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Abstract

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

enhance road safety for all.
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youdlodlng Fenafildannisfnudasuuamanasulovisdmunsiauissuuanudasade
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N13NAADUANLYNABIILATIENLAENAN Confusion Matrix N15338lun15WRUINITATIITUNTE
Fuunguang q azldfunsmsaaeulszansaimlagudnnis Confusion Matrix Tagil True Positive (TP)
fio Sruudeyaiiviiunegnindudsiidndsanla True Negative (TN) fie S1usudeyadiviiunsgnindudsi
lildaula False Positive (FP) fio S1urudoyaivineisunidudsiimasaila False Negative (FN) e
Frunuteyaivihueiaundudeililliada uazArnuusiilunsduundssandoyasansndinseild
aslBuafinsnedl 2 (lE01 ANBY LAY Sqﬁ]‘ffﬂ gﬂaﬂqmazﬁ, 2568: Kumphong & Chawapattanayotha,
2024; Dhinnabutra et al., 2025)

A19719% 2 ANS19LERINEaNA1S Confusion Matrix

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

AN5199 3 SIUALLDYANTITIATITI

s1enseT aUsEAvEAW NIATUIE
A1 True Positive Rate (TPR) TP/TP+FN
A1 True Negative Rate (TNR) TN/FP+TN
A1 Precision TP/TP+FP
A1 Recall TP/TP+FN
A1 Fl-score 2xPrecision xRecall /Precision+Recall
A1 Accuracy TP+TN /TP+FN+FP+TN
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Todndndisste (%) 39
T4 Tailaf N % p-value
anuy < 0.05*
JOUTINNNNGD 18.2 81.8 44 3.5
Buq | 272 72.8 136 10.8
e[y
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s | 332 66.8
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NPT 6 wansAnwdeyagy 805 sUNEIRlnsASsFouTUTe N AnTTINSTUT TnegAdels
Fuundoyasenuuuidu 2 nqude fiulnlfidudadsfonazddudfliléidutaisss uaznsmaaeu
Confusion Matrix wudnlusunsuiiainugneasdosay 83, A1 True Positive Rate (TPR) Soway 91, ATrue
Negative Rate(TNR)Spuag 78, A1Precisioniavay 89, A1Recallivuay 74 wagAFl-scoresnuay 81
fauansluguil 8 uazansnei 7

U7 8 fhegnenmsnsiadunsldidudniisse

M13199 6 HANTILATIZI Confusion Matrix (N=46 U)

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

AN51991 7 HANTSIATILINTI8ANS Performance metrics

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

5. afiusenanazagUNa
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nguAmamsaul nuinseuyedinssiiussnandsaindudliaelfidudedsse sl
sukstlun1siingUaue (F3ned KunAkansInT Weellies, 2563)
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mu’ié’aﬁgmi’qLﬁaﬁﬂwﬁ]ﬁa@w%waLLasm'ﬁﬁwmiwu{]fgmwﬂssﬁwﬁﬁm%’umaﬁquaﬂiimmi
Mfudadsstlumnsinoidos Smiavounnu Tnsfmuaiuiidnuluninfudoyaiome 4 9 a1n
msfnwwud anug flasarsiungriidisaudy Ussivse 9aa0an uazgainge daudiiusiuns
Midudadsfofiseduioddymaadd vonnndnsnuinuidlasasiunswindeauduiisnsnsld
dudadsfomnnigiu wazdfusniiddnsnsliidudadsfeunnieumivuzssiandu o dagld
grunmugidutlutasiungadidnsmsldidudadstodu 1.753 wih dewFeuiisuiudsadudluiu
53UAN ﬁizﬁuﬁaﬁ’]ﬁmLLazmﬂmiﬁ’wmf]iyﬁywizﬁwﬁé’m%’uﬂﬁmmf?]’quaﬂisuﬂ’]ﬂ%’vﬁu%’mﬁiﬁdu
YIUNINUEN U AMULLUTITDEaE 83 (A1 True Positive Rate (TPR) $9waz 91, A1True Negative
Rate(TNR)Speay 78, ANPrecisionspgay 89, A Recallsaway 74 warAFl-scoresosay 81) (Gu et al,,
2024; Khamparia & Singh, 2025; Ozmen et al., 2024)

6. aiauauuY

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

6.2 msinsAnwuaziudeyaifiufulunuuaesesuasaedosveailoseuniy LileiSeuiiioy
samnsliifudndssofiothdoyaluimuniduinnsmmieulsvrefionnuvasafovmenuuldogae
vannvany 1wy fegrennsnistheyssrduiudmaaiunnunssmindveansldidudaiste ffndouy
nuuanevdnieudingiles duandlugud o

sU# 9 fregransaiarnuassrinivesnsiddudaiisse
Uil 10 atuil 1 uns1eu - fquisy 2568




1'77 Industrial Technology Journal 131

6.3 A15HLAT Bl ons RIS NsANw lutedAAnTeguassAveInIsAnyinsell 817 n1sldndes
Aanngslunisueadiuniglugiunvuegi Aafldusoiflawaz{ Tuilddeviflatnarevainvate 3

A

'3

nsfnwassillanuiegnngnsinesnillesanliamnsadinseisuld duanduun 10

Y

U 10 fegsguassalunisifiudoya

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

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

6.6 siimaUTeuiisunadndiuamAdeduild YOLO v3e18du q dmsumsnmanginssunisld
dudadsde teuandifiuinadwsilddnividesesniiedls

7. inAnssuUsznd

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

LaN&E1581984

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

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

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

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

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

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

]

Uil 10 avuil 1 unsea - fiquisu 2568



132 Industrial Technology Journal IT'77

wive [nAush. (2541). Jyminsimszsedygioramieun @UV 5) 9aentsmindudadssoly
UAUR : nsdianwdenindealn. Sgussanaumansuminde. Jadininendy
LAINeAeL el

51iuns @adang. (2560). N15398uarIATIZToYaN NaAAAIE SPSS Uay AMOS. ATUVIN: YUY
aslgyUatiuaonsuouns.

{30 aed. (2561). ulsniedaaiumnudaondelusolasarsasisuy: nsdfnwmanadudnisfoes
Alageans soglagansansisazlunanilvudullagansnssuvmuniuns. The Joumal of Pacific
Institute of Management Science (Humanities and Social Science), 4(2), 15-30.

yafislnelsed. (2554). ensInIsmmitudadsieveslssaousiludssmale T w.a. 2553 (No. 191633).
yailslnelsnd.

4INIY NIWIA kAL N3INT YoeiTea. (2563). N1sdeuduNMsUIndukasdeTinnsdsngduusonas sune
guun Famdaveuunu Ju i 15 wawaeu 2562. 97547158789 TUAI5I50GY SIIAveUL, 2(2)
281-295.

Dhinnabutra B. Kumphong J. Dhinnabutra P and Phurimsak C . (2025). Hi-Tech Plant Leaf
Classification Using Artificial Intelligence (Al). Science Essence Journal, 41(1), 12-23.
Retrieved from https://ejournals.swu.ac.th/index.php/sej/article/view/16568

Daowadueng P. and Kumphong J. (2022). Capital Investment Analysis for the Product of a Startup
Company Case Study: Detection Program for Traffic Light Violations. Journal of
Management Science Chiangrai Rajabhat University, 17(2), 163-186.

Elihos A. Alkan B. Balci B. and Artan Y. (2018). Comparison of image classification and object
detection for passenger seat belt violation detection using NIR & RGB surveillance camera
images. In 2018 15th IEEE International Conference on Advanced Video and Signal Based
Surveillance (AVSS), pp. 1-6). IEEE.

Faisal, M. M., Mohammed, M. S., Abduljabar, A. M., Abdulhussain, S. H., Mahmmod, B. M., Khan,
W., & Hussain, A. (2021). Object Detection and Distance Measurement using Al.

In Proceedings - International Conference on Developments in eSystems Engineering,
DeSE (Vol. 2021-December, pp. 559-565). Institute of Electrical and Electronics Engineers
Inc. https://doi.org/10.1109/DESE54285.2021.9719469

Gu X. Lu Z. Ren J. and Zhang Q. (2024). Seat belt detection using gated Bi-LSTM with part-to-
whole attention on diagonally sampled patches. Expert Systems with Applications. 252:
123784.

Kashevnik A. Ali A. Lashkov I. and Shilov N. (2020). Seat belt fastness detection based on image
analysis from vehicle in-abin camera. In 2020 26th Conference of Open Innovations
Association (FRUCT), pp. 143-150). IEEE.

Khamparia A. and Singh C. (2025). Advanced Safety Systems: Seat Belt and Occupancy Detection
using Attention Spik ing Neural Networks. International Journal on Engineering Artificial

Intelligence Management, Decision Support, and Policies, 2(1), 1-13.

o o

17i 10 aUUN 1 ANTIAU - ﬁqmau 2568

o)


https://ejournals.swu.ac.th/index.php/sej/article/view/16568

IT'77 Industrial Technology Journal 133

Kumphong J. and Chawapattanayotha N. (2024). Developing A CCTV-Al System with The Capability
to Accurately Detect and Recognize Individuals Who Are Wearing Helmets, Specifically
Targeting Riders and Passensgers. Industrial Technology Journal Surindra Rajabhat
University, 9(2), 210-224.

Li H. Wu D. Zhang W. and Xiao C. (2024). YOLO-PL: Helmet wearing detection algorithm based on
improved YOLOVA. Digital Signal Processing, 144, 104283.

Nambulee W. Jomnonkwao S. Siridhara, S. and Ratanavaraha V. (2019). Modelling of seat belt use
intention for intercity buses based on health belief model. Transportmetrica A: transport
science, 15(2), 944-962.

Ozbaran, Y. and Tasgin S. (2019). Using cameras of automatic number plate recognition system for
seat belt enforcement a case study of Sanliurfa (Turkey). Policing: An International Journal,
42(4), 688-700.

Ozmen M. M. Eylence M. and Aksoy B. (2024). Control of seat belts of vehicle drivers while driving
with an unmanned aerial vehicle with artificial intelligence. International Journal of 3D
Printing Technologies and Digital Industry, 8(3), 451-458.

Se, C., Champahom, T., Wisutwattanasak, P. et al. Temporal instability and differences in injury
severity between restrained and unrestrained drivers in speeding-related crashes. Sci
Rep 13, 9756 (2023). https://doi.org/10.1038/541598-023-36906-7

Shaaban K. and Abdelwarith K. (2020). Understanding the association between cell phone use
while driving and seat belt noncompliance in Qatar using logit models. Journal of
Transportation Safety & Security, 12(2), 292-308.

Tianshu, W., Zhijia, Z., Zhanning, L., Yunpeng, L., & Shixian, W. (2019). Detection and
Implementation of Driver’s Seatbelt Based on FPGA. In Journal of Physics: Conference
Series (Vol. 1229). Institute of Physics Publishing. https://doi.org/10.1088/1742-
6596/1229/1/012075

Tippayanate, N., Impool, T., Sujayanont, P., Muttitanon, W., Chemin, Y., & Som-ard, J. (2024).
Temporal Analysis of Road Traffic Accidents at Major Intersections in Khon Kaen Province,
Thailand: A Time Series Investigation from 2012 to 2021. International Journal of
Geoinformatics, 20(7), 43-58. https://doi.org/10.52939/ijg.v20i7.3403

Upadhyay, A., Sutrave, B., & Singh, A. (2023). Real time seatbelt detection using YOLO deep learning
model. In 2023 IEEE International Students’ Conference on Electrical, Electronics and
Computer Science, SCEECS 2023. Institute of Electrical and Electronics Engineers Inc.
https://doi.org/10.1109/SCEECS57921.2023.10063114

Vallibhakara S A. Plitponkarnpim A. Suriyawongpaisal P. and Thakkinstian A. (2018). The nationwide
surveillance of seat belt usage and encouraging factors of increasing the seat belt rate in
Thailand: A road safety survey. Journal of the Mediical Association of Thailand, 101(6),
809-819.

Word Health Organization. Global Status Report on Road Safety (2018). Global Status Report on
Road Safety 2018. 2018; 2:227-249.

@ o

Uil 10 avuil 1 unsea - fiquisu 2568


https://doi.org/10.1088/1742-6596/1229/1/012075
https://doi.org/10.1088/1742-6596/1229/1/012075

134 Industrial Technology Journal

AMAINIIYINTG
memf’jﬁwiﬂﬁmiﬁwmu’?mﬂiiuww{]ﬁyiywizﬁwjém%’umsuaé’quﬁﬂﬁumﬂ%ﬁm%ﬁiﬁa
dieldsamfumstsiuldngmne Falunmsiuussavsnmlunsinuliuidmiddee Snszuy
fanamdeanunsarinauTIniuiuszu Police ticket management (PTM) Bneiag wenanilszuvamnse
MU mnduunannesulassrendesdaasvzn1elusunsy Pineapple 115U UUNAD92995UAYBY
131995507 4 ?fa%aagamamsﬁﬂmﬁ%ﬁwLauasiawu'wmw%aQ’ﬁﬁdawﬁm%aLﬁaﬁwlﬂﬁwmlﬂu
Weuefiiefuanulasadomauuresdminveuniunasituiiay 9 skl

o o

Uil 10 avuil 1 unseu - Tquieu 2568



