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Editorial Message

The editorial board of the Journal of Engineering and Digital Technology (JEDT) remains committed to its
mission of being a high-quality academic platform that supports the exchange of knowledge among researchers
and experts in engineering and modern technology. It also promotes interdisciplinary integration, emphasizing the
connection of diverse disciplines to create a knowledge base that can be widely applied in the rapid changes of
digital technology today.

This time, the editorial board congratulates all researchers whose work has been selected for publication in
this issue. All articles have undergone rigorous peer review and evaluation by experts in their respective fields, and
have received academic guidance to further enhance the quality and credibility of their research to an international
standard.

The publication of high-quality work reflects academic progress and the potential for further development
of technology and innovation in the future. The editorial board sincerely hopes that all researchers will submit
their work for consideration for publication again in the future, and also invite other researchers to submit their

work for publication in the journal in the future as well.

Kongkij Voraputhaporn, Ph.D.
Editor-in-Chief
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Abstract

The current behavior of tourists is to search for online information to support travel decisions. Although online
reviews have many advantages, analyzing large amounts of data is time-consuming and resource-intensive
in extracting important information; therefore, systematic text analysis helps present more comprehensive
and targeted information. This research aims to analyze reviews using dictionary-based sentiment analysis tools
and to create an analytical report of reviews from foreign tourists toward Khao Yai National Park. A total of 12,035
reviews related to Khao Yai National Park were collected from online platforms. TextBlob, Flair, and VADER were
used to classify opinions as positive, negative, or neutral. The results showed that VADER had the highest average
accuracy at 76%. However, sentiment analysis also found reviews in which satisfaction scores conflicted with
the content, showing the limitation of using sentiment analysis alone to reflect opinions, as opinions are complex
and difficult to compare using a single standard. To address this issue, an analytical report was created by analyzing
the relationships between key terms and related reviews using cosine similarity and summarizing the text using
natural language processing with data visualization to reflect the strengths and limitations of the park. The analysis
found that although Khao Yai National Park is praised for its natural beauty, resource richness, and biodiversity,
some limitations are mentioned in the reviews, including different fees for Thai and foreign tourists, inconvenient
and insufficient public transportation, and the need for valuable tourism experiences and activities suitable for all
tourist groups. The results of this research provide basic information for tourist decision-making and are useful
for developing guidelines to improve Khao Yai National Park to better meet tourists’ needs, and can also be applied
as a model for other tourist destinations to enhance service quality and the competitiveness of Thailand’s tourism

industry in the long term.

Keywords: Lexicon-based sentiment analysis tool, Natural language processing, Sentiment analysis, Text analysis
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2.4) ipFeudlodnsrzvinaugAnuuulanauiynsu (Lexicon-

Based Sentiment Analysis Tool)
irsesiiodiasgiinuidnandernunuuldnauynsy

dnilngidrsdaangrudeyaiiussaddnyindauaz uuy

P '

ANudn gadigarufedradenislidaulag lidednay

q

4

lunaniowizn1si3euivedaIes LagaIuNTATIEN

JoyavindenuludnuuzvesdiuazUsslon lngly
Fududpaandunnmesiuaviou Inairdesdiolinszi
auFnuuulneunynsudilasuenudenlutiagu e
24.1) TextBlob [14] \Julaus3fivamuituiiesesiu
mﬁmiwﬁmmifﬁﬂﬁ]1ﬂsﬁaﬂmuimﬂ%ﬂé’aﬁﬁwﬁﬁﬁmum
maziuuauFAnTitmualidamih vilsiasnsassyldi
Foanufinwilduanuidndeuin dau vsedunansain
11514 pattern library Suduiasesflefilddmiunisei
Al D9ANULAZILATIZALATIASNUDINIBY NTLUIUNT
’imiwﬁmmiﬁﬂﬁﬁugmw 2 93AUsznoUNan laun A
anuduuInuieau (polarity) gniuseglugissewing -
189 +1 Togeniidilng +1 uansdetornuiifauidnids
uINga Tunanduiuafidlng -1 nunededeninud
AFEniBsaugs SruAUAISRIEY (subjectivity) Tiuansiis
anuAniud LTI odeifiaadsiignivualiiegludi 0
4 1 lawaridnlng 1 wansdedonnuiduarudadiu
dusunnniderienss luvaeiienilng 0 Ystindenu
Thitdnvandunaruariinrududodiassannnia
anudelunsldnusazldsndudednlunafiuiia
AeuhlUlilesesianuidnandenutioluganudigy
99 TextBlob UenaniifisesiumsUssnananIwIsssLui
Tududu 9 1wy nssuwundening msheserlaensal
(part-of-speech tagging) N15k&NAIUTIY (noun phrase
extraction) kagN1TLUANIYY LABLANIZAITVI9IUAY
AnuAaLiuifnnsldawmsnislugiuvuniusangy
aglshimu Sdlidesinlunsdieszidenuiifinrumne
Fudeou 1losainerdengnisniwimaniiazaziuy
\Beensunifignivundraniifisasgiaien 1uieai
Uszaninmenvanadleldrusudeninudidnisldniwm
JeUszrnUsedu niedearuiiiusundudeuiifeends

ANl aNNaF IR LAY TAIUETTU
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2.4.2) Flair [15] v Jundsluiadesfiontsiiasies
anuidanuuuldnauiynsumeinaianisidafiniuuiun
(contextualized word embeddings) kaglanuaruaaudn
e zéﬁgmmusmaaaﬁﬂmﬂ (bidirectional long short-term
memory: BILSTM) finunisilnslugranthvnedeyaduiu
wAa Jaaelianuisaduauduiussenitedly
Usglen wazdianudlanuninevesdoniuainit
aesitmnaldedefiussansam Tnelunszurunisiluna
awldnsiseuinnusunvestennululssleanountuay
vdaflesyyaumnevesAntwineg vildanunsadsuidy
osualandennuldudugBeaty Fuvangfumsiases
Foanuiiilassaidudounionudifosnisinumungly
seiuge 1 TemuiildnwiBeUssnusedu 1Wudy

suddgyves Flair Aetdulunadilnduaisiinan
a1 Jsausavinulaegismatnuanelidiiaeniy
Mgy wazawsahluldaulaiudiles lidndudes
Anluaalv JadngnialldlunisseyesAuszneulutsylen
(named entity recognition) mﬁzqﬂizmwﬁamm (text
classification) N13MBUAINBRLULRA (question answering)
wazn15a3UA21Y (summarization) uaniidadinAenisld
n¥nensuazialun1sUseinanaiuinnit TextBlob wax
VADER Fsliiimsnzaniunisiinuuugunsalifidedada
ATUNTNYINT

2.4.3) Valence Aware Dictionary and Sentiment
Reasoner: VADER [16] \8ulausi3fignesnuuudiniy
AaswianuIaniudennunwsssumAlagianiy 31Nn1s
Uszgnalimaunynsufifimsdndusunnudfiyuosdiing 9

' ° ° .

WINNIT 7,500 A1 BaudagAgniInuanzLUNAINEN

(sentiment score) N@LTaUNIANUIUTUVDIDITUMNT D

AusAnL Tt famsnei 1

M15°99 1 : AdnvilagimegmATkIUANUFANTUNAUIYNTY

word sentiment score
happy +2.9
sad -2.1
excellent +3.2
horrible -3.1
not bad +1.0

'
aa o Y '

91nA15197 1 Adnsilunauiynsudisidmundaegis
AzuuuANIEnzgninldiiaTgidenuiniuns
fmungung (rule-based) fifavualidrsvthagdieLiiu
anuuiuglunsiansandnuaganiw Wedndulain
anuddnludennudududeuan Beau uiedunan
uwnufiazleramduiudvesanuidnusazdfissosis
emuuedesdiolinszinuidnaindeanuily

vildlumsfinnsandnwazmaniundensimuadnua
lawziidenasorazuuuetual wu mnldfsnysiu
GLMQUJ'?T’WW WU “AWESOME” 2gMMuAfIAINLFaNTULTS

v
Yo W a  f & o

111 “awesome” AldFdnusRUMEnTTanun uaﬂmﬂﬁ
W30 MINEsrLasE () Snalfiuseiuanutuvesensuel
WU “great!” Tinau3ani¥auanuInninA1dn “great”
WUUUNR nasnuaInsafiasandveny (modifiers) 7id
HasasEAUAINTNYRIAINTANVS oA ALAEl LU “very
extremely” Wag “slightly” ﬁaﬂmiaLﬂﬁﬂuixﬁummquuﬁ
09Ale LGULRYINU “very good” aglAsUATLULLTIUIN
gendA1d1 “good” Tumamsaiudnu “not good” zgnan
SEAUAMUTANLTIUINYBIA1I1 “good” virliAruvane
VSuanlufunaneideauinnty wuieaiu “not bad”
YNANTLAUANNIANT@UIINATI “bad” uazUTupy
Snlmdnlndiuai “good” ety
wi9gfedlvadnnuiausenis wa VADER 89811150
asvdusUszaaussduldlussauiivmela Tasonduuium
Yooy Wy 18 “yeah, risht” AidnldludeUssanusedu
Feanunsathanfinnsaniieanlenialunisulaninumng
Aawann paenauAaILnsalunIsianisiunsidniei
Taifunenis wu demnudifinisge nsldmsnusunu
n15doe15ual (emoticon) wazn1sldALdsndnsouans
audaudduiaedld uenandgadimudslunisussanana
wagldAeenisnsnensAuInIntn Junuigdmnsunisly
Tusufidoinisnishasiziuuuidalnl wielussuudid
Fosaiasuninenns naensunmusen1silisuLUaes
YoyalalaglifitedinToswinsgiu Jaunngdmiv
3meﬁmmiﬁﬂh%’ammﬁlﬂLﬁumqms nfinanaunde
\Jumauandniivinld VADER gniiunldlunisuszanana
Fonuiiluniwisssuviily dedsaussulatodia

wnsuanelutagiu



2.5) uninisaleaulal (Online Review)

3 I

unisaleaulal AoAuAniuTiasiouLINoINTe
Usraunsaifnelésusnuunanosuddva Tnsunianseid
wiandsinfuusraumssinsanngiaeiunsienien o
anuiuisiulurianafiiue feasioufenmuainues
uwnasiendies iwn $1ue1vs uazunisene 4 Mieades
IWgUNSUULNanNosuaulal 19U Google reviews,
Agoda.com, TripAdvisor.com, Trip.com L@ ¥ ﬁ 9d9AY
ooulatiing q Falumumlumslrideyauasimuangingsy
vostnreaiied 1wy n1siwdeuiiisufifnanuniansel
paulay 9g19l5Ad widuniansaleeulataviidesvaie

o o A

Uszn1s uindadidediinfidesfinnsan wu anuidndiuda
dnsnaden 1 leuuninnsal Awun1siAseideys
ag1alUsdlanazasneassfAvsdIsenIEAuAMAINYRINIS

yipaenlnogragatu

2.6) 99AUsENOULAIIBTE
AsmuILrE e fistaunsantseentdilunans
pefUszneuiitisduasuliunameniisniufinruniale
waznszulAnnaAuandsaniuiiiu o 16 lnegnen
whsgdvn lngiuundienfieniiidedessedulan
flesdUsznevfidenndosiunsounsiianeigamnetas
VINTBUTIEIUU 6A (6A’s framework for the analysis
of tourism destinations) ¥®9 Buhalis [17] Fauvaeonidu
6 fu leiun 1) ﬁnﬁn@m% (attractions) NYTURAIYIFALYN
Tngifasisgalafilanduluvainuateda 1fun anu
ViouflonTeesTund wu ﬁmmmq’?m dhanunusn A
Fuvnden uaziuidugauanysalsulusefionssauas
dnivamanuangvin anruiviosfieafiuysdaing iy
dumednusssumuarenafivianeas anuiiviendien
WefaUTnusssy Wy Yseifaansuay Tnusssuueaguyy
sougneuiagiouiiiTinuagauduiusszninam e
fUsTINTA LazanufivieaionBeyuvuduius 1wy ns
Bovwunaiaiuiies vionsdisiufanssudensng
s3suTRlLiLT 2) Msdndsenuiviondien (accessibility)
ﬂ13La‘umqmE‘]’nqmEnmm'q‘mawﬂwqjmuauumwé’ﬂﬁ
Beuserulduataidunis lnsiamgnsidumeiiesasud

diuynna Msosalagansaisisue wenainiinisameileou
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\ingneruaaviEg wounaladu uagnisaesiiinetu
Guleduazreamnsesulatiag q ffldutelidnenden
amnsonausumaiundldegneiiusyaninim 3) Asdune
AMNAEAIN (amenities) tilasasdutinvioafien i fiwn
wuuthusinuarauniasiunt Suemsneluiiudl uasaud
Uinstnveadien vennidsiiuinsdugueund Wy
Heatasnsae waruinisansisaulnasig q 4) n1slv
U?ﬂ’]‘iLLUULﬂu‘qm (available packages) fineuaueInIy
Fesnsvesinvioniien wu uwinnaduln uiinnavudnd
Ulutaanansiiu visewimnadeumninnaeluiiud St
gaflmsdafanssuiitavlugdiiggnianie 9 wu nsvuunly
ganu1 WiensiiulAnwisssunflugasgauu 1Dusu
5)Aanssunisieaiien (activities) ivainvalsuas
novaussnNaulsvesinvioafivangusng o MU
TugUuuuifen uuugsh LUuATEUAT) NADATULUUVIAME
linasdunsifuii@nmsssumni msdudnseluduma
5350918 N1sdesdndUn waznisaienIniiagiay Aanssu
wanisaS s sraumsaliuansiliuiinviesiies
waz 6) n1sTHusnsvesurawinadien (ancillary services)
NY ULV wilvgdadinsdamIouuinsiaSuiidfey
Wy viheuinamesmsunmdidesdu suians usnsdisy
Judidnnselind usnsinsdnwinazdumesida soudega
Uinsteyaiitiss nnsmnuazmnuitinvieaiiod aguiuld
esdusznauiis 6 duduandliiuiednenmuosgneny
wisnlngflunsrevaussaudesnisvesinviedien
leogansudou

0613l5A7 fleaanuiunveseneuwisnAng)du
uwasiealemnasssud fedunsviesdlendndluneed
mseufnussRmAuarasnndoudumndn mAdeiTasn

FIUNSMIUS N5V INE W DAL FIUAUBIAUTENDUAY
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a o N

Fe9ur8ANaEAIN e N duuSnIsiasSuAeIte

v '
| =
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NILUULUUNINNG LLﬁSVLiJL‘lJu‘V]’Nﬂ’ﬁ‘V]UﬂV]QQLVl?J’Jﬂ’JiVLﬂTU

WukAgnunishrusnsuuuduyanaginnusiudeuiy

1

Aanssumsvieaiiedluiun pagdidedsrmniuesruszney
sufanssu Wesnduuiuniifianulndifesiu dielild

Foyatiugruildiduwuimslunisuiulys wagimunld
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Wanngnamnssunviesieteg wdgulud miauasswdmn

LATNUNLNALALS

3) Fenilumsidy

MATeilYszyndldnsusztanan wsTIHIRTINAY
winslanTInTeAuidnaindennuwuulinauiynsy
WeTATIERUMININveTinve eI Adeg ey

' a o o a 2 & o o
wisndvg) wianisanfunuiu 4 duneu dagui 1
NFOUMSANIUNL Usenausiensriusimdeya msuseang
nadeyailewiu NMsATziauIan uazn1saseseny

WBIIATIEI

Data collection

Analytical reports

| Text summarization |
[
Keyword analysis |

Khao Yai foreign |

tourist review dataset 4

| Cosine similarity |

¥ ¥

Convert textual data

Data preprocessing

into numerical vector

[}

| Stopword removal |

*

Sentiment analysis

Language selection

Data scrubbing

¥

Evaluating for lexicon-based

Bias in review

sentiment analysis tools tool sentiment analysis

JUN 1 : nspumsaiiuau

3.1) mssIusIudaya (Data Collection)

MITUTIUTAN Iz TR sinYieu e oL
wis R ngdaenisadauazfsdeyaainiules (web
scraping) [18] Mdaldeuurinsalasisae dusiuil 1
UNTIAN YA, 2563 f9 31 SunnAu A, 2567 Liesandeya
Fsnanazvioufisuszaunisal wazammeesinvieaioaly
Frnadagiu

agnslsfnny ddeiildnnudifysedemnuanis
ngineuardtessiilunsiteyaannunanesuesulal
TndnsulundnnisufiRnmulouisuazdefvuniiszy
Tnodulsdflfifuundstoya uenanidsmsemiindsana

@

ddgyvesnisunlesteyadiuynnavesly Fesiunans

nandesdoyaiiauisaszyudiyanalalagnssiionaasieg

pudsasiennuludiuiiveainnsal saufnimaienie

a Ao

dodu o NildvAvsvesldunldludunilsvainsiesei
wislviduladnnuideandumnglinseuresanugnies
mungvuewazasesssunlinsevusennuluddvise

avvesldnuunanesueaulatlumslammile

3.2) ﬁ?iﬂizl/?aﬁ\/a%%/mi{adﬁu (Data Preprocessing)
n&aanfildteyaiuannsnunudeyauda duneu

souAonisUsvananatoyaowiu ileutastoyaleylu

sUsuUTnSeudmiumsiinest fnszuiunsded

3.2.1) m3AMaann1¥7 (Language Selection) dlosn
uniasaiassurinUseneudevateniv uited
Ainsgsiumiansalanntinvieniieaviinanid Sadanses
nrunlansaifideudienundinguiiisadestunis
soufivalugneruniniu iieliliteyadifanuaniy
WIAATARNATINUTIUTEAIATDINSANY)

3.2.2) mahenuazemieya (Data Scrubbing) fou
mathluldau Imamaaaau%’ayjaﬁqmma (missing values)
Feonafiansznusionmgnieseansliasiedt uonani
fasimsnsreaeuiazautoyailiineates feenasmioya
Alifaumuevieduteyasuniu 1wy deydnval wie
dnvszieiliiieades naenaunsUsullasugULuUTes
Foyalrideyatimmainaveuasndondmsumsuszanana

oedlsid asmnuvinsalegluguuuuresnnsangy
Fafinalfunssaiilossyveuinvesieg ety Fdlaidniiu
FesHunszUIUNsind Faaztaelrnsuszananaduly

29I ImasiUsEANS AT

3.3) MsuATILYIAIINTAN (Sentiment Analysis)
mswseianusdnanuninsallugluuunmwsingy
§1uau 12,035 $1en1siinunsuszaianateyaileiuy

NYALLDYARIANT 1N 2

A19197 2 : UV UNTIDUNLIYIAR

Rating Quantity (items)
1 546
2 560

3 1,644




A519% 2 : TUUIITINNLNYIBLAYINIFNR (FD)

Rating Quantity (items)
q 2,814
5 6,471
39U 12,035

NP9 2 UrAnsalfiiunsUszananateyadoy
WAz TinTeiauidnanndenusuiuaasiuy
aufianela 5 sy leUsiliunaseAInmgRieT
fumsleneiaumewdsduuniange Sevasbended

3.3.1) msvszdunawnoedlodmivinsizinauian
vIndennuLvuliwawiunsu (Evaluating for Lexicon-
Based Sentiment Analysis Tools) flanusadinsei
Fonnuluguwvudeninusssuailiae lagludndudes
wlaadunnmesiBadiaunou

NSz dunadermmugnFes (accuracy) et
Uszansamuesaadesiiodmiviinsgsianuidnuuuld
wauynsud leun TextBlob, Flair waz VADER lunns
Ainnzinazduunanaidnanden daunsi 1

Number of correct predictions

Accuracy =

(1

Total number of test instances

9naunsT 1 AAnmgndesaziIMIINARdILYes
nsduundeyafinaaouindudsuin Beau wieunang
dladisutunasseiildannnisliasuuuainufionels Tae
fmualipzuuuaufionelafiviiiu 5 uwa 4 ey
AUsANTIUIN nwiniu 3 fedndunans wazAAziuu
aufianelafivindu 2 uag 1 fednduanuidnideay fn
Wudrwiuradnsaiewesnnuidnidsuanmindu 9,285
519715 1B9au Wiy 1,106 5189015 wavidunataviniu
1,644 518015 ﬁqﬁ?ummmgﬂﬁaﬂﬁlﬁ%LLamIﬁLﬁuﬁﬂ
Awasatun1sduunauddn uasidunwinislunis
lUdszgnaldanuluanunisaiaselulueuan

3.3.2) myuATigvinnueudysluyniesal (Bias in
Review Sentiment Analysis) Lﬁ'aqmﬂﬁlumﬁmeﬁ%mm
wilaluwurAadildfuaudisuegisuindesnisusziiu
mwidnanuviansaieeulat eehalsfiou Jamvileiisn
Aatufienuiewdes (bias) Tuuniesal Seilduadng

maamﬁmiwﬁﬁmwmmmmﬁaumﬂmwm‘ﬁuﬁa
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AnueudssluunInsalotainandadenansusens

wu wsegalalunislviasiuu lnguunanesulineianie
favsievdmuuniansalideuin Jeo1avihlviazuuuay
faneladiuuliugendranuduass aasnauainudileiie

WNEINUTTUUNIT IAAZLUY BNSUAITIVIE W5BNSLUN 1T

¥
N o o '

nuarUszrnlsedu UIRENRNIATIERANBWE B
NnuvANsaififazuuumuiisnelaiiu 5 usiinnugdn
Mndernufudeau uaglumendu uninsaiifiazuuy
anuianelawiniu 1 wafinauidnaindennududauan
nmsldiadesdediasgrinuidnaindenrnuuuuld
nawunsu lnewsiazAazlasuasiuunadudy (valence
score) [19] #azteliszyfianiavesorsuailudoninu
wnfiaziuuiinnii 0.05 sxgniiatsanindudauin uay
winazuuutesndn -0.05 szgniiansarinduidsay
uBNIINTUNINAZLLUDYTENIN -0.05 F9 0.05 2wgn
finsaunindunans wazazwuuTIN (Compound score) 7
firsananuiAniamavesdenuiluuviansel esan
TuuniasalifieatuenafinsnaunauvesniuAniiy
Fauanuavay AvkuusmAselfaunsossduniuddn
Tnesiuvesdennulieg1auiluganNn1ssIuATLULYD AN
#14 9 Fsngluuiansel
AruuuTIRTinasilunisinduidalauaiansatily
MANUEUBITENIATLUUANNTanelaSsuB Uiy
HANTIATIENAUTAN 19U mnAzuuuAuianelags
winananwEndauludeniy mnseuindnvieade
o1afinnuaanisfige vieereditesousouuiasenisd
Tjanunsnasvieulupzuuuld Fauansliiiudetymiides
1#5unisudly lumsnssfudng azuuuanufiswslas
winduuananuidndeuanludennu 919ausdianany
Ligaauluszuumsussidiu wionslrnzuuuiienaiining
lainsefiu Fedpamsivaevidnisiiazuuunsoulovienis

FwTmdoyaliiudy

3.4) MIATNTINNUTIUATIES (Analytical Reports)
enuddiesgiiiegatumsiiauedeyadednlu

suuuuiiiladeanmsdenlosdeyaiiteinszsiluvann

vanefii Tafumsdeasuadsiumsaduamdeya (data

visualization) Usgnaunig
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3.4.1) n75auAIMEn (Stop Removal) inulauesnsily
Yoanuuslifitudfny Jseunsadnenlaaslnelinsyny
FOANUNUIINANYBIVBAINY WU “a”, “the”, “is” K38
“and” 1Judu Tagreanruinvestoyanasyinbiaunsag
wiunsiesgiludemadianumnedAglauniu aniu
LAULATOINNIEAS 9 N84 AoulzLlaston1nu
7 VIR a ¢ & [T o
e duiasnusiiuidntuguhuuiugu Wy “watching

Waswdu “watch” dumsuildiganminurainianavasm

'
a

isUwuuiandaiuusiiauvingidediu deyainig
adauawarnioudmiunsUsEanana

3.4.2) msuvavionauniuaninesiiediareinnis
W54 IINE 1A VDI UM TOAIINRI1UN I T8 TF-
IDF (Term Frequency-Inverse Document Frequency) [20]
Tne term Frequency (TF) Aensinanudvesdiiiusing
Tuenans wag inverse document frequency (IDF) Aan1s
fanudidyresdiluenars Tnediivsinguesadily
Lenansagiian IDF s assfuduiudfivsngluienans
ffounseazdidr IDF ge Aetfunsqmien TF uag IDF a3
annsanuualaiusazaludennudanudfAyiiniey
iedlasiederudy 9 Feezdislumsiinseidonuiid
Anuennazauuanasiudululsegediuseansnm
nszvauMswlastennulunnnesidewaiaunienis

o w °

AMaAT TF-IDF 1183AsziAnudIAgvesalutdaniu

TA8AIUDVDIAIYID TF LarAINUDNARNUYDUBNENTUID

IDF AMunauleannaunisi 2 wag 3

J.t,d

Zt'edJ‘t',d

lay It,d ARdIUASIAT ¢ Usingluenas 4 uas

TF(t,d) = 2)

shaududuusiuvessiaunluenals 4

LJ 3)
1+ DF(¢)

IDF (¢t) = 10g£

Ty N Aosuiuenansiavun ua DF(¢) Apdnuiu

lnansfisldn ¢ Usingey Fannsuan 1 ludhdutiedeaiu
Ygymn1smsane 0

ety TFIDF \usiiaeghaimidnuesd Tnefarsan

ﬁu’ammﬁwﬁmmaﬂﬁwmEfLuLaﬂmilﬁmﬁuuazmmﬁﬁm

vossdiowFeuifisuiuionansimualugedoya dauns

o o w

1 4 Yaagtesvymdafglutennulasgdussdnsam

10

TF — IDF (t,d) = TF(t,d)x IDF (t)

(4)
3.4.3) myianameargnadale (Cosine Similarity) [20]

ANNSUINAIUAAIEARIUDLINHBS 1IN bTLUIIUNLNBITDS

fudemnuuadeyanilifigs esnlignnsenuainwun

Y

1
v A

vaanmes uazAmuinlasingl nudteiiinaundiends
seninuninsaludagrenisiuAddgieglugiuuy
nawedtddiias daldlunisiieuifisuindenives
Jamnuiinnuraneadeiuinntesiiieslaseninsuniasal

wazAEAYIINUMITAINTIBLAYY 9NaUNITH 5

A.B
141[1B]]
Iy 4.B Aenanuidaainans (dot product) 5¥ning

(5)

Cosine similarity =

nAMBS A Waz B Uaz || ||| B|| Asvuinueainiaes A uay
B audsu

a

anaunsh 5 manuadrenadialed azdinsening -1
89 1 TneAdnlndsu 1 Bannuanyinnmedisassiiiama
e videdlmnuadondsiugs Tumenduiu wnAdngs
& 0 wansnnmesaaslifiaurdrondt uay
wnAdlnARU -1 wansinmeaedifirmnsatud

3.4.4) mMsNATIFVIAIEIAY (Keyword Analysis) 990UN
Fnsalvesinvieadivarnssddegneuuisniilig
AUNITUTZUIANANIBIFTIUYIR A1NNITATAIEIAYIIN
N53AsIERAERIdY [21] Weadramddey Tnewdulud
aafUszneuvaaeuiien 4 asdusenau Usznausie
?qﬁqam% nsundsaauiiiesdion dssruisanuazain
wazAanssun1svieiion Wy f131 “staff and service”
dmiuesusyneuduAsnermuayaan v3er1in “hiking
trail” dwidussdusznouiieafiufansilugneu et
WisuisuauAaeAasiuIsnieuiasal agAdAgy

- & ¢ a o % i 1% = ¢
gnudaadunninesideiiavme Arnnuadeaddaled

el

Tasuniansaififinauadieadsganinaiidivualiazgn
denuninssiazuuuauan ilouszifiuanudniiu
yesiinviouilon 19U Fomnuszyin “the staff provided
detailed and polite information” aglasuaAguuTIuIN
Tuvuezfidoninu wu “the hiking trail lacks sufficient
signage” 9z1ASUATLULLTIAU AOUILUINITIBIIUNAATL

peRUsENOUTRIaIaL g TIiuMTauanIndaya



dieliiunmsinvesdeyaludeusunauazidnunini

ALVBUDIAINUADINITVBIUNN DTN

3.4.5) n3a3UdAaIu (Text Summarization) \Wumadia
Tun1saguifienvesdoninuliduas Tnediasdnu
anszddnyendomfldunan (211 madaiidudin
iloensUszinananwIsTIINATIUNU MR luns
Hglitannsadeasdeyaiidfaludeulsognmni

Jagdunisagudennuuindu 2 Ussianndn laun
extractive summarization lagn1sidendseleaniendi
drAagansuatuuldlaenss FelldaflununuLug)
desanannsoagulaedinsanugnieauazassiuiilon
s uidaiifednfeludesesniansedudoya aufiens
vilidoniuusdiufiiannudfygnaziasluld uaz
abstractive summarization 35141y walgauszhvglu
nsianudilavsunvesdeniuduadulazilsuasy
Jusnlnadluguuuuiinseduuasndusssumiuniu e
Tinsaguarufiaudusssun@ wazdiedanisian
1l lesannlumaaunsaiilaviunvestenmsuat
wagldondilvmnzauiieairsteruiteamunglalld
agalsiniy msaddeanulmianailiianisidilafin
viomsgnyidsdoyadidyly uenanidsiosnsmineins
Tunmsduniigauasdamududoulunsinlung

wiilddisaesisiadiyarunasdosiaiiuandeiy

o

msdenliRsmsiasanmudnuyvesleyauag ingUssasd

]

aa

nsldau muAseinnsandenystleavienafidfyen
suatuinldlagnsainnsiugauduiusseninainnes
Aoudzduuienszuaunisasuanudmiuldludomi
lmnzlgasdmiumsvisadisauaztinauslusuiuuey

Seasenaunmdeyasiald

4) wan133venaraiuTena
Mot unsBeulysunsunwilnseu (python)
UU Google Colaboratory LUINAN1TITELAZDAUTIONE
oonidu 2 dsuinguszasd liun Wodimszsiuniansal
sheedosdioTinszsinuidnanderuuuldnauynsy
wagifioadenenuddinssiuniansaintnrendion

Y1IARRE N URIAN e I5eazidenanall
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4.1) namsiasIziunIansaimeinsededingsiniugin
uvultwaurynsy

msnsesinuianandenulngedenauynsuid
nsasieAdninazAvuaazwuuANIANLIA ML
nanitouazefusionaidu 5 funou Téun

4.1.1) HamsTavsmteyauninsalasisay smemsann
wagstoyaanivledfilalsinveafiondouuniansel
a’lﬁwsmx@iaqwmumwwaLmﬂmgégal.wii’uﬁ 1 1UnSIAY WA
2563 9 31 FurAL WA, 2567 TIMTEELLIAGAY 4 T
Fafoinazviouninsveunasisaiiedluiagiu uas
wanzausensyiAeseiite duumeiaundngnm
Yoaumamaalen

AToiisuTndeyadsnisafauazfsdoyasin

1 o

Auledsmlul® Suannnisderveludaiuladidivuney Tng

¥ 3

1luslanea HTTP wiedwoyandnivesnuiluguves
lasaine HTML wdaanntiy agvihmsinieikazaindeya
AdpenseulATEs19u0a HTML W wiin <div>, <span>

= = & | S 2 v Y < s A &
138 <table> "?NLUuﬁ’JuVILﬂU‘UE}Mﬂﬁaﬂ‘U@ﬂL’J‘U'lﬁlim LNWaLlNy

Y

swsmdeya Usznouseiudl Aazuuunnuiioels uay
umMnsalassugiamsotuldlunsiieesigauu
wazdalauDRILYR Ve UL IR ey L

4.1.2) Hamsvszaanadoyaiiosiy snideilsjatiuns
Ansgidomuaniinvieniisrsniend Tasdanseuany
unisaifileudien1udingy Usenaudae uniansel
wazAzkuuAMUNanela 91uu 12,035 $19M15 KUY

AuazeIndeya lnedlinguszasdiiioUiuenmnmees

4

Jayaliiininugnees auysal waznieudmiunisiily

Y

T 3uduaInNNIsseykazdnn1sAIniell Feonaiia
nnstuindeyailiauysaivieteranaialun1ssiusw

Joya Wnevnnnusenislaiiidazuuuany fwelameld

gNasanavkaniaimely iesannlidswansenuse

t%

ANNaNYIalvestoya wenand dulimsdaguuuudoyals

I3 ] U k4 v & v v a 6
L’LJummgm Wy n1skuasAdenulmdudionysnumn

=

Envianun waznisausnvseieenlasndy wislvdouadl

U

= = Sl ° v

A LazAMLLTeionewluly
4.1.3) Hani15Ussidunainsesldod1vivitesigy
muFanntennuwuUldnILIUNTHAIEAIANNA DT
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sounand WaweuiunaasanltaainnistinswuuaIy
fanala Tawn TextBlob, Flair wag VADER 91nn15IAg194

AU 3 50U LA nan1sUsEilunImALaig A1 3

M15°99 3 1 ANANUYNADURREIINNTIATILNIANIFNA DoAY

sentiment analysis tool accuracy
TextBlob 0.7198
Flair 0.7324
VADER 0.7575

AT 3 AIAUYNABLARLAINNITIATIENAIIY
$@na1ndeai1usening TextBlob, Flair uag VADER A1
Anugneetadslndidesiufnludosar 72, 73 waz 76

mudulag VADER fiAnAnugneedaiegeian

8000

]
=
2. 310 126 670 7000
g
JE‘ 6000
]
g = 5000
‘g 5. 108 264 1272
n @ - 4000
=
=]
= - 3000
IS - 2000
=1 222 524 8539
8 - 1000
Negétive Nedtral Positive

Predicted sentiment

JUN 2 wvindauduaunsdiuunauidnaindeninueiay VADER

ilefiorsanannumindanuduau (confusion matrix)
FeldUsziiulsravBamuesmsduunanuEndudaun
13900 uaztfunanaues VADER faguil 2 wudn msduun
anuidnandeauliedisgniesdssunn 3 Tu 4 vaq
fanue lefiansunlusisaziBun nuin awrsndauun
FomnuiBsuanléfann Tnefiswaumedsfiviiunsgnees
f9. 8,539 o usidailderiananalunissuundeninud
WunaauaztonnuiBsavegluseiuiiouiisgs Tnediuun
AudAnfiandudaun vaidudaudedunansrniu
f9 746 d0g19 wansliiudauualduiildandmiindy
Yoaugauananiuly (bias toward positive) 1tuLAEIiU

° v & = o a I3 a °
mMsawundanuiunans FainuneRaluidudauindiuiu
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'
=

1,272 ¢e89 dadudnsrduinasunndlaiisuiudoninui

Y

v

Wunaraianun uenainil dudldedanaialunisdiwun
fomudsauunsdiufigniuuniaiduduinvsadunans

SUAUDY 796 F98n4

¥
Y

a¢19l5AA uaﬂmﬁamﬂmmwgﬂﬁmﬁLf]um%’ifﬂ
Uszansnmlun1sviiuuds taiesiiodmiuiinsies
AusAnaIndennuwuUlinILIYNSHLazIUY Sl
wazvadnnalunsinuwana1esiull Tne TextBlob Wiy
dmsumslianuimluiigesmsemudelunsidanudu Flair
winnzdmSunuiidgesnisdlaviunve oy uiens
Fosuantunisldninensnisussananaunty Tuni
n&uu VADER thumngdmduauiidesnsauisilunis

AATITRTBUALAE DI UTDAIUATYIGTTNVIRNE B d 9P

U
v

soulatl dadunisidenldaiuaisinnsaunandnuazves
foya wazdodinduninenstunisuszananaiduiady
sulunsiasandnee

sAfeiifiansudon VADER fiundesiiodmiu
Airszinnuianaindemnuuuulinauynsuiioonuuy
ulldnufudemnuiliflasasaldviui Tnglidomwiiu
NILUIUNITANAT N1TAITAAINEA LATAINITOIATIEN
foganndoautomnldviui Tnglisidudoudandy
nnwesFIavnou uenandsdimmmgniouadsgeiianud
Famngdmivnuidesnisanuiilunsinsgiden

& 19

1191555091 VN YNNI Yo R 1unSNeINToE
aundalnuldegiafivsednsain Fududededduiians
NsaudmsunstisnuluanIun1salas

4.1.4) uamiesizia s ssluuriorsal Wielsediu
Imsiesgdnnuidnanuninsaifuaiuisoazeu
anuAaiuvestinvioufiedlfedegniomiolsl nslany
Tunsaifiasuuunufianela uazidomvesuniansald
Audaudaiu Tngthuniansalsiuau 12,035 s19n159iku
M531A5IERAN3EN91n VADER 3nfinsanunIansaliidl
aueudes Wovanudlafieniwmazuunlduvesun
Je1salantnveaiisrriaisnilunivin udau nieidu
na1e Tnefinnsanuninsaiiflanueudedunisuinvde
aueg19daau wud1 undersaifiaswuuingu 5 wad
anuidnduau fwauwiiv 2,912 18n15 Tumenduiu

uninsaifiazuuuingu 1 uifinauidnduuin Sdwau



Wiy 448 518n75 WelTesaAUMLAIAZILIUAIINIANN

1nlUtles S19azd8nRImIs1eN 4 wag 5

= v ' a ool ¢ "
P37 4 Megsumasaiidaaziuuauisnelaingu 5

wirausdnduau (negative)

review sentiment

score

it is worth the effort to get there. a treat to -0.7263
see wildlife in its natural unspoiled environment.

used to see wildlife at home, but this topped
it to see snakes, scorpions, millions of bats, deer,
giant squirrels, gibbons, macaques, and even
the only croc in the park near the waterfall trail,
all in one day.

only negative is the late morning opening and

late afternoon closing of the park. probably why

we missed the elephants.

a must visit if you're in khao yai being city -0.6194
dweller, 1st time exploring and experiencing the
nature and didn't even bother about being
sucked dry by leeches.

encountered a couple of wildlife and the

view on the top is to die for.

our best experience in Thailand. mostly visited -0.1343
by Thai tourists, and not really by foreigners it
seems.

it's a real wild jungle, with many animals to
see crocodiles, monkeys, spiders, snakes. for a
real jungle experience, go visit it with a ranger
and stay there overnight in a tent.

but closely follow the rangers or guides advice

if you don't want to be attacked by leeches.

NAN5197 4 urdansainntnviosfieaviens A
Arnzkuuauianelamindu 5 wiAiauidnduauly
UGRE[REE Feanunsoduunldifuuseifiungn o 1un
Asssuleniilivindien fosdalunmsdnds Yemdunis
U3N15 wazaumanTsildasstuanunduass Tnsanie
n1ssufisuanldiieseninadnendieasdlneuas
gmeanATiuansaiuegsiaay Ussifudeudedesiin

TudnunisnfanazAanssuig 9 Nldasvausinoninu
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fosnsvesifensuegiadui nimsidananlauay
Ungneruvirlvinaalenmalunisvada ivalugranand
uanssiumuLiazggnia uenand Sslinnananianis
uinsitlidulumuauaianis vrsuniansalldseyin
Frhifaanumienlunslimsng wu liudsdeyavie
Fuuzihfidaaulubesanuvasnis vieduuztisions
USufnuanimeIniALaranIunnsaing 4 fusnzauis

Y a &

AnildAuA1iusian BnvanatanisiiudnIng

q

yinl

Cale

= '

Fardueag1adng nsan1snanwduniaiuladduluany
Auuzidt e1atldanuianisinvieaiie wianunuy
AgiiA1N9n9L Fenansndnuianigsavniinaglasy

Usraun saiatuuIiyaRINNIs e e

A519% 5 : fredsumansainfiAAzkuuARanelawiny 1

[ =P oy
uaAIAFANLTUYIN (positive)

review sentiment

score

we were excited to visit but were put off 0.9536
right away by the $400 baht charge per adult
for foreigners. for Thai people, it's only $40
baht, so visitors are charged 10 times the price.

they also charge extra based on the vehicle
you're driving. crazy. besides the price, the
main road going through the park is more like

a speedway for people crossing from one side

to the other.

it's kind of like a cheap toll road for Thais. if 0.9536
you've ever visited a national park in other
countries, it's a different experience altogether.

we weren't expecting to see animals but
were hopeful.

we saw a few monkeys on the road and one
deer. that's it. it's a scenic park to drive
through, but literally, that's all we did, drive
through.

i wouldn't recommend coming here.

save your $400 baht and have a nice meal

out instead.
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A519% 5 : faedsumansalinfiAAzkuuANRanelawiny 1

wirawsEnduuan (positive) (se)

Review sentiment

score

did not bother, fee too high for foreigners, 0.8568
400 baht. for locals it's 30 baht, why the drastic
difference.

what a turn off for foreigners.

we have visited great national parks all over

the world which have reasonable fees or are

free.

i do not recommend the night tour offered 0.1002
from the park, since the guide spoke no
English (not even the name of the animals),

and showed no interest in looking for animals.

just saw deer.

Wufeatu widnsaiifaezuuuanufiselawiiu 1
usiFANu AN TULINGINAITNT 5 Wudn vansuvansal
wansnuAnniandaymidiuaisssudenilivinfey
nsuinsilaldunssiu wasUszaunisaladeiilingetu
AUAINATY LD TINE Al ULTB9IANINANYBISTTUYA
wazdn iU uadgmdumsianis wazalddefigaiuly
ndvasiauRanisasdinasionziuuaIuiInela

lngsaufanas

4.2) HaNITAS NTIENIUTIUATIEN
F1891uTTnTzRanunIasalvesinrieu ey
mandregneuwisBnlngiiszygaeu sfdediin
yasnsviondien suandusuamslunsiWauinasensesu
uwaaiefiealvidenndostunnIgiuaIna Laman1side

(%

wazafUsienasanilu 5 Jusou Ussnaumie

v v P

4.2.1) nanisaudmen \efdadoyaiilidniy
wazUiutemnulieglusunuuimnz funisussanana
Usgnoudnenisudasteanudufisnysfisiidndomn
msuvasiliegluguuuuiiug sudsnisaudnussfiay
uaziASeIMINEIssAneUTlaifinasdenmmnEYe TR
Ffm15197 6 Avgafignaveen Usznaude “a”, “an”,

» o«

“aﬂd”, «are , asn’ “at”, “be”, “but”, “by”, “Caﬂ", “dO”,

14

«

“it”,

“for”, aﬁ,om”’ “has”, “have”, “if”, il"l”,
“itS”, “I’]Ot”, “Of”, “Oﬂ”, “Or”, “SO”, “that”, “the”, “this”,
“tO", “WaS”, “Were”, “WIU", “With”, ayou» LAy uyourw

15199 6 : e 1IUNINTANNUNTEUIN T SEIaRatay A UD IR

No. Review Rating

1. nice park many trail waterfall hike trail 5
without guide map available visitor center
people complain pay foreigner see difference
salary foreigner earn much common thai
people support higher entrance fee conserve

park

2. incredibly big scenic park local pay 40 thb 5
per head foreigner pay 100 thb well worth
visit wild animal roam massive park go
winter month weather cool windy need car

go entire park

3. expect much see animal may find elephant 4
solid waste go jungle trekking without get
tired national park route not long almost no
climbing take 2 hr 3.3 km hundred year old
tree make noise place frighten animal throw

away garbage feed animal bring water snack

12035. | park lovely want go camping forget despite 1

numerous campsite mark map one genuine

one like supermarket car park

91nA15757 6 iammﬁmuﬂﬁauﬁwqm LAZNIUNIT
AuUBNATE WU L, ¢, 7, L ? way mﬂﬁ?ulmaqﬁﬂﬁagﬂu
gULLUUﬁug’m oiun “trails” WJu “trail”, “waterfalls* 1Ju
“waterfall”, “hiking” 10u “hike”, “guides” 1¥u “guide”,

” o«

113 ” &) “«
maps” WU “map”,

visitors” 18U “visitor”, “complaining”
WJu “complain”, “paying” 1u “pay”, “foreigners” 1Ju
“foreigner”, “earning” 1Ju “earn”, “supports” 1Ju
“support”, “conserving” 1y “conserve”, “pays” Ju
“pay”, “heads” 1Ju “head”, “roaming” 1Ju “roam”,
“going” Ju “g0”, “expecting” Ju “expect”, “seeing”

” o«

Wu “see , “animals” Wu “animal”, “finding” Wu “find”,
I I3 I
“takes” 1UuU “take”, “years” U “year”, “trees” U

“tree”, “making” Wu “make”, “frightening” WJu



“frighten”, “throwing” \9u “throw”, “feeding” 1Ju
“feed”, “bringing” Ju “bring”, “wanting” Wy “want”,
“camping” 1Ju “camp”, “forgetting” Ju “forget”,
“marking” Wy “mark” wag “likes” 10u “like”

4.2.2) wamsuvastonnuduannosiiguaraie TF-

IDF FasfivuaAinnudfgssudazaluonasla lae

'
o

mnusinguesludennuieliuazlasuariminisiias

v
=

1u°ums17iﬁ’lﬁﬁm’mﬁ’lﬁzy@iaLﬁ@ﬁﬁazlﬁ%’uﬁﬂﬂfwwﬁﬂﬁQQ%u
TneiSonld TidfVectorizer WiauinAanuddyvosh
Tudszlundieens 3 Uszlea Usenauaae “the park is
good”, “the park is bad” uaz “awesome is the awesome”
LNUAY docl, doc2 kay doc3 AUAIRU S18aLLDEAR

MN5197 7 D9 9

A5199 7 : MIANNDYRIRLAaz A luLeNENS
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wansdAusngluenansiesnd uaziiaudAguinnii
LLazmi’Nﬁ 9 Liﬂma%ﬂﬁuﬁﬂ‘lﬂmx (feature vector) ﬁlﬁmﬂ
AM9AUIA TF-IDF 93ULansinud A uesA luenaIsim
avavufiiauuananfy 1o “cood”, “bad” uay
“awesome” ﬁﬂiWﬂQIuLaﬂaWi doc1, doc2 way doc3 4

o o

annsaldlunisusnueydidfaylaaty Tlunenduiu
“the” uag “is” fif1 TF-IDF dw3eenawiniu 0 wansds
Juffiusngues udlsdesimuddnluenans

4.2.3) wamsinadmaagaadaled \BuAsnsTaaau
AREARITTIINNINABSYRIARIUTleAYIBLONEaTT TnY
LI INNAGITATBIINAD ST dDILAL S BEFEAILE)
YOINLADI AR U

dedennugnudandunnmesidaiuavsng TF-DF ag
WUUIAWINHAANTA (dot product) seninsinmasusiase

Uszlea lagiAves TF-IDF A1nenaisudazAmauiy

TF (term-frequency) LAIUINATIN BntendsiAndouiuLIn ﬂ'wxgjn?f?u
the park is good bad |awesome - o P .
P T " T 5 5 mmiw‘wllo INUUILATUIUAINYT (norm) I‘an
—025 | =025 | =025 | =0.25 L'JﬂLG]E]% Lﬁ@LLﬁﬂQ%u’?ﬂT@ﬂL?ﬂLm@% 1A TF-IDF g\‘lf:;lﬂ
doc2 | 1/a 1/a 1/a 0 1/a 0 LaRIILeNaNsTAaNIZIINTY Fan5197 11 Aeuds
=025 | =0.25 | =0.25 =0.25 AwnAmANuAReaddaleddmiuuiavavasUselen
doc3 1/4 0 1/4 0 0 2/4
=0.25 =0.25 =0.50 M3adl 10 : MsdamaguasEannesusazdUstlon
pair calculation dot
A5971 8 1 MarMAAIEFY TR product
IDF (inverse document-frequency) docl * doc2 | (0x0) + (0.044x0.044) + (0x0) + 0.001936
the park is good bad |awesome (0.119x0) + (0x0.119) + (0x0)
value |log(3/3) | log(3/2) [log(3/3) | log(3/1) | log(3/1) | log(3/1) docl * doc3 | (0x0) + (0.044x0) + (0x0) + 0
=0 =0.1761 =0 =0.4771({=0.4771| =0.4771 (0.119x0) + (0x0) + (0x0.238)
doc2 * doc3 | (0x0) + (0.044x0) + (0x0) + 0
M3 9 : nan1sulastorulunnmesnudnvas (0x0) + (0.119x0) + (0x0.238)
feature vector
the | park is good | bad |awesome AIIT 11 : MISFINAAINEIVEIINASS
docl 0 0.0440 0 0.1193 0 0 document calculation norm
doc2 0 0.0440 0 0 0.1193 0 docl V(02 + 0.0442 + 02 + 0.1192 + 02 + 02) 0.1268
doc3 0 0 0 0 0 0.2386 doc2 V(02 + 0.0442 + 02 + 02 + 0.1192 + 02) 0.1268
doc3 V(02 + 02+ 02+ 02 + 02 + 0.2382) 0.238

1NN15199 7 NTAIUIUAIAIINAVDIANINTIUIUATS

AUsngluenas msagduumiaualuenansuy

1A =

AlaLanIaudveIAILRaz A lulenansuils 9 1o

o aa i
ATNUAIEININ

U

ATUIAIAIUANAYVDIAT AI0151991 8
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A5197 12 : MSAUIMAIANNAAIeARalA l

pair calculation cosine
similarity
docl , doc2 0.001936  0.001936 0.1204
0.1268x0.1268  0.016097
docl , doc3 0 _ 0 0
0.1268x0.2380  0.0302
doc2 , doc3 0 _ 0 0
0.1268x0.2380  0.0302

FHIA5197 12 A1ANUARNEARISEING docl AU doc2
W P v =2 o & v o a

WiniU 0.1204 wansdeANUAaIeAdInuantas Liegani
AL UAUNAEAN TUN1IRTINUTIN AUABI8ATS
5%%719 docl AU doc3 way doc2 AU doc3 Wi 0
Wasnnlufialaaenlasiunu

4.2.4) Han193ATISYAIEIAY 11U Uad1eA1dATy
NITUIINNNTIATIENAI8MIAD (subjectivity analysis)
289UNI150i918 TextBlob MIunilaluinsosiiaodusu
Aneanuidnandernuwuuldnauiunsuninissey
AdmIFelia29utn vukuIAnveaten Nl lusnide
(subjective) fnazidudaninuiiasviouiaainuaniiu
AMUFAN IeN1sAANUEILYARR Tun1anseiudng deany
a a o . . & v a A Py YR a
Muna3dy (objective) axidudannuiiertesiudeyan
@ v a o & o a av oA P Y] P
Wudeinaase nieilumesurenliineitesduainuidn
PIDAMUAALAUAIUG FaaunIsh 6

Z (subjectivity of each word)

number of word with subjectivity value

(6)

Subjectivity =

o

NANNTN 6 ATz eEluTIIraws 0 fa 1 Tagan
0 mnedadudernundanudunatsgs lumanduiu A
1 vunedstemnuidnlumeanufeiunieauddndiu
UAAR LATAINAI9TENIN 0 WaY 1 LanIiaTeiuYeInY
& ' o Ao 9] A & '
Wudrudindanunainnareaindeainuiilunaislyg
Foarunifinnuludiudags dredrsdoniufe “nice

park with many trails and waterfall”

v ao o

15197 13 : A998 19ADR A EUBIAILARL A LUASIAIANS

subjectivity scores of each word

word nice | park | with | many |trails| and | waterfall

subjectivity | 1.0 | 0 0 0.5 0 0 0

16

'
o a

NA1N9 13 ArdmIdeusuandemAduanuAniy

diuynnatiuansesndiudvsonaualudeninu lagain

@

“nice” AA9MIdanAU 1.0 azvaulidiuindiduainy

AniudiuypraseyuteudauIneg uautn Iwdeaiue

31 “many” fiadmiduiniu 0.5 Felsuenismfidunan
szmidelnaasanazauAaiiudiuyana fodnvasn1s
Uszifiufdudausuna wilusasiforfuiiasioudianis
gousunioaufianelaluninunainuatevseswauiivin
Tumemsaiudnu fdn “park”, “trails” uaz “waterfall”
flAndn3dsiniu 0.0 Aivedaimnududeionss uaylyd
AUAALAUAIUA LR 10 Fatusmantvimiindivsuen
dnuaglamzvesaauiiviofanssy Tagliifiueuidnidn
TWluderu dothunfuaumsnidesmnsed 14 sty

' Y

oA PiinaneA1dnidy As “nice” Lay “many” Wil

< v a o

Tuvauzfidndu 9 WWudewiaasa vilirdnide lnesiuegi

0.75 fam15797 15

v o
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My wife and i visited the national
park on a small group tour to see
the waterfall and to have an
elephant ride, we found the park
quite beautiful and a nice walk
down to the waterfall, the steps
are quite steep and a lot of them

getting down to the viewing point

for the waterfall.

We were at the waterfall, it's

beautiful there, you can't miss it!

Haew su wat beautiful khao yai
waterfall, adjacent to haew narok
waterfall. And it is also the most
famous waterfall of khao vyai
national park.

During the rainy season, there
will be a lot of water. But the
specialty of this waterfall is in
summer. Because when the water
ebbs, it will see a small cave or
caves. Behind the waterfall which
can walk up the mountain to
explore this small cave, the area
around the waterfall is covered
with various trees.

Covering the sunlight, making
the atmosphere inside only cool,

shady and comfortable.

National park with a beautiful

waterfall Great to see

Visited the National park
on a small group tour to see
waterfall have an elephant
ride, we found quite beautiful
nice walk down waterfall,
steps are steep lot of them
getting viewing point for
waterfall.

We were at it's there, you
can't miss itl Haew Su Wat
beautiful Khao Yai waterfall,
adjacent Narok waterfall
and it is also most famous
Khao Park.

During rainy season, there
will be water, but specialty
this in summer because
when water ebbs, cave or
caves behind. Which can up
mountain explore cave, area
around covered with various
trees, covering sunlight,

making atmosphere inside

only cool, shady comfortable.
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Abstract

Diagnosing nail diseases is a complex task due to their similar visual characteristics, often requiring expert
dermatologists for accurate assessment. Misdiagnosis can lead to ineffective treatment and prolonged patient
discomfort. This study explores the use of a transformer neural network for classifying nail diseases, leveraging its
ability to identify intricate patterns and subtle features that may indicate early signs of disease. The research
focuses on three nail conditions: psoriasis nails, onychomycosis, and healthy. The model was trained with a
carefully optimized set of hyperparameters to improve learning efficiency and classification performance.
Experimental results showed that the network achieved a peak accuracy of 99.40%, demonstrating its ability to
effectively distinguish between different nail conditions. This approach not only enhances classification accuracy
but also has the potential to reduce the workload of healthcare professionals and speed up diagnosis. Ultimately,
this advancement could contribute to the development of automated diagnostic systems, leading to improved

patient care and treatment outcomes.

Keywords: Artificial intelligence, Deep learning, Nail disease classification and recognition, Transformer network
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Abstract

This paper presents three algorithms that improve the performance of Ternary tree to support different quality
of service levels. These algorithms are Partial Access type 1, Partial Access type 2 and Adaptive Probability
algorithms. For the proposed algorithms, users are divided into two classes, namely class 1 and class 2, with class
1 users given higher priority than class 2 users. In Partial Access type 1 algorithm, class 1 users randomly select one
slot from the first two slots, while class 2 users can access all three slots. In Partial Access type 2 algorithm, class
1 users randomly select 1 slot from the first 2 slots, while class 2 users randomly select 1 slot from the last 2 slots.
Third algorithm is Adaptive Probability algorithm. In Ternary tree algorithm, each user randomly selects 1 slot out
of 3 slots. When viewed in terms of probability, each user randomly accesses each slot with a probability of 1/3.
Adaptive probability algorithms use different probability values for each slot. For example, let the probability of
accessing slots 1, 2, and 3 be 1/2, 2/5, and 1/10, respectively. Due to the different channel access behavior between
class 1 and class 2 users, each class of users has different delay values. Therefore, these three algorithms can be
used to support systems that require different quality of service levels. The results show that each algorithm can
provide different quality of service, especially Adaptive Probability algorithm, which can adjust its parameters to

accommodate different quality of service levels while maintaining an appropriate delay.

Keywords: Adaptive probability, Channel access, Collision resolution, Partial access, Ternary tree algorithm
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Abstract

This research examines the process of enhancing product delivery efficiency. The objective is to reduce both
vehicle waiting times and product conveying times in the warehouse, thereby increasing the overall number of
deliveries. Simulation techniques were applied in combination with vehicle queuing disciplines, and warehouse
management theory was incorporated into the research. The research, starting from data from the current process
of the case study company, was collected and used to develop a computer simulation model in FlexSim, enabling
both problem analysis and the exploration of improvement scenarios. Three queuing discipline scenarios,
warehouse management from FSN analysis, and a combination of queuing disciplines with FSN analysis were
proposed, resulting in seven improvement scenarios. The simulation results indicated that Queuing Approach 1,
which prioritizes six-wheeled vehicles in combination with FSN analysis, was the most appropriate method for
process improvement. This approach enhances process efficiency compared with the situation prior to the
improvement. The average waiting time for all vehicle types was reduced, and the total number of vehicles exiting
the system within the specified monthly period increased from 582 to 658. This increase in vehicle throughput
enhances the opportunity to sell more products, resulting in a profit of 14,063,037.11 Baht per month for the case

study company.

Keywords: FSN analysis, Queuing discipline, Simulation
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A599 1 1 NITLANEIANNUNBTUAINTUTIIAIME LIAINITNSENALAT kaTiIaIN1STLAUAIYBITaRaTUTEAY

doya Uszinnsa USTANNSHANUASTIvINEEY
s0dUdD (A) Beta(3.08651, 191.55683, 0.89684, 7.30459)
12981190950 (W) somnsaaes (B) Beta(0.27297, 301.35409, 0.83920, 8.07690)
(Interarrival Time) sannde (C) Gamma(0.0, 32.75953, 1.74243)
saviasug-gn (D) Beta(15.36466, 283.46481, 0.45593, 0.51606)
soduas (A) Pearsont6(3.98631, 85.87169, 0.82770, 4.15546)
VANSSENAUAT (U9) sowmsalaas (B) Pearsont6(3.99362, 88.54528, 0.83983, 3.95378)
(Setup Time) sannds (C) Weibull(3.99100, 15.28981, 0.68152)
saviaual-gn (D) Pearsont6(3.77237, 60.86783, 1.05071, 3.74109)
s0dUdD (A) Pearsont6(0.00000, 8.39141, 4.02246, 2.53642)
VantuAuA (i) somnsaaes (B) Pearsont6(0.00000, 22.81452, 3.31300, 3.40418)
(Processing Time) saunae (O) Lognormal2(3.31800, 8.60585, 0.98274)
savisug-gn (D) Beta(11.87651, 93.49780, 0.62687, 1.26957)

U7 5: wuudaesmsneuiiamasiuluswnTa FlexSim Simulation

5190 2 : S1EALLBEATRILUUTIARS Ivavessavuds (entity) Madeuiidnludanandng dn1s
ey AnasunY LS YUAUALAZNISTURUAINIUTIATIAUA AINUUTINIUEDY
1-4 #51950uAaz UTE LML lARIRUA 4 o od oa a0 . - .
, Anuadouasaiodunmstuduiuuuinasmisnouiomes
5 uaImeeLiiasolFansa e » - 4 . L4
———— , fnsUszananauanngAnssuiiaiugn [29] Tnawseuiisy
6-10 WUNFIRIUNITUIAUAIVUINVUES o v . ) L
T NAANSIINLUUTI80INIUNITUTZUIaNE 35 SoUVINGT Lag
11-15 aagdunUssian F, S, N .
¥ a @ a 1
16.20 AR A ToyaiiuanNnszuIuNITase Tugiaan 13.00-17.00 w.
21-25 N T e A TngaviTinn1smIngsy Loin 1aseneuLassIuIUT VLA
26 S0UUAIBONIINTTUY wiazUsznnieanainseuu lnen1snndeuauuRgiuaede

Y94 2 NHUUTEYING 91N7T t-test NYIIAINLYRIU 95

3.3) M3A7I9TOUAIIGNABIUGZN TN IUTOUAIINGION  Jpigust riulusunsu Minitab nan1smuaeuauaiiou

V3IYBUVUTINDIN NADUN AN DT SR UANIR IS 3

£ 44'

n1snsgeumugnaoaielilulalainnsuIuns

U

v '
[ =

aunegluadadumiiddutunsuigneies laedunanis
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A151991 3 © MTNIUABUA LA BUISIVBLUUT a0 IABLAILABS

o Ak - . HaN1SNAEaY
UenNNUaesn AYUBIN FTUUIN BUURIABY
P-value aqu

- LAINNIIOARYVBITA (UF) 14.12 + 2.75 15.18 + 1.02 0.586 Do not reject H,
saduae (A) . - "

UIUTONDBNANNTTUU (AL) 7.00 + 1.62 8.11 + 2.03 0.220 Do not reject Hy

. LAINNIIOARYVBITA (UF) 2144 + 571 2091 + 3.60 0.872 Do not reject H,
sansalaes (B) . p »

UIUTONDBNANNTTUU (AL) 5.83 + 0.77 6.37 + 0.83 0.397 Do not reject Hy

. 1AINN0ABYVBITA (WT) 15.11 = 5.16 15.64 + 5.33 0.898 Do not reject Hy
savnae (O) . - =

IUIUTOVIIDNIINTZUU (AU) 3.07 £ 0.80 331 +0.61 0.619 Do not reject H,

o 1AINN0ABYVBITA (1) 19.30 + 11.35 20.81 + 851 0.853 Do not reject Hy
sanaeu-gn (D) . - "

IIUIUTOVIODNIINTZUU (AU) 1.21 + 0.25 1.62 +0.26 0.074 Do not reject Hy

1INH15MN 3 WUINNISUTEUIUALUUYININTLUUITS ATNA 5 ¢ INEinIRNTNAIInLnIADY

UAZLUUTIARIM AN NIAD YT UTIUAY Laznans Jssnmse YNNI vanitsnaglunds
A e v o oade o (Wdh) (Wdh)
nagouauuAzudwansliiuinduiliinanseuulagdu
. e a A [1,30] : ¢ [50,100] : nana
LLa%LL‘U‘UR]’]aENVLlILLG\ﬂWNﬂ‘UE]EJ’NlJUEJﬁ’IﬂiUu (P-value>0.05)
L S B [1,30] : ¢ [50,100] : nana
iliiulaladnnuudiassiiasisvuiinnuiaiiouasansaia c 31500 - e o] i
anunsalfiluiunmuresnszuiunistuduidaqUule 5 (51.120] - ¥ [101.147] - a9

nasenuuagly Why-Why Analysis Jtasizudgma

Wanaien1399 4 dlguuamamsudly

AT 4 ; Why-Why Analysis

what why why
na1sereevessn | dnguinewdineu Lifinsdnaneiu
nounARsdum (fansansayn ANUEFTYURITA
1wy Usznnsauiiv) CRGLSEITRRTRR
Wigau

o 4a a v Y 8 a v 1 &
N1IAAYIAUAN msIaAvualiidu

ndiunTaAuly syuuvhalgiaan -

BIATUTU FuaeaduAIuu

3710 Why-Why Analysis d1luguuanianisusuuss

ASLUIUNISYINIUY S18agLdenkandluivadald

3.4) N13599AnI5U0INDE
A153RNISHaIABELSL N MUAINaTAsEaauls Tay

fiarsauntiiwenIsuniaasssesaiisnvudsay

Ussiveglunda (anefennusamfunaiun) uan

M1519% 5
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NPT 5 LARITIYINTINTIRsTaYLdsIngien
Wogarioufisdns1nsid1u1vessovudsgs hagszesiia
fanundfisnvudseglundsdeusanainszuy sniogng
saUszian D T¥reinevesnisunfseglugig 51-120 w1
wandlififiuinsaussinifsnsmadandifian nandse
agluadediniusauszian D agludie 101-147 w1d
n¥sniutihdisaaninenisnis naifisnogluads 1y
wnadinisiiaudAydmsusauisUszianlutainesln
anunsaiingadalaneusauszinndu q Inguszasdiile
JetuanIa1sened TAULUININITINNITHOIADULAAIRG
5 6 waedimwanden il

[

3.4.1) M3saunIreei 1: Ianuddyiusauseian C
esnndidrwienisindeessatiunans wildnanluads
Audnduiian adlunnsnvudsuszandug anfnnsse
Aot uAUAALnaIsaUsTIAN C wdaiiduns
15958 U185088NAINTEUU BAAMNURUILLUUVDILDIADEY LA
dietestulalisafignsienmsundesnininnissensy 39
fvualiisaussian C dhadedudnligean 4 wia vausdiso

Uszmdudlanning aatu 9 319
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15799 6 : JUuUUNITIRsEdeuLnIRRELaAnsUSTIANSaYUdIlUSuAuALaluusazva

sULUUNsIauaIneY (UssiansaignlinaudAey)

wla mM3dauainaed 1 mMsdauannoei 2 mMsdauadneei 3
(ffanuddsyiv C) (iaaudndsyiv D) (sfanuddsyfiv D)
1 AB,D AB,D AB,C,.D
2 AB,C,D AB,C,D AB,C,D
3 AB,C,.D AB,C,.D AB,C,.D
4 AB,C,.D AB,C,.D AB,C,.D
5 AB,C,D AB,C,D AB,C,D

v W

3.4.2) mssnunanesi 2: Ianudffusauseian D
\fiesanniiiodiasgsidarsineanisundamuinsadssaniay
iihgszun 2-4 fu (Frige) uazldnanluadsenuy Taed
wwdaiielisafldaluadauuldifanissonss aunse
Funldudaadolurag 13.00-17.00 u. WWumsifinsuau
sofloananszuu melazliiAanansenusonissenose

s0vuaIUTEIANDULTDIINTaUTELAY D 9RTINISIILIAN

fign Satmuslsiannsadnguaiiinsldnousaussinndu q

v
o o

vaidsasimunlsaussiam C 1ildgean 4 wia o¥nw
aunaIzviensssssitudud S uasyinlen iy
nanluadsunudiiunuauduaialutianaiiiinun
3.4.3) N159AUnIA0ET 3 S19BaUUIANTBINITIALA
Aol 2 Aolvimnuddyfusaussian D usfmunalisonn
Ussamdldnnula wuamsiiiuarudengulunsdaun
Aoy ann1sinvea Wunstianiaisensevedsann

Jsznn

3.5) N159ANIsAAIEUAIAENITIATIZY FSN
o X do & a v a PR}
A159ANSNUNIAAUFUAILUY FSN St vunewitean
LAINNTENALNEUAT denabiuSuusaeanansEuulauin
YU FAUAUSEAN F, S wag N fAp duafnnglaunn Uiunaid

LY

LATTRY ANNAIAU LABAUAIUTELAN F 32anTn19bUNUT

U

Faivlndiuusnadisovudadunsuduinuniian sesmwn

AodUMUIEIAN S WagdufUseinn N 9zgnininelnaann

e

=

UNTRdININNgA N1534AT1E9 FSN 13UINNITIATIEN

€

AAULUIPUNUATRIAUAWAarUSTLAN MLAazNE 1l

o\

AINIIAINITLARDUATUY BNFIE19AsATIMlINET 2

S\

9l

De &

1) fuAvaudluma = 1,114.80 A919uns

2) ﬁuﬁﬁuﬁuﬁ%wﬂmuﬂi:mw F, S, N fAs 445.92,
390.18, 278.70 A151UAT AIUAIAU

3) fuAAvAUAueNALUSELA F, S, N luusiaznes Ao

70.32, 65.03, 46.45 M1NUUAT AMAITU UARIITUT 6

== AR, . e | R ==

m 3.4

65.03
9.4.

JUN 6 : NuiwenUszinn FSN dwmduila 2

4) 1ARAENTENBBIEUAAINTZHENTATOUATUANY
femnensendes @ansananiuisadiu)

o IMsmwIMnaeasNsaIasEuAlumad 2
duAUseian F ﬁwmmamml,aﬁlaﬁuaﬁzawwﬁamLm%u
Aufn 3.50 e szeglnagnvosiuiidaiivssana 12
RS sEevinanswesiuiidafiu 6 was seldssesmande
7.17 wins wazAumussan S MuuInALRdvesTey
mnﬁqmm%uﬁué”] 3.50 LA iz&lzﬁ;ﬂﬁuﬁumaﬁﬁuﬁﬁ'ﬂtﬁv
12 RS isaslﬂaqmﬁuaaﬁuﬁé’mLﬁwszmm 22 AT SYuY
Asnansvesituiivaud 17 wes avldszosmands 13.63
lng HadAuEaAsY Ao 1.12 wes/Auwi axldnaieds
MsipdeuAsuiioadedui1UsTan F waz S Wiy 6.40
AU wag 12.17 U9 MIUAIRU NaN1SATUILIANNIT
waouAsusLAduilulsazaan s nnsed 7

NI NRBINIAROUATY FTAILIUIAINTE WA

FuAdmsusauazUsELnnaNEunIs (1)
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N N N

TCmne,(min,max) = 22 nitx,i + 2tz Z ni + lh z ni +é (1)
F i=F i=F

i=

W0 T minmay = VO lUMSEIADRUATRT
gavidounilan
n, = d1uauafslunisdidesdudn
Uselm
i, i=F,S,N
. - haAsmsnAeuATUlad Ide
duaszion i i=F,S,N
. - naiABouATUTL-aY (23 uni)
t, = aAdesaenuiudu (120
i)
& = paie (177.50 3und)

gNFIDENNITANUIUEINSUTAUTELAN D HNISELa8S
Fusnvadulesiduslneade lowa F = 44%, S = 30%
waz N = 26% wazdiduiuasinsandestesigauazann
1gm 5 ATIMAY 10 ATI ANUEIAU
o = QE.I/ 1 I3 o a a ¥
A15AaAY9 5 AT UL TUNITAABaEUAIUTLON F ~
2,5 ~2uag N~ 1 nsaides 10 ase wuadunisanies

AUPUsEAN F~4,S~3uag N~ 3

cranemin = 2X[(2x6.80)0+(2x12.17)+(1x17.86)]+(2x23x5)

+ (120x5)+177.50
1117.50 W% (18.63 u1i)

canemax = 2X[(3x6.80)+(3x12.17)+(3x17.86)]+ (2x23x10)
+(120x10)+177.50
= 2068.88 U9l (34.48 U7)

AU uasuRidwnls fuuanainisdndeadu
msmmLL%NLLUUL@ﬂgUﬁﬁnmmsﬁ%ﬁmﬁaaﬁqm 18.63
U9l LLazMﬂViqfﬂ 34.48 W AnuAIguUUINaDINIg
Aeufinnes dwsusausziandu q dnsdnnaludnuay

wienfiu agulanunisned 8

3.6) M39ANISUOIABETINAUNITATISH FSN
LLmﬁmﬁﬁmmnﬁ@gmmu%’s%LL“U'@Lﬂu 2 n3dl loun

1ATMULAIADEVRITAVUATUIU Laznsandssduainigluy

adaldinatuiu Felgmiiintueglunisdniuaud

oA

seviioaty dieflavudtaymite 2 nadl lundousu vuddei
Fan1sUTulTuaIRRELAEN1TIATIEN FSN unldsauiu
waraINNTasIEnIuN1saluTuUTIlasn 3 wuanme leun
nsdauninesdl 1 - M3AATIEI FSN, M3daundnoed 2 -

MTAATIER FSN Lagn15InuaIneedl 3 - 153LATIEIR FSN

) | ° | ° o A a v
AN 7 muﬂ55ﬂauuﬂﬂqmimmmmmmimLamaum

Huiifuaudn Uszam | duidivBuduenay | wuiduauduen szETNTIABUIATY naNARINTIATEY

e Ranun (A5.41.) Audn Ussum (ms5.4.) AuUsENN/NBg (uns) wasw (¢ i Auni)
F 422.25 70.38 3.50, 5.50, 11 5.95
1 1,000.06 S 200.01 33.34 3.50, 11, 13.50, 16 9.82
N 377.80 62.97 3.50, 16, 21, 26 14.84
F 44592 74.32 3.50, 6, 12 6.40
2 1,114.80 S 390.18 65.03 3.50, 12, 17, 22 12.17
N 278.70 46.45 3.50, 22, 25.50, 29 17.86
F 588.37 98.06 3.50, 8, 16 8.18
3 1,102.42 S 43354 72.26 3.50, 16, 22, 28 15.51
N 80.51 13.42 3.50, 28, 29, 30 20.20
F 421.15 70.19 3.50, 5.50, 11 5.95
q 1,114.81 S 377.80 62.97 3.50, 11, 16, 21 11.50
N 315.86 52.64 3.50, 21, 25, 29 17.52
F 501.66 83.61 3.50, 6.50, 13 6.85
5 1,114.81 S 365.41 60.90 3.50, 13, 18, 23 12.83
N 247.74 41.29 3.50, 23, 26.50, 30 18.53
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A51991 8 : NTWINUIIAINTANFLFUAVBARTUTELANMATIATIZN FSN

wa Usziamsa $ruaunselunistududau nsuanuasdaya
A 3-5 uniform(12.28,18.34)
B 5-8 uniform(18.34,27.66)
! C 2-5 uniform(9.02,18.34)
D 5-10 uniform(18.34,33.88)
A 3-5 uniform(12.47,18.63)
B 5-8 uniform(18.63,28.14)
? C 2-5 uniform(9.11,18.63)
D* 5-10 uniform(18.63,34.48)
A 3-5 uniform(12.72,19.04)
B 5-8 uniform(19.04,28.81)
’ C 2-5 uniform(9.28,19.04)
D 5-10 uniform(19.04,35.29)
A 3-5 uniform(12.42,18.54)
B 5-8 uniform(18.54,28.00)
‘ C 2-5 uniform(9.07,18.54)
D 5-10 uniform(18.54,34.32)
A 3-5 uniform(12.53,18.72)
B 5-8 uniform(18.72,28.30)
° C 2-5 uniform(9.15,18.72)
D 5-10 uniform(18.72,34.67)

yEVIe: 0879158
4) namTidelaveiusena Tnawdadunediinn1susulgenssuiunis nan1sanaes
9 a ¢ ° ' ¢ 9 =
INNTLUIUNTINRAIABEUAYNTIATIEN FSN tldd  an1unisnl wanedsn1sned 9
anunsain1sUsuUSe 7 anunisal lngldaansenseiade ANATIN 9 AWTNUATILINAIINNITINABIEINUNTE]

YossauarUsenvlulainey wardwiusaiiesnansyuy  WisuivanunsalneuysulsagUauwmnele fadl

AN571991 9: 1IA1TBABYRABLAYIIUINTATIBBNAINTLUURALINNNTINABIENIUANTE]

danunsal
e . 135390 135390 A1590 R . 135390 A1590 135390
Wiy | Usmanse fiau y y L | ez y y y
. waomoedl | wadneeil | wameeidl waomRedl | waodmeedl | waonawil
Usuun FSN
1 2 3 1-FSN 2-FSN 3-FSN
A 15.18 16.41 14.22 15.45 11.10 11.03 11.41 12.04
IAN79ADY B 20.91 20.19 18.92 19.60 14.76 16.18 1591 15.40
Laéﬁl @ 15.64 7.28 18.30 15.53 12.81 5.40 12.28 12.88
D 20.81 17.41 8.06 8.20 12.81 15.02 5.32 6.45
3 2 A 8.11 8.40 8.54 8.57 9.11 9.03 9.06 9.11
usad
B 6.37 6.77 6.91 6.49 7.17 7.37 7.09 7.00
29N97N
a C 3.31 3.59 3.36 3.29 3.38 3.63 3.44 3.38
SEUURAY
D 1.62 1.50 1.76 1.77 1.74 1.89 1.92 1.88
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4.1) M5eaunInee 1

4.1.1) 178750A0ENREY: WUI15aUSELAN B, C WAy D
anad 0.72 W19, 8.36 U kAL 3.40 WV ANUAINU WALIAN
SoRDETRITAUTAN A WiNTY 1.23 unil

4.1.2) 1IN0 N TTUUAEY: SaUTEAN A, B
war C L1iisAu 0.29 fu 0.40 fu way 0.28 fu ALY s

FIUTAUTELAN D 8nae 0.12 AU

4.2) N1590UIAET 2

4.2.1) 139759P0EkAEE: NUISAUTZAN A, B wae D anad
0.96 U¥, 1.99 W9l Wag 12.75 W19 AINEIAU LALIAITE
AegvessaUsELaW C Wity 2.66 Wil

4.2.2) $1IT0T09NINTLUURAY: S0UTHAN A, B, C
waz DAy 0.43 fu, 0.54 §u, 0.05 AU wag 0.14 Ay

ANUAIRU

4.3) N1590U0IA0ET 3

4.3.1) Laa130n0eiade: WuisaUsEav B, C wax D anad
1.31 w1, 0.11 Wl wag 12.61 W%l AIUEIAU LALIAISE
AegvassUszLam A Wistudndesie 0.27 wiil

4.3.2) S1ausniioananTeuURse: SaUsan A, B uay
D Wiy 0.46 1, 0.12 fu wae 0.15 fu AUENFU uAsuI

YessnUsELAN C anasdniesfe 0.02 Au

4.4) ATINAINNITUTUY IO IADY

AsTakIReEI 3 wuams awsaviiliiaatsenee
vossavudsdulnganas udegrdlsAnusiuiusadionn
3nseuvlivansaInanunsaineudsuUsntnuasd
sorudsusUszinniifidnanas esainnisdauninesd
Whneiieaninansensy duiuiteiiusuiusaiivenain
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4.5) N1599NI13AAIEUAINAENITIATIE FSN
4.5.1) 138759A08Laa8: WuINSaUsELAn A, B, C way D

anadg 4.08 U, 6.15 W9, 2.83 W17 Lag 8.00 U9 AUATU
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4.5.2) 9149450709091 58 UULAAY: S0USeaN A, B, C
LAy D WNTU 1.00 AU, 0.80 AL, 0.07 AU kay 0.12 AU

ANUARU

4.6) UATIZHHAVINAITI FSN
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Abstract

The research focuses on internet of vehicles (loV) where vehicles are equipped with cameras and sensors to
monitor traffic jams, accidents, and locations to ensure safety and comfort for drivers. To process sensor data
effectively, cloud computing is used because of vast storage and processing capabilities. However, transferring data
from sensors to cloud can be challenging due to bandwidth and memory constraints. Therefore, a cloud-based
internet of vehicles framework is proposed incorporating Roadside Units (RSUs). RSUs can buffer video streams
from vehicles and send them to cloud services. With RSUs in the framework, total latency for transferring video
streams to cloud services can be significantly enhanced. In this research, dynamic programming approaches are
applied to determine how many RSUs are needed at the lowest cost and greedy algorithm is implemented to
prove the optimal solution from dynamic programming. Furthermore, K-means clustering algorithm is applied to
find the best locations for RSUs. According to numerical results, the proposed methods can determine the optimal

number of 6 RSUs with the minimum cost and allocation of RSUs to serve video streams across regions.

Keywords: Cloud-based internet of vehicles, Dynamic programming approach, Greedy algorithm, K-means clustering

algorithm, Roadside units (RSUs)
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. INTRODUCTION

Today, the number of vehicles used in many countries
has exceeded 1 billion [1], largely driven by economic
and population growth, and is expected to reach 2
billion by 2035 [2]. Due to the increasing number of
vehicles, it can raise traffic congestion and accidents on
the roads. Until recently, the intermnet of vehicles (loV)
is emerged to solve the challenging issues in current
transportation systems [3]. In loV system, the intelligent
sensor devices are installed in vehicles and traffic lights
which can be able to absorb data from the environment
and exchange information between vehicles to vehicles
and vehicles to roads [4]. The use of loV system can
provide vehicle transportation safety and improve users’
convenience [5]. However, data readings from sensors
installed in vehicles and traffic lights need to be
processed to become useful and meaning information.
As a result, cloud computing has been emerged to
provide scalable storage capacity and processing power
for achieving value-added services such as data analytics,
backup, database management system, respectively [6].
Therefore, data streamed from sensors can be transferred
to the cloud for storing and processing in order to
utilize value-added services. Then, data processed or
stored by the cloud services can be remotely monitored
and managed by the users through their Internet
connected devices such as surveillance monitors, personal
computers, smart phones, tablets, and set-top boxes.

However, although cloud computing provides a large
pool of resources to use cloud services, serious network
latency could be encountered when sensors with
limited bandwidth transfer data to the cloud services
over long distance [7]. As a result, the small amount of
buffer memory allocated in sensors will be overflow
and data can be lost. To address such problem, Cloud-
based Internet of Vehicles framework in which stream
aggregation (SA) approach is applied. The SA approach
provides Roadside Units (RSUs) which are buffering
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servers with high speed network connectivity between
sensors and cloud services [8]. An RSU can be allocated
close to vehicles on the roads and collect the data
from sensors and move to the cloud services with better
bandwidth. In such case, RSUs are manufactured by some
companies Savari, Fluidmesh Networks, Beijing Juli Science
& Technology Co., Ltd., etc. [9].

Since the framework is done by RSUs, it is challenging
to determine how many RSUs and where should be
located. For the proposed issues, we applied dynamic
programming optimization approach to minimize the
total cost for allocating the optimal number of RSUs.
Dynamic programming is problem solving technique
which breaks down problem into simpler subproblems,
solves each by one, stores the results, and finally
combines the results [10]. After that, greedy algorithm
is applied to prove the optimal number of RSUs found
by dynamic programming. A greedy algorithm is problem
solving approach which makes the best choice in every
stage and finally lead to overall optimal solution [11].
Moreover, K-means clustering algorithm is utilized to
find the optimal location for installing RSUs in areas of
Internet of vehicles in the proposed framework. This
algorithm groups data into clusters by assigning to the
nearest centroid [12]. Then, we evaluate the proposed
optimization approach and algorithms by performing
numerical studies.

This research paper presents literature review in
Section 2, research methods in Section 3, results in

Section 4, and conclusion and discussion in Section 5.

Il. LITERATURE REVIEW
Recently, earlier researchers have studied the
combination of cloud computing and internet of
vehicles. For example, a novel multilayered vehicular
data cloud platform was proposed in [13] by using
cloud computing and internet of vehicles to store and

process transportation related information such as



traffic control and management, car location tracking
and monitoring, road condition, car warranty, and
maintenance information for drivers. In [14], edge-cloud
computing is deployed for autonomous vehicles to
provide a large amount of computation resources.
Cloud-assisted Internet of Things Intelligent Transportation
System (CloT-ITS) was proposed in [15] to handle traffic
management’s challenges.

Based on the papers, cloud computing has integrated
with the internet of vehicles since it can provide the
benefits of virtual servers that allow remote storage
and computational capacities. Data stored in clouds
can be retrieved from anywhere and can be shared
among the vehicles. However, one critical issue of
network scalability problem needs to be considered
when many vehicles transfer data to cloud services
over long range communication.

Dealing with these problems, the concept of roadside
units (RSUs) is introduced. RSUs can perform as an
aggregator which collects data from vehicles and
transfers to the cloud for further storage and processing.
In [16], aggregators are applied in a smart (electrical)
grid to achieve scalable connectivity which can transfer
data about metered power usage from many smart
meters to the same target. In [17], a smart QoE-Aware
Adaptive Video Bitrate Aggregation scheme is proposed
for HTTP live streaming on smart edge computing to
improve efficiency of live video streaming. In [18], the
researchers presented roadside units (RSUs) which
collect traffic data from vehicles and transmit them to
the traffic control center. The article in [19] proposed
intelligent transportation system with roadside unit
(RSU) using the concept of internet of things. Based on
the concepts established in previous research, this
paper applies cloud computing technology and roadside
units to enhance connectivity for Internet-connected

vehicles.
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Although previous studies have proposed cloud
computing technology and the use of roadside units for
the Internet of Vehicles, they have not addressed the
unified challenge of simultaneously optimizing the
number of roadside units and determining optimal
deployment locations for roadside units. Different from

the previous works, this utilizes dynamic

paper
programming approach for roadside unit (RSU) allocation,
and the K-means clustering algorithm for RSU deployment
to minimize the overall cost while meeting the demand

of video streams within the proposed framework.

lll. RESEARCH METHODS

In this section, we initially proposed the cloud-based
internet of vehicles framework for traffic monitoring
system as shown in Figure 1 where the bottom layer is
intermnet of vehicles (loV) that is a self-organized network
by connecting vehicles which are equipped with wireless
sensors in order to collect road data such as traffic jam,
accident detection, post-accident investigation, and
intersection collision, respectively. The collection of
large amounts of road data needs to be processed to
provide useful information for a wide variety of services
(e.g., transport safety, traffic management, convenient
driving, etc.). However, vehicle sensors are normally
constrained by resources of storage and computation
so that it becomes difficult to achieve those services.
As a result, cloud computing is a very promising
technology which can offer an excessive amount of
storage resources and computation resources. By
integrating cloud computing to the internet of vehicles,
road data could be collected by vehicles and
transmitted to the cloud for processing and in return,
information could be broadcasted to vehicles for better
traffic control and safety on the road.

In the framework, vehicles transmit road data to the
traffic lights beside the road. However, traffic lights have

limited wireless bandwidth so that undesirable network
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latency can be experienced for uploading data to the
cloud. For this issue, Roadside Units (RSUs) are further
installed between traffic lights and cloud infrastructure
which can perform as stream aggregation approach
which collects the data reported by traffic lights and
send to the cloud for further analyzing and processing.
After the cloud processes data, it can provide traffic
information which can help drivers to choose the
optimal routes by avoiding potential accidents, dangerous

situations, and traffic congestion along the road.
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Figure 1: Cloud-based Internet of vehicles framework

Since RSUs are applied in the framework, the
installation of RSUs is very expensive and it is difficult
to determine the number of required RSUs to cover
several vehicles on the road. Additionally, deploying
RSUs along the road to ensure coverage of vehicles is
also challenging. To solve these issues, a dynamic
programming optimization approach is applied to
obtain the optimal number of RSUs in the framework.
Then, we implemented greedy algorithms to verify the
optimal number of RSUs obtained by dynamic
programming. Furthermore, K-means clustering algorithm
is also applied to determine in which locations for

deploying RSUs on the roadside. Then, we perform

numerical studies to evaluate the optimal solutions.
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A. Dynamic Programming Approach to Roadside Units
Allocation

First, a dynamic programming approach is applied
for determining the optimal number of Roadside Units
(RSUs) with the minimum cost needed to handle video
streams from traffic lights on the road. Each RSU has a
specific amount of deployment cost and has maximum
capacity to handle up to a certain number of video
streams. Let streams [i] represent the number of video
streams generated by traffic lishts i. Let dpli] is
dynamic programming array which represents the
minimum number of RSUs needed to handle video

streams from traffic lights i.

B. Greedy Algorithm Approach to Prove Roadside Units
Allocation

Greedy algorithm is also applied to prove the
optimal number of Roadside Units (RSUs) obtained by

dynamic programming approach.

Table 1: Greedy algorithm for optimal allocation of RSU

Input:
Video Streams: List of stream sizes

Max Capacity: Maximum capacity per RSU

Output:
Number of RSUs: Total RSU used

Step 1: Initialize variables
RSUs =[]
currentRSUCapacity = 0

Step 2: Sort video streams in descending order

sortedStreams = sort (videoStreams, descending)

Step 3: Iterate through video streams
if currentRSUCapacity + stream <= maxCapacity:
currentRSUCapacity += stream
else: RSUs.append(currentRSUCapacity)

currentRSUCapacity = stream

Step 4: Add the last RSU capacity if not empty
if currentRSUCapacity > 0:
RSUs.append(currentRSUCapacity)

Return the total number of RSUs allocated

Return length (RSUs)




As shown in Table 1, The greedy algorithm involves
four main steps. First, the algorithm checks for each
stream if it can accommodate into the existing RSU
without exceeding the maximum capacity. Second, if
the stream can fit into existing RSU without exceeding
its capacity, it is added to that RSU. This is greedy
because it utilizes the available resources of existing
RSU before creating new ones. Third, if the stream
doesn’t fit into any existing RSU, the algorithm creates
a new RSU for that stream. This algorithm iterates
through each vehicle’s streams from all traffic lights.
After iterating through all video streams from all traffic
lights, it calculates the total number of RSUs needed

and the total cost.

C. K-means Clustering Algorithm for Roadside Units
Deployment

Next, we implement K-means clustering algorithm
as shown in Table 2 to find the optimal locations for
installing RSUs along the roadway to meet video stream
demands. Each RSU needs to cover specific number of
video streams from traffic lights with minimal distance

to improve connectivity.

Table 2: K-means clustering algorithm for optimal placement of RSU

Input: Traffic Lights = [{index: 0, demand: 0}, {index: 1, demand: 3},
)

Step 1: Initialize RSUs at random traffic light positions

Initialize K RSU centers at random traffic light indices

Repeat until convergence:

Step 2: Assign traffic lights to closest RSU

For each traffic light:
Find nearest RSU with remaining capacity
Assign traffic light if RSU capacity allows
Update RSU’s remaining capacity

Step 3: Update RSU centers to centroid of assigned traffic lights
For each RSU with assigned traffic lights:

Set RSU center to average position of its traffic lights

End Repeat

Output: Final RSU positions and assigned traffic lights

Journal of Engineering and Digital Technology (JEDT)
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The input Traffic Lights array contains each traffic
light’s index and demand of video streams. We
startplacing K RSUs at random traffic light positions
along the road. These initial placements serve as RSU
locations which will be adjusted in each iteration to
cover traffic light demands. For each traffic light, the
algorithm calculates the nearest RSU based on
Euclidean distance. If an RSU has enough remaining
capacity to serve the traffic light’s demand, the traffic
light is assigned to it. After assignment, the RSU’s
remaining capacity is updated for the new demand. If
an RSU cannot accommodate to a traffic light due to
capacity constraints, the algorithm tries to assign to the
next closest RSU with available capacity. Once all traffic
lishts are assigned, each RSU is updated to the centroid
of all traffic lights. The centroid means average position
to traffic lights associated with that RSU, ensuring that
each RSU center is optimally located to handle the
data demands from traffic lights while minimizing travel

distance between each RSU and traffic lights.

V. RESULTS

First, we calculate the minimum number of roadside
units (RSUs) required to handle video streams from 10
traffic lights using the dynamic programming approach.
It is assumed that there are 10 video streams from 10
traffic lights streamsli] = [3,2,4,1,5,2,3,4,1,2]. Each RSU
costs $100 and it can handle up to 5 video streams.

For each traffic light i, the minimum number of RSUs
required to process streams from traffic lights [ can be

calculated using the formula:
i
dp_i = min(dp[j] + 1),where ) S, <C (1)
=]
« dpli] represents the minimum number of RSUs

needed to handle the video streams from traffic
light i.
« dp[j] + 1 accounts for the new RSU to cover video

streams from previous traffic light j to traffic light i.
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. fo:j S, < C ensures that the number of streams
from traffic light j to i does not exceed the capacity
of a single RSU. If this condition is met, then a
single RSU can handle the streams from traffic
lisht j to traffic light i.

Then, cumulative streams are calculated to get the

number of streams between any two traffic lights.

streamsli] = [3,2,4,1,5,2,3,4,1,2] (2)
Cumulative_streams = [3,5,9,10,15,17,20,24,25,27]

Based on the numerical results in Table 3, 6 RSUs are
needed to process the video streams from 10 traffic
lights. After we obtain the required number of RSUs, we

calculate the minimum total cost using the formula:

Total Cost = RSUs x Cost per RSU (3)

Total Cost = 6 x $100 = $600

The minimum total cost for installing the optimal
number of RSU required to process the video streams
from traffic lights is $600. Then, we prove this optimal
solution using greedy algorithm. Greedy algorithm is
implemented in Java program to allocate videos
streams from traffic lights to RSUs efficiently. The goal
is to minimize the number of RSUs needed while
ensuring each RSU does not exceed its capacity. Figure

2 shows the generated output of greedy algorithm.

| Traffic Light Index | Video Streams RSU Allocation Status |

1 New RSU 1 (Total: 3 ) |

Added to RSU 1 (Total: 5 ) |

New RSU 2 (Total: 4 ) |

Added to RSU 2 (Total: 5 ) |

New RSU 3 (Total: 5 ) |

New RSU 4 (Total: 2 ) |

Added to RSU 4 (Total: 5 ) |

New RSU 5 (Total: 4 ) |

Clo|NjalulbwWIN

Added to RSU 5 (Total: 5 ) |

NIRIS I WINIWIR &N W

o
1)

New RSU 6 (Total: 2 ) |

| RSU Management Summary |

| Total RSUs needed: 6 |
| Total cost: $600 |

Figure 2: Numerical results of greedy algorithm

As shown in Figure 2, traffic light indexes 1, 3, 5, 6, 8,
and 10 require new RSUs because the streams cannot
be accommodated into the existing RSUs. Traffic light
indexes 2, 4, 7, and 9 can add streams to existing RSUs
to utilize the available resources. Finally, the program
displays the same numerical results that 6 RSUs are
required with the overall total cost of deployment of
$600.

To determine the areas where 6 RSUs should be
installed based on the vehicle stream data, K-means
clustering approach is applied. Based on the K-means
clustering approach, we distribute the traffic light
indices into clusters and each cluster represents an RSU
location along the road. The clustering result for 6 RSUs

is presented in Table 4 (in the next page).

Table 3: Numerical results for optimal number of RSUs

Traffic Light Index i | Video Streams | Cumulative Streams Formula Calculation RSUs Needed

1 3 3 dpl1]=dp[0]+1 dpl1]=0+1=1 1 (Fits in RSU 1)

2 2 5 dpl2]=dp[1]+0 dpl2]=1+0=1 1 (Fits in RSU 1)

3 aq 9 dpl3]=dp[2]+1 dpl[3]=1+1=2 2 (New RSU needed)
q 1 10 dpl4]=dp[3]+0 dpld]=2+0=2 2 (Fits in RSU 2)

5 5 15 dpl5]=dpl4]+1 dpl[5]=2+1=3 3 (New RSU needed)
6 2 17 dpl6]=dp[5]+1 dpl6l=3+1=4 4 (New RSU needed)
7 3 20 dpl7]=dpl6]+0 dpl7]=4+0=4 4 (Fits in RSU 4)

8 aq 24 dpl8]l=dp[7]+1 dpl8]l=4+1=5 5 (New RSU needed)
9 1 25 dpl9]=dpl[8]+0 dpl9]=5+0=5 5 (Fits in RSU 5)

10 2 27 dpl[10]=dp[9]+1 dpl[10]=5+1=6 6 (New RSU needed)
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Table 4: Clustering results for optimal location of RSUs

RSUs | Traffic Light Total Cluster Center
Indices Streams Position (Centroid)
1 1,2 5 (1+2) =2 =15
2 3,4 5 (3+4) +2 =35
3 5 5 5
a 6,7 5 (6+7) =2 = 6.5
5 8,9 5 (8+9) +2 =85
6 10 2 10

In Table 4, it describes 6 RSUs, traffic light indices
covered each RSU, total video streams managed by
each RSU while meeting the RSU capacity constraints,
and approximate road position or centroid of each RSU
by averaging traffic light indices within each cluster. The
results indicate to deploy RSU 1 between traffic light
index 1 and 2, RSU 2 between traffic light index 3 and
4, RSU 3 at traffic light index 5, RSU 4 between traffic
light index 6 and 7, RSU 5 between traffic light index 8
and 9, and RSU 6 at traffic light index 10.

Each RSU location serves a cluster of traffic light
indices with a demand sum not exceeding 5 streams,
achieving optimal placement along the road. The
centroids indicate where each RSU should be installed
to minimize distances and ensure coverage. With 6
RSUs, this clustering balances the demand in RSUs
while meeting capacity requirements.

In this work, we applied centroid based K-means
clustering algorithm to determine optimal RSU locations.
This algorithm is suitable for stable stream demand and
equally distributed clusters. However, it is more reasonable
if the video streams are uncertain and non-uniform in
real world vehicular environment. In this scenario, other
algorithm such as Gaussian Mixture Model (GMM) is
more suitable and flexible in variably sized demand
regions. Compared to K-means and GMM, K-means can
allow each stream to go to one RSU while GMM can
share the streams between RSUs based on the distance

between vehicles and RSUs.
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V. CONCLUSION AND DISCUSSION

This research proposes the framework of Cloud-
based Internet of Vehicles (IoV) which integrates
Roadside Units (RSUs) to enhance traffic monitoring and
ensure driver safety. The incorporation of RSUs facilitates
the buffering of video streams from traffic lights, leading
to a significant reduction in latency when transferring
data from traffic lights to cloud services. In addition, we
applied dynamic programming approach for cost-
effective RSU allocation and greedy algorithm to prove
the optimal solution for RSU allocation obtained by
dynamic programming. K-means clustering algorithm is
also applied for optimal placement of RSUs. According
to the results and findings, the framework not only
optimizes the allocation of RSU resources but also
enhances the placement of RSUs in proximity to traffic
lishts in order to minimize distances and ensure
coverage, hence improving the efficiency of traffic data
management.

For the future work, we will focus on exploring
resource allocation for RSUs under the uncertainty
demand of video streams from traffic lights. This
investigation aims to further enhance the framework’s
adaptability to dynamic traffic conditions and demand
fluctuation. This research is a foundational step toward
advancing loV applications and developing intelligent

transportation systems that prioritize safety and efficiency.
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Abstract

The proportional-integral-derivative (PID) controller was first introduced in 1922. It has been widely accepted in
industry for almost a century, because it can improve transient and steady-state responses as well as easily
implementation. However, PID controllers tend by nature to excel in one aspect of system performance due to its
trade-off. When the PID controller is designed to achieve input tracking, the load regulation performance of the
system is then reduced, and vice versa. This problem can be solved by using a two degree-of-freedom PID (2DOF-
PID) controller. This paper presents the design of the optimal 2DOF-PID controller by using the whale optimization
algorithm (WOA), one of the most efficient metaheuristic optimization techniques for the time-delayed systems
having slow responses and the servo systems possessing fast responses. Results obtained by the 2DOF-PID designed
by the WOA will be compared with those obtained by the 1DOF-PID controller. From the simulation results, it was
found that the 2DOF-PID controller designed by the WOA algorithm can effectively control the time-delayed system
and the servo system. A maximum reduction in the IAE has been achieved, with 19.22% for the time-delay system
and 17.14% for the servo system. Consequently, faster and smoother tracking and load regulation responses have

been satisfactorily obtained once compared to those of the 1DOF-PID controller.

Keywords: 1DOF-PID controller, 2DOF-PID controller, Metaheuristic optimization techniques, Whale optimization

algorithm
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| + K + P+
‘\ ~  2DOF-PID 4 WAL

5U#l 2 : s3UU 2D0F

1
Ga1(8)yporpip = Ke (1+T__S+TdSJ

(2)

Ge2 ()| por-pip = ~Ke (@ +f7gS)

2.2) vaninausinsusugu

N1980NKUUFIAIUAN 2DOF-PID LUURLRY avenfe
Mé’ﬂmmﬁﬁmiﬂ%’ugu AT (Araki-Taguchi tuning rules) [5], [6]
sﬁqﬁwmmawmnﬁﬂmm%mwiuugu ZN (Ziegler-Nichols
tuning rule) 337 1 (23], [24] Taeaglduseloviannaian
Useds L uwagAinsiaian T aldanniduldaujizenves
Waus é?jqwmamauauawﬁaﬁzyzgm@uwmLLUU%ufJ“uiwﬁa
e (unit-step input) {Wugunswsnes S dlonsaue L
waz T ankdulasufizenua nseenuuusiiniuay 2D0F-
PID dagvidninuein1suTugu AT IzodeAuduiusny

gnsdsanendinenans feuandlumnnsnad 1



M50 1 : vidninauain1susugu AT

2DOF-PID parameters
Ratio L/T

Ke /T TJT o i)
0.1 1257 | 022 | 004 | 064 | 0.66
0.2 632 | 040 | 008 | 061 | 064
0.4 321 | 069 | 016 | 056 | 061
0.8 168 | 109 | 030 | 047 | 056

nannuaN1sUTUU AT ddedfelududou auisa

o a o o A

FufiunslalneazainkazIns) wilvednnnnelianuise

lfunarudniinansvauesliiluzunsaiidnes S uay

gnTdusEning LT desegludie 0.1 < /7 < 0.8 [5-6]

2.3) Sumer’s WOA

Funouds won lasunsimutuannalnnisdunie
Y9971UNaIReN tagardenginssunisuassinaeines
omeitesioliirsuan (W) unsrunguiu dauans lusy

7 3 NunasrpNarAnaTlUaziSuasandeInesenia

SOUMIMBe wavAey 9 NeTulUvuRtiieiumde [9]

JUT 3 : myddesindeinesenaver vdsAeuLiveamEe [9)

nalndAyveslunauds WOA AenisAumimionsass
WHD karnISLANALUUNBIeINA d1rSunalnn1sasuwEe

LDIRYANUAUNUSNIALAFAIENS FILEAIUANN1TN (3)

— %

way (4) e t AednwIusaumsAuM, X Aasiwris (Wa

o

\Waay) NANan, X Aedunis (wawaae) Jagdu, D Ae

nnwasiuwmuy, A uag C

Q)
o))}

Aanmasduysyans, @ fAe

o

ANAUUTEANTNANA1IN 2 —> 0 LUULTILAY AUTIUIU

seUMsAum ¢, upz T 12 Aeedy (random) NFNTITWAN
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waswuutengy (uniform distribution) Tuyas [0, 1] Iniwes

Fuuseans A waz C Tuaunisi (3)-@8) arursasuale

C=21,
nalnnislaufnuuneasannie aziinalnfivuseanidu 2
anwalg ApN15UUNEBY (shrinking encircling) wagn15usu
FUMUSLUUNAIN UMDY (spiral updating positions) @431
Y U a [ a Ao Y 2 [
nasreNazeluseu q wielnundendudliuniou 9 fu
Tneiurualrdarninuunaz duwindy 50%-50% s¥rina
150U MR ULALNITUSURLAUILUULNAYINUNDY AaLLEAS

Tuaunsi (7) waggud 4
Oif p < 0.5 (shrinking encircling),
X (t)-A-D

X(t+)=1" _ _ N 7)
Oif p = 0.5 (spiral updating positions),
D’ - cos(271) + X" (t)
(rAxy X%y ®n
. ‘. .
(> @
(X-AX Y () ,‘, . e L Sy

(X*-AXY*AY) (X% 7*.AY) (X ¥*AY)

(n) msduadou

(@) nsUSuduslasuuinde oy
U7 4 : nalnnslauduuunesennie [9]

e D'EX O-XO . b Rerassdwsung

MvuagUluUNsAaeunsUINGes, wae I p ERGREHITN



Journal of Engineering and Digital Technology (JEDT)
Vol.13 No.2 July - December 2025

nswanuaskuuenguluge [0, 1] mslauduuuneseinia
WiguailounaaudRnnududu (intensification property)
Tumshumuaasianzi (local solution) vestunew’s
WOA
nalnmsAumwide arerfemuduiusmnendinmans
Fauandluaunisii (8) waw (9)
Ij :l é : >—(.rand (t)_ X(t) |
X (t+1) = X, apg @) —A-D

(8)
9)

le Xrana Aernguifnsuanuasuuuiensulutas
[0, 1] M3rummdeisIouiaiiounuantinumannvas
(diversification property) Tun1sAuninalaag19n31g 193
fuporis woa

Fumeris WOA anansauansiaesviaLites (pseudo code)

Aanandlugun 5

Initialize:
- Initialize the objective function f(x) and search spaces
- Initialize the whales population X; (i = 1,2,...,n)
- Evaluate each search agent X; via f(x)
- Define X* = the best search agent
- Define the initial iteration t = 1, and maximum number
of iterations Max_lIter
while (t < Max_lter)
for each search agent
- Update a, A, C, I, and p
ifl (p<0.5)
if2 (JA| <1)
- Update the position of the current search agent
by the Eq. (3)
elseif2 (|A|> 1)
- Select a random search agent (Xrang)
- Update the position of the current search agent
by the Eq. (9)
end if2
elseifl (p>0.5)
- Update the position of the current search agent
by the Eq. (7)
end ifl
end for
- Check if any search agent goes beyond the search space
and amend it
- Evaluate each search agent X; via f(x)
- Update X* if there is a better solution
-t=t+1
end while
- Report the optimal solution X*

U7 5 : Tuneuis WOA

68

3) F/e U1
3.1) waus
nuiTeiarUssgnituneuis WOA iloeeniuudh
AIUAL 2DOF-PID dmsussuuiiinaUsydsdainanouaues
8191 Fauanafeflsrdudnelou G,.(s) luaunisil (10) [7]
wazsruuesidinaneuauassIngd faansdaeileidu

felou G,y(s) luaunnsii (1) [25)

6
Cpls)= (s+1)(s+2)(s+3) (10
Gpa(9) = 224 (11)

(5.55x10 35 +1)(1.78x10 35 +1)(1.78x10 *s+1)

3.2) M30enKkyUUAINIVAY 2DOF-PID Hreduneu3s WOA

n1388NUULAIAIUAN 2DOF-PID Faedunouds WOA
finsouaudauandlugui 6 flsdtuinguszasd (objective
function) J wanadsaun s (12) e Obj, AONaNBUAUDY
WUURINTOEF Y IBUNA Uag Obj, AOHANBUAUBILUY
AuAvan A1 0 < 7, 7, < 1 Aefusenaunisuiulng
(penalty factors) slusuisedimuald % = % = 0.5
ieannlarnudifyuiiu sendtmaneuausawuuny
TOUF Y IUBUNALAZHARDUAUDILUUANAL VAR

LAY

YT 6 MarduingUseasd J asgnleuliiutuneu

v A

7% WOA Lﬁaﬁﬂﬁﬁmuawqm (minimization) #2815
Fumermnfimesfuuzauvesianruau 200F-PID Tu
aunnsit (2) melduigiinisduviuazifeulunisesniuy
Faansluaunsd (13) dle ¢ Aetananiu (ise time), ;o
#o t, guanivenliintuld, M, Aowedusimanaiiugeae
(maximum percent overshoot), My max Gh) M, qﬂqmﬁaam
TAnTUlE, ¢, Aotaanadnd (settling time), s max RO
asanfivenliiAnduld, e, Aonruaaiandouluaniug
9Ejin (steady-state error), e ., AD e Qﬂ?jmﬁaaﬂﬁlﬁm
Aoosiduimsaiugegailomnmsaurilvan

M

preg_max

M

UL, M,

(maximum percent overshoot of load regulation),
gegneeuliintuld, .., Aotiaiainudilvan

AD Mpe

(load regulating time), teg o AB t, giaATIEBLlAAATY

"Léj; [KC min»

K

C_max

1 ABUSANISAUNIVDS K., [T iy T 1]

ARUIYINTAUNUBY T, [Ty iy Ty rmod ABUIHINMTAUM



VoI Ty, [y Ol FOUIHTNISAUMTEY @, uaz [,

B..] fevsgiinsdumves [

ir » Gcz(s) i
| & |
RE)! E(s) ( C(s)
———:Q—» Gui(s) : Gy(s) >
i ) SN | .
\, ~ " 2DOF-PID / NATUH

JUN 6 : MIDBNLUUAIAIUAN 2DOF-PID FRgTUmnauIs WOA

P Objy () Obj, ()
Minimize J() =y . +y - (12)
! [Obll_ max J 2 [Oblz_max J
Subjectto  t, <ty g, My <My gy,

tg < ts_maxv Bss < €ss_max+

M preg <M t
K

<K, <K

T min <

<t

preg_max ' ‘reg = ‘reg_max '

c_min c_max’

(13)
T ST maxo
Td _min <7y STd_max1
Amin gOlsamax’

:Bmin < ﬂ < :Bmax

lunsalnseanuwuudiaiuAl 1DOF-PID MeTunowis

WOA a@1311508 1L AUNSLARIULUINIANNA1IUIT19H U
Ingn1susuAn o uar B luaun1sn (13) windugud

feuAw 2D0F-PID aznaneilusiaiuay 1DOF-PID

3.3) n1591a09d0 NI TAUAE NI TSI ULTIEUAA

nsdraesanunsaliiionsIaaeUNaReUAUBIYBITTUY
ArUANAEALIUNITInga1AElUTINTU MATLAB version
2017b (License No. #40637337) tleUszananauuLaios
ABNTMDS Intel(R) Core (TM) i7-10510U CPU@2.3 GHz,
8.0GB-RAM Funews WOA Tugufl 5 aglésunewmundu
TUsunsumsAumieTusunsa MATLAB tileeanuuusy
AIUALN 2DOF-PID

dmfuszuuiiiinaiussis Gpi(S) Tuaunisi (10) Fail
wameuaLoIudulA AT ludnuamdugunsadasnes

S fAuAL 2DOF-PID 7igenkuunigtunauis WOA 2ggn
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iliueuliisuiusiniuay 2D00F-PID floenuuusie
nannaan1sUTUU AT, faatuas 1DOF-PID fioanuuy
AIENENLNANINNITUTUIU ZN, UWagAIAluAy 1DOF-PID #
9ONLUUAIETURBUAT WOA

dmTuszuuesly Gs) luaunsit (11) Fedinanauaues

T Jusunssdiidnes S @arual 2DOF-PID fiaanwuusie

Y 9

v
o

TJunowis WOA aggnileuiieuiudiniugl 1DOF-PID 1
BONUUUMIEYTS Modulus optimum (MO) [25] wagsiiniuau

1DOF-PID ﬁ@@ﬂLLUUﬁ? EJ‘??‘IJG]E]U%%‘ WOA

4) NaNTITPuazNIIRAUIY
4.1) NANTOANUUUIIRIVANE MIUSTUTITNAIUSE 3
szuUTiina e GpalS) Tuaun1s7 (10) Wnanauaues
Juduldsuisenludnvazilugunssinsnes Shauandlu

SUR 7 Tpefidn L = 0.4211 3und wag T = 2.3157 3wl

=eseeeme- without controller
—-==--1DOF-PID-ZN | |
1DOF-PID-WOA
=== 2DOF-PID-AT

w— 200 F-PID-WOA

System responses

40

JUT 7 : HanBUaLDIYRITEUUTIINAIUTER Gpy(s)

N1308NUUUAIAIUAN 1DOF-PID dAnTUNAIURA G y(s)
MmeraninaNITUTURU ZN [12-13] erdeanuduius K,
= 1.2T/L = 6599, T = 2L = 0.8422 U9, uaz 7, = 0.5L
- 0.2105 3t fmaUAY 1DOF-PID fiepnuuusevdninast
MsUSURU ZN uansssaunnsi (14) waglvinanauauas &

wandlugun 7

7.84

=6.60+—+1.39s (14)
s

Ge () iporpip-2n
N1309NLUUAIAIUAN 2DOF-PID dnFunatud G,y(s)
AIBNANNINNITUTUIU AT [5-6] 9gnud dnsdu L/T
- 0.1818 & 0.2 fatfu 99nM15797 1 9814 K. = 6.32, T =

0.4T = 0.9263 Wi, T, = 0.08T = 0.1853 U7, & = 0.61
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waz [ = 0.64 famuau 2D0F-PID floonuwuusenantnasi
NsUTURU AT Uansisaunisi (15) uaglvinanauauas 69

wanslugun 7

6.82

G (oporpipar =632+ = - 1a7s s

Ge2(9)porpip.ar = —(3.86+0.755)
N1590NLUUAIAIUAN 1DOF-PID uaz 2DOF-PID dm5y
WATUA Gy(5) Fetuneuds WOA Buduanmsnadeuiite
WsMRNzay TensuSUs U n = 5, 10,...,50
Fanudn n = 30 AeATirandnsunIseanuUY fvun
IvilnaueigAn1sAumT (Termination Criteria: TC) Aod1u3u
FOUNTAUMEIER Max_Iter = 100 dlosnidusiuiuseu
gegaianunsadulseiuldinisdumaninsagidmina
wagldegautuey wardndunisduninomn 50 ASe
(trials) Lﬁaaamwuﬁamuqu 1DOF-PID Uag 2DOF-PID 7
wngau Suvzdwavilvilaiduinguszasd J luaunisi
(12) fidntesiian Inedmunalviuigiinisdumuazteuly
nseenuuuluaun1si (13) wansisaunisi (16)
Subjectto t <2.00s, M, <15%,

t, <7.50 s, e <0.01%,

M preg < 30%, treq <5.00,

0 <K, <10.00,

0<7;<5.00s,

0<7r4<5.00s,

0<a <250,

0<p <250

reg <

(16)

300

] [ye)
o w
o o

Convergent curves
@
o

100

60 80

40
lterations

U7 8 : ulAmsguinvesitaiduinguszasdlunisesnuuy

FIAUAN 2DOF-PID dMTUNATUA Gpy(s) AMETURDUTS WOA

v @ I3

5U% 8 wanuduldsnisgiinvesileaiduinguszasa J

q

lun1seenuuudInIUAL 2D0F-PID dUTUNAIUA G,(s)
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Fetuneuds WOA 9nmssfiunisiumiiaun 50 ase
MNGUT 8 aewui Fuperis wo A11NTNRRNLUUMIAIUAN
2DOF-PID #ogaiuszansnm Fallaadswinfu 118.02
wagAndoauuasT iy 1.26%10° dwiuduldsnns

1Y

guinvesilsnduinguszasd J lun1seanuuudiniuay
1DOF-PID fiAndswiniu 124.73 uazAndenuuannsgm
Wiy 3.58x10° uazazdidnuasiguiedtusuil 8 3dive
thaueludiil funeuds woa linaadeluniseanuuush
AIUAY 1DOF-PID hag 2DOF-PID d1915UNanud G,y(s)
Winilu 7.12 Ju¥ wag 9.46 Fui fiAuax 1DOF-PID way
2DOF-PID floenuuusiedunou’s WoA dusunaiud

Gpy(s) UARIAIANNTTN (17) Uag (18) uazlvinaneuauasss

gﬂﬁ 7
1.45
Ge()yporpipwon = 211+~ =+0.765 (17)
6.28
GCl(S)lZDOF-P|D-WOA =624+T+2135 (18)

Ge2(9)|pporpip o = —(1.98+0.835)

A157991 2 : MsSsuigunanauaLeassEuURiIaUsEI

NARDUFHUDY
e AT IBUNA AuAlnan
AIUAN | ¢, M, t e M, t, IAE_Total
) S T P 1S B I I 1712
() | (%) | ()| (%) %) | ()
Laifigi y Cr
3.37| 0.00 |5.00 | 0.00 | 58.51 lyianunsaauAila
AIUAL
1DOF-
0.62|55.04 | 6.83|0/00|49.39 | 14.65 | 3.69 | 1.87 | 51.26
PID-ZN
1DOF-
PID- | 1.72| 3.05 |294|0.00 | 47.81 | 29.50|4.73 | 5.05| 52.86
WOA
2DOF-
1.20| 9.70 | 5.21 | 0.00 [48.87|15.71[3.83|2.06| 50.93
PID-AT
2DOF-
PID- | 1.01] 3.42 {2.11]0.00 [41.11|13.48|2.17 | 1.59| 42.70
WOA

a

mﬂguﬁ 7 HANBUAUBIUUUANTOLF Y 1UBUNALARAS
Tug391781 0-20 U LATNANDUAUBILUUANAILYAR
wansluaiaian 20-40 Junil n1siUTeuLisunanauaues
Yoe3zUUTiTnaIUsEi Gpa(s) WA In15197 2 Fewudn
AIUAN 2DOF-PID Viaammué’w%umau?% WOA @1d158

AIUANTEUY G,y(s) Inegnadivsedvznn aenmdesiuiouly



nseenuuuiininualuaunisi (16) uazlinaneuauss
Lmemaaé’zyﬁymauwmLLazwamauauammuquﬁﬂuamﬁ
snfuarsuSeuniifniuau 200F-PID fieenuuudie
nanNUIINITUTUIU AT, daaiuAs 1DOF-PID fioanuuy
sendninaminsUTugu ZN, uagdanIuay 1DOF-PID 1
PENLUUMIETUROLAT WOA athaifiewela
AUTTOULATUNINNUTDUF Y IUBUNALEENITANAT VAR
ﬂJ@JG?lJUW’JUQM 1DOF-PID-ZN, 1DOF-PID-WOA, 2DOF-PID-
AT waz 2DOF-PID-WOA dviduszuuiifinaiusyis lugud
7 anunsauanssneATUIUS TR sANANLAAALARB UALY Al
(Integral of Absolute Error: IAE) 5¥1319 dyy1addunn
Fedauardyaauodnnreaszuy faandunissd 2

Wio IAEL Ao IAE 909nIRUTed e adung, IAE2 fa
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BONUUUMIETS MO [14] dW5U Waudl G,.(s) kanaisaunIs
#(19)

1,256.22
S

9.20+ +001s (19

Ge ()hpor-pio-mo =
N1508NHUUFAIAIUAL 1DOF-PID Wag 2DOF-PID dmifu
WA G(s) Fredunends WOA fwualduauau n =
30 TC fi® Max_Iter = 100 warAndunsAunTinua 50
afs 1fle0onuUURIAIUAL 1DOF-PID uay 2DOF-PID 7
winzan Sudzdwavilvileiduinguszasd J luaunisd
(12) fantfesiign Inodmusliinfinsfumuaziteuly

nseenuuuluannsi (13) uanssaannisi (20)
Subjectto t, <10.00 us, M, <20%,
t; <0.50 ms, e, <0.01%,

M preg < 50%, toq <0.75 ms,

A1 IAE veen1sANATYan Wag IAE_Total ABHATINYBIAT 0 < K, <10.00, (20)
IAEL wag IAE2 Henudn fmauau 2DOF-PID-WOA a11150 0<7;<5.00s,
| Y o 0<74 <£5.00s,
anAn IAE Total aslel 19.22%, 16.70% waz 16.16% Liie d
L 0<a <250,
WisufiguiudialuAl 1DOF-PID-WOA, 1DOF-PID-ZN 0< f<250
Wwaz 2DOF-PID-AT asaneiu uansloiliingn faauny 2D0F-
PID-WOA #3N50KARNARBUAUBILUUANNTRYH YR B UNR o
=+ 1DOF-PID-MO
WATNARBUAUBILUUANAIINANLARENNLIZANLAL AN — oormpwon, |
linaneuauadunnTenunauezussunif g
AIUAL 1DOF-PID-WOA, 1DOF-PID-ZN wag 2DOF-PID-AT g
AINEIAY 2
4.2) HaN130ONUUURIMIUANAINTUTY VU312 A B
, 0.04 0.06 008 0.1 012 0.14 0.16 0.18 0.2
= £% 1 & ime(ms;
suulgeshy Gs) Tuaunsi (11) inaneuauaslsiidy et
JUNTIAIBNET S Awmandlugun 9 daaruan 1DOF-PID 7 ,4
Y v : JUT 9 : HANBUALBIVBITLUULYRSIY Gls)
Gﬂﬁ’Nﬁl 3: MsSsuiguNanaUALBI VRIS UULLBS]Y
NERNBDUEIUDY
. AnasaedyIBUNA AuAlvan
faAuUAY
t, M t e Mo, t, IAE Total
" ’ - IAE1 e “ IAE2 -
(ms) (%) (ms) (%) (%) (ms)
Wi | o5 | o0 | ooas | e | wee
1DOF-PID-MO 129%10° | 7385 | 0032 | 0.00 19.18 1515 | 0016 | 118 2036
1DOF-PID-WOA 385%10° | 1427 | 0014 | 0.0 15.65 4824 | 0034 | 6.41 22.06
2DOF-PID-WOA 307x10° | 1598 | 0026 | 0.00 15.96 2972 | 0012 | 232 18.28
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wuldansgidnvesitanduingyszasa J luniseenuiuy
FaruAn 1DOF-PID ASUNGILS Gyols) Faefumands WOA
axfidadeiniu 136.67 warAndosuusnsgiuyiify
0.06x10° wazdwdufanues 2D0F-PID agildindewiniy
12258 wazAdoUuIATEIAIAY 2.02x10° Faaed]
Snwundudulfauduiontuzui s Flvernaueludil

funouis won MHinanadsluniseanuuudaniuau
1DOF-PID uag 2DOF-PID dmisunanus G,,(s) wirfiu 7.14
U9 wag 9.52 Jundl saAtual 1DOF-PID uag 2DOF-PID
flooniuuiisfistunouds WOA dmsunaud G,,s)

WARIAIANN1TN (21) Uay (22) uaglvinanauauasisgun 9

192.85

Ge(Mrporpipwon =L74+—_— +0.001s  (21)
796.45

Ger ) por-pipawon =267+ +001s o)

Ge2(8)|por-pip-woa = ~(0-83+0.025)

a

INFUN 9 NARBUAUBIUUUANTOER YR IUBUNAKAAS
Tuga93a1 0-0.1 Tadiwndl uasnanauausIwuuAuAlian
ugndluaa 0.1-0.2 fadiui nMsSsuiisunanauaues

VDITLUUNINIAUTER Gols) AI9NT199 3 Bamudn fapuay

.

v

2DOF-PID floenuuufiedunauis WOA a1u1snaruau
58U Gs) Ifogeilseansam aenndesiudoulunis
onuuuiidvualuaunisi (20) uazlsinansvausaiuy
ausosdyadunnuaznaneuaueLuUANAIlnand
sduarsuFsuniifanuau 1D0F-PID fieanuuudig
B MO uazdumeuis WOA aghsifiamela
AUTTOULAIUNITAUTOIH Y YIUBUNAUALNITAY
A1VaA U99IAIUAL 1DOF-PID-MO, 1DOF-PID-WOA ag
2DOF-PID-WOA dmiuszuuiesla lugudl 9 anunsoueans
AILA IAE SENINadyaBunna1Buasdyyinieang
¥9955UU fauansluased 3 e IAE1 AeAn IAE ¥99nS
AUTREAYYINBUNA, IAE2 ABA1 IAE Y0In13ANA VAR
wag IAE Total AOHATINVEIAT IAEL UAE IAE2 Fanudn
AIAUAN 2DOF-PID-WOA a@3150anA1 IAE_Total asld
17.14% uay 10.22% \iloiUTeuifisuiuiiniuny 1DOF-
PID-WOA Wag 1DOF-PID-MO fMud iy Humungamii
AIATUAY 2DOF-PID-WOA @131150NEANANDUANDILUY
PUTOLFIUBUNALAYNANDUAUBILUUANA VAR lAE N

wnzauLazauna ilinansuausslunmsmiiauiag,
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WAEIIVSEUNIIFIAIUAYN 1DOF-PID-WOA uag 1DOF-PID-

MO fUAGU

5) @3y

wmmﬁﬁﬂLauamﬁaamwuéfqmuau 2DOF-PID 9814
Wiz dwiuszuuiiinandsyiuarssuueesl lngld
FunouisniamAvane fiaauuuani (WOA) 99nKans
ONLULLAZNITTIADIANIUA"TA] WU Tunouds WOA
A1013090NUUUAIAIUAN 2DOF-PID liagneliusedngnw
aenndostulieulunisoonuuuiidmun lunsdlvesszuy
AfnaUszds wud1 #Aruau 2D0F-PID fleonuuusig
fumewds woa lsinanevaussuuumusosdyyaduns
LazHanoUALBILUUANAIMAnTiTInSILazTUE BN
#rauAN 2DOF-PID Tleenuuusievdninaisinsusugu AT,
fAuAN 1DOF-PID ﬁaaﬂqué’awa”ﬂmm%miﬂ%’ugu ZN,
uazsaAIUAY 1DOF-PID flopnuuuieduneuis WOA uay
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Abstract

Landslides are recognized as major geological hazards that can cause significant damage in mountainous areas,
where risk factors often include high rainfall, specific soil characteristics, and road construction across elevated
terrain. This study considers to analyze soil behavior under continuous rainfall conditions in a high-risk area along
Highway No. 1096, Samoeng District, Chiang Mai Province, using physical modeling in a laboratory setting. Two types
of soil masses were examined: natural roadside soil with a unit weight of 15.30 kN/m? and compacted shoulder
soil with a unit weight of 18.34 kN/m?3, tested under four rainfall intensity levels. The results revealed that the
natural soil mass collapsed when rainfall reached 60 mm/hr, while the compacted shoulder soil failed at 160
mm/hr. A landslide intensity index of 0.75 was identified as a critical threshold, marking the onset of continuous
failures in natural soil and sudden failure in compacted soil when rainfall exceeded 220 mm/hr. Based on these
findings, the study proposes a preliminary warning system using both rainfall thresholds and the landslide intensity
index. A Yellow Alert level 60-160 mm/hr is recommended for initial monitoring of soil movement, Dark Yellow
for evacuation preparedness, and Orange Alert for road closure when rainfall exceeds 220 mm/hr. Additionally,
four distinct types of landslide behavior were identified, providing valuable insights for future prevention and risk

management planning in landslide-prone areas.

Keywords: Early warning index, Landslide, Physical modeling, Rainfall, Slope Stability of Soil
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Abstract

This research focuses on scheduling maintenance for a semi-finished food product manufacturing and
distribution company in Uttaradit Province. Heuristic algorithms, neural networks (NNs), and local search (LS) were
used to create a mathematical scheduling model that solves the preventive maintenance (PM) problem. This is
needed for production to keep going. The researchers tested the developed program with 2° factorial experiments
to find the appropriate parameter values for the answer. The research collected data on both small and large
problems, and the program was able to find the answer value for scheduling maintenance efficiently. It obtained
a makespan value, which was close to and matched the lower bound, reflecting the efficiency of the neural
network. The local search method was employed to solve the problem. In addition, the data collected before and
after the research for 6 months found that the total cost decreased to 1,915,062 baht, down from the original
422,396 baht, or 9.93 percent. The mean time between machine failures (MTBF) increased to 83.84 hours or 35.27

percent, showing a decrease in costs in terms of time and maintenance.

Keywords: Lower bound, Mathematical scheduling model, Mean Time Between Failures (MTBF), Semi-finished food

products
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Networks: NNs) lunsuitlynin1ssms1319m15U15935ne)

\JuAsTviuasouaziiussansnings ilosanlasadie
Uszamidioy asadanisiudeyaiifianududouuay
Auliwiueulad Tunsdivensdnnisenisuigesnw [25]
Tasstheuszamidion sxtaglumsdadulefidudemisadu
nawazdduresnutissnw elAnUssansnngegn
Tunszuaunsulesne w3en1sAiuaIuYeInIedY
[26]-[28]

Funoulunisld Tassdeuszamifton tion1sdaniss

o @

1501595 N W1 VRIUTENT MU B LA HEAREN A 9191903

)

)

wsagUluimingnsfing

3.4.1) mstusvsautays deyaisdusodddluns
7in Tnsstnedszamiiion [28] oA deyaiieafunisides
anmyaaa3eadns, szeznanililunisigednw, A1ves
nalunstissdnviusasiniesdnsAududiuiuund
wazdoyadu q MAadestunszuiunis msthdeyarii

o o X =] X1,X9,X3..X
(input) A1 unla [ e,

aggndouidn
lassngnlusunsy
3.4.2) maw3gudaya Teyaiiusiusudosgnulasli

ogluguuuudl TnssneUszaniiion [26], [28] annsaitile
1¢ eo19deerinunsUuIUIn, N13¥11 Normalization %3e
n1391 one-hot encoding Tuagfulszinnuasdieya n13dn
mrumstigsnssueliusiaynusldduiideu (hidden
layers) ax3ufdsdunmanninuaiounti uazAuInAy

AUN15N 9

9)



AmaTIntsmdnvadliua j Tuldn |

= @ ninueIn1seNmARSENINGNUA | U

7 L-1 wazlvun j U |
i = anleanniuue i Tugun -1

= alunoaveslrun j lutui L

((—1) ° b
= uulauabugy -1
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Abstract

In today's world, we have a lot of messy, unorganized data from things like comments, interviews, and images.
This is especially true in IT projects, where there's often too much information to handle easily. Our study looks
at how we can turn this messy data into useful numbers and insights using smart computer programs. We tested
two main methods: Zero-Shot Text Classification and Generative Al Text Classification. Zero-Shot is like having a
smart assistant that can sort information without needing examples first. Generative Al is more like having a creative
writer who can come up with new examples to help sort information. We asked 42 participants with experience in
working with unstructured data to answer some questions, then used these methods to analyze their answers. We
found that Zero-Shot works better for information that has clear patterns, while Generative Al is good at handling
more complex or unclear information. Our results show that choosing the right method can make a big difference
in how well we understand and use the data. Zero-Shot was about 15% more accurate for well-organized
information, while Generative Al was 20% better at dealing with complex, messy data. This research helps
companies and researchers choose the best way to make sense of their data, especially in IT projects where there's

often too much information to handle manually.

Keywords: Qualitative data, Unstructured data, Zero-shot text classification
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. INTRODUCTION

The proliferation of unstructured qualitative data in
the digital era poses significant challenges for effective
analysis, particularly in information technology (IT)
projects. With approximately 80% of data remaining
unstructured [1], this issue extends across various
sectors. IT projects, encompassing software development,
network upgrades, and cybersecurity implementations,
are at the forefront of managing this data deluge.

Transforming unstructured data into quantitative
insights involves unitization, categorization, and coding.
Large Language Models (LLMs) like GPT-3 have shown
promise in automating this process [2], though careful
application is crucial to avoid inaccuracies. Zero-Shot
Classification offers powerful tools for categorizing data
without task-specific training. The CLORE (Classification
by LOgical REasoning) framework [3] and semantic
knowledge integration techniques [4] exemplify this
approach, leveraging logical reasoning on natural
language explanations for effective classification.

This paper explores the application of LLMs and
Zero-Shot  Classification in  revolutionizing  data
management for unstructured data in IT projects.
By leveraging Al to transform qualitative data into
enhance

[5])

unlocking the economic and innovative potential of

quantitative  insights, organizations can

decision-making and data analysis efficiency

unstructured data.

Il. LITERATURE REVIEW

This review examines Zero-Shot Text Classification
and Generative Al Text Classification as key methodologies
for transforming unstructured data in IT projects. IT
projects, in this context, refer to technology-driven
initiatives within organizations involving the development,
implementation, or maintenance of information systems
and digital infrastructure. These encompass activities

such as software development, network upgrades, data
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management systems, cybersecurity implementations,
cloud migrations, ERP and CRM system deployments,
and mobile application development. Such projects
often generate and handle vast amounts of
unstructured data, making them ideal candidates for
advanced Al-driven analysis techniques. Zero-Shot
Classification utilizes existing knowledge to categorize
text without task-specific training [3], [4], while Generative
Al Text Classification employs large language models to
generate and classify text, adapting to complex patterns
[2]. Recent advancements by Zhang et al. [4] and Abburi
et al. [2] have enhanced these techniques, with Ye et
al. [6] expanding Zero-Shot capabilities using pre-
trained models and prompt learning. Despite the
potential demonstrated by Yin et al. [7] and Brown et
al. [8] in NLP tasks and human-like text generation, the
comparative effectiveness of these techniques in
transforming qualitative IT project data into quantitative
insights remains unexplored. This study aims to bridge
this research gap, potentially revolutionizing unstructured

data processing and analysis in IT project management.

A. Transforming Qualitative Data into Quantitative Results

The process of converting qualitative data into
quantitative insights is crucial for effective analysis in
various fields. Srnka and Koeszegi [9] propose a
systematic approach involving structured data collection,
rigorous transcription, and well-defined categorization
and coding processes. This method emphasizes the
scientific measurement of qualitative data, although it
acknowledges that natural human understanding and
open-ended responses often yield powerful qualitative
insights. Modern Al techniques, including Zero-Shot
Text Classification [3], Large Language Models (LLMs)
[2], and Generative Al Text Classification [4], offer
promising solutions to automate and enhance this

transformation process, addressing the challenges
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posed by large datasets and the need for efficient data
analysis.

As Table 1 illustrates, there are various mixed research
designs for integrating qualitative and quantitative

approaches:

Table 1: Qualitative-Quantitative Research Designs: Types,

Descriptions, and Aims

Research Description

Description: Qualitative data and quantitative
data are collected and analyzed in sequential
order.

Aim: Investigate under-researched fields,

design

develop hypotheses or create instruments for

subsequent quantitative measurement, or

Sequential two-studies

provide explanations.

Description: Both quantitative and qualitative
data are collected and analyzed in separate
procedures.

Aim:Cross-validate or corroborate findings of

Concurrent two-
studies design

the two approaches.

Description: Quantitative data is analyzed using
qualitative procedures.

Aim: Investigate and understand the problem in

Integrated

depth, derive new theoretical insights.

elaboration design

Description: Qualitative material is collected
and transformed into categorical data for

further quantitative analysis.

Integrated

Aim: Derive both theory and generalizable

results.

generalization design

B. Zero-Shot Text Classification

Zero-Shot Text Classification is an advanced technique
for categorizing text without task-specific training. The
CLORE (Classification by LOgical REasoning) framework,
introduced by Han et al. [3], exemplifies this approach
through two main stages:

1) Logical Parsing: Breaking down explanations into

logical structures to identify relevant attributes.
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2) Logical Reasoning: Matching these attributes to
input data for classification scoring.

This method demonstrates superior performance in
tasks requiring high-level logical reasoning and offers
improved interpretability compared to baseline
models. It also shows robustness against linguistic
biases, making it versatile for various classification [3].
Zhang et al. [4] further enhanced this approach by
proposing a two-phase framework that integrates
semantic knowledge:

1) Coarse-Grained Classification: Using a traditional
classifier to determine if an input belongs to seen or
unseen classes.

2) Fine-Grained Classification: Employing a zero-shot
classifier with semantic knowledge-based feature
augmentation for more precise categorization.

This framework significantly improves zero-shot text
classification, particularly for domains with evolving or
diverse classification needs. However, it may face
challenges with tasks requiring new data generation or
handling highly complex patterns, highlighting the
potential complementary nature of zero-shot and

generative approaches in addressing diverse text

classification challenges.

C. Generative Al Text Classification

Generative Al text classification differs from zero-
shot text classification by focusing on the generation
and classification of new text data, rather than relying
solely on existing data and logical reasoning. Generative
Al models, such as those combining multiple LLMs, can
create new content and classify it based on learned
patterns. [2] explore the application of ensemble
models combining multiple Large Language Models
(LLMs) for generative Al text classification.

Table 2 from shows the results of various models

for the Binary-English task. The ensemble with voting



classifier outperformed individual models, demonstrating

the strength of combining outputs from multiple LLMs.

Table 2: Results for the Binary-English task
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D. The Framework of Extracting Unstructured Usage for
Big Data Platform
To test Al techniques in transforming qualitative

data, [11] propose a framework for extracting and

§ o 5 - utilizing unstructured data in organizations, distinguishing
° o @ ©
Model § G 9 § between structured and unstructured data. Chasupa
< = o
and Paireekreng's framework [11] enhances decision-
deberta-large making by converting qualitative inquiries into quantitative
‘ 0.62 | 0.546 | 0.783 | 0.61 o _
measurements throush a 4x4 questionnaire, ensuring
xlm-r-100langs-bert-base-nli-stsb-mean-tokens
effective data transformation.
| osar| ose2|  oms2|  os
roberta-base-openai-detector
Table 3: Unstructured Big Data Extracting Model
‘ 0.679 | 0.636 | 0.805 | 0.671
Unstructured Data Form
xlm-roberta-large-xnli-anli
‘ 0.618 | 0.543 | 0.782 | 0.608 - o @
| z © IS
QL ] = o
roberta-large Yoy > = =
@) w 5 8
‘ 0.623 | 0.551 | 0.784 | 0.613 g
Ensemble with Voting classifier -~
‘ 0.751 | 0.733 | 0.826 | 0.745 g’_
)
a
Generative Al text classification excels in handling o
complex and nuanced tasks by leveraging LLMs' 5
Unstructured Data
capabilities to create new data, filling gaps in existing Activity
e
datasets. However, this approach requires careful 5
'_
management to avoid generating inaccurate or
misleading information. Recent research by Abi Akl [10] g:>»‘
5
demonstrates the synergy between traditional ML 9

techniques and LLM-generated data, achieving a Macro-
F1 score of 88.401% on seed data with a 1.5%
performance increase when augmented by LLM-
generated data. This combination not only enhances
text classification accuracy but also provides a robust
pathway for extracting and utilizing unstructured data
within larger frameworks. The effectiveness of LLMs in
creating robust text embeddings further expands their
application, such as in code comment classification.
Models like ChatGPT showcase the potential of
generating additional data to improve classical machine

learning systems, highlighting the versatility of Al in

handling diverse unstructured data types.
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Literature Review Summary: The discussed research
highlights that for transforming qualitative data into
quantitative results, the framework provided by Srnka
and is effective for smaller datasets [9]. However, when
dealing with large datasets, retrospective interviews, or
comments, significant challenges and limitations arise,
especially in research grounded in qualitative data or in
extracting data from new domains. Replacing the three
stages of Srnka and Koeszegi’s framework with Al
techniques can enhance the diversity and scope of

analysis and research.
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Zero-Shot Text Classification and Generative Al Text
Classification offer promising solutions. Zhang et al.
show that Zero-Shot Text Classification is highly effective
for tasks requiring logical parsing and semantic
knowledge integration. This method is suitable for
structured, interconnected data. On the other hand,
Generative Al Text Classification, as explored by Abburi
et al. [2] and Abi Akl [10], is adept at handling complex
and nuanced tasks by generating new data and
enhancing traditional ML systems with LLM-generated
data. This method is beneficial for data requiring
interpretation or filling in gaps.

To determine the most appropriate method and
validate the research hypothesis, both tools will be
employed to compare their results. The goal is to
ascertain which method is more accurate and suitable
for converting large-scale qualitative data into
quantitative insights and to identify the specific
contexts in which each method excels. This approach
will provide a comprehensive understanding of the
effectiveness of Al in managing and transforming

qualitative data.

ll. RESEARCH METHODOLOGY

The proposed methodology aims to transform
qualitative data into quantitative insights using two Al
techniques:  Zero-Shot Text Classification and
Generative Al Text Classification. The methodology will
involve the following key steps as Figure 1.

1) Data Collection: Gather qualitative data through
detailed questionnaires and narrative responses.

2) Data Wrangling: Clean and transform the
collected data to ensure consistency and usability.

3) Data Preprocessing: Prepare the qualitative data
for analysis by categorizing and coding it.

4) Chose Al Technique is Model Application.
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5) Zero-Shot Text Classification: Apply Zero-Shot
Text Classification to categorize the qualitative data
without task-specific training.

6) Generative Al Text Classification: Apply Generative
Al Text Classification using ensemble models combining
multiple LLMs to generate new data and classify it.

7) Comparison and Analysis: Compare the results of
both Al techniques to determine their accuracy,
effectiveness, and suitability for various data contexts.

8) Evaluation: Evaluate the performance of each Al
technique and identify the specific contexts in which

each method excels.
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e ™
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Figure 1: Research Methodology

A. Data Collection

The data collection process will involve gathering
qualitative data from participants involved in projects
related to unstructured data. The participants will be

selected from nine different types of projects and six IT



job positions from Talance [12]. The total population
size will be 54 individuals, and the sample size will be
formula to ensure

calculated using Cochran’s

representativeness.

B. Data Wrangling.

Data wrangling is vital for preparing qualitative data
for analysis, involving tasks like handling missing values,
correcting inconsistencies, and segmenting narrative
responses. Language models, particularly large ones,
assist in these tasks through few-shot or zero-shot
inference [13] Participants are drawn from projects in
various domains, including 1) OCR projects, 2) NLP
projects, 3) Paperless document management systems,
4) Sentiment and opinion analysis, 5) Image and video
analysis, 6) Audio data analysis, 7) Social media data
analysis, and 8) Recommendation systems. The
appropriate sample size, determined using Cochran’s
formula by bin Ahmad and binti Halim [14]. with an 85%

confidence level, is 42 participants as shown in

Equation 1.
_ 207.36 __ 207.36 __ 207.36 ._
n= 1;(L’§f—1) T 1+3.83 483 42.95 (1)
V. RESULTS

This section presents the findings of the study,
focusing on the transformation of qualitative data into
quantitative insights using Zero-Shot Text Classification
and Generative Al Text Classification. The objectives of
the research are reiterated to provide context for the
results. A detailed analysis of each table is presented,
followed by an integrated discussion of all results to
provide a comprehensive overview of the study's
findings.

A. Data Preparation and Initial Observations.

To ensure clarity and diversity in the questions, the

"The Framework of Extracting

4x4 model from

Unstructured Usage for Big Data Platform" was extended
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to include dimensions of project management. This
addition enriched the data with project management
perspectives, resulting in a comprehensive dx4x4
framework. The added dimensions are.

1) Time: Represents different phases of a project,
helping to identify when events or activities occur and
estimate the duration required for each phase.

2) Priority: Indicates the importance level of data or
activities, aiding in prioritizing urgency and resource
allocation efficiently.

3) Resources: Represents the resources required for
operations or analysis, such as data, technology, personnel,
or capital.

4) Stakeholder: Identifies groups affected by or
influential to the project, helping to manage expectations
and requirements clearly [1].

This created a set of questions with enhanced depth,

forming a 4xdx4 framework as illustrated in Figure 1.

Distribution of Participants by Job Positions

Number of Participants

CTOs or equivalent

ClOs or equivalent

IT Directors or equivalent
IT Project Managers

IT Security Managers

IT Auditors

Figure 2: Distribution of Participants by Job Positions

The study involved participants from nine types of
unstructured data projects and six [T job positions,
totaling 54 individuals. Using Cochran’s formula, the
sample size was determined to be 42-43 participants,
resulting in a final selection of 42 participants. The
distribution of participants is as follows: 6 CTOs or
equivalent, 3 ClOs or equivalent, 13 IT Directors or
equivalent, 16 [T Project Managers, 2 [T Security

Managers, and 2 IT Auditors, as shown in Figure 2.
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Participant demographics included 31 Southeast
Asians, 3 Indians, 4 Chinese, 1 Japanese, 2 Thai working
in the U.S,, and 1 Russian, highlighting a diverse range
of perspectives. All were experienced in IT systems
related to unstructured data. The data collection
process involved:

1) Initial Contact via various channels.

2) Interviews using a 16-question framework from
"The Framework of Extracting Unstructured Usage for
Big Data Platform,"

3) Data Processing with a 6-point scoring system,

4) Human Review of qualitative responses, and

5) Data Verification with participants. This process is

depicted in Figure 3.

f A
| Initial Contact J

'y

I
| Conduct Interviews ]
hS A

[ 2

e S,

| Process Data |

~ v

| Human In The loop (Review) |

v

-~ ~

: Data Verification

p. ~

e

Figure 3: Data collection process

~

B. Data Separation with RAG Technique.

The collected data from 42 participants, comprising
responses to 16 questions, covered various aspects
including physical characteristics, Time, Priority, Resources,
and Stakeholder dimensions. To process this data,
interviews were transcribed and refined using GPT,
while written responses were converted to text. The
resulting text was then segmented and mapped to
relevant concepts from "The Framework of Extracting

Unstructured Usage for Big Data Platform" using
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Retrieval Augmented Generation (RAG) with GPT-4. This
approach minimized hallucinations and enhanced
accuracy in the data processing [15]. The context-tuned
planner, based on the work of Anantha et al. (2024),
achieved a notable AST-based Plan Accuracy of
85.24%, while significantly reducing hallucinations to
0.93%. This improvement underscores the importance
of context integration in enhancing the accuracy and
reliability of the planning process for unstructured data
analysis. The Context-tuned Upper Bound was selected
for performing RAG, ensuring that sentence segmentation
remained within the contextual framework. This choice
was crucial for preventing excessive hallucinations and
ensuring more accurate and contextually relevant
segmentation, which is essential for analyzing unstructured

data in IT projects [15]. As Table 4 illustrates:

Table 4: End-to-end Planner Evaluation

& c

I S ke

T, k] b

Setting g 2 E £

3 o 3
Lower Bound 43.77 39.45 2.59
RAG-based Planner 76.39 58.12 1.76
Context-tuned RAG Planner 85.24 67.33 0.93
Upper Bound 91.47 | 7265 | 0.85
Context-tuned Upper Bound 91.62 72.84 0.53

C. Application of Al Techniques Zero-shot Text
Classification

The Zero-Shot Text Classification approach uses
Python tools to interpret context, with interviews
conducted mainly in Thai and English. The code was
adapted for both languages, using facebook/bart-large-
mnli for English and joeddav/xim-roberta-large-xnli for
Thai. The joeddav/xlm-roberta-large-xnli model, a
multilingual extension of RoBERTa, supports Thai and is
trained for cross-lingual inference (XNLI). In contrast,
a monolingual model

facebook/bart-large-mnli s



designed for English, utilizing the BART architecture for
text generation and transformation.

Trained for MNLI (Multi-Genre Natural Language
Inference), which involves understanding linguistic
inference in various English genres. Reasons for
Choosing joeddav/xim-roberta-large-xnli for Thai:

The joeddav/xlm-roberta-large-xnli model, trained
for Thai, outperforms the facebook/bart-large-mnili
model, which only supports English, by directly
processing Thai text and reducing translation errors. For
example, in response to "What documents need to be
scanned and how is the workflow prioritized, including
resources and time management?" the model effectively
applies Zero-Shot Text Classification, crossing Object x
Property and incorporating Project Management

dimensions like Time, Priority, Resources, and

Stakeholder." The Thai response is: uud i

a o

fosmsudanduguuuuaiiia

°o o o

?juﬂu?amwam%ﬁs:w
nsdamsienansvensn  gldsunniuney 1200 W
TUsudldling Swzanvuivanmnedu wiswdudesdauen
WiothlUaunuwenatsuay  OCR  Wielanansauszanana
uazdamsteyalsegrsiiuszsansamnely 2 Hlus

This translates to English: "The invoices we need to
digitize, which are crucial for our document management
system, are received daily before 12:00 PM via Thai
Post, mixed with other mail. We need to sort them for
scanning and optical character recognition to efficiently
process and manage the data within 2 hours."

When the example context is run using the Zero-
Shot model joeddav/xim-roberta-large-xnli, the results
are as shown in Figure 4. For comparison, when the
same context translated into English is run using the
facebook/bart-large-mnli model, the results differ as

shown in Table 5.
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B . S
M © from transformers import pipeline

# Load the Zero-Shot Classification Pipeline with a multilingual model
classifier = pipeline("zero-shot-classification”, model="joeddav/xIm-roberta-large-xnli")

# The sentence to classify
sentence = "luudanildinedasmsulasiluslunudivia dafudddudmiussiumsianisanasaass vl

# Labels to check for relevance
labels = [“Object”, “Property”, “Time", “Priority", “Resources”, "Stakeholder"]

# Perform classification for each label and check results
threshold = 0.10
for label in labels:
result = classifier(sentence, [label])
if result['scores'1[0] >= threshold:
print (f*Relevant to {label}")
else:
print (f*Not relevant to {label}")

Some weights of the model checkpoint at joeddav/xIm-roberta-large-xnli were not used when
- This IS expected if you are initializing XLMRobertaForSequenceClassification from the ch

)

Not relevant to Object
Relevant to Property
Relevant to Time

Relevant to Priority
Relevant to Resources

Not relevant to Stakeholder

Figure 4: Zero-Shot model joeddav/xlm-roberta-large-xnli

Table 5: Compare for Thai response and English

joeddav/xim-roberta- | facebook/bart
large-xnli -large-mnli

Object Not relevant Relevant
Property Relevant Relevant
Time Relevant Relevant
Priority Relevant Relevant
Resources Relevant Relevant
Stakeholder Not relevant Relevant

This table compares the performance of joeddav/
xim-roberta-large-xnli and facebook/bart-large-mnli models
in classifying Thai and English text respectively. The results
show that the Thai model (joeddav/xim-roberta-large-
xnli) performs better in identifying 'Property’, 'Time', and
'Resources' categories, while the English model (facebook/
bart-large-mnli) excels in 'Object' and 'Stakeholder'
categories. This difference in performance highlights the
importance of language-specific models in multilingual

text classification tasks.

D. Generative Al Text Classification

To ensure accurate classification by ChatGPT, the
PARTS Framework (Persona, Action, Result, Target, and
Style) was employed for prompting, providing a structured
approach to generating precise and context-appropriate

prompts for Al models. This framework defines the Al's
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role, specifies the task, outlines expected outcomes,
identifies the intended audience, and determines the
response tone, leading to improved classification results.
A portion of the prompt used is shown in Figure 5, with

the results summarized in Table 6.

**Purpose: **
Read and understand the text, then determine if it
relates to the given set of keywords.

**Audience: **
Computer program processing relevance as Y or N for
further analysis.

**Requirements:**
Accepts text in both Thai and English, written formally.

**Tone: **
Polite

**Scope: **

1. First, ask for the "text" that needs to be analyzed
for relationships.

2. Then, ask for the set of keywords for classification,
explaining that they will be used to check relevance.

3. Once both the text and the set of keywords are
obtained, understand their context.

4. If they are related, explain how they are related.

Figure 5: Sample Prompt PARTS Framework

Table 6: Results of Generative Al Text Classification

Keyword Relevance
Object Relevant
Property Not relevant
Time Relevant
Priority Relevant
Resources Relevant
Stakeholder Not relevant

The results demonstrate the Generative Al model's
effectiveness in identifying certain categories (‘Object’,
‘Time', 'Priority’, and 'Resources’) while showing
limitations in others ('Property' and 'Stakeholder’). This
pattern suggests that the Generative Al approach may
be more suitable for tasks focusing on temporal and

resource-related aspects of data in IT projects.

E. Comparative Analysis and Validation and Human-in-
the-Loop.
When both techniques, Zero-Shot and Generative

Al, were used and validated by the respondents, the
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results were obtained as shown in Table 7. Reduce the
size of the table, "Relevant” is denoted as "Y" and "Not

relevant" as "N".

Table 7: Comparative Results

= | 2
'_
~ ,g =
2| 2 £l 5
T | @ £ E §
e} ke ) 2 9
Object Y Y Y Y
Property Y Y N Y
Time Y Y Y Y
Priority N Y Y N
Resources Y Y Y Y
Stakeholder Y Y N Y

This comparative analysis provides insights into the
strengths and limitations of each Al approach relative
to human judgment. The results suggest that while Al
models show promising performance, there are still
areas where they differ from human classification,

particularly in categories like 'Priority' and 'Stakeholder'.

F. Summary of Key Findings

This analysis used Human In The Loop data to
benchmark the reliability of three models: joeddav/
xlm-roberta-large-xnli, facebook/bart-large-mnli, and a
Generative model. A Proportion Test assessed each
model's reliability against a standard. The proportion of
matches was calculated, followed by a weighted
average. Z-scores were determined and compared to a
Z-critical value of 1.96 for a 95% confidence level. With
a sample size of 42 participants answering 16 questions

(672 responses), results are summarized in Table 7.



G. Summary of Comparative Analysis and Validation

1) joeddav/xim-roberta-large-xnli shows high reliability,
as its Z-value is 3.41, exceeding the Z-critical value
(1.96).

2) Generative also shows high reliability, as its Z-
value is -2.68, which is significant at a 95% confidence
level (in the negative direction indicating significant
deviation).

3) facebook/bart-large-mnli is not statistically
significant, with a Z-value of -0.73, which is below the

Z-critical value (1.96).

Table 8: Z-Test Hypothesis Results

%) < 0

_ o 2 g | g v I

[] c 9 0 2 o4 = (8]

8 2 = £ T ] S =

> © E [ E ~ d C

= I i 0 N A

= s = 2
&

3 624 48 93% 7% 341 | Yes
(]
2
~

8 590 82 88% 12% -0.73 | No
9
]
o
2

T 574 98 85% 15% -2.68 | Yes
g
(]
O

The analysis shows that the joeddav/xim-roberta-
large-xnli and Generative models are more reliable
than the Human In The Loop standard, while the
facebook/bart-large-mnli  model falls  short in
comparison.

These results provide quantitative evidence for the
relative strengths of each approach. The joeddav
model shows the highest reliability, suggesting its
potential for multilingual applications in IT projects.
The Generative model's significant result, albeit in the
negative direction, indicates its unique approach to

classification tasks.
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H. Integrated Analysis of Results

The collective analysis of Tables 4-8 provides a
comprehensive view of the performance and reliability
of different Al techniques in transforming unstructured
qualitative data into quantitative insights within [T
projects. The RAG technique (Table 4) demonstrates
the importance of context in improving accuracy and
reducing errors. The comparison of language-specific
models (Table 5) highlights the nuanced differences in
processing Thai and English text, which is crucial for
multilingual IT environments. The Generative Al results
(Table 6) show its strength in certain categories,
particularly those related to time and resources, which
are often critical in IT project management. The human-
in-the-loop validation (Table 7) offers insights into how
well these Al models align with human judgment, an
important factor in practical applications. Finally, the
statistical analysis (Table 8) provides a quantitative
basis for comparing the reliability of these different
approaches.

Overall, these results suggest that while each
method has its strengths, the joeddav/xlm-roberta-
large-xnli model demonstrates the highest overall
reliability for this specific task in IT projects. However,
the strong performance of the Generative Al model in
certain categories indicates its potential for specialized
applications within IT project management, particularly
in areas focusing on temporal and resource-related
data. These findings have significant implications for
choosing appropriate Al techniques for different types

of unstructured data in various IT project contexts.

V. DISCUSSION
The findings from this study highlight the efficacy
and reliability of different Al models in transforming
qualitative data into quantitative insights. The Zero-
Shot Text Classification and Generative Al Text

Classification techniques were rigorously evaluated
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using a sample of 42 participants who provided 672
responses. These responses were analyzed and validated
against Human In The Loop data to benchmark the
performance of three Al models: joeddav/xim-roberta-
large-xnli, facebook/bart-large-mnli, and Generative.
A. Zero-Shot Text Classification

The Zero-Shot Text Classification approach, especially
with the joeddav/xlm-roberta-large-xnli model, showed
high reliability. With a Z-value of 3.41, well above the
critical 1.96, this model effectively handled Thai text,
which was the majority of the data. Its multilingual
capabilities make it a robust tool for organizations
dealing with multilingual unstructured data, offering
reliable classifications across different languages and

contexts.

B. Generative Al Text Classification.

The Generative Al Text Classification technique
demonstrated strong performance, with a Z-value of -
2.68. Using the PARTS Framework for prompting, it
generated accurate classifications validated by human
respondents. This model's ability to contextualize data
with  minimal pre-training indicates its potential for
handling complex datasets. Its performance suggests
that generative approaches offer flexible, adaptive
solutions for real-time data classification, suitable for

dynamic environments.

C. Comparison & Implications

Comparing the Al techniques reveals key strengths:
joeddav/xim-roberta-large-xnli excels in structured,
multilingual tasks with a high reliability, while the
Generative Al model is more adaptable for dynamic
environments. The facebook/bart-large-mnli model,
with a Z-value of -0.73, lacks the robustness of the
other models, suggesting limited utility and potential

areas for future enhancement.

D. Practical Applications.

These findings have practical implications for
organizations handling large volumes of unstructured
data. The joeddav/xim-roberta-large-xnli model can be
used in multilingual document management, while
Generative Al can dynamically classify customer queries
in service platforms. Integrating these models can

improve data processing, decision-making, and productivity.

VI. CONCLUSION

This study highlights the vital role of advanced Al in
transforming qualitative data into quantitative insights.
The evaluation of joeddav/xim-roberta-large-xnli,
facebook/bart-large-mnli, and Generative Al models
demonstrates that Zero-Shot and Generative Al
approaches offer reliable, scalable solutions. With high
Z-values, joeddav/xlm-roberta-large-xnli excels in
multilingual support, while Generative Al shines in
adaptability and contextual understanding.

These models enhance data classification accuracy
and reduce the need for extensive pre-training, making
them invaluable for efficient unstructured data
management. Their integration into data systems
promises significant improvements in  processing
accuracy and efficiency. Future research should refine
these models and explore new applications, fully

harnessing Al's potential in managing unstructured data.
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