanniu el sessunistamanis
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n1s@nwilavedeni1sUsegndliuuusians Land Change Modeler (LCM) fifinsmunfistiade
Fundousing 9 (Driving factors) fidsrasemsidsundasesiiuiiluedin 1ngl435 Multi-Layer Perception
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3.2.1 mylanzimsasuuvainsliussleviiau

mneinsdsuuainslivssleviifuendeuvudassnisiasuuiainislivsslon
fifiu (Land Change Modeler, LCM) §aifiulusunsugasiiognislulusunsy TerSet fignitanniulng
Clark Labs 313018 Clark (Camacho, 2018) d1w5uitasizsiuazainnisainisid sunvasnisly
Uslomifinuluowan laglunsfnwiaslddoyamslivssloniifurosnaimuniinunnefnieagdy
Adavidoyavestianat 3 T Ao U w.a. 2556 (A.A. 2013) T w.a. 2559 (A.A. 2016) uazl w.a. 2562
(A.¢1. 2019) usidmiudoyalud w.a. 2564 (a.a. 2021) nsuiuTiRUlsvhnsTaAuLas SuunmsliAY
Yosg s luTneglungy Mixed orchard uag do8 Sudnendilunueglungu Mixed field crop virlw
liaunsaiiaglideyanslifimuiioglugu shape file lun1sifoataiild dwiuTiasgimaasuulas
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nsldUsglenifauluwniuiiguidiias lueuangissenined we. 2564 - 2582 Tnsfiswaziden
Farelud

3.2.1.1 ﬂ’]i"jLﬂ'ﬁ’]zﬁLLuﬂﬁu‘Uaﬂﬂ’l'ﬁL‘Uﬁdﬂ'EJ‘LJLL‘U@&ﬁl’lﬂﬁﬁaﬁdamﬂ%ﬂiﬂﬁﬁdﬁﬁau 2 {29380

nsmansainmsldussleviiauluemanluadsilfusyygndlfuuudiass Land Change
Modeler (LCM) & s udaund slulusunsa TerrSet L unuusiaesdidaruaiuisalunisiasis
nswaBuLUas (Change analysis) #nennlunisiwdsuudas (Transition potential) kaznN15AIANITAL
n1swasuulas (Change prediction) Inediaszsiaindeyanisldusslowiiunazdswnaquiasg
franan weldluaanisainsasunlasiaziAntulueunae (Eastman, 2016) dmMUNTIATIERANS
Wasuuladuadsd aseguuituguvesmsiienesiuualiunsisuasssniusuiimsldusslo
finuluedn 2 92981 Tude nsidsuwdainslduselovifinuen U w.e. 2556 way W.A. 2559 Fanans
wuiinslivssloviiauluguil 3 wegmslenzinisiasuulasineuuudians TenSet uansléfguil a
nslduselpwifiaulunsasUssianannsouanslddmsnanisiiasundamufinnsldusslovifiauiis
M55 1 Tneannansenuinsldusslovifinululssom s o8 uasiudUsnds finswdsuuda
ﬁuﬁwmﬁ'uﬁu@w’%umﬁqm

2556 s

A Cipg wusain

msldusslonidau
mn RMY
dou Flna
Sudends welinan

| IRV
El Voyondy
Bl uvdnniniu

sUit 3 msldusslovifiauluguiias 9 we. 2556 uas w.a. 2559

3.2.1.2 MyBATzifnennveIn1siUasuLlas (Transition potential)

msnneinltuvesnsiasuuvasandeyansliussloviiifiu 2 9asnad ne. 2556
WaE W.A. 2559 kdrTuuuuTIaes TerrSet agvn1siiasgidnaninlunisiudsuuas (Transition
potential) Tngludumeuilazldasovtesuusiiiinaiortestunsiidsudasiivniniulueuan Tneld
15n15lAssUeUsEa M BuLUU Multi-Layer Perceptron (MLP) (Gabriels, 2022) Tun1sWiansanis
ﬁ’ﬂamw‘lumimﬁauwmﬁ%Lﬁmﬁ'ﬁumaQﬂ’]ﬁ%’UssLmﬁﬁuLLax?ﬁUﬂﬂquau‘lul,wiazﬂismﬁq MLP ¥
nsarausuiidnenmdmiunisdsulasiianiadu dmsunisdnuiluadedasldifsdadodu
Awandouduiuusduindou (Driver variable) liun szfuaugs arwaiadu szovmsmnuvaniy way
sppneniuTiugLasfiogerddeuandugudi 5
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= Change Analysis 21
= Gains and losses by categony Units - sq km -~
7 Met change by categons
T Contributors bo net change experienced by - |Flubber tree - I

Gains and losses between 2013 and 2016

VWater body
Miscellaneous land
Urban and built-up land
Forest

Mixed field crop
Mixed perennial
Mixed orchard
Cassava
Sugarcane

Corn

Rice

M-

Rubber tree

-100.00 0.00 100.00 200.00

UM 4 mslasiginisdsundainisldusylovunfusevningd w.e. 2556 uag w.A. 2559

Nundreduniseilawns mewuusiass TerSet

A1997 1 Msfsundasiiungvsvesnisliusslovinaunsening U wa. 2556 uag w.a. 2559 autiae

a o i (m3.n4.) nsiasuuUas
f Usznnnsleneu

2013 2016 (m9.n3.) (%)
1 YNNI 876.0 1,013.6 137.62 15.71
2 417 433.6 431.8 -1.82 -0.42
3 1L 366.9 236.9 -130.00 -35.43
4 Doy 326.4 390.4 64.02 19.62
5 Hudruznag 191.7 227.7 36.01 18.79
6 Iianay 155.1 106.6 -48.50 -31.26
7 I8 uAunan 72.2 77.2 5.05 7.00
8 sl smetal 58.5 22.7 -35.75 -61.12
9 Unld 1,174.3 1,127.3 -47.06 -4.01
10 flagendie 159.8 169.7 9.88 6.18
11 Nuidangn 94.9 102.4 7.52 7.92
12 | uvdshiodu 56.4 59.5 3.03 5.37

528 3,965.8 3,965.8

AW : (NTUNWWING®, 2562)

3.2.1.3 MInvauidoievesuuusians

WERINNTIATIERFNE A MeIn 1 SIUABURUAT (Transition potential) MNBULUUS A
TerrSet 9gvinssranslnenisadraunuiinisliusslovdiauluewnntuan Tnglunsanwnilazyinnisnis
AsraANY L ol oveswuusianssnsssuliisunadnsveawauiinisldussTovufinu 3 w.e. 2562
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INASHAUINAY AULKHUTANTIEUSEIovUdNAY U w.d. 2562 31nkuudnaed TerrSet tngldaimisans
Overall Accuracy uag Kappa @9aglanaansaina1s1e Error matrix Wieldnsiaadeuanuaennassiulag

IS a o dy a a Y a ao
U1YAZLBYAVDIAUNITANU (NAGILIY VUGFYITY LazAlY. 2566)

Nzxii_gxh'xn (1)

i=1

N2 _ixw : X+i
i=1

No.of correct plots (value) » 2)
Total number of plots (value)

Kappa =

Overall Accuracy =

e r Ao IIUIULAIVOINITN Error matrix
N Ae suufinarisuaiivinnissiuun
X, Ao dnnuiinealuwsiasuod | wazreduy i vosusazUsznm
X,y X, Ao SunuAwiineavadusiazied i wazaoaul i

STAUAIIUFD AuBINTU

Slope (%)

Elev. (MSL)
10a.6

™ 1503
b 21

ITOTNIIVINYUBU

Distance (m.)
10,346.9

Distance (m.)
3,160.8

szeznigvIndios

Distance (m.)
26,340
o

JUN 5 fudstuindeu (Driver variable) dwiulasgruunliuvesnisiaeuudamisliuselevingu

4. NANNTIVY
4.1 Namim’mm’mﬂﬂL%ﬁmmtmuﬁﬂaaﬂ
= ° 1 ~ ~ Y ] o saa a
ﬂ'ﬁmiﬂmﬂ"}']llu']LsﬁaﬂasﬂaﬂLLUUQ?@@Q@’JEJ?IW?LU?EJ‘UL‘V]EJ‘UNaaWﬁ‘U@QLLNuWﬂ'ﬁFL‘U‘Ui%IEJ“UUVMu U n.A.

2562 91nN1SNSUNAUITAY AULKUNNTUsElesunau U w.a. 2562 a1nwuuinass TerrSet aglganig
aif Overall Accuracy Way Kappa 7lARAANSA1519 Error Matrix #9m15197 2 §9971nm15196i9vinns

o
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AIUIUNIAT Kappa wag Overall Accuracy Wuinl@nadwsiindu 0.815 waz 84.94% §snaaiainu
mL%'aﬁasumLLUUf\i’wamangLuizﬁuﬁﬁMﬂ

4.2 wanmsaanisain1siasuudasnislivsslemifinuluounean

MEnFIInNIATReIidefieresnuuiiasuds Suhenisdsuitamislduselenidiau
5213190 W61 2556 waz U w.A. 2559 91nwUUsIaed TerrSet 7 b luatanisainisiasundasnishd
Ustloifiruluouanvesituiigunir Tutasd we. 2564 - we. 2582 nuadndmsns 3 nui

nslfussloviiiaulueuian Yssinnilsl (Forest) asfitufianannniignuasfuultufiazanas
wnfian lnsavanaasiniu 143.8 n3.nu. Andudesay 12.9 sesawndenslivsslovififulseinnundn
(Rice) axdiuiianauariiunltufiazanannniudes q lnsaviiiuilovanawsinfu 142.8 3.y, Andu
Sovaz 37.4

' ¥ o
saa P a

dwfumslduselevinfuyseiane1anis (Rubber tree) asfiuiiiudusnniianuasiivuilduiiay

'
a = |

WinTuses q lngaziifufiaziiuduminiu 286.0 ns.nu. Anluiesay 29.0 sosasunAenslduseloviviau

v '
a

UszLAneee (Sugarcane) agiNuiiiudunaziinuilduiagiinduisoy q lngagdinuAiuduminnu 142.8
a & v ¢ = > cala

na.ny. Andudesas 25.8 lavazuninsiuveinisaiansainsivdsusdainisldusslovunaulueuian

yoeiufiquinasigunl 6 asiuwulivesiuivnlfanasluegrann wiagdimsinduvesiuiinislgn

4

YNNITUALTDLUINTY

A15199 2 Error Matrix SeIN9uiunnsiauselevstinnu U w.e. 2562 9ann1snaluAauAuLNUAns LY
Uselewunau U w.d. 2562 3nwuudnass TerrSet

asl4iaud asl4iiau U w.. 2562 910 TerrSet (a5.n3.) 57
W.A. 2562 H19N19] g1 | dnlwa | dow sy wald | Wiy | fels | tld lag i unda Wen
ANNTURNAN druznds #u a1¢fe anan %

fdu (As.n3L.)

§19151 942.8 1.5 41.2 a7.7 65.3 35.3 78 7.0 495 13 3.0 0.4 1,202.8
m 1.1 354.4 1.5 43.8 3.1 1.3 0.9 0.1 - 0.5 1.1 0.3 408.1
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Abstract

This research aims to study the feasibility of producing concrete paving blocks that
incorporate concrete debris and plastic waste. The goal is to add value to plastic waste and
concrete debris from demolished structures while also testing the properties of these paving blocks
against the Industrial Product Standard 827-2531. The ratios of portland cement to concrete debris
to plastic bags were set at 1:1:0, 1:1:0.01, 1:1:0.25, 1:1:0.50, and 1:1:1. Each mixture was formed into
test blocks with dimensions of 5x5x5 cm, and the physical properties were evaluated. The tests
included block formation, concrete compressive strength, water absorption, and weight. The study
found that the block made with a ratio of portland cement to concrete debris to plastic bags at
1:1:0.01 by weight was suitable for producing paving blocks. It exhibited an average compressive
strength of 41.49 kg/cm?, water absorption of 5.11%, and a weight of 1.045 kg per block, meeting
the requirements of the paving block standard TIS 827-2531. Additionally, an economic feasibility
analysis showed that the production cost per block was 5.00 baht, which is cheaper than those
available on the market. When compared to disposing of plastic waste and concrete debris through
landfilling or other disposal methods that may cause environmental problems, this approach serves
as a beneficial alternative. Therefore, it is a method that helps reduce the accumulation of plastic

waste and construction debris in the environment.

Keywords : Plastic Waste, Pavement Block, Demolished Concrete, Upcycle
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Abstract

This research was to Performance evaluation of drying herbs using the heat exchange
method. Shell and tube type The objective is to study the variables of time and temperature
suitable for drying herbs in order to obtain herbs that have moisture according to the standards for
dried herbs, MCU 480/2547, as follows. The study of the optimum drying temperature using the
shell and tube heat exchange method as a heat collector, namely 45, 55, and 65°C, and the drying
air velocity of 1, 2, and 3 m/s, averaged over all 3 times, found that the herbs had an initial moisture
content of 39%. The drying rate was found to be the fastest with an average drying temperature of
65°C, an average drying time of 8 hours, and the herbs had an average final moisture content of
12%, an average drying temperature of 55°C, an average drying time of 9 hours, and the herbs had
an average final moisture content of 12%, and an average drying temperature of 45°C, an average
drying time of 12 hours, and the herbs had an average final moisture content of 12%. The results
of the study of wind speed, temperature, and appropriate time for drying herbs found that the
average wind speed was 2 m/s, the temperature used was 55°C, the average drying time was 9
hours, and the herbs had an average final moisture content of 12%, resulting in herbs with a fast
drying rate to prevent mold growth and consistent, even drying that maintained color and smell

according to the dried herb standard.

Keywords : Drying, Humidity, Air Speed, Herbs, Temperature
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Abstract

This article aims to study the efficiency and economic feasibility of a rubber sheet rolling
machine enhanced with a three-phase inverter. The experimental results indicate that the modified
machine achieved an average energy efficiency improvement of 65.5%, with a roller speed of 51
revolutions per minute, which was found to be the optimal speed for this experiment. At this speed,
rubber sheet tearing was minimized, and the thickness of the rubber sheets remained consistent.
Additionally, the upgraded machine reduced electricity costs from 782.54 THB per month to 405.22
THB per month.

The findings demonstrate that enhancing the rubber sheet rolling machine with this method
offers advantages in both efficiency and cost-effectiveness. Therefore, applying a three-phase
inverter to improve the performance of rubber sheet rolling machines is a suitable approach for

practical implementation, particularly for small-scale rubber farmers.

Keywords: rubber rolling machine, rubber sheet, three-phase inverter, energy efficiency,

roller speed
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Abstract

This paper presents a development of metal melting furnaces using the Induction heating
application by ornament community enterprise in Surin province. By using single-phase series-
resonant inverter modules for reduce problems caused by melting because the temperature can
be controlled during melting and find the efficiency of the metal melting furnaces using the
principle of induction heating. Experimental results considered by testing the efficiency of the metal
melting furnaces using the Induction heating application by considering the input power compared
with the loss of the output power with the highest efficiency at 90.47 percent at the frequency of
28.67 kHz at Input power 1,260 watts. It can heat 500 grams of brass in a graphite crucible from

room temperature to a melting point of 900 °Cin 10 minutes.

Keywords: Metal melting furnaces, Series resonant inverter, Induction heating application
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Abstract

This research aims to: 1) record information on picking up and returning tools to the
maintenance department using QR Code 2) Create a QR Code user manual for picking up and
returning tools for the maintenance department; and 3) reduce the number of lost tools in the
maintenance department. From collecting data from the maintenance department, it was found
that the recording of pickup and return data was not continuous. The researcher then analyzed the
cause of the problem using a fishbone diagram, why-why principle. The researcher therefore solved
the problem by creating a Visual Studio program to design websites. and creating a QR Code user
manual for picking up and returning tools. The research findings are as follows: 1) before the update
record information on pickup and returning tools use using the recorded form on the specified
paper. The lost withdrawal and return data for January - June and September - December 2023
totaled 10 months, which after improvements. By using QR Code technology to record information
on withdrawing and returning tools for 2 months, namely January 2024, there were 29 withdrawals
and returns, and February 2024, there were 31 withdrawals and returns using QR Code technology.
The company has a database of tools that are 100% accurate and continuously recorded. 2)
Installation of QR Code and user manual in the maintenance department to understand the correct
working procedures. And 3) The maintenance department has requested to order lost tools valued
at 2,093 baht and after renovation By using QR Code technology, there are no requests to purchase
hand tools that are lost. The company was able to reduce orders by an average of 209.3 baht per
month and 2,511.6 baht per year.

Keywords : Development, Tools, Applying QR Code Technology.

@ o

Uil 10 atiuil 1 unsAu - qurey 2568



56 Industrial Technology Journal

1. uni
Ussindlnafugrunsnaneueunfiddgaedantull 2566 Sn1sdsesnsasus $1uau 1,102,694 Au

o
a )

iy 11.30% Weisudused TasAnduyarinisdsoon 719,991.98 d1uum iy 15.25 99T
rownt uastudusnsuduazervayan 972,790.64 §1uum Lﬁaqmﬂmsmﬁmaauﬁm?awuﬁﬁumﬂ
malumaiaaumw%umulfuaLwaamaﬂwumu OEM (Original Equipment Manufacturing) n3etugudl
Jouliulsanulsznavsnsusinnds 2-3 uilutusedu Fsdiauddyiednmnadulamaasygiauay
ns¥anu Tneuidvmantudiueusuiasdediinnuddyiulssaninmmsvinnuronadesing el
nswansieliles auawAud uaznsdeeuliiuduanudeants waznisairsaldiuoumanis
Wity (@nngnamnssuuiassinalne, 2566)

U3Enene 9 dmalulagateisianunatvayunisvitaudded wu n1sldnudite anulasndy
MsHARATAIN LaAUNUM Jaunungouthsuaiedlotelimuddyfunisdentisuedesinsliviauls
WaUszanEan (Ling Qing, 2019) wielwn1syaudisamunaun1sa i uauresusem n1siuves
\3esdnsuaziaiosdionns o wwfesdununistenthsssedund seifou 9187 uaznsdindesdnude
gunsaliAnnsthgasEninam s Sausuntistenthssasdosinssinuiaiesinsuazgunsallinion
aulaegredivsz@nsnm @TaﬁguLﬂ%“aaﬁaﬂhwamﬁﬁﬁqﬁm’méﬁﬁ’zy,@iammﬁlmﬁzymLﬁ'al,ﬁmmi%’ﬂsﬁaq
youAdasinsniogunsaimsvihiunasmsthssinelindouldaunaenian (ndesdietdlugnavinisy
2019 : Uslung sauuseln, 2539)

nmsAnudeyatunoun1nin-fu wdesderrsweuthsadunisivunuuisuuwa (Manual)
Aliifinnsmunuuazquasnaasnin winnuidwdneiesdiodstuiindeyanisidn - Auldnsyany
wuulesu Tnglifinnstuiindeyaadluneuiunesviegiuteyainlvideyalidnauuasdeyaiinnisgayme
wagmafiuteyailiidutiagiu fsnmshmelulafinvssgndllunisianndurounindn-fueTedots
awvilfmsvhauaganunniu laenslilusunsu Visual Studio Hunislélnsdwsidiefioaunu OR Code
g iuledinindn-Aueiesfiorisunundentiige Uismiiogns Semine niinnu awnsansieaey
Usgiannsidn - fu tileaneuiianan andunu wasifinawazaandenislinunsiniuteyanisdn
- Aufidutiagiu

Feduideisdienuaulafis@nsnmeianndunoutn-Aundesdornunundeiniige Uisnuan
Fudweuous nensussandliveluladinendlén ieifussavsnmnmsvinnulvirsdusioly

2. Inguszasd

2.1 msftmundunounaifn-Auiedesiiornaunundentnssusvnudad udususudlagnig
Ussgndldimalulagfenslan

2.2 Lﬁamﬂasﬁm%mw%umaumsLﬁﬂ—ﬁum%aﬁa‘zﬁ'mLLmuﬂeﬁamﬂﬁw%ﬁ’mmﬁm%udaumuawﬁma
nsUszandldinalulagmonslan

3. A9n15798
3.1 Anvmnuiazadfefiiendes
H338ANwAUATIITEYANINTVINITIINUNAIIY 315815 wazawdTeiiisadestunisidn —Au
miawamal,l,muﬂsuaumiq waztLuIAn wqwgmLUuLmeqmimaﬁ]au LwaLLf’flmﬂmmmﬁuuwmaua
nsLin- ﬂumiaquamumuﬂ%umﬁn fatl

s
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3.1.1 in3esletagnanvnssu lssnugaavnssuiiedosdetimansyssaniianudvinih
mamalulad Sanusands dnshmelulafadelmidunlfussnsiassuuioafunudsiniy
Fandesilotsgnamnssy wu nedilly Au luada aiw 1des dou Uszus iudu Taeaiuayunisvianuy
%JENLﬂ%‘laﬂ{fﬂiLLaSQUﬂiiﬂﬁﬁ’]wﬁﬂﬁﬂQ’lulﬁqflﬁuﬂiz?iﬂ/l%ﬂﬂw (Lﬂ%‘aqﬁaﬂzﬁﬂﬂuqmamﬂﬁu, 2019; Usnlung
sauusyln, 2539)

3.1.2 Visual Studio Code TUsunsy Visual Studio Code (VS Code) n1sufiladaniiuuuy
Tomuesaiimurnnlulasvonidmiunsdoulusunsuwasmsianneenduad daduarwililung
W duueundindunaratiuayuniududnunninesmeauautafivainaefiiiussansaim uiusnsly
$UUUTTUUUFTRNSTIUANA9AY 19U Windows macOS wag Linux 39l VS Code ifuldsunsuiidl
Auangugs dniawausayTuusiadusunsumuanudeanislauasiiainvens (extension) 1UULN
Tdonldnu uenaniinsideuseruidsmeiuaziniosdieny q ftlinstauniuweundinduduld
pgiiszaninn JudueTesdleniléfuauiouegiaunn (afgwa waud, 2563)

3.1.3 wnAnALITUAI9151AA (QR Code) wunAnABIiuAI8151AR (QR Code) Tugasy
AvdoudundidssiiiludusdivasuannsasudonsaunuinugUniniiaiess s QR Code wia
Kulnsdwianvinuifindesuar éfadewonndiadudmniunsnensiia QR Code detayatignuuandu
sauargniniunsetufinegludydnual QR Code auiludoyaviindagnuys (Characters) n3ofatav
(Numeric) aansaUszgnaltiiieifudoyaldnainuans wu 1ivdeyauvasveaiuled woslnsdwi
fonu wazdeyafiiumdnus nsldeuldvarssuuuniuegfunsussgndldnunuinguszasd T
wiAalulad QR Code lasumnuiloaldauiuagnaninaning wu n1sUsesdunusnIInIsnaInvesdua

NsuurtuIen wasdeyandnsingt Fausunlaul QR Code wnfiuiasuuuutnsiielideyanisinsei

o o

drfuesustn wu Vuleddoyau3em Swd uwazsvesinsdni (Jusu dieiueuagaingiasinisidnga

1%

ToyavauTem (O'Brien, 2010; aigal Yaylsatid wag N¥NT WENIATENIs, 2560)

Y

3.1.4 M523 Why Why Analysis n153a351¢% Why Why Analysis {uia3esiiotinsnes
mmmaqﬁ@mﬁﬁm%ﬂmUﬂ'ﬁéﬁgaﬁwmu wila emanmandnveadgmn Tagldndnnsiieszsiuuy
n33n2 (logic) dmsunismaudinnu tnswsasAinny "vinly" %%Tﬁl,ﬁuﬁamLmﬁﬁuwaﬁﬁmaamquau
wih wagdndunisaeuniuliFes q aundnagldauvandnvestiam (ngewaad A3uns, 2562)

3.1.5 wnugilne kagna(Cause-and-Effect Diagram) 41 19Ua(Fishbone Diagram) %38
awdanguazlifagedn CE Diagram Feifonaluninsgiuvesdyu w3e JIS Standards Japanese
Industrial Standards) l¢5zyflenuves CE Diagram uilafiuansmnuduiusszninnudnvazganm
(Quality Characteristics) futiadefiiendes Fudutladeiidusummuesnuinyuziuriounudsilily
msenzddumanmaiiozlstheiinnisdostu lnsnsszauauanegradudassvomnavlungy
Aanssudunismunuamam giawnsaaiislsinaaldedisgndesazfugdidlenanddaym ma
A mlsegagnioatuiu Fslassairsvesiafelamieduanauvauazta Uszneude 2 d fe diw
Tasensegnitfusiian Bsldsrusmtiads Mduawmmuestiym wazdiwia Wudeasuvesamniiiu
fadlagnn Tnsmuanudenazdouiuategnenilowaziuategmadeiioaue (@n1tuifiunandn
WY@, 2559)
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3.2 MsAnwtumeumaLin - Aundesdiotunundeutg uitnieds

13400 - Aueesiletaunundentiss unisvihnuuuy Manual filsifimsaunsuazquastis
\n3am3n winnuiitunidniedesdiersasdostuiindoyanisidn - Audeuasnszauwuuuesuiivue
Femafutoyadumafudeyaiinaaseidedsifutagiu uasdeyaniadn - fu Bamsgame il

uuwfan ans fin - &u indaodia uaz minsal dha MT-PEB

' [ au
wnéy Saq-muneed s

Fuddu Harjou Sumsnuloo | Suidu Tagu Fuvmnieg

wnomn

g‘dﬁ 1 wuuresunsidn - Au Lﬂi@ﬂﬂ@‘ﬂ’NLLNUﬂSIJaNUWN
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FJundu

wwigay nrs 0 - Au wiaotaud] V4T fae e

[DYITIER -~
\G 1ol L9} ity
2811190

I

gl \ L'f‘
ERASHUAE LN DN URHNRR %
%&Q%Qﬁ@mmaﬁfm%%@%%mg

UM 2 wanaegenistuiindeyanisidn - Auligeyme

CTRE

mﬂgﬂﬁ 2 Msfnwdgyminisduiindeyanisidn - ﬁuﬁ@ma%w%ﬂ’mﬁaasﬁa {398 wud
nmsfnydunsumatn - Auedosdiotaunundentiig alelmnuddgiszuumstuiinteyans
19 - Au ifestletnaildmstufinasnsearsuuumesuiifmus Inefnwidoyanisidn - Auftiiumn wui
Wﬂ’ﬂmuhimﬁ’uﬁﬂmﬂﬁﬂ Fundesdiorns %ﬂdmaiﬁ‘ﬁammﬂﬁﬂ AUFMNENAULIDURAYINAIY
Aol muammwwmamaﬂmm - ﬂumiamamwammaimmw 2022 wummuwﬂmam
$1uau 4 ads waz miuummauaﬂ 2023 \fleunsngnau 12 A%e uaziieudanen 10 a33 sausuauns
Juiindeya 26 ads aqﬂimwa;&amamﬂ - Auggmelufiounnaay - figuieu wagiue1eu - Suneay
2023 53y 10 ey uazvhmsmanmsileysulsaudlaseld

s
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3.3 iiudeyansgameiniesiietnaunungontngs
{Adefnudeyanninedaterisszernaniindnnuusunddenthxmamssuiintoyaniadn -
Au 1nSesiiedns seminafeuunsiau i WWeudquisu 2023 uastiieudugiou fa Sunau 2023 s
s¥eElIan 10 Waw wuin LLN‘lm‘liNGliauﬂﬁﬂﬁﬂﬁi%agﬂ%aLﬂ%‘laﬂﬁa%‘ﬂﬂ imgamﬁﬁu 3,077 UM bawn
1) indosflernsiiinnisdngaarnmsliam s 5 du yafn 984 Um
2) \desilenefiiinnisgayme $1uau 32 Fu yae 2,093 Vv

oy
o

M19197 1 WAMITIEN RIS aNlaYTIAnAINNTgYMnY

19U | 919013 $wau @w) | 510 (Um)
1| Aeugreluianulsl 1 77
2 | Aeurnguliues 1 140
3 | anluasnonidsuls 8 117
4 sqmﬂimwmw?iam 10 108
5 | gauszhalinmy 8 530
6 | Auden 1 130
7 Uszuaidou 1 677
8 | Auvan3san 1 109
Wnsadans 1 205
JITaAY 32 2,093

3.4 Apszndgmniadn - AuAIeing e UTEVieY

ssuudoya wilneu

— UBYANIUN-AUL VINAIUTUNA™IY

Guiinteyasn ey

nseAywuUledy wtinanilsi
Gufindeya

N

Lisieios

nsidnAu gald winnudnluniu
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szuududunan Lifineaqunu \pinsdindnilédae

/—— nnadin-Au

ALLDY

2eiNLATIATA
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FAdeddnnediounuisinsanfsafudguinistuiinteyanisdn - Auliseides wu
wiinsamusuRnreulaglituiindeyaldn - Au §938n1518n - Auddldszuumsasiufinasnseany
uazanufinsdaiiuiaesiotsminnuamsadiluvduindssdietsldfenuies nsdwmariliteya
n3n - Aueesdietisgyne wazmstuiindeyalssoides

3.5 MywTeiiawnlagldngud vinlu-vialy

M15197 2 MIBATRImangmenged vilu-vily

Ugymn Why Why Action
Joyanis 1n - Aiugey | Juiindeyaas nsiln - Audas | msiautuneun1sitn - Ay
e nszawiuunlesy | Tdssuuidy \ATD MY UHUNYNUIT

Taglaldwnsy Visual Studio
Tun1seanwuusiuled waznis
@579 QR Code

nMFiesimamaveslymilagldfainan uag ngud) vilu vy fIdedundamnlagly
TUsuns VS Code dmdumssanuuuiulednisidn - AueTesiiotnaunundontng uaztmalulagng
aunu QR Code iulnsdwiidetio Fannanldnudresonistiufindeyanisidn - Auedesdletnausun
gouthy waiideyauuiuludvigniesardeyaidutiagiu
3.6 ML tumaUNELTN - Audosiiotnaunungoutigs
fAuldimunduneunaidn - AueTesiletaunundontigs Inglsintinmuauny QR Code Lite
vihsemsidn - Auedesdietnaiuiuled Taeldlusunsy Visual Studio senuuuiiuledlunisidn - Au
iwsesiiorns ilerfutoyanisidn - Auelesletdlugrutoyafiiutiagiusasanmisgyevestoya uay
and LN sgYIBveneiesiiorns Fumndrsndureuntndn - Aukuuiuiintinmunbuieiesdiots
Aeuduiinteyanisiin - Auadlunuunesy inlideyanisidn - Aufngymewaziinainnsliasdudin
fioya Inenseonuuudiulesindnnisyian dell
3.6.1 #iwine Transactions (NM15¥1153n333) ¥h918m510n - AueTesiletnaunundentngs uas
uansUseiiniadn - Auedoslletneionun Suanseandon ¥
1. Equipment (gUnsal)
2. Employee (3% wazdle — ana niinanw)
3. Before status (@amuzAsunthveaasesiiotna)
4. Status (anuztlagtuveasdssiietn)
5. Update Time (Yufi wagtiannisidn - fu)
3.6.2 1919 Equipment (gunsad) Winnazauedesiienns Fwanieazdunvenaiadions
wiiazmineiay laun
1. Code (M3neLa)
2. Name (Foin3osilanng)
3. Status (@nuzveaAIesiiors)
4. Create Time (Fuilifisnedosiiorna)

o o
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5. Update Time (uilvhsensangn)
3.6.3 WA Employee (Wifne) Winnazaudadndnau Juansoazidondadndnauud
azAY laun
1. Code (santinau)
2. Name (i - ana)
3. Department (HUN)
4. Role (Unum)
5. Member (&11%n)
93l 1 wieing Ao iiene Transactions (M3¥1153n591) 918M15L00 - AueTosdietns Fauans
Usg3iniaidn - Aueiesilotraunungoutigs

4. Han13ITY

4.1 mstuiindeyanisidn - Aueesdetsununtretentige Tnenisuszyndldinalulad QR
Code M3a%19 QR Code tiaiingLivladnisdn - AuaIesfiorraunundentizaazldisnisasieniu
duledesulay Insanunsaih URL duledinisidn - Aueieslerianasiuivledesulat 1esen
sanuuunsldnuladie azain samse wazlidfialdanenisamu

r~ -1

' Login l

SCAN ME!

35U 4 uansnisnsen Employee ID (s%aniina1u) wag Password (S9arH1W)

= M mareLL

= A Marew

JUN 5 uanstunsunsidniasesiietndluiuled
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M mareln

M mareLu

@

JUT 6 uanadunaunshunsosdiotdhuivled

4.2 n133avg dan1slda1u QR Code LU - AulAT09H8Y19 WAXNI5AARAY QR Code 1n - A

CERNRL AN

v
Y v

HR38laviNsRngs QR Code 1Un - Auasesilotiuazatenisldiuluwsuniisdontise lnednds

TndduiunTaAuLAS 099 19was ANAEAINFDNITITIU TA8NITHNBUTUAITIE9IU QR Code 1n — Au

wisesdlotwmnugilonsldnulatiuimihnuuasndnnusely

SCAN ME!

JUN 7 wansgilonisldauuasviin QR Code 10n - AuiAasilorn
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35U 8 uanenseusun1sldan QR Code 1Un - Auasestiatalviiuimviineu

VY

63

A3deldvinisiuteyanisdn - Auadealednamdnisusuuse Wnevhnmsitudeyaainiivledinis

N - AuATedlorns USEMAIeE1e 31N uTRYATINIY 2 IiaY SEninafouNnIIAY e LABuNuATIS

2024 §sil

4 Search

employee_id

W o ® N wWn A s AW W

-
N

1
14

N

borrowed_time

2024-01-20 08:23:54.174
2024-01-20 08:31:27.245
2024-01-20 08:32:45.211
2024-01-23 16:37:35.529
2024-01-23 19:28:07.425
2024-01-23 21:51:27.801
2024-01-29 19:59:07.637
2024-01-29 20:01:23.910
2024-01-29 20:14:23.246
2024-01-30 12:38:15.915
2024-01-30 18:49:17.171
2024-01-30 18:51:29.595
2024-01-30 19:38:16.756
2024-01-30 19:38:35.456
2024-01-31 18:48:29.218

Iad T Server: db » @@ Database: merelli db » @8 Table: transadion
] Browse | ¥ Structure [] SQL

T v id eq id
O  7PEdit i Copy @ Delete 1 1
[J o7 Edit 3¢ Copy @ Delete 2 12
O g7 Edit 3¢ Copy @ Delete 3 19
O 7 Edit 3¢ Copy @ Delete 4 6
0O 7 Edit 3¢ Copy @ Delete 5 4
0O L7 Edit %< Copy @ Delete 6 2
0O /Edit 3¢ Copy @ Delete 7 7
(J (7 Edit 3¢ Copy @ Delete 8 3
O 7 Edit & Copy @ Delete 9 13
0D 7 Edit 3¢ Copy @ Delete 10 12
0 g7 Edit 3¢ Copy @ Delete 11 82
O 7 Edit 3%éCopy @ Delete 12 75
O P Edit % Copy @ Delete 13 14
0O o7 Edit 3 Copy @ Delete 14 15
O 7 Edit & Copy @ Delete 15 106

i Insert | =} Export | 2 Import! a7

Privile
return_time
2024-01-20 08:25:35.821
2024-01-20 08:31:55.223
2024-01-20 08:33:31.001
2024-01-23 19:09:58.255
2024-01-23 21:51:19.069
2024-01-23 21:54:04.180
2024-01-29 20:01:16.854
2024-01-29 20:01:35.395
2024-01-29 20:15:06.055
2024-01-30 12:39:12.491
2024-01-30 22:06:02.768
2024-01-30 19:15:59.657
2024-01-30 19:43:25.374
2024-01-30 19:43:25.399
2024-01-31 21:10:25.763

3UM 9 uanstoyanisidn - AuATesdleds ieuunsay
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=] Browse 1 3~ Structure L] sqQL -4 Search FE Insert =3} Export l«} Import = Privilg
«— T — - - -~ id _id employee_id borrowed_time return_time

() &~ Edit F< Copy @ Delete 36 63 18 2024-02-11 07:33:28.792 2024-02-11 10:47:53.200
(=] o« Edit 2(’ Copy & Delete 35 120 3 2024-02-10 10:37:00.531 2024-02-10 12:51:48.536
a &” Edit F< Copy @ Delete 33 11 19 2024-02-10 07:12:49.493 2024-02-10 10:36:27.942
() o~ Edit < Copy @ Delete 34 17 19 2024-02-10 07:13:03.441 2024-02-10 10:36:24.708
O o~ Edit F< Copy @ Delete 30 14 17 2024-02-09 11:45:58.145 2024-02-09 14:51:46.606
O o~ Edit < Copy @ Dclcte 31 28 17 2024-02-09 11:46:13.646 2024-02-09 14:51:40.804
a &~ Edit F< Copy @ Delete 32 33 17 2024-02-09 11:46:36.381 2024-02-09 14:51:37.793
() o~ Edit §<' Copy & Delete 27 72 8 2024-02-07 09:04:13.857 2024-02-07 11:51:38.024
(] &~ Edit F< Copy @ Delete 28 105 8 2024-02-07 09:04:28.545 2024-02-07 11:51:25.254
(] o Edit F< Copy @ Delete 29 104 8 2024-02-07 09:04:47.150 2024-02-07 11:51:20.982
O 47 Edit 3< Copy @ Delete 23 95 19 2024-02-05 10:55:48.626 2024-02-05 12:26:15.094
(- o Edit F< Copy @ Dclcte 24 88 19 2024-02-05 10:56:02.154 2024-02-05 12:26:05.213
O o~ Edit F< Copy @ Delete 25 115 8 2024-02-05 10:56:15.848 2024-02-05 12:25:56.515
(am)} o Edit < Copy @ Delete 26 79 12 2024-02-05 10:56:34.919 2024-02-05 12:25:50.069
O &~ Edit F< Copy @ Delete 21 249 18 2024-02-03 02:30:10.530 2024-02-03 05:35:17.636
() o~ Edit F< Copy @ Delete 22 18 20 2024-02-03 02:30:32.721 2024-02-03 05:35:12.132
O o7 Edit %< Copy @ Delete 20 88 15 2024-02-02 21:11:02.817 2024-02-02 21:31:53.611
(o] o Edit < Copy @ Delete 19 112 15 2024-02-02 21:10:34.668 2024-02-02 21:31:47.665
O &~ Edit F< Copy @ Declcte 16 51 3 2024-02-01 22:44:32.860 2024-02-02 00:03:35.9497
() «  Edit F< Copy @ Delete i7 22 3 2024-02-01 22:44:42.861 2024-02-02 00:03:27.811
m Console lit ¥< Copy @ Delete i8 8 3 2024-02-01 22:44:56.505 2024-02-02 00:03:22.464

JUN 10 wansdayansiln - AuATeilonns heunun1ius

4.3 FIuuMsgngiAIeslatunungonUnge
nnsUsgnaldinalulad QR Code Tnglvintinauawnu QR Code Litoysienisdmsududin

@

Taya 31U 2 Wou sEUdnaseuNnIIAN 89 ouNuAIRLS 2024 wudn wnungsgeU1gliiinigue

GR
g

5. #5UNAN1339Y

ye WAsiiouay 209.3 U uay Jag 2,511.6/3

5.1 Guiinfeyansidn - Auasesdlotsunundeutizelagld QR Code

YoLAT09H0Y19NANAINNTFEYMIY TeuTenarunsaanaldinglunisdgeiniesdoreniinginns

nstuiinteyanisidn - AuaTesders (feuni1susuusy) Mnmsduiinasnseatvuuulesuy

fvun nenistuiindeyanisidn - Aueesiiotsfigymesenined 2022 winnutuiindeya S1uou
4 %3 uaznistuiindoyad 2023 ieunangnan 12 afs wasiioudanan 10 ass audruIunsudin
foya 26 as aguldhdeyanaidn - Augymegluifeunnsiau - Tguisu wasfueney - Sunau 2023
53313 10 weu lnen1suszendldinalulag QR Code (Masn15USUUTY) nstufindeyanisitn - Au
wTosiorng S1uam 2 ieu Tdun Wouungan 2024 fd1uauniaidn - Au $1uau 29 afs wazifiou
nuATtuS 2024 Fmauniadn - Au $1uau 31 A FwnnsdsunstuiindeyasenisUssgndld
wialulad QR Code Tnonanstiufindoyaiinnugniesuaziimstuiineusieiios
5.2 davhgilonsldanu QR Code 1n - Aurdasiiotisunungontngs

FAdelsvmsindanalulad QR Code 1fin - Aundosdorrauazgdionisldmiluunundrsdon
thge Teednaslndfuiiuiisnifiued esflorns wazaruazandenisldeu Tasnisiinevsunisldau
welulad QR Code  10in - Aupdosflotmugiionslfnulifummihnuuasninaud latunounis
vhaufigndies
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5.3 MsanduIuNsgaeLAiesiatausuNTeNT3s

PAfeAnuidoyanndiedndorissssznaiinminnuunungsdesniigsuanistuiindoya ns
\In-Aundesilorns seninadeuunsiay fa euliguisy 2023 wasifoufunsu e funau 2023 s
sgppa 10 WWeu nui wundswentislinsvedideiniesiornsiiinnisgyme S 32 Fu yae
2,093 UM wag (Mdan15UTuUTY) Tnenisussendldimalulad QR Code dwsuduiindeya 31U 2 o
sgrhafeuunsien fadoununiius 2024 wu wundsdeuthlifinsvedsdoirdosiiodnefiinan
n1sgaye SsuTEnannsaanailidismsdideiniesdioreiliinainmagame lisiieuss 209.3 U
wazlay 2,511.6/1

6. TarduanuzN1TILATIsalY
msUszyndldimalulad QR Code Aunmiieauduy o lunisiiudseansnmmsvhaulimunzauiu
nsldanuusasununsely

7. inAnssuUszne
Nuipidisaganlddeanuniananguseneunts Wi wazntnauvesudsniedieild
Tinnuewazilunsiiudeyaiierhnsideuazveveunnumivedesuysnaiuayuauyssanmnis
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)
=De

9. 1ANE1991989
ngawaan Asuns. (2562). N15ATIiazuAlydlyngae (Why Why Analysis/5 Why).
an1thflnousuuasTiUS Ny IR IuNTUIM IS NN SLYEE.
winsiletndlugmannssu. (2566). 1930elafiugIu. mmthailand.com/7T-nasiio-fiugiu/
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Abstract

This research is developing an online automatic control system for incubators using infrared
techniques combined with hot air. The system can be controlled in two ways: through the kiosk,
where the system receives commands from the keypad, and online using the Blynk application 2
forms: 1. The system can be operated automatically by setting 2 factors, namely the baking time
and the baking temperature. 2. The system can turn on or off the device manually according to
the user's requirements. In the design, an Arduino microcontroller NodeMCU ESP8266 is applied to
connect to the Internet, with the Swiss to control the system's on/off. The results of the experiment
to evaluate the efficiency of the application showed that the incubator using infrared technology
combined with hot air can dry 1.02 times faster than the previous system with sunlight. It can help
increase production efficiency, improve the quality of baking and products, and control the opening

or closing system using automation, making it more convenient.

Keywords: Automatic control system, Drying cabinet, Infrared technology combined with hot air
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Abstract

The objectives of this research are to 1) develop and 2) test the efficiency of a rubber leaf
chopping machine. The tools used in the research were the performance test table. The researcher
has designed and built a rubber leaf-chopping machine to have the ability to chop the rubber
leaves into smaller sizes. Then put it to a performance test. and analyze the obtained data with
basic statistics such as percentages and averages.

The results of the research found that: 1) agricultural machinery with the size (width x length
x height) of 400 x 1,003 x 700 millimeters. There are eight cutting blades. The rubber-leaf input
channel is trapezoidal. Electric motor power set, single-phase 220V/50Hz, motor power 5
horsepower, speed 1,500 RPM, can adjust speed to 2 levels (488 RPM and 950 RPM). 2) The
efficiency of the rubber leaf chopping machine tested the chopping of rubber leaves at the specified
speed, 5 times, 1 kilogram each, as follows: (1) At a speed of 488 rpm, it was found that the average
rubber leaf fineness was 9.45 millimeters, the average weight after chopping was 0.96 kilograms,
the average loss rate was equal to 0.04 kilograms, the average chopping time was 1.38 minutes,
and the efficiency of the machine was 96%. and (2) machine efficiency. At a rotational speed of
950 rpm, it was found that the average rubber leaf fineness was 8.38 millimeters, the average weight
after chopping was 0.87 kilograms, the average loss rate was 0.13 kilograms, the average chopping

time was 1.18 minutes, and the efficiency of the machine was 87%.

Keywords: chopper, chopping efficiency, rubber leaves
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Ul 1 ma@sunuulaonislilusunsy Solid Work

(4) @un1SNSTIUSEENTNINVDIATBIAU
A, NISAUIUINAIANULSITEUVDINDLNDS

120f

NNEAT N=— 1)
P

Weo N = mnusisauvestaines wila Synconus (58U / W1i)
ANUANLEAD 50 Hz

—+
11

P = §7u3u Pole @usnnanmvualdniruawsonlidfivunagls P = 4
120(50)

wnuA1 N = = 1,500 58U / W7

Y. AIAUIUMATLSIDN (T) VoIUBLNas
NGNS —=—=— (2)

e T #p MesAvaunaIiaeniasannuawmes

J fio Aflumsihauestannuinduntidanau Tunsfidlddumdniven

nd® 314 x (0.028)

M YN 28 Tadlums St - 37 dAwidy —=———=6.03 x 10" m*
32 32

T o PR A1AUALERUgIEATaUNAT (H3U/A1919m9)

max

\io G Ao A1 Young’s Modulus ¥84imig) St - 37 dewinfiu 210 kef/m?
& L
0 Ao ssmnsnyuveswaTinawTia 1 o9 SlAwiniy ( )
180

L e Adevasna (lWas)
r Ao SAlvadwan (Wng)
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@

TunsdonlduayIavuinsng 4 anuewes vildmsiuaasg q el
L = 43 [uflunsuse 0.43 s
Dd = 28 fadiuns
Sr=d/2
r = 14 fiadunsuse 0.014 wns
G = 210 kef/m?
J=603%x10" m*

0 =0.017
A9N1SNTW T =?
. T GO
LNUAINT -= —
J L
, G.0.J 2 7 4
hNUAT T= = 210 kef/M* x 0.017 x 6.03 x 10" m
T=2152Nm

A, ASANINMAIIST (P) vasuawasininAszalUldeu

TxN
INANT P= (3)
v 9,550
, 2152 x 1,500
LNUAN Pp=—m—
9,550

S MAaawasivuin = 3.380 Aladng

3 NSAMIUNITIUIULEUYDIATE WY
JragldTruruduvesareniuiidulunisdeyadamded dafmundn
Sududeddmnunsasouiiduals T P, Wufddudeamenuniaduluiididen N = 1,500 sou /
udt (@1nmsiua) auassldudn SPA (Huaeniudalisesse) amuuasgiu DIN 7753 14 d, K

o Ya o

5811374 80 - 120 Tadluns ety Tuenudded §ideveld d, K wiriu 100 fadwns el P, = 3.05

9. NIFANUIUWITIUIUAEIGNY
1 P, A Z (Fuiuiduesansni)

PxCyxCy
NNEAT 7 = —— (4)
P

n

o P =3.380
C, = 140 93971 (1.12)
C, = 1.2 WowlsiiAu (10 -16 Fala)
P =305

@ o

Uit 10 atufl 1 unsnau - Rquieu 2568



88 Industrial Technology Journal

, 3380 x 1.12x 1.2
BNUA Z =— =1.489
3.05

padu TaenudIuIu = 2 1@

2. NISAUIUMVUINVDULDSAALUTNLNDS
UOLWSYWIN 4.53 hp /220 V 0.90 Eff 0.84 pf Timvwinanelnidieliiuueines
Teesaunsasunsenalavinle Tmauin AT wsninaswazaunaing

P hp x 746
ARIUINTELEUDLFDT = -/ (5)
e \/g x v x Eff x pf

4.53 x 746

V3 x 220 x 0.90 x 0.84

| = 11.73 A
agldosanusasunseualalitesnin d x | =4 x 11.73 = 46.93 A
YUIALUITALNDS 2x1  =2x1173 =2346A
Tideniusninesuunn 25 A
YURFINTHAN DY 1.15x1 =115x 1173 =13.48 A

Anginnauinnm 4, 5,6 ,5.2, 6.6, 8 .. Waenlafiinm 10 u1kgeu

\ D+d
Y. MINIAINIIUYIIVDIANENIU IINFAT L= (— X 3.14) + 2C (6)
2

dlo L Ao mnuemanemiu (mm.)
D fio Wurhaudnansvesgnnasiledng (mm.)
d #o urhgudnatsesgnnisiean (mm)
C fle 55&Jwﬁ'wsz‘mfwLé’um@uéﬂawwmgﬂﬂgﬂﬁa%ﬁ&Jﬁmﬁﬁqnmd

Wurngudnanavesgnnasiler

D+d
ngas L = (— x 3.14) +2C
2

100 + 50 o &
L= ( ; X 3.14) + 2 x 300 =8355mm % 33 W

A15199 1 SazdendluUsensasdulugnannsd

Pos. Part name and Remark Dimension Material Req.
11 Entrance 320x500x70 Low Carbon Steel 1
10 Lid 130x390x140 Low Carbon Steel 1
9 Belt 33 Inch Synthetic Rubber 2
8 Pulley 70,140 mm Mind Carbon Steel 2
7 Wheel 90 mm GTW - 50 a4
6 Frame 290x600x500 Low Carbon Steel 1
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ansedi 1 (i)
Pos. Part name and Remark Dimension Material Req.
5 Motor 5Hp TG - 50 2
a4 Grille 140x240 Low Carbon Steel 1
3 Outlet Exit 250x150x300 Low Carbon Steel 1
2 Steel Frame 90x490x150 Low Carbon Steel 1
1 Knife Cover 240x400x100 Low Carbon Steel 1
Scale 1:1 Name Date: 4/01/67 Rmuti Surin Campus
Title: Drawing No. TD. 101 - 001
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3.4.1 Adeuay

3.4.2 Aade

4. Wan133Y
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YU 245 x 400 Fadiuns Ymdnudnlildgunsauazisndeudfoiumuuuu dusungesdlidou
Tugnamsfiaun 240 x 240 x 120 fadns UsznevBadoaduguamasuaanyldueimes Single Phase
220V/50Hz fndeuawmas 5 w591 Anut5250U 1,500 RPM (S8Usiaunil) F0MN908NYNNIAARIALLNTS
sournadusigudnats 10 fadiuns tiesoulusrmnmamsaviuaudiseuld 2 wuu Ae e
50U 488 RPM (1l e avuratdurnquednats 300 fadluns) uaziiaauiiiseu 950 RPM (1l osyua
Gushaudnans 350 fiadiuns) uaziimsindadeifievidlfniaindeudeasmntuausatantaeunss
wazd s NazmInliiuInumsnslunsilugsniifuianmdeldndumnliUsslovilnensduln
wadnasflefiuiiuiifdutauasisinszuunmssesaameliitudethluhieninduieWldefides
ameifusmemsiifisanunsogafuldituuenanidaiunsdaaiunsli sdunidannisfienteind
anlaymuszniswiuariaiviudunaideduindouuasnislinsneinsegradady

1.2 wamsveaeuUsEAvEnwASesdulug1MT

@ o

Uit 10 atufl 1 unsnau - Rquieu 2568



92 Industrial Technology Journal
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Abstract

The research focused on using a optimize the production process using clean technology
and a reduce waste in the processing of agricultural products based on the concept of clean
technology. Data collection methods were determined using in-depth interviews as a research tool
to improve production process efficiency. The experimental results showed that the soil grinding
machine's production capacity could be increased to 333.33 kilograms per hour, or approximately
2,000 kilograms per day, with an efficiency rate of 94.68%. The improvement of the organic fertilizer
production process reduced the steps from six to five, decreased the required number of workers
from six to four, and increased the production capacity from 500 kilograms per day to 2,000
kilograms per day. The evaluation of the soil grinding machine's suitability indicated that it was
highly appropriate, especially in terms of operational system, design, and maintenance. It increases
work efficiency, reduces labor costs and reduces waste in the production process based on the

concept of clean technology.

Keywords : Agricultural product processing, Waste reduction, Clean technology
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Abstract

This research aims to find the waste in the process of managing the inventory of maintenance
work and to increase the efficiency in terms of time, steps, and distance in the process of managing
the inventory of maintenance work. The research was conducted by studying the problem
conditions from a case study company using theories and related research and analyzing the causes
of the problem to lead to the solution with a cause and effect diagram and using the production
process flow diagram together with the ECRS principle to apply to improve the process and
compare the results before and after the improvement.

The research results can be summarized as follows: from using a cause and effect diagram
to analyzing the causes of waste, there are causes from raw materials (spare parts), work methods,
operators and work environment and using the ECRS principle to consider waste in the process, it
was found that there are redundant work steps and the management of the spare parts
disbursement system is not clear and standard. And in terms of increasing efficiency in the process,
it was found that in terms of work procedures, before improvement there were 30 steps, after
improvement there were 7 steps, a reduction of 23 steps; in terms of time spent withdrawing spare
parts per piece, before improvement there were 25 minutes 36 seconds, after improvement there
were 21 minutes 32 seconds, a reduction of 4 minutes 4 seconds; and in terms of distance, before
improvement there were 280 meters, after improvement there were 238 meters, a reduction of 42

meters per spare parts withdrawal.

Keywords: Efficiency , Spare parts inventory management , Machinery maintenance work
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Abstract

Wearing a seatbelt is one of the most effective ways to reduce injuries and fatalities in road
accidents. Despite its proven benefits, many drivers and passengers still fail to use seatbelts
consistently. This study explores the factors that influence seatbelt usage and develops an artificial
intelligence (Al) system to monitor compliance in urban areas of Khon Kaen Province, Thailand. To
gather data, surveillance cameras were placed at four key entry points into the city, capturing
footage of drivers and passengers (N=1,264 observations). Statistical methods, including Chi-square
tests and logistic regression, were used to identify key factors affecting seatbelt use. Additionally,
an Al model based on the You Only Look Once (YOLO) algorithm was trained to automatically
detect seatbelt usage in real-time. The model’s accuracy was assessed using a Confusion Matrix,
measuring key performance metrics such as True Positive Rate (TPR), True Negative Rate (TNR),
Precision, Recall, and F1-score. The results showed that factors such as driver status, vehicle type,
time of day, and monitoring location significantly influenced seatbelt use (p < 0.05). Notably, drivers
were 1.753 times more likely to wear seatbelts on weekends than on weekdays (p < 0.05). The
direction in which a vehicle entered the city also played a role in seatbelt compliance (p < 0.05).
The Al system demonstrated strong performance, achieving an overall accuracy of 83% and an F1-
score of 81%. These findings highlight the potential of Al technology in promoting safer driving
behaviors. By integrating Al-driven monitoring with public safety initiatives, this research offers
valuable insights for policymakers and urban planners looking to improve seatbelt compliance and

enhance road safety for all.

Keywords: Seatbelt, Road safety, Artificial intelligence, Driver behaviour, YOLO model
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4= FOUTINNNNED

0= 3u¢
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nAnAI (X4) 1= 909 1 Vallibhakara S A. et al. 2018
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N13NAADUANLYNABIILATIENLAENAN Confusion Matrix N15338lun15WRUINITATIITUNTE
Fuunguang q azldfunsmsaaeulszansaimlagudnnis Confusion Matrix Tagil True Positive (TP)
fio Sruudeyaiiviiunegnindudsiidndsanla True Negative (TN) fie S1usudeyadiviiunsgnindudsi
lildaula False Positive (FP) fio S1urudoyaivineisunidudsiimasaila False Negative (FN) e
Frunuteyaivihueiaundudeililliada uazArnuusiilunsduundssandoyasansndinseild
aslBuafinsnedl 2 (lE01 ANBY LAY Sqﬁ]‘ffﬂ gﬂaﬂqmazﬁ, 2568: Kumphong & Chawapattanayotha,
2024; Dhinnabutra et al., 2025)

A19719% 2 ANS19LERINEaNA1S Confusion Matrix

Predicted / actual Positive (Seat belt) Negative (Non-Seat belt)
Positive TP FP
(Seat belt)
Negative FN TN
(Non-Seat belt)

AN5199 3 SIUALLDYANTITIATITI

s1enseT aUsEAvEAW NIATUIE
A1 True Positive Rate (TPR) TP/TP+FN
A1 True Negative Rate (TNR) TN/FP+TN
A1 Precision TP/TP+FP
A1 Recall TP/TP+FN
A1 Fl-score 2xPrecision xRecall /Precision+Recall
A1 Accuracy TP+TN /TP+FN+FP+TN

4. Nan133Y

IMTUATIVMEITNMTEidmansvestoyannuduiusseninsiulsdaseiunginssunisly
Fudnsfvesiiviuasdlavanslusuaaidior Sminveuntu nqaRndeis 4 9a 1w 9ad 1 91
Fownmaunasuadadey auurdduns 9af 2 vudidosndmiauassvdin 9ad 3 vuduiiesan
wenasuatulnouuyatad waraail 4 vudidlesndmingassd freandeaded

NaINMTIeTgdnduvesdedeiidvinasongAnssunsltifudaisfoansodisftusaeus
v 1,260 §u S wnuiedauansiesasvousqalnedsnanisliidudaiste fuanduzud 6 wut
i 1 vdufesanmauiasivadadon auuesdund Jevar 37.3 a7 2 vuduilesaindmin
upsTdN fovar 33.2 907 3 v udlosnnauiathude auunedtad feuar 16.0 uazqail 4 91
idesandmingnssndl Wugadinumsléidudaunniign fevar 521 Fedlmnuunnsreisziudody
MDA
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T dudnisie (%) 57
T4 Taild N % p-value
AU
g | 314 68.6 986 780 < 0.05*
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15197 4 (i)

Todndndisste (%) 39
T4 Tailaf N % p-value
anuy < 0.05*
JOUTINNNNGD 18.2 81.8 44 3.5
Buq | 272 72.8 136 10.8
e[y
TUFTIUN 31.5 68.5 906 71.7 < 0.05*
Tuven 37.7 62.3 358 28.3
WRedIndos
wi1| 373 62.7 244 19.3
wi2| 332 66.8 368 29.1 < 0.001*
Wwi3| 160 84.0 393 311
91 4 52.1 47.9 259 20.5
s | 332 66.8
* fiszduildndny 0.05, *fisesutidfty 0.001

v a o

NaSNSVRINTITIATITYNSannasladaRnddrnsusnusiineltastunsiddudnissy nuindsr

v W

wUsviavun 2 fuds laun aanuguazdasian danudusiusiumsladudnisse Nsvaudeddymieada
nan1sinszvasaasuladn gtudlidnsnsldidudaisdedesniilnvaisiuiznindreaudu
wenanil {ldeumnugiiduilugisiungadidnsinislddudadsdodu 1.753 wih dewSeudieuiiv

PFrana1dudluiusssun Nsvautvdnty (Hanansdunisned 5)

AN5799 5 wuvInassannasladannuesnsiddiudniisde (N=1,264 f)

3 Category 95% C.I.for EXP(B)
AU _ Coef. p-value Odd ratio

/Unit Lower Upper
a0y Hlagans, 1.000

QJUU -0.382 <0.05* 0.708 0.518 0.901

%9180 JUTTTUA 1.000

Tungn 0.304 <0.05* 1.356 1.048 1.753
Al -0.493 | <0.001%
p’ 0.013
-2LL 1595.597

* Pszautivdnfny 0.05, *Nszautiudndgy 0.001
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NPT 6 wansAnwdeyagy 805 sUNEIRlnsASsFouTUTe N AnTTINSTUT TnegAdels
Fuundoyasenuuuidu 2 nqude fiulnlfidudadsfonazddudfliléidutaisss uaznsmaaeu
Confusion Matrix wudnlusunsuiiainugneasdosay 83, A1 True Positive Rate (TPR) Soway 91, ATrue
Negative Rate(TNR)Spuag 78, A1Precisioniavay 89, A1Recallivuay 74 wagAFl-scoresnuay 81
fauansluguil 8 uazansnei 7

U7 8 fhegnenmsnsiadunsldidudniisse

M13199 6 HANTILATIZI Confusion Matrix (N=46 U)

Predicted / actual Seat belt Non- Seat belt
Seat belt 17 6
Non- Seat belt 2 21

AN51991 7 HANTSIATILINTI8ANS Performance metrics

S18MsHATSAUszANE AW ATNAANS
A1 True Positive Rate (TPR) 0.91
A1 True Negative Rate (TNR) 0.78
AN Precision 0.89
A1 Recall 0.74
A1 Fl-score 0.81
#A1 Accuracy 0.83

5. afiusenanazagUNa

NNHaITeTinunvessmAlnesinisUssiueusseminluauUasadelumaiiumaas
nslfidudndstoreslnoanssalasarsarsisazngaunmuniuas  wan1sfnyidanaiyaddisgdu
wginssunsliidudaisfedanuduiusiveny meld wasiruainisaseniindfesslond wenani
Usgaunsaimaiing img isuusedauduiusiunisliidudaidsfomuiu @asdnd dundwideduas
AMY, 2552; ﬁzm(ﬁ‘ e, 2561; Vallibhakara et al, 2018) @ s@onndosrusuisodlanuinussan
grunvugdinnuduiusiunsididudadssefisesuivdfynads  annsdnvinisuindusasdedin
nguAmamsaul nuinseuyedinssiiussnandsaindudliaelfidudedsse sl
sukstlun1siingUaue (F3ned KunAkansInT Weellies, 2563)
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wAnssun1stidudaisfodunginssufiiaulaudennlunisdansluvssdiunsseduldngmane
FaiimsAnwagiieudagymninimsesvdydfmasmsun @Uui 5) Ivhenslidudaisteluioa
Tnogndunsdneludmiadedml  wanisAnemuinnisteduldnguuiedivssifunisviauaau
Shsidudmindidnse wasedesdlofiviuaislunsesiadu Wudu e nduss, 2541)

ogslsfinunuitedlfiausnuzssuunissuun sunginssunsliidudaisteluunmugogng
gndfadlaenisliinedatugmounalulad gy vssivg  Faduweadosdofvelidmiiidisaane
Fuunliegsgndosndnuuruessy Jeaonndosiuauddofinuanfiinsiimadanisinszsigy
mmaaué’ﬂwmwmBj’ﬂ’uﬁlmuwmusmﬂuﬁam (Kashevnik et al., 2020; Upadhyay et al., 2023)
Fadmrmuandsrnendfeidifdmnelumssuungunainssumsliidudaistvanuendisa Sesui
nsRFurseuunlaazgnilldsiudunstsduldnguune

mu’ié’aﬁgmi’qLﬁaﬁﬂwﬁ]ﬁa@w%waLLasm'ﬁﬁwmiwu{]fgmwﬂssﬁwﬁﬁm%’umaﬁquaﬂiimmi
Mfudadsstlumnsinoidos Smiavounnu Tnsfmuaiuiidnuluninfudoyaiome 4 9 a1n
msfnwwud anug flasarsiungriidisaudy Ussivse 9aa0an uazgainge daudiiusiuns
Midudadsfofiseduioddymaadd vonnndnsnuinuidlasasiunswindeauduiisnsnsld
dudadsfomnnigiu wazdfusniiddnsnsliidudadsfeunnieumivuzssiandu o dagld
grunmugidutlutasiungadidnsmsldidudadstodu 1.753 wih dewFeuiisuiudsadudluiu
53UAN ﬁizﬁuﬁaﬁ’]ﬁmLLazmﬂmiﬁ’wmf]iyﬁywizﬁwﬁé’m%’uﬂﬁmmf?]’quaﬂisuﬂ’]ﬂ%’vﬁu%’mﬁiﬁdu
YIUNINUEN U AMULLUTITDEaE 83 (A1 True Positive Rate (TPR) $9waz 91, A1True Negative
Rate(TNR)Speay 78, ANPrecisionspgay 89, A Recallsaway 74 warAFl-scoresosay 81) (Gu et al,,
2024; Khamparia & Singh, 2025; Ozmen et al., 2024)

6. aiauauuY

6.1 PsiinsiiiudulsdaszdmiunsAnuilueuian Jadesins q 01 draa 01y e Ludiu
FsaonadostunAdesunismsgminilunsliifudndedsse viodnuluthadesuininerasasilitu
28719UNNa8 (Nambulee et al.,, 2019; Shaaban & Abdelwarith, 2020)

6.2 msinsAnwuaziudeyaifiufulunuuaesesuasaedosveailoseuniy LileiSeuiiioy
samnsliifudndssofiothdoyaluimuniduinnsmmieulsvrefionnuvasafovmenuuldogae
vannvany 1wy fegrennsnistheyssrduiudmaaiunnunssmindveansldidudaiste ffndouy
nuuanevdnieudingiles duandlugud o
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6.3 A15HLAT Bl ons RIS NsANw lutedAAnTeguassAveInIsAnyinsell 817 n1sldndes
Aanngslunisueadiuniglugiunvuegi Aafldusoiflawaz{ Tuilddeviflatnarevainvate 3

A

'3

nsfnwassillanuiegnngnsinesnillesanliamnsadinseisuld duanduun 10

Y

U 10 fegsguassalunisifiudoya

6.4 msfinsfnwenudululfvesmuduatlunsamuiafssuuanadudeiimaiienluldege
Lﬁaﬂas??mmﬁ:umL%qé"mmwgmam%mﬂ?u (Daowadueng & Kumphong, 2022)

6.5 m'iﬁmiizq’iﬂEJaSLEQJ'EJmsLumi(?i’jﬁm YOLO %1 Model version, Learning rate, Anchor boxes
Jusiu

6.6 siimaUTeuiisunadndiuamAdeduild YOLO v3e18du q dmsumsnmanginssunisld
dudadsde teuandifiuinadwsilddnividesesniiedls

7. inAnssuUsznd

unanudduduitemeldlasenis “nsarslusunsu A Tngldndonsaslailossynginssudss
Tun390% (HEC-02-66-006)” uagunarivegfialiudfinevesiminueydiay duos AfdeTinan
gURLRMIaU

LaN&E1581984

35 nfiugned.(2556). mimdudadsievesaulneviludoudy. yadslnelsnd.
http://www.tarc.or.th/research/74

fiae UvgTyYn.(2554). f)?i?éﬂi?sﬁﬂﬁﬁ??’;ugdﬁﬂﬂ SPSS for Windows.n§amw=; MAIaaRa
ANENAIYEANERSLAENSUNT AINTAININING L.

fiaen NAvEUy.(2555). ATAFIMTUIINITY. NTIVN; MATNIETR AlgnIdiveransuaznTUT
PNaNTUNNTING 8.

Y9387 Fumdrndivd usyy Fufsssu Yuse uauni §iun Fusdu wdneal Tz
waziisna gasuas. (2552). nrsuseduaaunseminlupiudaendeluninguniuasnisldidudn
dsieveulnga13solngaIsarsIsaly. NTIVNEMILAT: d1TNNUANENTTUNITITEUYIA.

¥ Fmas way 399 Beo1gnuey. (2568). mawLunanesilasiendpadaaiosdelusunay
Pineapple d11¥UsEUUNABITUNYDIN5395307A 4. 2759715 3wImsimmluladdesdudsune,
6(14), A1-10. https://sc01.tci-thaijo.org/index.php/dtaj/article/view/240982

W7 Smas way 3o Tamsassn. (2564). Mafinwgndusse: nadifnmnuueiunsluun uf
wAuauAsTeuLAuUsEWAlY. 97597539I75Uar TN e aennny Tusenideunis, 11(3),
332-346.
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Abstract

This research to study the combustion duration and maximum boiling water temperature
of charcoal briquettes made from macadamia nut shells mixed with chicken egg shells, o study the
calorific value of charcoal briquettes made from macadamia nut shells mixed with chicken egg
shells. and o study the relationship between the calorific value and the maximum boiling water
temperature of charcoal briquettes made from macadamia nut shells mixed with chicken egg shells.
The scope of this research is that the researcher used a charcoal compressor with dimensions
of 70 centimeters wide, 180 centimeters long, and 100 centimeters high. The screen resolution for
sifting macadamia nut shell charcoal powder is 600 microns and chicken egg shell powder is 300
microns. The conditions for determining the mixture between charcoal from macadamia nuts and
finely ground egg shells are divided into 3 levels: 80:20, 85:15 and 90:10. Charcoal briquettes are
made by mixing charcoal powder from macadamia nut shells and finely gsround egg shells, cassava
flour and water in a ratio of 7:1:1, The weight of charcoal briquettes used in the efficiency study
was 500 grams, the amount of water used for boiling to conduct the experiment was 1 liter, and
the boiling time was 1 hour. Data collection the combustion duration, maximum boiling water
temperature and calorific value of charcoal from macadamia nut shells mixed with chicken egg shells.

The research found that the burning time and the maximum boiling water temperature
of the charcoal briquette from macadamia nut mixed with chicken egg shells, which had the highest
boiling water temperature, were the charcoal briquette from macadamia nut 85 % mixed with
chicken egg shells 15% found to be 99 degrees Celsius and takes 30 minutes to burn until the
temperature is constant. The calorific value of charcoal briquettes from macadamia nut mixed with
chicken egg shells at highest calorific is the charcoal briquette from macadamia nut 85 % mixed
with chicken egg shells 15% average heat energy value is 25.33 MJ/kg. The relationship between
calorific value and maximum boiling water temperature of charcoal briquettes from macadamia
nut shell mixed with chicken egg shell It was found that the highest heat energy and boiling water
temperature at the mixing ratio of is from 85:15 the highest heat energy value of 25.33 MJ/kg and

the highest water temperature of 97 degrees Celsius.

Keywords : charcoal briquettes from macadamia nut, chicken egg shells, charcoal briquettes
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N1309NKUULALVIAABITITIVILVUNAVUBUAGMTULTUNINISIARDUNAENNS
mAnmNzaNNgasuuianefanduingUszasd

s Q‘ A‘ * a o
AnAdna wauuszAns’ dgwed Wuda’ augns lveded’
AnzmAlulaggnamng sy WInendesvigae’ >
AnzAluladanannsIN AMIN1aYI1YAanTRng”

dua : kittisak.san@lru.ac.th’”
Juifuunany 26 W 2568
TunAluunany 26 wewnaw 2568
Tupauiuunay 4 fgueu 2568

UNANYa

nsindeufiveaurunariusust (Robot Manipulator) dwsuvdududsesiu lésuaruiouuazgn
THlugramnssumegnseniun sidedlfitanusvasd 2 flaifuinguszasdfe fefdu Taquavasdd 1
fie An1snszan (erk) vaatiasio (joint) usudlaunaTutesiian uarileiduingusvasdil 2 Ao dumis
aavanglunsmduiuinglifiiuwmimdulndaguiniige TagldussudiuiBnsmeamnzandigauuy
vaneilaifuinguszasdsiuan 3 nsmawanzaniiaade 1) mamaumngaufigavesiuneuisnism
?1"1mmzﬁqm‘uawm’mmwuwmSﬂdﬁ%’uﬁmqﬂizmﬁ (Multi-objective Whale optimization Algorithm :
MOWOA) 2) mamnanvngauiigauesiunouinnihdmuuumaeitsiduingusyas (Multi-objective
Grey Wolf Optimizer: MOGWO) 3) n13vnanimang aufiantes unoueInI sAumAEuIsa LU uvaTy
Wenduinguszasd (Multi-objective Harmony Search Optimization : MOHS) Feldmsussiduanssous
yosdEmamAnmnzauiigalngldfaldvountimisTn (pareto front indicator) #ae38nsusanasvany
fif (hypervolume : HV) Wioufuuansansinan, Agean, Aade uazANdouUuInsgIL Mundnada 3
IUSnsanefiffigeaniiavintu 192,877.48 ¥9935 MOWOA Wansiv38ns MOWOA 1{uisns#idiian
wazlinnaesasaiurueus U RSO20N v8UsEN Kawasaki @111308AN15NT8ANIINITNITaRIHARBIYN
VYDIUBUADIY (Trial-and-error) 19 32.33 %

AEATY | NMIMANMINETAAYEIUAIW MIMANMINauTianveluneudsnuU1dnT N5
WMUZANTIAAYITUABUYDINITAUMIANUTTANY I SUTUIMTanelif

O |
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Abstract

This research proposes an optimal path design for robot manipulator in picking up and
holding things in the industry for a long time. Two objective functions are employed; 1) minimal
jerk and 2) the minimum error oscillating of the object. The multi-objective optimization was used
solving robot manipulator by comparing two algorithms: Multi-objective Whale optimization
Algorithm (MOWOA), Multi-objective Grey Wolf Optimizer (MOGWO), Multi-objective Harmony
Search Optimization (MOHS). The performance comparison was made based on the hypervolume
(HV) indicator, minimum, maximum, average and standard deviation values according to statistics.
MOWOA is superior to the other (HV : 192,877.48) and Experimentation in RS020N of Kawasaki
Robot. It can reduce the jerk 32.33%.

Keywords : MOWOA, MOGWO, MOHS, hypervolume
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1. umin

nsindouivesiuunausus (Robot Manipulator) dwiunBuduisweiu Idsumuieuuazgn
MHlugpamnssuneg ety Ganseenuuumsndoufivossunavususiu ssgnesnuuulaglda
Fevquesyud Inefidmnevesnisindouiivesdiuans (end of effector) udAnluniseeniuy
nsadeuiiusud deusadslalldmiliamandouvasdedevusuifiiugunsainowes Werususiinig
vhanuideidesuazennuiu axvilidesdevusudldiuanudemenazigald Sadunannisedeudives
Fosefilimunzay 91 ANINNINTEAN (jerk) yoanndenudemeniuawosle

Mnfinanundsiuagiiuldinisesnuuudunsnisiedeuiivesdauuats (end of effector) ves
waunavusudvzdesidsiisnsindouiivesdereusunarusuduszneuileannsnsean (jerk) §33eTadl
LNARARNINTEANYBILTLNAYLEUALAY 13U A ILUIUTIABMIAdaman Y susuALYUNG FETS
AUAENT U NNUIVOULAUITNUAZENS IULUBST A (forward kinematics by Denavit-Hartenberg) (Reza
N.Jazar, 2010) Iuﬂwiﬁﬁmmﬂﬁm3auﬁmaﬂﬁuauﬁﬂfuasﬁaﬂ‘ﬁ%’msmmzﬁmmam%ﬁ%’u%’amﬁuasi’mmﬂ
liidesesdanuausonsadnmanstuguadldinadoudiann TumsifidelsBmsfnudindy
84 (meta-heuristic algorithm) FaduiSmsmemnzauildsuamuden Taglduuannsmanmnz g
wuunanefleiduinguszasd @Iud y3sni, 2556) Tuniseenuuunisiad oufivesuvunay uoudly
donadosruilsiduingussasdduiu 2 feiduinguszasddo flaiduingussasdil 1 Ao dunigadany
TumsuBuduinglviiliumisdulndiaguiniiae wasileituinguszasdil 2 fio Ansnszan (erk) veste
#e (joint) Taufesiian nglduTouiisuiSnsmavazauiigauy uvaneflaiduinguszasd siuau
3 Fsmasnzauiigade 1) namaAzaniignvestunouisnsmaezigareslaiwiuy
naneWan Tuing Useasd (Multi-objective Whale optimization Algorithm : MOWOA) 2) A15%1161
mmgauﬁ'qmaaﬁfumauiﬁwmﬂ dnvunanefedTuingUsyasa (Multi-objective Grey Wolf
Optimizer: MOGWO) 3) nMsvANvs Nz dufi gnvest unautesnIséumauussaukuunasiled du
TngUszasA (Multi-objective Harmony Search Optimization : MOHS) kagn1suauntiinsle (Pareto
front) veiSmMamANmNzaigauuunaneilsiduingUsrasd azduiunsmisuananilignaseud
(non-domiated solution) uazhnsUszifiuaussnuzvesisnamAmnyaniiaalasldiusdoauntimn
1516 (Pareto front indicator) A2835n15U5 N M IUawdA (hypervolume : HV) mnﬂfuﬁwmﬂﬁaﬁ@m
wingauian (Optimum point) fe38nsiadula (decision making) Fal43anasmdasihmin (weighted-
sum method) wagW# 2 LLUiaamLuummﬁmmzamﬁ'a‘m (Optimum point) (Kasem Nuaekaew
et al,, 2017 ; Kittisak Sanprasit, 2020, July ; Kittisak Sanprasit, 2020, December) lunnassasanuway
NavUEUATY RSO20N 989U3EW Kawasaki

2. Inguszean
2.1 99NLUUNSIATOUNYBMIUNAYUE LAl TS NTAMIIENaaL UUnae s TuTng Ussasd
2.2 VNABIRIUYULUALIUNG

3. 35113778
Bnsidewuseanidu $1u9u 3 dufle vaumans (Kinematics) TuneuisnsmA Nz NgaLUY
naneflaituingUszasn (Multi-objective) N15a3139uwadn (trajectory)

O |
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3.1 9aueans (Kinematics)

HIdgldraumanitraninaie3sn1svesauInuare1sinuiuesn (Denavit-Hartenberg) Tu
SULUULNASEIY (Reza N.Jazar, 2010) Losanfiduusudsiites fedwau 4 éauvs e 6,d,,a, ¢,
Fend1 gudese (Joint angle) szouidauruIuvestene (oint displacement) Avmeadause (Link
length) uazyadnfnusie (Link twist) Aud iy fannsnsdi 1

A1519% 1 115719M1318me$ DH (DH parameter table)

Frame No. 0 di g a;
1 0 d, 8 o,
2 0, d, a, a,
J 0, d; a; ;
n 0, dn a, a,

Walan1519n1518mes DH anudaulue ( DH1) wag (DH2) ﬁmwa%’wLm%ﬂsz?mil,wauaﬂﬁ’uﬁ‘
(homogeneous transformation matrix) auaunsi 1 (lsay & nuA1, 2559) Lwaaﬁmamwuuuamﬁ
dowvedusiay  MusielazeSulsMsAduiivesAmsudmi UL Tesatiuvanduunn axd TaRdl

C, —S,C, S8, ac,

Sy C4C,  —CpS. &S,
0 S C d.

o o i

0 0 0 1

e s, =sin(g),c, =cos(8),s, =sin(x),c, =cos(e;)

aaumam‘%’wwﬁwﬁa%‘uwmimaauwmmuﬂma (end of effector) L‘VlEJ‘Uﬂ‘U%’]‘LM'UEJu AU

v
Yo

aunsaliaulanadl

OTnzAi(%)Az(qg)---Ah (qn) (2)

mu?%’mfﬁmuﬂavjuauﬁ 3 RS020N ¥99UTEN Kawasaki Faiidoste (oint) $1u7u 6 Jose wazd
ANNYIIVBINIUABDIIUIU 4 NUsD AB L1=905 mm., L2=800 mm., L3=850 mm., L4=210 mm. A"y
A 1 lunstifisyuuanemudidsmdnd ndundusutununasaenusidessedmdusesduiiue
Tngsunisdadmesiusudiuiuaniiuiosnisveaesludsdmnuats (end of effector) 103%ugus

o
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G

PnduALIuNI9T8uA1519W153mes DH (DH parameter table) mundnni1sansned 1 10um1s19 DH

YBIWUHUA JU RSO20N UaIUTEWN Kawasaki kanslumsnei 2

JUN 1 wvunavueus U RSO20N YaeU3EM Kawasaki

A15197 2 7191901973003 DH (DH parameter table) n@uniansue19dsdsduane

(end of effector) YaeVugUA

Frame No. 6’,, di a, Q,
1 g —pi/2 L1 0 pi/2
2 q, + pi/2-54.25 0 L2 0
3 Qy+54.25 0 0 pi/2
i -q, L3 0 -pil2
5 - Qs -pi/2 0 0 pi/2
6 Gl La 0 0

Waldnnsanisiiwes DH TuwrazdiuwalsaliidunismaaumansiravtniasSuienisiaaaun
vo3d1ulay (end of effector) LB UAUAIMINWT UA YR UEUAT s LN ndn1suUatonug

(homogeneous transformation matrix) 4t

WnINgN1sUUANBNTUEAINANNITA 2 NFIUVUANTNE9BUTUAU(A) BeB1eBsisdrudany

(end of effector) YaeuBUATU RSO20N UBIUTEN Kawasaki a1usaideulasiail

OTe = OTZI. 1Tz 2T3 3T4 4Ts 5T6

(3)

O |
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MNTULAAS 1 UUTIRD991NIUTHATH MATLAB #2835N1598UMEASU1MTNA8AUNINLaLENS
muLuesn (forward kinematics by Denavit-Hartenberg) LLa5ﬁﬂmmmwguuazmﬂgaummLLﬁiazﬁ’m&ia
mgysnBNIsLUaeniug

@

3.2 TuppUIBNIINATINE NgakuuatelanduingUsease (Multi-objective)

q

\losarnnisenuuuiIsYeILTunausud dfulsiiietesdiuauunn vilinnsduand
anuduteudusgiwnn weananududoulunisduinuarliaonadesiuingussasdiideanisiv
1A FeldiiBnamamzaniigaidunssuaunslumstumdiney TunmAdeilfivioudteuisn
wAnINgauTigaduau 3 3FnsmAumzaniigade 1) WOA 2) GWO 3) MOHS [4] Tnedfiflafdy
Fnguszasddiu 2 ladduingio nsnszan Uerk) sammesdosiorjusuitiosiian wagsumisgaUaslu
msuBuduTaglrlimumismBulndtngunniian SilsfdutagUszasdssil

3.2.1 Meiduinguszasa (Objective function)

ATeR g vaneluniseenuuunisind eufl vesy usus d1uau 2 s akip?
o Wadduinguszasdil 1 Ao n13nsznn Uerk) Truvesdorevusudoniian wazilsidu
2 fio dumsgauanelunsnduduingliiidumimdulndinguindige fswasBonied
1) Herduinguszasddl 1 Ao n1snszan Uerk) Tauvesderevusudiiosiian
fTosiovesjusudiu Iilfiweslnawesininszuaadudugunsniduindoutads
winnszanvesteneduruninifuliazdwmaidensgunsalaesin Faldiinisnszanduieddu
Tonuszasdliiianioofian lnsnisnseanduiduniseyiusvesnusadauvestose Feileddy
fnqusrasdil 1 aunsadualdanaunsdatelui

AR
Al

L
FOBJ1= minZN: J [ (£)jt

finie degree/sec’ (4)
=ty
molddoulvdsdusadl
Ghe, —0 <0, <G +9 (5)

musuvesdereluldastiianatiuegsywing +5 e -5 ansunsdesie Oy Tunisvnaosass

HAaeagn (Trial-and-error) IMNYUHUAITI AIUANTIT 3

M13797 3 Aviuvtsdasie Joint) meSassinasign (Trial-and-error)

t1 12 t3 t4 t5 t6

Joint “  a (2.048 (2.816 (3.328 (4.864 (5.632

(0 um) o A o o o o

W) W) W) W) W)

0 0 -4.367 -6.589 -5.488 -7.856 -1.727

g, -30 14.956 22.515 16.738 -7.535 -0.774
0s -119.904 -99.203 -102.7 -98.593 -124.981 -130.134
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A15719% 3 (s)

Joint t1 t2 t3 ta t5 t6
(0 3u1h) (2.048 (2.816 (3.328 (4.864 (5.632
) ) ) ) )
a, 0 0 0 0 0 0
0s -90 -65.840 -54.767 -64.663 -62.562 -50.639
Qs -45 -40.639 -38.478 -39.514 -37.138 -37.274

2) lafduinguzasdil 2 Ao dunsgauaglunsududuiagliddumimdy
Tndingunniian
e muasuslunsvduing (End ref) FIWN X WU y UAZLAY Z NTUALIIIR LS
ans (End) TsfaonadastusiumislunsvBuingianan anansamunilsdiuiagUszasdldsed

t=tg
FOBJ2=min (

t=t;

END, —END, .,

+|END, —END,

+|END, —END,,

) (6)

ref

v v o o ' v oa a o o a o
neldeuludsdu enuaeazdeslivuiudsinuing (obstruct) vesssuudndsing

Peyo € Ob

Tunsillanmuadinisfiwesiiiu auasd 4 dmsuisnmavnamunganuuunanefleidu
IngUszasa

A15199 4 MRUAAINITIALBS

aeu FruUs AMNTITLR03
1 YUINUITEVINTAIDAUTOBNLUU (Number of population : N pop ) 108
2 1% (dimensionality)iun3n 30
3 UUTBUAIWINGER (teration : MaAX,, ) 500
4 Sununiheiiunaaas (Allowable archive : N,.) 300
5 nnWes a 0-2
6 IWIUNIAFBVUIALR (number of grid per each dimension) 10
7 ANNTVEIBAIVBINIA (grid inflation parameter : @) 0.1

O |
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i,
y

3.3 NTASMUNID (trajectory)
miaimmna LiJun'ﬁaiNamumimaauwmawamamaum Tnouudiduasiiauduay
ALY Lsmuuauauammﬂu 0 w¥oufuiinisiadeudideieaty muumm%’aﬁmmmmaamaamu
Roulaves msuszanarlurisdeduldshdiany (Cubic Spline Interpolation) FefisneaziBenssil
A130a3UANNT MFILNUL A5 AIIULSY wazn1snszan Tudiwan t <t <t grevadl (

Kittisak Sanprasit. 2020)

ml,mm
o i Q, | (t Dol
h ' (ti+l t)
qj i+1 Qj |(t|+1) _
- A |(t-t)
AILED
Q) 2 Qj,i (t,1) 2
j i (t) 2h (t|+l t) 2h| (t _ti ) (8)
Y Qj,i(ti) h |+ Ujia Qj,i(ti+1) h
h 6 h 6
AT ) )
Qj I(t) _ Qj,i (t|) (ti+l —t)+ Qj,i (ti+l) (t —ti ) (9)
: h —hi
Msnsgan )
d“ (t) _ Qj,i (ti+1)h_ Qj,i (ti) (10)
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4. Nan1338
4.1 wamTemuingUszasdden 1
olduvudassvesfusudieiBaaumanidismii (forward kinematics) Ingl#33nsuean
WinuazensinuLuesn (forward kinematics by Denavit-Hartenberg) sioluaglduuusiasasanaiiie
Fumdnoudaduimisvesusunaueudimenssuiumsmemnzauiigauuuvaneilsiduingusvasd
Fafilerduinguszasddiuan 2 flsiduingRernisnseanUerk) veadesie Uoint) sufoefigauazsiumis
aaumelunmsvduduingliimunimdulndiaguinfiaalagliisnsmawmngauiian uuunaneilaidy
Fnquszasd (multi-objective) §11a1 2 F3MsmAnvnzauian uagynsussiduanssouzvesisnimm
ﬂ"lmmzauﬁ'qmifﬂﬂ%é’mﬁymauwﬁ'wwwLﬂm (pareto front indicator) A2835n15UTURTHABI R
(hypervolume : HV) mﬂﬁ?uﬁwmilﬁamgﬂmmmuﬁqm (optimum point) mﬂﬁ%‘msmﬂ'wmmzauﬁqm
wuunaneilsdduingUszasdiianandaeisnsdnaula (decision making) 441435 nasuaasinin
(weighted-sum method) wazifauUsoBNLUUAINIAVINEALTIgR (optimum point) sfisazendsl
4.1.1 mawSeuiflsuIBnmemamnzanfigauuuvaneilaiduingUsasd

MnMeaesAINauiian Tifidunsmisraaasillignaseudt (non-domiated
solution) azlFvaunthmist (Pareto front) wesismsmamsnzaniigauuuvaneilsiduinguszasdves
wiazdBmemngauiian lutuneutosfunsfeudouisnsme g auiian uuunasiladdu
fngusrasdiiiadenBmamemneauiigaiafian lumuisedlfuisuievisnameimngauiian
wuuvaneilaiduinguszasddnnu 3 Bnsmawmngaufigamudina ey sidunismaassdiuau
5 admosusarisnamenyauiiganfeminaveundmsiadngn sudunsnssuiunsmisug
wasitlignaseuirrudnafluniagismamemnsauiiandnads uazldfvevntimislo (pareto
front) A1l 2 FanamandulnevinisUssifiuaussouzeRismamanzauiiaalagldiusdvey
ninsle (pareto front indicator) Ag3sN1sUTRMIVIaNesia (hypervolume : HY) lias1egnaadalaeg
nMsvduisiiinniigavesudazilsidud muneg Wddunnnda 1.5 winluudagileddudmane du
A48 mﬂﬁ?uﬁwmﬂ%mmﬂ%mm%maﬁﬁmawawﬁmwLﬂmiumaﬁ%‘mimmmmxamﬁqmLL‘UU
vaneilariduinguszasddiuau 3 Bmsmanumnzauiian auami 3 wenduuanridngn, A1gean,
ALade LLasmLﬁmmummgm Tupns199i 5 %Lﬁuléﬁwm‘U'%mmvimaﬁaﬁqaqﬂﬁmlﬂdﬁu 192,877.48

Aaa

29975 MOWOA wansinuauntinsia (pareto front) ves3s MOWOA uisnsiinfian

q

O |
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Pareto front
80 u X MOWOA
| ok O MOGWO
70F % +  MOHS
60 O
8
sof o é
X
o 40 §< x %

30 %

20 >%(>0§<%_

10 %

ol ¥%og B + +

-10 . . . . . )

1000 1200 1400 1600 1800 2000 2200

f1
5U# 2 vaunihmusle (pareto front) 499 MOWOA, MOGWO, MOHS
(n) (@) (m)
Ul 3 USanmsuanedid (hypervolume : HY) n) MOWOA 1) MOGWO @) MOHS
A998 5 Wisuileulssavsnmnsaavsinsvaneiinves
TUROUIT e ANENEn Aade Andoauunnsgiu

MOWOA 89,623.85 192,877.48 158,780.61 30,412.99
MOGWO 120,855.59 164,533.36 144,708.06 13,791.55
MOHS 73,628.32 189,598.01 145,951.58 39,939.38

4.1.2 mssindula (Decision making)
5U99 MOWOA Lﬂuﬁﬁﬂ’]iﬁﬁﬁqmmuﬁﬂa"nm%"mﬁu Fafusswoundnasla
(Pareto front) uwhnnsimdennanasvesnistadaeisnisinaula (decision making) lusuiseilales
Nasaua el (weighted-sum method) Fafidndusznaudratmin (weighting factors) U967
w1=0.5 uag w2=0.5 warldqaumunzaudign (Optimum point) auamd ¢ fanfladduidivaned 1
WU 1,274.45 degree/sec’ wardlmilardudmvaned 2 wihiu 16.05 mm. agldsuuseanwuuiiilude
HorasiuEusi 6 Tastemutnaiainiuned 6 andiuldindesevusudded 4 lifimsdeunag

@ o
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80

Pareto front

X X MOWOA
70 %ﬁ S Opimum MOWOA
x
60
X
50F X
X
x
N 40 X
HKx
30 %
X&x
20
% %x
10 x%g(
X X %

%

0 L " L
1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650

fy

AN 4 FunaamInEaNTga (optimum point) ¥a¢35U89 MOWOA

A157199 6 ARWNLITaRD (Joint) ANNYI9Ia1YBILUUTIa89(Simulation) 38N151AAINNTURBUIDNS
MAMHNZNFANETT MOWOA

t1 t2 t3 ta t5 t6
Joint a A P a A a  a a  a a =
(0 U (2.048 IUIN) (2.816 IUIN) | (3.328 IUN) | (4.864 IUIN) (5.632 IUIN)
gl 0 -3.769 -6.275 -4.424 -10.607 -11.340
g2 -30 16.426 22.468 13.737 -2.912 -1.391
g3 -119.990 -97.912 -103.092 -98.561 -124.629 -130.386
qd 0 0 0 0 0 0
a5 -90 -61.407 -55.546 -61.369 -58.269 -52.492
a6 -45 -36.857 -37.733 -39.708 -32.176 -32.140

4.1.3 WUUTIABWIIVNVBIMVUNAYUEUARIUNITIAMNNZANNFATUABUTTNITNA
winegavasUan i uuaneilanduinguszasd (MOWOA)

'
I

dloldmudsenuuununsd 6 udaiiu thiumisterofindridduuuasmsadinaans
Wedananisindeuiivosivunayusud Jsuansaunmil 5 sgiiuldiinsiedeuivesiusuduaunagn
dumiadudu t1 ldsiumisiuan t6 dunsnisadeuiivusudlalldsudsianieidumenudides
e wazdiduUseenuuulunaassasaiuiueudsely

2000, 2000,

J3J4 J5.J6
1500 1500

1000

1000

500 500

-1000 -1000

1000 N 1000 :
x -1000 -500 0 500 1000 1500 M i 500 0 500 1000 1500

t1 t2

O |
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2000, 2000,

J3J4 J3J4
1500 1500

1000

1000
N

500 500

-1000 -1000

1000 b 1000 N

M Yot 500 0 500 1000 1500 « s 500 0 500 1000

2000, 2000,

J3J4 J3J4
1500 1500
1000

N

1000
N

500 500

-1000

1000 % 1000 3

x -1000 -500 0 500 1000 1500 X -1000 -500 0 500

t5 t6
JUN 5 LUUTI80IN VDI U AWMU aLTIAN

4.2 amsIdenuingUszasdden 2

Sloldnavesiiuusesnuuy mumsisit 6 tnafananulinnassaseiuusudadesz vy
naViLELs u RSO20N 109U3E Kawasaki waxldisnsviBududeusaiuay vusudanansofiasnduduiu
1¢a3¢ Wldwuivasinhamasadunisnisadeuiivesjusud munmd 6 wazanduwhnsieude
Fumidstasta Uoint) lun1smeaesiuvusus Ssazdszneudie 3 35%aiAe 1) imumimestade Uoint)
FeLUUTIABIEAT MOWOA (Simulation) AMmn13797l 6 2) dumisvestese (oint) feiinisasin
2999NYDIUYUAITA (Trial-and-error) MuMI31971 3 3) dumisvesdosis Uoint) #1835 MOWOA vos
WUBLAT (Actual) §1 msindeudivestosienindesedl 1 fedesed 6 muamil 10 auddu Tneditese
i 4 fausindu 0 paemdunisnsiedoudl axiulddiuuliunisiedeuiidoruoudlulufiamadoatu
waglsriumisteraveasitniseieg vinsmmnnsennagsnsussinaalugsiedulAsaseny
(Cubic Spline Interpolation) Auauns# 10 uazlsiAin1snsznnvesisnisassiinasignuesvususiasy
(Trial-and-error) fiAvIAy 1,529.03 degree/sec’ 3msnanosndunouisnismeanmunziignieis
MOWOA 4831 ugusiass (Actual) inwvindy 1,034.77 degree/sec’ Fawanslun1s199 7 aziuganng
NARBINIIUYLELF R IEIE N IMAaes N TuneuIEnITA Mz 4n 835 MOWOA vosusufade
(Actual) @11308ANINTEANIINTTITN1TADANARDINUDIUEUATIY (Trial-and-error) 161 32.33 %
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JUN 6 YINNNNVDIULUATTVBWIUNUIIAMI AT

Experimental : trajectories of joint

q1, Actual

Experimental : trajectories of joint

q2, Trial-and-error

g l
\4
Y

g2, Actual o5

@ 0 N
£ / :
£ @
° °

5 q1, Simulation -10

o

-6 y 20

;1 q1, Trial-and-error

-8 -30

9

0 1 2 3 4 5 B 1 2 3 4 5
time time

o o o a
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Experimental : trajectories of joint

aad g3, Trial-and-error

A & ‘A
-100 t A/J “\A o

-105 }

110 |

8
5 -
]
©
-130 ¢ %4
135
0 1 2 3 4 5
time
(A)
Experimental : trajectories of joint
-4 A
X
;"\ g6, Trial-and-error
36} %
4 \ A D_p
g6, Actual / ) ] Ve
PoaA \ B
- AR A e
/ A
&40 | ¢ A \/
3 fo &

A

a4} g6, Simulation

time

(@)

Ul 7 Msndeuivesdesed n) Teded 1 v) Tasiel 2 A) Tased 3 1) Vesedl 5 9

degree

(¥)
P Experimental : trajectories of joint
.50 -
q5, Actual '

55 1
-60 +
-65 f
70}
75+ ” g5, Trial-and-error
-80 ,’

A q
L 7 g5, Simulation

i?
.%M
-95
0 1 2 3 4 5 6

time

)

= ' Y 3 a1
N3N 7 ﬂqﬂqiﬂigﬁlﬂ (Jerk) i’JiJ‘UEJWE)G]EJVjuEJum‘UE]ﬂﬂ’]iﬂ/lmaaﬂuﬁﬁmﬂ

v |

) VoKD
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6

Experimental

Jerk (degree/sec’)

Trial-and-error

1,529.03

Actual

1,034.77

5. afusnenanazasuna

nseenkUUdUINISIARauNvasdIula1Y (end of effector) YBIWUUNAYUEUANDAANITNTEAN
(jerk) izdamanoanudemevesgunsalidudede {ideTdiuwifnannisnszanvesnsunaiueuding
FUINATIUUUTINDINNANAAIFRN VDIV ULUALVUNG AETTIAUAENTTNTIVDAAUTINLAZENS Y

\wesn (forward kinematics by Denavit-Hartenberg) Tun1siif33elauuuiAnnisuiAmugiaawuy
naneflaituingUszashliaenndesiuilanduingusvasddiuiu 2 feiduingUssasdne 1) Heiduingde
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AnsnszanUerk) vestiese (Joint) satosiign 2) mumisanuaglunisvduduiagliddumimaulng
fnquinitan TumAfedlfuisudouBmamaumnsaiiguuuameiaiduingussasddam 3 s
wAuNzauiian $535n13 MOWOA WuASnnsitafian wagldmaassaTaiusiusud Ju RSO20N voeuiev
Kawasaki a151308ANN3NTEANIINITNITADHARDINUDIUEUATIS (Trial-and-error) 161 32.33 %

vnisuiisuiumiddeiiniumn vismAfeerldifsinmeassiuuuuiiasmandaman{as
lilsnnassaisiuuesud viounanuddeasldnmsmemnsiigaiios 1 Fnguszasrdsmnududoutios
B msmAINgigauUvaneilsiduTngUszasd

6. UBlaUDLUL
6.1 1tn3eeinn1snsan (jerk) ntesattonugniestays
6.2 D1 USHUMIEUITNNTIANMAUIZANNINATNE 18U NSGA-Il, PSO

7. inAnssudszne
Nuidatuiidnseadldmennunianan nuennsdusziavimnssuliiuasildnnsedind

nwiouviuenasdngluanzimaluladanamnssuyniine dansaunliannug duwugdy AUTN Lagnsia
wilveuasaauysal dideveveunseanld s lenatl wieudwandnynaulupseunsivesyide Nlalv
ANLeWATIRTBmas Ui UAenI

AuAuazUsElomiduitainanemadvatil {Advveusuusaniuidouasinun auzmalulad
gnamnTIN AnInede i neenaruminendereienshnd dwsuduwdonlumidensiuey
Lﬂuﬁuﬁaﬁ’maa@%%’aw%auﬁuﬁgumauLL@iamﬁiﬂumiLmLLWi'Namu?g{f&m%ga wazueuduled sy sz A
TA13M1 YINanse Jimseannnviny uazaseuniIveyivy
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UNANED

mMseeALUULaYIRLNSa lanTIuAuR U saEnndanulni wud salansiuRudusuuaian
wasulndliinsesnuuuiizun ANunTIeindy 1.2 Was mnaenwiiu 1.5 wes Anugariniy
1.41 wes Waumdwinuawesuuin 2,000 Sad, naesreulnaass 100 weud, wumnedafioulessy
19 30 weud, yadariawiulgiledlddawvindu 7.806 : 1, g5 1 §n5ma 16 : 1 Auiasauinan
WU 29.7 rpm, 1es 2 8a5 A 12 : 1 Audseumanyiniu 42.2 rpm, Mansauingu 1.729 w5
saloannsalansiudvlufusiudunsie wWewisuaulunisinnussvuiadnlunisugniis lananis
neaoulstAns nmwessolansuRuRumLruaEn Ul luanmdusauuunseluiuiilndifesiu
AR UAYINAY 200 A1519ms Wevihmsiasesisyans nmnnsyineuanies 1 uwas 2 wuin mnuia
Tunsindeudias 3.186 waz 4.91 Alawmsredalus Suanlunisieu 0.122 uay 0.079 Tsredlus Sensnis
duloa 16.93 uay 11.89 Wosidus shsnsldndsaulniia 245.66 way 157.98 Sardalus munitsveans
1a 0.55 wins danuannsolunisinumagud (TFO) 1.094 uay 1.693 lededalus dauannsolunis
¥19ua3e (BFO) 1.017 wae 1.574 Issiadlus UsvanSan (EFF) Savay 92.1 uay 93.66 wWosidus uaznanis
Uszifluganmangdienna 5 au saumndu eglussduinniian fdedewindu 4.77 uazdrudsauy
1ATFIU Wiy 0.46

Aadgy : wawestwil salawunin salansauRunasaului

@ o

Uit 10 atufl 1 unsnau - Rquieu 2568



162 Industrial Technology Journal rl.-'

Design and Development of a Small Electric Power Walk-Behind Tiller

Ruangyot Kaewla " Nikom Lonkuntosh % Asada Wannakayont >
Faculty of Industrial Technology Surindra Rajabhat Universityl's*

E - mail : ReangyotkaewlaZOlZ@gmail.coml*
Received 26 October 2024
Revised 12 March 2025
Accepted 28 March 2025

Abstract

Designs and development of a small-scale electric-powered soil-walking tiller showed that
the tiller dimensions were 1.2 meters wide, 1.5 meters long, and 1.41 meters high. The utilized
power was a 2,000-watt motor, a 100-amp controller, and a 30-amp lithium-ion battery. The power
transmission system through a sprocket chain set had a ratio of 7.806:1. Gear 1 operates at a
reduction ratio of 16:1 with a rotor speed of 29.7 rpom, while Gear 2 is operated at a reduction ratio
of 12:1 with a rotor speed of 42.2 rpm. The tiller generated a torque of 1.729 horsepower and had
the capability of tilling soil, including sandy loam, which prepared small-scale agricultural land for
crop cultivation. The performance testing of the small-scale electric-powered soil-walking tiller in
sandy loam soil in conditions whereas the nearby area measured 200 square meters, or 10 x 20
meters (200 square meters), the findings were obtained: For Gear 1 and Gear 2, the wheel speeds
were measured at 3.186 and 4.91 kilometers per hour, respectively. The operational times were
0.122 and 0.079 hours, with slip rates of 16.93 and 11.89. Electrical energy consumption rates were
245.66 and 157.98 watts. The plowing width was 0.55 meters. The theoretical field capacity (TFC)
was 1.094 and 1.693 acres per hour, while the effective field capacity (EFC) was 1.017 and 1.574
acres per hour. Efficiency (EFF) values were 92.1 and 93.66. The efficiency test was conducted by 5
experts who inspected all aspects and were at the highest level, with a mean score of 4.77 and a
standard deviation of 0.46.

Keywords : Electric Motor, Walk — Behind Tiller, Electric Power Tiller
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anunsaififetuluiiagtuiinnusunmesuiaanfesiivseuaiewuddunungluiioonsn
nnvisleidieftasdztulueinia wuin ideindessudinlndihiudomaadily 1 unaaeu arsuseneu
y0z (Tetraethyl Lead) azdinnfusulnoonladuszaunn 3 voud Tnefnanthiulfifiuansusenouves
ngit Faduvesvadldasluluhsfuuuiuuazidiuaiesildfuiniesud leliioanmugs (Octane
Bumber) g¢ 30152 Jeadulailiadessusiiinn1sdnnsznn (Antiknock Additive Substance) usililaaain
nwnlvsiiilwedossuddliauysal wdasussnevtesmednilfornafauafunszaneluoinie
ThuTn suaiiluhduuuiuliansasdagaiseg 0.7 nfusedns ndsanmswnludluadowudnud
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wazdunauldiuideliinduuasindandanunaunulunisduind ouneinesini esoud
liireliAnatufiy arsmeia 1wa Tuduussernia Wesnwaugausseimasnnnglaniou eils Jymwes
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- MUTIEUNISAGRUT 1NNV UV
NNAUNT

R,=K,xW W

R,= uswhunismyuvesde wiedu N
K, = @syavsussinumanuuvesde fewindu 0.04

v
°

W = 1duiineessagus W = m x g = (300)(9.81) = 2,943 N
unuAluaun1sn (1)

R,=0.04 x 2943
R,=11772N

AT LIIRNUNIVYUYBIERILAYIAY 117.72 N

- museduatne1na Wesinnsiedeud
A9AUA
1) anusivessalansiufuiunuvuinidngantunisesnwuuiazldu
Wwindu 5 km/hr
2) 5’1wﬁ’ﬂuiﬁnﬂﬁalawsauﬁwﬁummmmLﬁﬂwa"mulw%mmqmzw 300 kg
3) FeuuauuRusaLiusEiuUIunans

- MYUIAVDIUBLADS
INAUNNT
p= R )
n
Fr=pmg + % CapV3A (3)

P = madwewnes (w)

V= Anusivessa (m/s)

N = Usz@nsnmiies

Fr= ussdusianun (N)
SudsvAvusadonnuiide

= 18U (ko)

- udiwhdinvessa (m?)

i".:

P = ANAUIKUNTBIDINA
Cd = dsyAvdusainueinea
R = uwssiunsuyuvesda (N)
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seauUIunag)

LNUATUENNTN (3)

AU

LNUATbUENNITN (2)

NNSULTIPIUTINVDIID LaNURUAUALVLIEN NS U AU
solonsIufuAuuing 300 kg (531899UNTRlEILAIULAZYALUALAET)
ANdUUSEANTWIUFYANIY WINAU 0.040 (A1AINTENINADNUNUUAUD AW

1y a £ v \

AUUILEVTLIIAUDINTA WINNAU 0.22 (AINNNITERALUULASITE)
NUNNARBIsalaNTIUAY A = (0.8)(1.2m)(1.41m) = 1.35 m?
AUAUILULYBIDINTA 1.2 (kg/m’)

AusvesIalanTuAuTdeInsasaalunisldau 5 km/hr

5000(m)

WO(S) = 1.388 m/s

F, = (0.040)(300)(9.81) +%(0.22)(1.2)(1.3882)(1.35)

F. =118.069 N

LSIAUTINTRITRLONTIUAUAUAUTANTNTY 118.069 N

- wrueddsliiihvewenesanaunisi 2

- WSIANUTIN 118.069 N

- AnusvessalunsesnuuY 5 m/s

- UszanSnmiiesvessalansiuau windu 0.5

,_ (118.069) (5)

0.5
P=1180.69 W
P =118 kw

YUINVBINDABSAIT LT bNTIUAUAUIUIEADITVLIA 1180.69 W %38 1.18 kKW

4) aranuvasnnglunisesnuuuLswas fiumuUaens gLl aea1ninisiuannse

annensvinnuilidandniionadinanon1svinuesszuy nseenwuuusmesaulngmsdentady
AuANUaendeUsam 1.5 9 2.25 InanefeingudmiuUsnnusafitewmesnisinowagasiing sy

LB

wuavasanesiAmnle 1.18 kw iungaiurianudasasislunisesnuuy 1.5 A1

ANUUapnN8lUNITRBNWUULBLABS 1.18 x 1.5 = 1.77 kW aadudaudanlduamasuunn 2 kW %58 2000

W

5) MIAUIUMVUIALUAADS LB AN EINEABNITYINNIU VLIATUN 200 AN59 31UIU
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Abstract

This study investigates the sensitivity of parameters to enable analysts to better understand
the significance of factors influencing the stability analysis of soil slopes. A total of nine parameters
were examined: (1) the analysis method used, (2) soil unit weight, (3) soil cohesion, (4) soil internal
friction angle, (5) slope inclination, (6) slope height, (7) water level at the slope face, (8) external
forces acting on the embankment, and (9) seismic forces. The results show that the moment
equilibrium method and the limit equilibrium method yield similar safety factor values, while the
force equilibrium method produces the lowest safety factor. The selection of soil unit weight should
correspond to the characteristics of the soil, as the sensitivity of this parameter only affects the
calculation of soil cohesion. For soil cohesion and internal friction angle, an increase in these
parameters results in a higher safety factor. Regarding slope inclination and height, increasing these
values decreases the safety factor. Conversely, an increase in the water level at the slope face
leads to a higher safety factor, although the sensitivity of the water level is specific to the
calculation of soil cohesion. For external forces acting on the embankment and seismic forces, an
increase in these forces reduces the safety factor. The sensitivity of external forces acting on the
embankment has the most significant impact on the calculation of soil cohesion and internal friction

angle.

Keywords : Slope Stability, Slope Stability Analysis, Parameter, Parameter Sensitivity,
Factor Of Safety
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4.8 Anugeulmvsusineuaniiunnssyuuiuiy
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Abstract

This research studied the properties of concrete containing recycled aggregate from precast
concrete slabs as the mixture to be used as basic information in the construction industry that
needs to receive high early compressive strength. The mixture is Portland cement, supper
plasticizer, river sand, natural coarse aggregate, recycled aggregate from precast concrete slabs,
graded from 4.75 to 19.0 mm to be used as recycle concrete aggregate (RA). The RA was used to
replace the natural coarse aggregate by 0, 25, 50, 75 and100 % by weight. Incubate the sample in
water at room temperature and test the compressive strength at the age of 24 hours and 28 days.
And the water absorption, porosity, flexural strength and modulus of elasticity were tested at 28
days. The results of compressive strength at the age of 24 hours between 203-285 ksc and 28 days
between 375-455 ksc. And the water absorption between 2.85-6.17 %, porosity between 6.64-13.46
%, flexural strength between 72.5-89.0 ksc and modulus of elasticity between 25.51-28.19 GPa were
obtained. When using recycled aggregate from precast concrete slabs as a mixture, replacing 25
percent by weight of natural coarse aggregate, the compressive strength at 24 hours is 245.2 ksc
and at 28 days is 409.7 ksc, which is an appropriate mixture for producing precast concrete

structures, slabs, columns, load-bearing walls according to TIS 848-2546 standards

Keywords: high early strength concrete, coarse recycled aggregate, modulus of elasticity,

precast concrete slabs
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3.1.4 mayaveniladannuiuiiuaounind3e insdosuasdaunn 4.75 89 12.5 u,
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3.1.5 ansasifiiy
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A & S o
. Nﬁai?uﬂﬂqU{L‘ULﬂaﬁnﬂLLNuWUWQUﬂﬁﬁﬁWLﬁﬁ]

JUN 1 wavumeusluda (RA)

A19199 1 AnuandAvanenmYesian

Property Fine Agg. Coarse Agg. RA
Specific gravity 2.64 2.71 243
Median particle size (mm) 0.08 - 4.75 4.75 - 1250 4.75 - 12.50
Fineness modulus 2.28 7.50 7.48
Unit weight (kg/m”) 1,698 1,472 1,314
Water absorption (%) 0.36 0.64 6.36
3.2 ANEIUNENLAZNSHENAIDYNNAGDU
3.2.1 M5N9a09AsIlag ITaIUNALNIUA 5 @IUNEN AILAAIMIANTIEN 2
A1919% 2 SndunELYeIABUNIA (NN./aU.al)
Mixes OPC [|Fine Agg.| NA RA Water Pla
O0RA 360 890 930 - 173 5.6
25RA 360 890 697 233 94 5.6
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A15719% 2 (5i)

Mixes OPC |Fine Ags. NA RA Water Pla
50RA 360 890 465 465 174 5.6
75RA 360 890 233 697 94 5.6
100RA 360 890 - 930 174 5.6

OPC = Yudsdesauaususziani 1, Fine Agg. = WRTRALBLA, NA = 17T TUSITHYG,
RA = maiawmuﬂﬂjmaﬁmLLmuwuﬂauﬂimmLia Pla. = @1santfie
nswawAeunIafisuidisaldsiniiiiifdunmmesnasmenslufannuduiiuneunindse
Gushemshyudwudiuagneldadulueioman Wardomay wasnaulidiiu udnhnsidinanasm
neUsTINALazta T lnAannukuiurounIndue shntsnauaudiy deuniansant
fAvkardwautuudresiuiiay 10 Wedud aumuamufiosnuuuly deuninisvageudinis
vl Tasmuauennsgusad 175 + 2.5 wufiwes pnduiluinsdvadusuvdelaslduuunde
NINTTUDNVWIALHURNIUAUINAN 15 LWURAUNT A2INEY 30 LwuRluAs dusunismageunt Arfndesy
wsedn uazelugaadangu LazluunaegnuIAl uIA 1119 10 LUALLAT 817 10 LWWUALLAT g9
10 wufiang dw§unsvadeunAIANINTULATNIIAATIN LagLuUYdaATUADLNTATLIA N9
15 wuRums @9 15 wufuns 817 50 wufuns dmiunisvegeum Amaesuussn udiegrmneseu
Pigamgieadunat 24 $alus vhmsseanuuudahluvalmisussunussesianiidivua
3.3 I maaey
3.3.1 Mawwn (Compressive Strength) TdfagnsuAazaIUNaNTIUIU 3 F8E19 mmaamﬁamq
ATU 24 $2l319 019ATU 28 Fu (ASTM C39/C39M-20, 2018)
3.3.2 mquuuazmsamsﬁmﬁﬁ (Porosity and water absorption) Taf@98 191 aza I UM
§1uau 3 Foee naaeuileetgasy 28 Tu (ASTM C642-13, 2013)
3.3.3 i (Flexural strength) 14iegnausiazdiunans o 3 Mot nadeuiiesgasy
28 Ju (ASTM C78/C78M-16, 2016)
3.3.4 lugdadanegu (Modulus of elasticity) ldfog1ausazdiunandiuiu 3 e nageu
ijamqﬂsu 28 3 (ASTM C469/C469M-14, 2014)

4. §an15398

4.1 MESULsER nansndeuAunIafsUMASalssInEiifldunauveunasiumeuilaia
InurufiureunInd s meﬂuguﬁ 2 Pnnsuansliiiuingl ossdrulsinavesiasiueny
ImAannuiuiuneundadSaiuuniy fdsdunsidaasiivudlduanas Wewnwasumenvsluia
mﬂLLsJuﬁu%ﬁmwaaLw%ﬂsﬁﬁami‘m%lﬁmLmzagmuﬁma&maim (ﬁal,l,am‘l,ugﬂﬁl) Mlrsiusdn
EUsnATEloLReTENINIATIILAZENGSlAN1 (Nuaklong P., Wongsa A., Sata V., Boonserm K.,
Sanjayan J., Chindaprasirt P., 2019) waziieUsunameunaueusludannuruRiuinnay ¥l
AAISULIINAISULTIgnvasAaunIndluulliuanas (Zhao Z., Remond S., Damidot D., Xu W., 2015)
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0, 25, 50, 75 War100 % Ingana ATy 285, 245, 217, 217 uag 203 ksc AWAINY LALASITULTISAT
91y 28 Tu Wewdsulsunaewiasiuvenuilufannuiuiuneunindnusad 0, 25, 50, 75 waz100 %
Tngsa dadu 453, 409, 400, 389 wag 379 ksc AmUaIRY

600 +
500 4

400 4

200 4

Compressive Strength (ksc)
w
o
o

100 4

0 L

00RCA 25RCA 50RCA 75RCA 100RCA
01 Day 285.2 245.2 2175 217.2 203.1
m 28 Day 453.1 409.7 400.3 389.4 379.7

5UN 2 wardeiunsednvesneunin M9y 1 uay 28 Tu

10 1

Water absorption (% )

01 00RCA 25RCA 50RCA 75RCA 100RCA

m 28 Day 2.85 4.24 4.48 5.20 6.17

UM 3 wansaaguuivesnaunIn ey 28 Tu

4.2 magaduiuazUiinalnsienia nan1smagoun1sgeduiiuazUiinalnssermavasaounin
fisuidsdaldnasififdunauvonnanumuilufannuiuiiuaounindnie uandusuil 3 uas
gy annsmluandliiiuiidlomiu Usinamesunasmeiuiladannuruiiunounindisauniu
ﬁﬂﬁﬂﬁ@m%uﬁ:ﬂﬁLLuﬂﬁmﬁ'uqﬁu (Nuaklong P., Wongsa A., Boonserm K., Ngohpok C., Jongvivatsakul
P., Sata V., 2021) emnUsunaananiuslsaadvsinalnsienaiiinanavromesmsinnaives
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e devinasnasuiiuinniy v‘iﬂﬁﬁﬂ%mm‘imammmﬁuqa%u LLasziqmaiﬁmi@m%mﬁwLﬁmqﬁu
#28 (Pereira P., Evangelista L., de Brito J., 2012) ﬁﬁaaﬂwmi@ﬂ%mﬁﬂ Viaﬂq 28 TudleUasuusunn
YeunaTImMeUslaAanEuNuRauUNSad ST 0, 25, 50, 75 war 100 % Tngana SAwu 2.85, 4.42,
4.48,5.20 Lag 6.17 % AIUAINU LLazﬁmm‘IWiqmmﬂﬁmq 28 ¥u dlowdsuSinawewiasiueu
Aaannusuiiuneunind$ad 0, 25, 50, 75 way 100 % lnssna fleudu 6.64, 9.68, 10.22, 11.49 uay
13.46 % MUAIIU

141
12 4

10 4

Porosity (% )
oo

0 00RCA 25RCA 50RCA 75RCA 100RCA
[l28 Day 6.64 9.68 10.22 11.49 13.46

U 4 naUiinailnssomavesnounia Moy 28 Ju

100 1
80
60 |

40 4

Flexural strength ( ksc )

201

01 00RCA 25RCA 50RCA 75RCA 100RCA
ll 28 Day 88.91 82.27 76.02 72.86 72.48

UM 5 wafdefulseinvesneunin Nieny 28 Ju

4.3 $85ULIIR HansVaaeUfdsnvesnaun3aiisuidesalasingiiiidunauvesaaiu
veFludannuiuiurounind i uandugud 5 mnnsmuandiiduiideusinasnasueuiluda
MU ursunInd IS ﬁﬁmmLLﬁﬁaLLS&G{’WLﬁuqqsﬁuﬁﬂﬁﬂ'ﬁﬁﬁuLmé'fmmﬂaurﬁ'mﬁ%’uﬁ’lé’ﬁmléf
saaafifidunauveunasiuveuslefasinuiuiiunounindide Suwsldufianas (Ledesma EF,
Jiménez JR., Fernandez J.M., Galvin A.P., Agrela F., Barbudo A., 2014) #48188719M 1890 AYIADUNIA
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flony 28 $u iWowBsutinamennaruveuiludannuiuiiuaounindisedi o, 25, 50, 75 uax100 %
Towura fandu 88.91, 82.27, 76.02, 72.86 way 72.48 ksc MIUARU

4.4 WpdaBavgu nansveaeulugdadangu vesnaundniisuidssalisiniififdiunanveia
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Shaikh F.U.A., 2018) snnnitulugdavesenuianguldsumansenuananaudivesanas snaduh
FRENT0ALNIE WarA18ITULTI8A (Chi J. M., Huang R, Yang C.C., Chang J.J., 2003)
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wiriu 409.7 ksc anansaineunialurdnduwiuiiunounindniagy nlsnouninduiagy auunasgiu
U9N.848-2546 syyMaswai 1 Tuldeendt 240 ksc. uazindadail 28 Juseslitiaandi 350 ksc.
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Abstract

This study aims to evaluate the effectiveness of an ergonomic intervention program designed
to improve computer workstations in reducing the risk of office syndrome among employees of a
private college in Bangkok. The research follows a quasi-experimental design and was conducted
over a 16-week period. The sample consisted of 30 volunteers who participated in the program.
The ergonomic computer workstation improvement program comprised five main activities:
observing sitting posture and working environment, assessing ergonomic risk before and after the
intervention, determining individual ergonomic improvement guidelines, implementing workstation
improvements, and conducting evaluations. The assessment tools utilized in this study include the
Rapid Office Strain Assessment (ROSA) for ergonomic risk evaluation and a Pain Score questionnaire
to measure musculoskeletal pain levels. Data analysis employed descriptive statistics, including
percentages, means and standard deviations, as well as the Paired t-test to compare ergonomic
risk and muscle pain levels before and after the intervention. The results demonstrated a significant
reduction in the average ROSA score from 7.37 to 4.60 (p-value = .000) and a significant decrease
in muscle pain levels in the neck (p-value = .003), shoulders/upper arms (p-value = .002), upper
back (p-value = .024) and hands/wrists (p-value = .038). These findings indicate that the ergonomic
computer workstation improvement program effectively reduces the risk of office syndrome and
promotes a more suitable working environment. The data from this study can be further applied

to enhance workplace health for office workers using computers in various organizations.

Keywords : Computer Workstation, Ergonomics, Ergonomic Risk Assessment, Office Syndrome
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Ergonomics Association (IEA) Wwag International Labour Organization (ILO) TAHELNTUUINIAIUNTY
mansffunisuiuugeanmuandennisiin wienduaiunisliauiuininnuisidundnnise
mans iedeatulymavnmitinainnisiinu uazansansenuanwginssunisviaudlimanza
(International Ergonomics Association. 2021) N1SAMNUALUINIIAINUIATIIUAINA 1I@E VT DUN
mwddueanseonuuanmwindennshaudmildmannsmanslussivana daiunumdidy
Tunsanaridsmsguamuazifivguamnsyanlunguyaainsildsnuasuiunesodusieides
Tnsanzegeddudinanusng q fndnausinldnaauninesfiusesifunaiuiy Tayymenuavnm
finuveslunguiifengueiniseeniiadulagu (Office Syndromes) Fudunansznuiidrdysogunmuas
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5w Yommswnigaid. 2564) enmsiinuléies fo 91msUanae Uanlug Uiands wazdandeile (ssqud
noadlvny WazanuAal WUiied, 2561; Ehsani, Mosallanezhad & Vahedi, 2017) yonanisadsualiiin
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nsAnwmaeatuiuduaudenlssssrinmginssunisinuiuneuianesiunmafedgmaami
Fogravu maAnwilag udlingd @i (2564) wui1 vimsmsvhauidanudss wazszeznatlunis
THaweeufinneiuinni 4 Falusdetu fuadonisinoinisiauninisssuunseqnuagndnuielu
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Jongprasithporn, Yodpijit, Panichtamrong et al (2021) Tungudaegneaulng a1gsening 20-40 U wuin
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suiafuuuimaiiginy mnmmumulssanssieiumsuTul e dnunundnmsemans wui
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Tod1AYn19adf (glan FIYLNE B9 UaY 2393304 9101, 2559; Baydur, Ergor, Demiral et al. 2016;
Jamjurnrus & Nanthavanj, 2008) N9 nw1vaned fubuduuszansuavedlusunsunisomansd igu
nsfnwIvesAlian Meindss waraTIsIal 01IA1 (2559) kandliifiuiiniseusuliaudiiertunise
mansluminauguduinisteya (Call Centen 1unan 3 ieu dwmaliisziuaiundssmisniseaans
anavoy19ddBdATY 1WuLReIiun15AnYIves Baydur, Ergor, Demiral et al. (2016) ﬁwudwmaﬂ%’uﬂ?d
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Finadutigminuldlunguyrainsiivhauduaeuiiumesegiseides §idedaldiesdainuian
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msdwhaudunannu @aus 1insu dadiesas yamien walng uasdiidl wazaae, 2567) Jauand
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3. /N5
3.1 gﬂLLUUﬂﬂﬁfﬁ'ﬁJ Lﬁaﬂl%'gﬂLLUUﬂﬁ%’EJﬁwmaaﬂ (Quasi-experimental Design) \ieaananseny
vaaMsunsnuesluanmuindanase nelidesdinsdunquiiegrsuuvanysal denndeiuauidoves
May, Reed, Schwoerer et al. (2004) waz Esmaeili, Shakerian, Esmaeili et al. (2023) %ﬁﬁgmmumiﬁﬂm
Wit lngviinisfnwiiieanguied wasldlusunsunisusuugsaninuneuiiamasmunannisy
ansTATiaunTulunguiegsiiadinsladnsulasinis Vsnfiussdumimdesinunisemans sedy
aruniutianduile neuuasudsldlusunsunsuiudssanfnuluduansiil 16 dmsunisusuussannd
NuABLIIWBSTIBYAAALLTUNISUS VAN INIIRdeuNSYINUldenAd o undnNIsEAERS lawn N3
Usussiuaugevedfizuanidlimnvauivaissvealdaon Weanaueiesuesnd e n1sdnng
wiihvereufiuneslieglussiuaemifioaneimstinrouariva msufusumiutiufariuasndlige
somsldnunundnmssmans madaasuliitianarinssnienshauioieunanendsiie warns
MiaSesfloatiuayu wu fisesdodiondorfinafiminfissesiunds nsduiiunsusu Ussandoninarid
dhsnefieanseduarundssiunisemansuarussmszsduamiuduuinvendmielunguiosid
Anw
3.2 Ussrnwagnauiiegns Usennns 1dun yaannsiiviauiuaeuiumesludrinauuesinede
L@ﬂﬂ]uLLﬂﬂMﬁdIUfﬁﬂL'1/|‘1N3J‘V11‘Llﬂi U 140 AN AvUIameg1uaglgluswnsy G* Power 3 (Faul,
Erdfelder, Lang et al. 2007) lfvunngudang1a 27 daog1s ustitedosiunisgamevengusiaogiy
spmindnwiafiunguiiegadnesas 10 Ifvuinvesnguiiodradu 30 dogns inisuarng
granainsdnsulasinsidenazduiiegsinedsnsdadenuuuianizianzas dinasinsdadi fe Ju
yaansiuforemiluiuiidn [Hnafoinunesiinseivionuenasadonnnii 4 alusety
UjvRnusgnasaszeznadianiunside lidudideinisuiniduidiusianiedsdeddemvas
UjRnuiueiosreniinmes liun Ao lnd deile ndsdiuans viuagiaei Susesdriaunisiduse
anuaingla warBusenliifudoya aunhasiaiadumsinuide
3.3 iedesdiefldlunside
1) Tsunsunsusudgsaninueouiomes Afifewautuszneude 5 Aanssu Ae 1) N3
dunavimnanmstauazanmuwaindeslunisviunesiawes 2) msvszifiunnaudeamsnisemanineu
waznden1sUTuUTsanlauneuiames 3) nsiivuawuInenIsUsuUTsaaaunsuiineiniy
wannsemansTeyana 4) USulpaninuaeuiiinessieyana iay 5) Nsussiiueg
2) uwwuapunuUssidussiuanuiuuinndudefigiseiauiu Taslinguiiognssudiu
Auee Uszneusme gadnuteyavialuvesnguiietne syaznainsinny Ussinnuazszeznainisly
poufinmes uazgpdomlssiiussduanuiviinvesenistindesndunie Tnensliaeiuuni
JULIIRIDINSRUNING T8I (Pain Score) wuuILaY (Numeric Rating Scale: NRS) fiazuuudous 0 9
10 Azuuy 0 Askiflenisuin 1 - 3 Vaaties 4 - 6 Yasunana 7 - 9 1anun wag 10 Aetasunndign
(Melzack & Katz. 2006) wuvaouawililunsidedldsunisnmaaeunudenndosuazanunsads
oy (Indexes of Item-Objective Congruence: I00) MnnssnanAniedifsmaAatusemsvaste
F107 S 3 v wan1saTREey wudh ddarumsseadom whity 0.94
3) 3 eaousuiiuanudsanneniseaans Tuuuyseiiu Rapid Office Strain Assessment
(ROSA) Uszgndannuuulsziiunnasgrudmsvanuddnaulugldaeuiianesves Sonne, Villalta &
Andrews (2012) Usziilaegidodanavinmanazaninuandounstsihnuvesiidnsnidouaslrazuu
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HaPzLULYDINISUTEIL ROSA (ROSA Score) fldndaus 1 @ 10 Azuuufinnnd1 5 ulatidugaiifn
Hosgamsiinislienesiannuiniuiionsuiuugs uazannnzidesiioraiaiu

3.4 myiwsgiteya doyavhluveanguiedidiinneidisaindmssann Tdun Sevay Aede
wazdrudoauunasgiu Sinsziiuieudisuanudssiuniseaans mnuduiannd e nouuas
nansUTuUssaninumeuiames Mmealif Paired t-test

4. Nan133vY

4.1 wamsdrateyamll vivnauazanmwindeunsvhnuiuaesfines

nNsdunwalnguiieg1a §1uau 30 feg1e wud daulvglumands (Seuaz 83.33) 91god
seina 31-40 U (Favaw 46.67) uax 41-50 T (Fovaz 40.00) My nquiegeiamuelfneufinnes
1#ud Aeufinmesialdy aoufinmesnnm asufinmesnnwivwianats wioauiving lunsyieunie
FAnUsvarfuethwaidemiennniindiay 30 unit Tnednlvgldneufinmeinnmuasreufiumesalie
($ovay 53.33 uag 46.67 mudeiv) imsldnuneuiiameslunanuads 6 Hilusieu uasuonnaay
Wade 3 $lusretu

nsd9dLnRTIMILazan LIRS auN ST Ing U wAeun U UUsEn ey
aoufiamed wuin ngumegsiviimsmstaiuiasnsldgunsainenfiumesilimneaudadutiady
BesdealiAnormatindosndunie léun anugevonidlivmnyan Govar 63.33) lnsdlugind
lanansausuaugdldasalfydsetosnimioninnit 90 ssm whlsifeiu waeiuillilfzduuay
anudnveadidliimunzan ($evar 60.00) Inswngdaliiannsnuivszeyldvinlilianansnsusses
spwristeituduazveuid sl nuaulduanyau (Gosas 96.67) Tnsfitnuauliianansausussduld
finuwueglussiugaiulurlilvdontu wiinfisivmngan Govay 66.67) Tnswiinfidliausndiusedy
16t yildvimanssdslsivangay wu Bedludamtsnnifuld Lifiisesemdefiseaedlalfeglusumia
fumnzan Usznouduiulferhnuiiguiuluhliinhoueyludnuasinden whasneuiaunesoglu
fumisiiliwungan ($ovar 60.00) Tnsdulngdundmivesiiuluvlidestuneiiieussaanin &
MsvsuAeifionesIon I wazinavarviouuuniinge mslfndliundasndeglusuaieniulve (Gevas
90.00) usidhuluglififisosdailoviefisestediedfuinudveivanaruluvnslfnuand Govas 73.33)
wazutufinioglussdulimngan (Govay 93.33) Insfisvdugaiuly nagldegdnvareniu uasiing
wluiiuiususeaulala

uenniannsdisnszernafinguseddldnugunsaling  luudas fufifnasoronisn
Slesnduniloluwiardiu wu Smsliwiindais seroufiames wnd uasutiufiust snnndt 4 dalusio
Fu (isioiiles) videldunnnin 1 Faluseessioiiles

4.2 nanmsUspifiunnandemsnisemans

nansUszidu B uNsEmansve i manauYeIngufegsiemaia ROSA /1
AzLUUATILAES (ROSA Score) Apun1sUfulssanndnuasuiiomes wui1 naufegiifidazuuuaiiy
Heoaindn 5 azuuu dneglussdumnuidssiunats $1uau 1 au (evas 3.33) uazngudiogisdiulug)
117w 29 Au TeAzuuunandss ROSA Rt 5 azuuutuly Tnedaoglussiuandesgs S 15
Ay ($oway 50.00) waroglusziumuidssgann 1w 14 au (Gevas 46.67)

n&nsuiudgsandnuaeuiunedfiunat 16 #Unv wuin ngudiegsfianazuuunuds
anas dnoglusziuaandssin $1uru 3 au (Fevaz 10.00) aglusziuanuidsstiunats S1uau 6 au
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(Youay 20.00) ogluszAuauldesgs 99U 21 Ay (Fegar 70.00) Iagndeni1susuussaniiay
Aouueslinunguimegnnianudsdusedugunn dam15ei 1

A13197 1 SERuAnUEewnuAITEmERSTILUNALTZAUATIL ROSA (ROSA Score) Neuuasnanis
USuugsannfinupeuiinmes (n=30)

. 4 Aaunsuiulse naen1susulse
FZAUANLES ROSA Score 5 - 5 .
1Y Souay 1Y Jouaz
Hoah 1-2 0 0.00 3 10.00
U unans 3-4 1 3.33 6 20.00
Lﬁﬁdgjﬂ 5-7 15 50.00 21 70.00
LﬁanJMWﬂ 8-10 14 46.67 0 0.00

NansUSsuIisuALadsvesmAzuuAALEDY (ROSA Score) vaenguinaganeuLasdasulge
anflauaeuines §1uIU 30 AU WU 7.37 (S.D. wirdu 1.377) wag 4.60 (S.D. Wiy 1.102) auadu
FaUSeuifieunnaaunLuANeNIweIAaAEYRIATULLALABISBAAR Paired t-test NUTIATLLLAIY
\desneunazndaiuussanniouneuiunesunnsistusgreiifeddynisada (p-value wirdu .000) fa
A3 2

A19199 2 WisuLlsuALafeAzLuLANEEY ROSA Score naukasnain1suiulgsandauneuiines

(n=30)
ROSA Score Mean S.D. t p-value
nou 7.37 1.377 8.537 .000*
UG8 4.60 1.102

°o_ v aa

nEe : * p-value < .05 uanssegellleddgyniaia

4.3 namsussidiumnniulinnanile

nan1sUsziiussuanudulanndie Tnenisldazuuunuduian (Pain Score) ndanis
Usuugsaanilauneuiamesidunan 16 &Uami wui ApzLuuRAsveImL iU miausnaae
anaunae 3.07 Azluu UShinlva/un anaunie 3.47 AzLUY USHUWSIEILUY anadnde 2.77 AZLUU
LUUEIUUY anadnde 1.60 Axuul do/Toils anaunas 1.47 Azlul Lagdglnn/duyl anaunie 1.70
Azuuy namaUieuiisuriaisvesniuuanuduinndudevdiuiuusaninuneuianes Swau
30 AY FuahR Paired t-Test WU AadsvesRsuULAIEuInnA w3 Ao ua/un wdsduuy
uazdiauazdoile nouwaznain1susulaninunsuiwmesuand i ueg 1 lNud Ayn1eada (p-value
< .05) Tngu3taume p-value Wi .003 vitalua/un p-value Windu .002 USIMMAIEIUUY p-value
Wiy .024 wazusnndiouazdeilo pvalue Wiy .038 muddiu fams1adl 3 egslsinny widnanade
AruuuANUIuUInluUNgLLe TAkn MasEILaNs Toren wINEIUATT LU Ued waviin/Uewin wull
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°

WA UNAIN15USUUT9E0 9910 WARAIINNITNAGUNED A LUNUANLLANF1IeEg 198 T A
(p-value > .05) Faasuldanududnludumisdinanneuasnainisusuusdliuansaiulugeada

&

A15197 3 WSeuisuAedsasuLAUEUUIANALLLS (Pain Score) LUNANUFIWALINaNLLTD
nouuagvaINsUTulRanfauneuiames (n=30)

Fumangnuiie Mean S.D. t p-value

AD naunsUiuUse 4.83 2.601 3.236 .003*
naansuTuU 3.07 2.016

Ina/un naunsUiuUse 5.63 2.442 3.496 .002*
naansUTuUe 3.47 2.047

AU naunsuiulse 4.37 2.697 2.374 .024*
naansUTuUse 2.77 2.208

NAAIUAN naunsUsuUse 2.50 2.330 -120 905
naansUTuUg 2.57 1.960

WYUEIUUY naunsUiuUse 2.37 2.580 1.290 207
naansUTuUge 1.60 2.044

Jorian naunsuiulse 0.77 1.305 -.839 408
naansuTul 1.03 1.351

WYUEIUENS naunsUiuUse 0.83 1.440 -441 662
naansUTuUge 0.93 1.484

Hla/Ueile lounsusuUse 2.53 2.113 2.172 .038*
naaNsUTuUge 1.47 1.697

aglnn/fuvn feunsusuuse 2.27 2.243 1.080 289
naansUTuUs 1.70 1.822

W naunsUiuUse 1.03 1671 -157 877
naansUTuUg 1.10 1.494

o naunsUiuUse 0.37 0.964 -154 879
naansuTuU 0.40 1.003

Wi/ dewi founsusuls 0.37 0.850 -501 620
naansuTuls 0.47 1.074

NUEWe : * p-value Uoendn .05 unnensegnelitedAynieada

: Gﬁanﬂaﬁugmﬁmﬁmﬁjmﬁaaﬂw WU WA 9189 AYiNIAnIY wazAIRzkuuYUTEEY ROSA
Aounsunsnued lsunisiewnsuddly anus v1ansu Jeyuiivens yndeu wiadng uaddsial wasans
(2567) Andsamaniseenansluynainsiiauiuasuinmesludinnuvedinendoensuuimialy
n3aymyuAs MNsanswaluladgnamnssy 7 9 (1): 166-178.

O |

Uil 10 atudl 1 unsau - Hquieu 2568



Industrial Technology Journal 209

5. afusnenanazasung
miannsUsulssaanfnuneniimesnundnnseransvesnguimegiadunat 16 dUanii uay
msdssdumudsmensemanidomaia ROSA nans3dedlniiuin Wawnsunsuiuussannd
ueonfinmesnuvdnnisemansanunsnanseiuaudsauareinadutinndudelundudiedag
yAaNslaog1aiidedAny Ten1sAnWINUIIALRALATLLIUAIEE ROSA anasann 7.37 1u 4.60 (p-
value Wity .000) uazduugidanudeduszdugannanasvde 0 wansfisUsgdvsamoesnisuiuly
aondendunseamudsdunssaaniuas aqLaﬁuamwu’maaumsmmw wngay wannsided
donAaodnun1sAnelag Lee, De Barros, Moriguchi De Castro et al. (2021) Awuin msﬂiuﬂgmmu
mumwé’ﬂmiamam‘ﬁﬂaz%w%mwiumsammmgumwaammiﬂ’mﬂé'mLﬁ”au%fnm Ao lna nas
dauvu uazteile/ile lunguninaueeilaeg19idud1Ayn19aia (p-value < .05) LazaanAaesiy
MefAnIves a1 wanded Ulan fseiug uasvusdnd Se¥augn (2565) inudmdsainnsuiuuss
anrflnuuvuiidusmemiinaiuaealivayy azuuunudes ROSA vesanilnuanasogsiifuddny
yeafif (p-value < .001) uaznguitognsliamiintinlvaisaosinsanas
msﬂizLﬁmzﬁummL'?j‘uﬂ’mna”mLﬁamaamjmﬁaahwé’amiﬂ%’wjﬂamﬁmuﬂauﬁuL@@%Lﬂumm
16 ani wuheiedsvesnzuuuauiutnndudeluuiion e lnd/n ndsduuu waeile/deile
anasag W dudIAYNI9Ei A (p-value WAy .003,.002, .024 Lag .038 AIUAIRU) Faduwaainnng
Usuussvhmanstainnuuasnsldgunsaineuiiamesfingay nuidsiaenndestunsdnulag
Senthilkumar & Nivetha (2018) fatfuayuiinisufuussandvunamdnniseamansauisnaneins
Butnuazaiinislugléreniinmesls usiduiiihdaunadn msiisesinisadiisng Paired t-test lainy
mmLmﬂﬁiwaﬁmﬁﬁ%ﬁﬁzﬂumLa?iaﬂzl,l,uummﬁummﬁmLf‘jau%nm NAIEIUEN ToADN LUUEIUAI
Wt e wazwi/Aawi deunazndsnisusudgsanninuneuiannes (p-value > .05) nan1svnaouil
vt esdusznevresiusunsunsuivdganmdnunuvdnnissmansisidunislusseziaa 16
dawidl enfluansznuilsudnnitdesinisuialuuinuduuuvesnmeuarsssddmuuildauiy
AoNfiumeslaenss dmsuusnadu 9 Alinunswisusdadiived fynsads onasuludesfinnsan
Hadnidpavegunuumannsnussiisinizinizasenniu vieldssernalumausnussiisnuiuiy
wieliAnnalunisananaiuleidnauluuiiuding
mnmisdnwluadsiuandiidiudsauddguesnmssenuuaniaufvmngaudniunisrha
Tudinauildaouinmesiduszosnannuegisielos Femansfnwmuinlusunsunisuiulgeannd
nupsLimeinmEnMsEmMansausaansERumNLEsare i uUand e ldeg ety
n9adA fisgdu 05 Tasanunsaufugmimenisisvhauuesnsligunsalaeufinmesfivmnzan amiso
a'nLa'%mamwLL’JmﬁammiﬁwmﬁﬁsﬁuLLa3Lﬁmﬂis%m%mwmiﬁwmmmqﬂmm nseenuuuantdandu
ﬂa%’aﬁﬁﬁzyﬁéfadﬁﬂﬁmazL‘TJu%a;ﬂaé’wqﬁﬂﬁﬁ’umiﬂ%ﬂgdamwLLmﬁauﬂﬁﬁwmﬂuamﬂmLﬁaaﬂm’m
\dnalsneeniladulasy aonndestumaroms@nuiiiiuiinuiy msldmdnnisemanslunisesnuuy
annflnuneufiumestieifinysravsnnuazmnuauevesuiiinu sufeszuunenfimesuargunsal
eviasrasldfuniseaniuumundnmssmans wazdivranaiindivangauvngyiu (Jafi & Moeed,
2016) uazfausiwansAnwazuanddiiiuiseavsnaveslusunslunsanauidsmanisemans
waroimstmndunislunsuina uinsinunidddestnususznsiiasiunfasanlunisian
waztmalddszendld Tedidandnuszniand sfie n13fi nadnwd Ll dnsldng uarugu
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(Control Group) vinbilsianunsaguduldegsanysalitusunsunisuiudssanilaududadoioned
dendivhliAnnsdeusladumsuindiduneld dadeneuendu q vienasnnisaududinunilugag
srazIaINsAnY 16 §Uaii enafidiusiudenisiudsuuamesseiuanudsuazennisuinld aue
Yoenguieg1sAoudindn (30 fregn) waniluyransainesdnsiiediu Senaldediialunsinadng
TWldfuesdnsdu

6. Yaauauuy

nslAlUsunsumsUu e fnuasufiamesmaumdnnisemans annsaanaudsenisiinlsn
vonfladulasulngansziuanudsimaniseaansuazenisidutnnd e venainiwineu
Fududosiinnuasemin fanudanandlalunisusuimamsisujoRauimansauuazinsu foa
sgwsailoufieliAnysranSuaensddu msinsregeninmaiesionioidnmsfiavsglvdniadly
Fsaodeivnauwagnginssunmshauiigniesesaddusely

LaNE1991989

e widndad U Tuseiug woy nusdnd Bedmugn. (2565). msUssgndlivdnniseemansuuud
dsnlumsuiuupanmauiieaneudsswesvdlunguniinaumeativayuvedlsmeuia
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Sumediinvesmnassmds (Intemet of Things :loT) waztlygy1Uszdug (Artificial Intelligence: Al) tiate
Tunsnsadusazudafovdsinrnaasnsinsssduluaninwndonsss finanuvaendelunisidunia
vosi{lda1u szuvUsznoume ESP32-CAM Faiwmiiiidugunsal 1oT dmsutuiinamuazdsdeyasiiu
\3ete Wi-Fi ludssyuuyszanana Al iaunlagldunanesy Teachable Machine lawna Al lé¥unns
Andlulannsasuundfinunnawagnasnesedudiuan 11 Uszuan Wud (1) Julanielusazaiguen
91713 (2) Wamy (3) mememthenasdmiulauss (@) s 18 dumisde meluems (5) aouiawmes
Tnsviend wndoshunt (6) Weiiuseu davey i@l dulsd (7) saeud sadnseusud sadnsenu (8) auu
i 9) $2 Aifu (10) Au @0 (11) Asfimranadu q sruuldfumsussdiudssavsamlagldyadoyanin
Afvananimuindenass uazuyseoniduyailn (Training set) wazyanadey (Testing set) W3 ou
Usziiunadae Confusion Matrix literuiaaiauszansan Teun Accuracy, Precision, Recall waz F1-
Score nan1sMAADILARSITTLI Tumainnuuiug (Accuracy) TunissuunUssamniasnsseiunasas
Anv190E7l 97.96% uaz 96.08% nwasy lasaAadsvosiadusz@nSaimeyil Precision 96.85%,
Recall 96.42% ua F1-Score 96.63% wlaszuunsianudinunaizernulasuwlamossyiuiiy ssuy
sxUsznananardsdugausuieuuudoalndludwawmesduiinndauududurediivihiiondaiou
e suddeiuandiiudsdneamuoinisussgndldinalulad 1oT $2uiu Allunswauigunsal
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Abstract

This research aims to develop a smart cane for visually impaired individuals by integrating
Internet of Things (IoT) technology with Artificial Intelligence (Al) to enhance navigation safety and
obstacle awareness in real-world environments. The system employs an ESP32-CAM as an loT
device for image acquisition and transmits data via Wi-Fi to an Al processing unit built using the
Teachable Machine platform. The Al model was trained to classify 11 categories of obstacles and
elevation changes, including: (1) indoor and outdoor stairs, (2) sidewalks, (3) wheelchair ramps, (4)
indoor furniture (tables, chairs, bookshelves), (5) electronic devices (computers, televisions,
printers), (6) outdoor objects (stone tables, trash bins, utility poles, trees), (7) vehicles (cars,
motorcycles, bicycles), (8) roads and pavements, (9) fences and barriers, (10) people and animals,
and (11) other miscellaneous obstacles. The model was trained and tested on a real-world image
dataset, with performance evaluated using a confusion matrix to compute key metrics: Accuracy,
Precision, Recall, and F1-Score. The results show that the model achieved an accuracy of 97.96%
for elevation change detection and 96.08% for obstacle classification. The average values of the
performance metrics are: Precision 96.85%, Recall 96.42%, and F1-Score 96.63%, indicating high
reliability and robustness of the system in diverse environments. Upon detecting an obstacle or
elevation change, the system processes the input in real-time and alerts the user via a vibration
motor embedded in the cane handle. This research demonstrates the feasibility and effectiveness
of combining loT and Al technologies in the development of assistive devices, with potential to

significantly improve the quality of life for visually impaired individuals.

Keywords : Smart cane, Visually impaired, Artificial Intelligence, Internet of Things
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1. uni

walulagyiemdon1siun1sdmsudiinismisasn (Blind and Visually Impaired - BVI) 165y
auaulaogiannn nednsfaungunsaiuazssuutivnedld Jyanuseing uewes WaENISISEuIV0S
1303 (Machine Learning) Lteifiuaaaenssuardasslunmsindouiivesiinig auideves Tripathi et
al. (2023) nuyusEUUTIBIMABMSIAUNsEmIUinITsanenn (BV) Taifuiimaluladudnidesdein
9azNTRNe Puddesuunmaluladesnidu (1) Vision-Based Technology 7ild Al wazndes wu
Microsoft Kinect (2) Non-Vision-Based Technology 714 fuiwes 1Y U RFID wae Ultrasonic way (3)
Hybrid-Based Technology fisaustsaesszuuiiiotinanuusugn wmalulad Vision-Based fios1inideq
W Ypuzfl Non-Vision-Based H1od1ini3093308n 529U dau Hybrid-Based usiugusfifunugs snide
wuz1liyYsINIs Al loT Uag Edge Computing Lﬁaﬂ%’uﬂqnﬂizﬁwﬁmwLLazﬂﬁWmuﬁﬂuaumm
NUITBeY Zafar et al. (2022) TwnserigunsalyiswmdedmsudAn1svisaneni (Visually impaired
persons - VIPs) Ingdwunidu (1) gunsainsradudsfinunns 1wy ndes Kinect waziduwossansiladn (2)
gUnsalthme 19U sEUU GPS wagivnadaniey (3) gunsaileuin Asmszuunsiadusaziima wu 1l
whda3er uaz (4) gunsaitelufininsuszdiiu (ADL Devices) 19y invessudonuidudes (Text-to-
Speech) waggUnsalsyyanadu vuidedldvinisiinneiidalina Wedsuifisuanuudugives
gunsafluieuluiunandneiu nuindslifigunsallafianysaluvy uazdanauvimesuanuuiudives
Fuiwes nsanarwdudou uagmailimaluladidndsinetu dhideauelifmugunsaifisamileidud
viannaeielisszAvEn ez Ul ssnan minuesdinig 1uideues Chaple et al. (2024) nuu
nslidayaussanglumsvismdediinsmaansm (BVD) Tagiiudl seuuthmakaznisansiing 1uide
drsrawmalulad i WivhdaaTey (Smart Stick) fifads GPS wanifuires ndos RGB-D dufuanding
wazRIeides Al (SKYE) Fetaelsl BVI Sudanmuindonuazlimeuiugunsaldanioyr snAdudnaniienis
Uszyndld Convolutional Neural Networks (CNN) il esamnszuutihmisuazuUadonnuuides widn
Al 3NN NG wifarIinaTme W ALk lun13anTInIn NsUsTRaRawUUREAlNY funu
guUns0l uazdedninues Text-to-Speech Hnidiauslviimunmaluladiisesiu nwisnag wazusulvidn
fuanmuwandendiuansnaty elfiuUssansnmuaznsidnfisvosfinng

FEUUINNYIBLEBENN1IMN9a801 (Assistive Navigation Systems - ANS) Tus1u3deved Tyagi
et al. (2021) Inesuunwaluladosnidu (1) szuuildduesidundn Wy GPS, LIDAR wag RFID 33978
A59sUAAnIuATdes A nsuAuRlug (2) ssuuiildnisussanananmdundn wu Computer
Vision uaz CNNs dslidayaidadnusdadindanugs (3) ssuuuuilevin Anumaluladismeadioui
UszAnSamundafidunuas :1uideuuzinii Al loT, Cloud Computing kay Edge Computing 9ty
neyuadAglunisiiaun ANS luaunan uAgansinuyinmIenIu WaIU AUNL LAEAIILAINITAIENTS
vuuuuiiealnd fidedldsunaudlodielinalulagidfeldietuadldnuldlunnanimuindey
UIFPVRY Lei et al. (2022) AnwIn1s A5199UY0ININLAY (Pedestrian Lane Detection) dwisuszuuii
yatewdorfinismnaanem lnedsuiiiey 35§ (Traditional Methods), 13138513380 (Deep
Learning-Based Methods), uaz35lau3a (Hybrid Methods) $1udleam grutesa PLVP3 uilold
Uszidulawma 1 FCNs U-Net DeeplLabV3+ ilag HRNet Fauansliiituinlumadild Deep Learning %
mmeus]’wqmdﬁ%‘&ﬁu wagsnsitaymidnu auss Anuudugluan nuatey LagnauYes
gunsal nuITeuugiliiau mailaandeianain (False Positive Reduction) Nsiseuiuuuysuda
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(Adaptive Learning) ka¥n15ysaINIg Al fiu loT WieinUszansnmvesneluladlueuinn (Lei et al,
2022)

Tuvaueiinudseus Lin et al (2019) Ynauenistrewmdediuananwoenly luunanudlaiaue
srvvallddigmdergiinimmisateni lagldn1s38u31898n (Deep Leaming-Based Wearable Assistive
System) Lﬁa‘daaiﬁsﬂ%mumamﬂ%“uiyamvvl,mmﬁaulﬁﬁﬁu sEUUUTENBUIY NaBY RGBD 1#le niie
Uivmamammuﬂmﬁauimaﬂ uay aumauwszﬂ,wuama fidonseofuaunsviviu Ingld Convolutional
Neural Networks (CNNs) Wi aunuiidsninumng (Semantic Map) LLaJL‘VTﬂ'lLLuUu’]LﬂEJ’JﬂULa“LJVl’NV]
Uaondy mamimaammmﬂwmmﬂszwmmmmEflmwmﬁmumqiﬂamaﬂaamawﬂmuLLasﬂamLm
oglsAn dodrinvesszuudinsegiianuusiugiueindes RGBD Tuanmuawies wagnnslindsaugs
uiteiaueliiamn Embedded Systems uagifiuduiwosifianfiy 1w Sonar #3e Bump Sensors Liie
WinUseansnmuaranulasasevesssuuluawian Tuawideves Kumar & Jain (2022) diaue luna
Deep Learning dwsuthewvidegiinisnisensmlunsiini laeld gunsalaild (Wearable Model) way
Hii1saaSey (Smart Stick) Tvhausaufuiiensivduidumanardsiinuang szuuiild YoLovs unis
Srundumadu manse @eade wasdernn wagld GPS uaz Ultrasonic Sensors dmsumstms
nsvaaeswantlifiiiuilumail Auuduen 89.24% warvanunsaviauwuy Sealid 45 FPS Wndde
wugii Lﬁ'mmm;mﬂﬁa;ga Han1 RNNs dieannanlunisuszanana wavwaiulisesiu Edge Computing
ATeiinaeln ;ﬁﬂmiammLﬁumwﬂﬁaﬂwﬁaamﬁaLLaSLﬂuﬁaismﬂ«ﬁu Tngandodninues ldvnwuay
gt lusmideves Bhosle et al. (2022) diauoszuuliivhdaniesld E5p32 lulasreulnsaians
Fuwesisns Sansleiin uay GPS ilensaadudsinunuazulandudygrandeos ssuviiidwinu
Auliies warldoudng Tnefissuudunavidoufoufiufuiondufioudsfinuing waslunuideves
Nataraj et al. (2024) Wannszuuthmaesedesildiduwes ESP32-CAM uay GPS ilensiaduimguaslss
foyadvuuuiFoaln szuuild HC-SRO4 Sans1latin NodeMCU waw OpenCV tioUszanananimnuay
wlasdudsudasiou nieumeszuu GPS dmsufinnusiuisazudaiourgua

muﬁé’aﬁ%qﬁ’lLaualﬁLﬁwé’aa%zﬁm%“U;ﬁﬁmimﬂmam Tngrziannszuunsauasinundagly
ESP32-CAM wagliaa Al Wislfanansosuunmenesefuuagaiineng 11 Yssnn saudanisudadion
suawmeiduantoufiiafeuududu welildnuanniniuiussnovausswiodiiavndld danuided
ahnmanaaeuioauszaviamanenamaiasiluiifguamuduse wesausaufiamudugily
mnaeuldegisgniies ilernuuasafovesivaasy

2. nqUszasA
2.1 LﬁaaaﬂLLUULLazﬁwumfmﬂiimiﬁl,ﬁﬂé'ﬁ]a%a%m%'urg’ﬂmimqmam
2.2 Wienaaeuusyansammsldnuldivhdaaiosdmiugiinismeaneni

3. 35015998

NuITeldTngUszasdiienauillvindaasevdmsud Wn1smianeni lnedin1sesniuy
nsrurunsiseliaseuaquisnulgaiuseivg (A) wazwelulagdumesidavaannassnds (oT) lng
SuAuAINNISHALILINS Al @IMSUTIMUNTNETEAULagEINnTI1e nowazdiluwmai baluussyndld

$AUsTUU loT eandadeudldnuriutewmesduniasauuliivin
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¥

3.1 naiudeyaninuazniswseudeya

foyanmeegnatsnnndesauiviviluaniuiisieislueinsuasueneias samdsiuiig
MaRnaszRuardsinunmainvans wu Yuls meatn Waum wesiee sooud uazeu Tnefinisiiy
foyaluanmuasiiunndnedu (meluuaznieusneinns) deyafisausuismadsna 6,439 nm gnuus
gonidu Training Set (80%) way Test Set (20%) wioldlunszurunisilnuaznaaeuluina TayanIngn
Usuruadu 224x224 fina wielmdAulumadieenuwuuly LLazﬁwmsLﬁwﬁay‘a (Data Augmentation)
WU N1IMUNN (Rotation) N3agviauluIueu (Horizontal Flip) uagn15Uium1AmaIng (Brightness
Adjustment) ieifinarmannuangliiugadoya uenanil ssimstindeyailiauysal iy nwiuae

wanmifiwauiuly deyanmaregnuuseendu 11 paa fseasideaduandlunisned 1

M19199 1 S8azidenvestoyan ey

adudl | Yonana AN95UNY I1UIUAN | Training Set | Test Set
1 C1 Julanelulaznieueneiang 910 728 182
2 Cc2 V\QJGI‘U'W] 599 479 120
3 3 NIANANTNDIANTENTUTAUYS 750 600 150
4 ca | Wy s dumidsde aeluanans 770 616 154
5 c5 Aaufinnes Wisvied wiosfium 540 432 108
6 C6 | Mazituoou dwey @l duld 455 364 91
7 C7 | s0ous s09n581UBUA S0INTEU 400 320 80
8 C8 | auu M 865 692 173
9 o | 5Hidu 400 320 80
10 CA | Audnl 200 160 40
11 CB Su 9 550 440 115

3.2 Mavaulieg Al wagnsuseiiuneg

aAfeilld Teachable Machine Fufuniosilofiiamulag Google iftoasrdlunanisious
{3980 (Deep Learning) dw§unssuunnieseseiuuagdafinnng Tumadiimundudulumalssiannis
$1uunAm (Image Classification) Inefin1ssulvandeyanmitdrsainndesaunsvlnu Jaudseenidu 11
Aaa Teachable Machine 1#lassas1sluina MobileNet duduluiaaiiniunisilnduuiiou (Pretrained
Model) wagfiausngavdwiunsldmuvugunsainnwfifninenssite udsanmsinduadoiu
lnavzgndseen (Export) aanunluguuu TensorFlow Lite (tflite) dmsunisldamulugunsal 1oT uay
TensorFlow.js @m§unisldauluiuiusiwes nsasralunadie Teacher Machine wansléidaguil 1
Tnensiinlunasidunisinefivunseunisiindy (Epochs) 137 50 seu uazAmndwmesou 4 gﬂé‘?&@h
lngsyuudnluia
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= Teachable Machine

a

c2

c3

A15&519kmanae Teachable Machine

msin

uany
g

@

ndranmsinlueaiaiadu Uszansnmveduaaldsunisussiiuiiugadoyanaaou (Test Set)
Fadudoyaitlitnegnllunisinuniou e inanuannsalunisduunmadiisssfuuazasinyinsy
an1unsaiade nansvaaeunandliiiuilunaaunsaduunmsinessiuasdsiavnsldogisuiueg,
TneedSaildlunsussduUsenaudie Precision, Recall, Wag Fi-Score dmduuAazaana Laynasi
v lnagniiesiesifiudianig Confusion Matrix iileszydefianatalumssiuun dadaelfidqla

yngourasliunaluuiunyeansidnuase nanmaaeulimauanslinmisedm 2 - 3

M13199 2 wansmaaeuluaalugukuy Confusion Matrix

NaNIITUIEAANE

Aana c1 c2 c3 c4 C5 cé c7 c8 (@) CA CB
c1 180 0 2 0 0 0 0 0 0 0
Cc2 0 110 3 0 0 0 7 0 0 0
c3 0 6 144 0 0 0 0 0 0 0 0
ca 0 0 0 149 0 5 0 0 0 0 0
c5 0 0 0 0 98 0 0 0 0 0 10
Ccé 0 0 0 6 0 85 0 0 0 0 0
c7 0 0 0 0 0 0 7 0 0 0 3
8 0 5 2 0 0 0 0 166 0 0 0
c9 0 0 0 3 0 0 0 0 72 0 5
CA 0 0 0 0 0 0 0 0 37 0
CB 0 0 0 0 0 2 0 0 0 113

Nan15NaaauUlAalun15199 2 wandlATiud INNEINIT I UNTIIMUANIANIT UKL A9N AN
M4 11 pana lnedusvansangdluvateaata i C1 wag CB 39 C1 d91uiudd9g199ndod (True

Positives) 180 A79814 21NVanUA 182 AI9E19 kae CB HI1UIUAI0E199NABY 113 F19819 31NTInUn
115 ¢ieee dfaRanann (False Negatives) winfuiiies 2 fegns druderanandiulngjeglunata C2

4 10 2

O |
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waz C5 dslu C2 gnananisaliiadu €8 fs 7 daog1s lumandudu €8 gnamnisaliaidu 2 fa 5
#eea dulu C5 gnamnsalfiandu CB &1 10 faeee

NANSVAADUIINANTIT 3 uansliiiufsuseansanvedlunalunisduunmeinssefuuasdsin
991 11 aana Taedadsandn laun Precision, Recall, way F1-Score @saesiounianuuiusuazay
auysalvesnissuun limaiiuszanamlnesinda lnsamzluranaiteyaiiniudaiou Wy C1 Fol
Precision gsfl9 100% waw Recall 98.90% dawallsi F1-Score ogffl 99.45% uenanil eana C7 uag CA &
1 F1-Score g4fis 98.09% uay 96.10% puddu aana C5, C7, C9 uay CA uanstadwsiigeadoy Tnodl
Precision Wiy 100% @nuneauinlifidefnwainly FP (False Positives) agndlsfinnu Tuinadsdl
Fodrinlunanafiidnuazadondety wu CB uaz C2 ae CB § Precision siniidlewfisuuaanady 4 7
86.26% Li131 Recall %a&g"ﬁ' 98.26% UONINT Aana C2, C9 way CB SaildaRananluseiunis
Tnlanzlunsdifinanisafinlunguaanaiiadneiu

A15199 3 wanTInUsEENSA LA

Class p Fp N ™ Accuracy Precision Recall F1-Score

(%) (%) (%) (%)
C1 180 0 2 1111 99.85 100.00 98.90 99.45
C2 110 11 10 1162 98.38 90.91 91.67 91.29
3 144 7 6 1136 98.99 95.36 96.00 95.68
4 149 9 5 1130 98.92 94.30 96.75 95.51
) 98 0 10 1185 99.23 100.00 90.74 95.15
c6 85 7 6 1195 98.99 92.39 93.41 92.90
c7 7 0 3 1213 99.77 100.00 96.25 98.09
C8 166 10 7 1110 98.69 94.32 95.95 95.13
9 72 0 8 1213 99.38 100.00 90.00 94.74
CA 37 3 1253 99.77 100.00 92.50 96.10
CB 113 18 2 1160 98.45 86.26 98.26 91.87

defansanuszansamlnesiu Tunaiian F1-Score Insladogs Feavvioufisannuanunsnlunns
Fuundeyaldd ogslsiiom defananfiitulunmaiifenuedoedetudlifudsanudniuluns
diudoyaiifirumannvaneviiomsusuuglunalimngauddudmsunsldaluaniunisoiads

3.2 Msnawszuulivihdansesuazmvaaeulfiuats

VLﬁLﬁ’]ﬁ’m%Jwgﬁﬂ’]iVlNa”l‘&Jﬁl’lﬁﬁﬁuwl‘ﬁgﬂEJEJﬂLL'U'UlI’]L‘IT\IIEJLﬁwﬂﬂuﬂa@@ﬁﬂLLazﬂ’J’]ﬂJﬁzﬁ]’mﬁU”l‘c’J

Tunsidune lnefinisuanumalulad loT uag Al iieraglunisnsadumednsssdulasudaiouds
Anvans ESP32-CAM gaidenldidusniauisndn esanilvunadn dunusi uazamnsadunmnion
Uszananaldlui lgatignisdausinudiuuuresiviuiedunmdumeiumi vaziveomosdugn
Aamslndfudutuiitondafoudldnuiuwssduasioudionuma asedu 1sasdidnmsetndlunis
WarungnesnuUURagU 2
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Stu

ESP32-CAM

JUN 2 esszuuldivnganioy

N3V 2 wetmesduazifiewhauiiusadu 2.5-3.8 V nszua 75m A Feanunsaldusadiuliiii 3v3
910 ESP32-CAM 1 usinszudluliiidngesnuindeuinaindadosionsudanefifeiiunszuadunowes
waziiletostunszualniindunnifuanunsalddmunu 1-5 ko weaneunszualiinly luvaziueines
vyusnafalinszrnanussiulnihianaevemewmeaistusgrsundu Jueddlalensoruuuuy
lusandy (Reversed bias) titelallvinszualuilvadoudluiimuszinana wagldduivsey 0.1 pF iite
anduusailiihdidedudenseualiiiideusofuunaeuosmewmes

spuuliivhdaniesivinnulay ESP32-CAM azdunmuuudealnmiuasdsdayalusddung Al fiadns
910 Teachable Machine Tuinafanananunsadiuunmaesissefunazasiavns wu dula nsaa wim
win esiiaed sooud vienu elumanumsineseduludunis ESP32-CAM azdedndslriuoimasdu
vudondadioudlinu ssuutamualdsundinuanuummeiuuuwnm uazdinisdousorsasinih
ogsvanndfeilosesiumsldiiluszaron Tunssuaumsiiaun sondwasdmiu ESP32-CAM gnifieuly
Arduino IDE Tagi3uainnissaainiadeusie WiFi uagnisinanluna Al luguuuy TensorFlow Lite
fla¥991n Teachable Machine nMsmagouszuusIunsluanmwandeuTivanglusasuaznatsuds
TnBATOUARNIZEXNITATINY 1-3 ums uazulsraaavan 11 aana aniu 2 nau fo (1) Manesedy
(2) Afinvna Tnsuvsnguiloazidendansei 4

15199 4 iwaazlﬁamaﬁaaﬂamwma

fduil Yamana g
1 C1 NNANTEAY
2 C2 PNFNTEAY
3 3 NN TEAY
il ca Aafiaun
5 C5 Aafiaung
6 Cé6 Aaiarn
7 c7 Aafinung
8 C8 Aafinun
9 C9 Aafiaun
10 CA Aafiaun
11 CB Aafiaun
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sruulsivhdaniesignosnuuualianunsansatuuarSuunmeisseduludunsvosldoy
Taon1svieududuain ESP32-CAM Fafindsoguuliivindusudfinismaanem shmiduamuiin
shunthuuuBealngl amdildazgnddudalama Al daldsunsiamunlagld Teachable Machine oy
M3 uunmMaesziulazdsinung lumagnesnuuulianansausnngueonidu 2 naumdn 1Hun masng
SeAU way AefeUne Mnsruuinnsanudriamdenadunisinesesu ESP32-CAM azdsdyaalluss
vewmoiduiiinfsoguinuduuliviuiendafoudldnuiud stuuimualdsunsesnuuulivha
wuiSealviiuazfinnuuiudigaiioananudssluniafng Uimgvaszidums mslduemesdudud
uiadeurelildnuamunsaiufameinseiuldlaglifeddnsueadiu Savnzauegadadmsunisly
suluanunsaiaieifesnmansmevaussrni dupsumehouwandldfuauianulugud 3

Start

A

ESP35-CAM Captures an Image

A

Image Sent to Al Model

A

Al Model Classifies the Image

¢

No

Is it a Grade Separation? No Activated

Vibration Motor Activated

END

JUN 3 waulen15v9uveeTEUY

LauInsvneuYesssuu kg 903 o uandi i unssUILNIIATINTUNSASTERULAZ AN
Wi euNuLaImesd Y sruusudusaen1sidaldeu (Start) wazly ESP32-CAM vin1ssunInaes
anmuandouwuudealng deldninuds Toyadzgnasluds luaa Al Felasumsilndulfanusasiuun
Usztnnvesii uiiauazdsfinensldognausiugd wdsa1nnisusealana Tuinaayyinin1ssIuunnInuLas
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Ansgiinmdnadunsnsedunioll wnlueaszyinnmilddudu "misnesedu’ (Grade
Separation) s¥UUREdlH weLne$dY (Vibration Motor) nauiteudadeoudldenlinsuiguassaiie
\Jowih agnslsfinu mnradnsvesnssuunnuinlifiniesinsesu ssuvaglisdunsle q wazsesu
awilvsiann ESP32-CAM iledifiunisnsivaeusely nssurumsisniduluuuy Boalml wasvhaulu
sUUU 2ue1 (Looping Process) ieliifulaigldnuagldsumsusafoustnsiurhsiiflefdaiavanmie

NIANETEAUNHBITE I

4. NaNFIY

p&nmsiauliivhdaaiey ifinsmnaeulssdnsnmaesszuuluaniminadousss fanglu
91A1suaTABUBNeIANS TasttunisnaaeunInua1usalun1sTunNIe1ssER ULALE 1A YN
2 numdn Ao Marnesedu war Afinuane fuadeutszneusemaiasdau 10 au laglunimaaey
HlallaldgRnsmsanenaie iesandedriadunnulasadonaraiossa Fsenafndunssainnisd
Finsmsanealianansoueaiiudsinvansldegedaay wiiiaedlivnsaasosdssudasou usly
dnMuIngenase o1efitadeiug wu MuiaitliGeu dewsumu wiediinunaiindeulm Fwerarldiin
otRmgld dedu ilennuvasadevestmaaoy Judenldermadinsiluiiavamudauss uazanunsn
UftRmmiuuzilumsvaasulsiogagnies msvaaeuuansldiagui 4

JUN 4 msvegeuldivndanivyiieenaailng

nanaaeusiiunislaglinaaeuieldiindaasesimuludumsiisinualy Seidaneinssesu
wazfimsdnredsinunsussavangg wu dula nsaia vawn wlediieed soeud videau Tnediszoznis
nsrdudaud 1 89 3 wns manamndeulunTed 5 warannsaf AU AVEaYBsTEUULRILAY
Tesmsnadt 6
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A15199 5 wansvnaeuliiingansyy

fefn219 NIA9TEAU fefaune
NNANTEAU 48 2
AaRnva 1 a9
M99 6 ANUTEAVSNNUDITTUL
A13LUN Accuracy (%) Precision (%) Recall (%) F1-Score (%)
NHNTLAU 97.00 97.96 96.00 96.97
ARV 97.00 96.08 98.00 97.03

PNHANIIVAFDU NUIsT Ul aasesdnnuududilun1ssuun N19eeseiu was Aeinvans
Tuszaufivmels Tnefin Accuracy wirfudl 97.00% szuuianuaiuisalunissiuun mesnesze 6
wilugn3 (Precision 97.96%) daudunaunainnisilawaa Al "Lﬁi"umiﬂﬂﬁJuﬁ’smTaaﬂamwmaﬁlqﬁmmN
Useiny Mesnesesty Aflanaumannvaneunnni wenanddmuin ssuudadidefananslunissuunms
FaTEAU agUn Tnaanzagebs Aaiavniifidnvazadisndaiuniemesssu Wy meanadmsuiaues
Feonavhliszuusuundu auu 16

5. afusnenanazasunNag

MRl dnsvgdmsudinmeasn wudrssuvaansavinauldeg1aiusednsam
Tneldnelulafdumetidnvemnassnds (oT) uazdayauseivg (A) Tumsmmaduuazudafounasing
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WUS @13, (2555). Michel Foucault [3vsa Wind). Auduueingndsss (eafnnsuman).

o
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1.3 E-book

1.3.1 wilsdadidnnsaling Lifl DOI

a

Ho uwanadiuse (D) /Fomids. (Fusiaded). /URL
Author, A. A. (Year)./Title of the book./(Edition ed.)./URL
f29819

Insius sl (2562). WgANTSUFUNIN : UUIAR MW UagnIsUsEENeLT.

11111 Gaindsdt 3). https://www.ookbee.com

Haslam, S. (2003). Research Methods and Statistics in Psychology (SAGE Foundations
/1///1/of Psychology series). http://www.amazon.com

1.3.2 unanuvsaunlunisdea (Book chapter) Tuguuuuniisdodidnnsaiing

Fofusdluun./@fu) Aoun Au/Aeussaning/(u.n)/Fomide (Rumindai, u /i) /URL
Author, A. A/(Year)./Title of the chapter./In Editor/(Eds.),/Title of the book/Edition ed.,
1111111 pp.Jxxxxx)./URL

fMee

Yaady quatan. (2561). uAnuAndesut i menadiowesinily weant furuduiimenis
/117711 dedlneglugannanitlne. Tu Jwswa andnsiau wagivsna wnssnw (u.n.), 3992895
L Samansuay SpUssaaumansTaualy (Ruvindafl 2., u. 47-68).
/1/////nttps://www.mebmarket.com/ebook-273573-1197evgui) S§enans-was SgUseaaueans
lae GHER

1.3.3 wiisdadidnnsatindfd DOI

fo ‘umaqa/(?Jﬁuﬁ)./‘%?émfaﬁa./(ﬂmﬁﬂ%"’qﬁ')./https:/doi.org/xxxxxxxx
Author, A. A. (Year)./Title of the book./(Edition ed.)./https:/doi.org/xxxxxxxx
foeg
Chu, Z. (2022). People-Oriented Education Transformation. https://doi.org/10.1007/978-981-16-
///1///6353-6
2. Ingdwus

2.1 InelinusUsynaef Undiauasinendnususayaumdndia Alilaanum
Unpublished thesis or dissertations are usually sourced directly from the university in print

form. Reference format

Fo uwana /(Diweuns)./FoTnednus/AnerinusUyannuidudialdlifnuivioineing
s anamdald AR Aeuvinede.
Author, A. A. (Year)./Title/{lUnpublished doctoral or master’s thesis]./Name of the Institution
///awarding the degree.

(ZeR1aN

asey1 uanduius. (2559). M sUuvun R deuussaunsueeulay Bvendnususyny,

2707/l Lo RRUN]. unIneduusals
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Stewart, Y. (2000). Dressing the tarot [Unpublished master’s thesis]. Auckland University of

/77/7/7/7/Technology.
a a i A a o a a a g o/ a < g ' L v
2.2 'mmuwuﬁﬂizym'mwgummmu,as'mmuwuﬁﬂ‘%cyzymmummmnLaulszjﬁ 1119%1‘1«!2"114‘08%6

L 9

LBIWINYE

%o uwana./Wiweuns)./Jo3neridnus/AneidnusUsyanul Undn vseInednusuTaya,
/1117///andosdin,/Aeuvininede]. /Aeniulud./URL
A38E19

Turuy JUITN. (2560). STUVALUAYUNI TSN SNAALAALITENENUNTUTINAB YIS (Inenilnug
/3NN UEe, INNINeNaEULIAIS). ThaillS. https://tdc.thailis.or.th/tdc/search result.php
Miller, T. (2019). Enhancing readiness: An exploration of the New Zealand Qualified Firefighter
/7777///Programme [Master’s thesis, Auckland University of Technologyl]. Tuwhera.
//https://openrepository.aut.ac.nz/handle/10292/12338

2.3 IngnlinusUiynef Undauasinendnususyarumdndinangudeyaideniaived

Po muaqa./(TJ‘?]'LwEJLLWi')./ﬁ?j'a’“mmﬁwuﬁ‘/(wmsJLaﬁu UMI vide Lavdndudu )
/111771 CinenfinusUsegaynef Uadin viseineninusuSyaumUnds,
///////‘?iawﬁwmé’a]./%agmsﬁa;ga

GPRRAN

Becker, J. C. (2013). Landscape-level influences on community composition and ecosystem
/r/function in a large river ecosystem (Publication No. 3577776) [Doctoral dissertation,
/77777/Graduate Council of Texas State University — San Marcos]. ProQuest Dissertations
///////and Theses Global.

3. 219619

3.1 M5EISULUULEY

Foruea./(Uu)./Aeunaiu./ 99975573, /4avveadlil/(wvvesatun) Aaumi.

GPRRAN
Ay willvdane, auu ey, Wsns AnAa, warsauns naawii. (2562). navein1sldunseu PISA
/111111 Asoannuanansasmuinugnszuiumniadinaand vesiniFeusedulssondnu,
/I 3815 YNYY (U emIan TuayaIRumIans), 12(3), 133-160.
3.2 Msaseaulau
3.2.1 nsallsidiay DO

Yoruea./UNuN)./Aeunniu./ 99275573, /4avveedlil/ (wuvesatui),Aaumih. dUuAuaIn w3e
/1117777 RS/ /MWW XXX
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Pattaratumrong, M., & Wongkhamhaeng, K. (2019). The Molecular Identification of Nephtys
//11//// species (Polychaeta: Phyllodocida) from Songkhla Lake, Southern Thailand. Naresuan
s/ University Journal: Science And Technology (NUJST), 27(3), 1-9.
/1111717 https:.//www.journal.nu.ac.th/NUJST/article/view/Vol-27-No-3-2019-1-9
3.2.2 nsaldiay DOI

Yoruea./UNuN)./Aeunniu./99975573,/avveedlil/(wuvesatun) Aaumi.
/1111777 https://doi: xxoooxxxx
FP AN

Chantana, C. (2019). A Cooling System for a Mushroom House for Use in the Upper Central
//////// Region Climate of Thailand. Naresuan University Journal: Science And Technology
/777 (NUJST), 27(3), 10-19. https://doi:10.14456/nujst.2019.22
4. euMsUszyuBaivnsisl Proceeding

4.1 Tuguuuugy Book Chapter

3o umaqa./(‘TJ)./%aummm./lu/"?iamimﬂ%mi/(u.ﬂ.),/%n751/557;1/./(‘14./1,61601/1'13'1),/

/11111 /o

Contributor, A. & Contributor, B./(Year)./Title./In/ Editor /(Ed. 9158 Eds.), Conference Name./
1117117/(pp./xx-xxx)./Location.

nsdlilay DOI3e URL Dildusiavineningiudeya feehe Sagiudeya./https://doi.org/xox

foe
Jrz ndunane, odan ijﬁau, uaYeNAITIU 195Ul (2553). mamiﬁwmuwﬁauﬁ%%gﬂ
Jr/A3es pwlneiudld dnuawmsizueu sunomeEtariatinei dwmsuinFeutulssondnudi 3.
/s e gnssaiu.n., mIssanIsiseus msiseuasuinnssuiensiauieed. s1eauduideain
/TSN TN TAUONAIIU TS SEAUTNTIAAN Y YA A%I71 53. (1. 3-14). Sasdinine1de
S ATINENSE S e,
Bedenel, A.-L., Jourdan, L., & Biernacki, C. (2019). Probability estimation by an adapted genetic
/77//algorithm in web insurance. In R. Battiti, M. Brunato, I. Kotsireas, & P. Pardalos (Eds.),
/777777 Lecture notes in computer science: Vol. 11353. Learning and intelligent optimization.
/7777 pp. 225-240). Springer. https://doi.org/10.1007/978-3-030-05348-2_21

4.2 Tuguuuunsans

Fo uwana./(0)./Toldes/delFosen./ 79215915, tavvesDiitavvesatiuf),aumihn /URL
Contributor, A. & Contributor, B./(Year)./Title:/ Sub-title./Journal,/iav¥eUviavuesatui),/
/e, /URL
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Herculano-Houzel, S., Collins, C. E., Wong, P., Kaas, J. H., & Lent, R. (2008). The basic nonuniformity
/7777/7/0f the cerebral cortex. Proceedings of the National Academy of Sciences of the United
////States of America, 105(34), 12593-12598. https://www.pnas.org/doi/full/10.1073/
//777//pNas.0805417105
5. lenasusenaunsusea/nsussyuivinig #ilsifi proceeding (Symposium)

Fo wmana./(Fuil/fewd)./Bosiiuseyu.Mu/de/(Uszsw),/ Fomsuszam/[Symposium] /desuiidn
///////Uizﬂqm,/amuﬁﬂim;m

Contributor, A. & Contributor, B./(Year,/Month/day)./Title of contribution./In/Chair name/(Chair),/
17/ Title of the Symposium/[Symposium]./Conference Name,/Location.

AIBYN
Cochrane, T. & Narayan, V. (2019, February 14-15). Evaluation the CMALT cMOOC: An agile and
////7/5calable professional development framework. In R. Shekhawat (Chairs). Breakout
rr7/session [Symposium]. Scholarship of Technology Enhanced Learning Symposium,
/777777Auckland, New Zealand.

6. NMsuEUBNUIeUIen1sUIEUBIUAABS (Paper/ Poster Presentation)

Yo uwana./(u,Afeud)./Fatenars wislummes/enasausluiiusyyy vie Wamesihiaus
1110171 isgapl./Bonsuse s, /aanui.

Presenter, A & Presenter, B./(Year,/Month/day)./Title of conference paper or poster/[Paper
////////presentation or Poster presentation]./Conference Name,/Location.

nsediliay DOI w39 URL Iildisiavigainaa il saoeN geaa1uil./https://doi.org/xxx

6.1 Paper presentation

e
Mason, I. & Missingham, R. (2019, October 21-25). Research libraries, data curation, and
/77777/workflows [Paper presentation]. eResearch Australasia Conference, Brisbane, QLD, Australia.
/777 https://oit.ly/2v1CRg

6.2 Poster presentation

PlAN
McGoudall, J., Durbin, P., Schlatter, T., McGale, M. & Jerabek, A. (2019, October 21-25). Dataverse
w77/ Instrallation Personas’: A UX concept adopted to enable the navigation of Dataverse
w/installations, for the purpose of sharing ideas and technical experiences by the
//international community [Poster presentation]. eResearch Australasia Conference, Brisbane,
///////QLD, Australia.https://conference.eresearch.edu.au/wp-content/uploads/2019/10/Janet-
/77777/McDougall-eRA2019 McDougall Janet.pdf
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AszuanUATuTinIMEds uminendevesss. (2565). msUssyuansiyussguanuATudinvedy
A IneNaevessy waranineaelufiniuessy. n1sUseunIrINIsiavenasIuIdeseAU.
L SITaReIi A% 53, e Seuisms

8. viledanunwazulsdanuoaulay
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GPRIAN
unlsil. (21 nunus 2565). Fuswansenulainszasnaiuriaulnenidviay. wald. 1.
9. aulud

Fo uwanadieu./(Fu/fou/Afmeuns)./Founaaiu./deviuled./URL
Author, A. A./(Year, Month date)./Title of the work: Subtitle./Website name./URL

PRIAN
g3 Un39aw. (7 8aAx 2566). aATINEGATY : S9ATINToUUsHIuaIAs Iyl drrindiu
S/ ARSI T.https://www.nupress.grad.nu.ac.th/asnsugLATy
sty wanduus. (2566). 10 ulddugd senkuvaiulaaieriug. diinfinviaminende
SIS, hittps://www.nupress.grad.nu.ac.th/dued/hypedxup.com
19136 UL, (2565). edAnIsasUA L ETnRNiI I aeULSAIT
/1177 nttps//www.nupress.grad.nu.ac.th/nsasuadnu
Sparks, D. (2019). Women’s wellness: Lifestyle strategies ease some bladder control problems.
/7777//Mayo Clinic. https://newsnetwork.mayoclinic.org/discussion/womens-wellness-lifestyle-
/177777 strategies-ease-some-bladder-control-problems/
nsdifilaiffuiweunsusing Wld @u.u) vie (n.d)

aaa

nsfindunganie w.a. w3e a.a. aldud (U) wiu

nsdldefdounardoriuledfuteideniu Windoiulusdeen

9.1 ViulwdlaiszyDimeuns

PHAN
Athletics New Zealand. (n.d.). Form a new club. http://www.athletics.org.nz/Clubs/
////7///Starting-a-New-Club

9.2 Wikipedia

aaa a

Hod0e/(Tu/newATmeuns)./Ju 35WEe./URL
Title./(Year, Month date)./In Wikipedia./URL
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D93 (10 dunan 2556). nyviesu1a. Tu I9Wde. https://th.wikipedia.org/wiki/myyaaun?
/A udeulineunsazedansan vediuls “This page was last edited on ....”)
10. Social media

10.1 Twitter AW9NWYS

Author, A. A/[@username]./(Year,/Month/date %38 n.d.)./éﬁ%%?%dMﬁ@’ZO Agn./[Tweet].
//1/////Twitter./URL

PRlAN
Ardern, J. [@jacindaardern]. (2018, October 15). | salute you, @KererudPM #BirdOfTheYear
7777/ [Tweet]. Twitter. https://twitter.com/jacindaardern/status/1051569120066469889

10.2 Twitter JUAmuazIale

Author, A. A/[@usernamel./(Year,/Month/date %58 n.d.)./élf@%?‘l/@df?fvﬂﬁf20 AM3N./[Image or
////////Nideo attached] [Tweet]. Twitter./URL
2PN

Figure.NZ [@figurenz]. (2019, October 15). Looking forward to resting up over the holidays?
/7777//1sleeping face emoiji] [beach with umbrella emojil NZ #Health Survey figures show about
/7 70% of adults meet sleep duration... [Image attached] [Tweet]. Twitter.
//https://twitter.com/FigureNZ/status/1207422765986279424

10.3 Facebook post

Author, A. A/(Year,/Month/date %3© n.d.)./zﬁyémw/ao[wm’ 20 A 3n./IVideo or Image attached].
////////Facebook./URL
PR

dliniuiunInedeusens. (2565). [Book Overview] Aausuas Inemaniveinisasuiunaalng
IR 9. a8IS Lumeidi]... [Video). Facebook. https://www.facebook.com/
/7/7777/NU.publishing.house/videos/500261141462779

10.4 Instagram

Author, A. A/[@username]./(Year,/Month/date %38 n.d.)./n{am%\ﬂWﬂWKZO A45n./[Photographl.
////////Instagram./URL

New Zealand Police [newzealandpolicel. (2019, November 15). Class of 2019 // Wellington dog
/rr/section [paw prints emoiji] #fridayfloof [Photographl]. Instagram.
/It psy//www.instagram.com/p/B43CL -J9pN/
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10.5 YouTube %38 streaming video

Uploader, U. U./(Year, Month Day)./Title of work./[Video]./YouTube.URL ‘
PRIMN

MSNBC. (2020, January 7). Julian Castro endorses Elizabeth Warren. [Video]. YouTube.
2nttps://www.youtube.com/watch?v=Uk2Tzc8H5po
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e Meta Platforms. (2024). Facebook (Version 479.1.0) [Mobile Appl. Meta Platforms, Inc.
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