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This study examines the factors that influence instances of pedestrians
disobeying traffic signals at mid-block crossings that are equipped with an intelligent
crossing device, known as the Smart Crosswalk in Thailand. Once fully comprehended,
it is postulated that recommendations or interventions to address pedestrian signal
violations can be formulated to mitigate pedestrian accidents at crossings nationwide.
Binary logistic regression and Decision tree are utilized to create models that examine
the physical road characteristics, as well as secondary data from Smart crosswalk
systems. The dependent variable employed in this study is binary, indicating whether
pedestrian signal is violated for each signal cycle. Our preliminary analysis of pedestrian
violations at smart crosswalks indicates that the data in this study is imbalanced, i.e.,
the number of events that pedestrian violations are observed during any signal cycle
is far less than the events of no violation. Therefore, some scaling techniques to deal
with imbalanced data are investigated. According to the dataset scaling results, out of
all four methods, Downsampling technique had the highest area under the curve (AUC)
value for both models. The results of binary logistic regression showed a positive
correlation between pedestrian violations and both waiting time and time of day, while
there was a negative correlation between pedestrian violations and crossing length,
traffic speed, and traffic volume. This is consistent with field observation, which reveals
that violations are more likely at night when traffic volumes are low and signal waiting
times are long. The results of the decision tree analysis revealed that waiting time,
crosswalk length and the volume of traffic passing through the crosswalk were the
independent variables influenced pedestrian traffic signal violations. Upon examining
the rules derived from the model, it was found that the factors of waiting time and

traffic volume passing through the crosswalk were consistent with field observations.



However, some rules related to crosswalk length showed results that were inconsistent
with field observations. This inconsistency may be due to limitations of the
methodology. or the insufficient variability in the dataset, which might prevent these
factors from fully representative of their true effects. Based on the above analysis, the
researcher recommends that, in the context of this dataset, binary logistic regression
should be preferred. Although applied to the same dataset, this method can
reasonably identify factors that have a statistically significant association with
pedestrian traffic signal violations and demonstrates greater consistency with field

observations compared to the decision tree model.
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2.1 wquiuazassnssuiieadas
2.1.1  AULAULN

AULALLYI (Pedestrian) AB yaRafidyasiAu 41u nieda vialnania
UuauL MaTvseveune lUsanuiiane q dewi Tegldfletummusiieidos Feuds
Aldsadudyasuuniarindie(@ws ausna, 2556)

2.1.2  MetIuauu

Wz T1PUARITININIGUN W.A. 2522 1719157 4 Vel AEIN “N9Ta waneis
Hudfvhlidmsuaufuindwmeda Tnsviaiomunaduduniown viononuynaly
v hussulENuRwSemilouniu” Taua msthane wazasniuaey Wudy

veduouy JDudafiddyuazivsslovideauiuiniduegiann medu
Pretosiunazlidnslunstuunauiudiy iliauauwingansadiuauulasg19dznan
wazUaonsts msdalutlagiulinansussan wansrsiulunuanumangauluudas fud
fifads Fetuagiunmslinunaresdusznousing 4 Uinamedna wu muniesmneda
ANLYNIVOINT NN BNWULVDINIDIN AN TLIEAITUBWAUNNDNAUY NI
ety Snvanenimwenniznats Wudu medalasdiulngasiadcluiuiiondos
uazanuid ey Wy 1safeu lsmeuna d1ugsia vieanuiisions iy (hsumisvans
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nauen (Intersection) lneaulvgiuualuaasgunuundn Tawn medhuszauioniwuulud
IW&eyey18u99195 (Unsignalized Pedestrian Crossing) LagnI9t1u5a URINITLUUT
Ioldayey1euas1as (Signalized Pedestrian Crossing)

2) Me1UA195EAU (Grade-separated Pedestrian Crossing) tduniadnu
AuenAuALI180191NN15dYITVOIEUNIN LY WU N9 ud1sERULLLENT 1Y 0
dxnuaoAulIl (Pedestrian overpass) 1 uAUADA (Pedestrian underpass)

2.1.3  "MedIuauusaIRsey (Smart Crosswalk)

1NNINUNIUNY “IATINTANYITAYIILNUR AU UIUTIITITIIINA
(HTOC) nsunanads U w.e. 2567 - w.A. 2570 1 1Asen1s” szyliimmstnuauusiasos
(Smart Crosswalk) lumadaiiiengunsaiviemaluladuuusalusifisng q uduiuns
Andavidousutsemadi Taendnnisvauresssuumsimauudandes (Smart Crosswalk)
3gvin1sUsznananudaen1sldnisdiunasinsiziniunulndyyruniatiu auy
lngadegunsalnsraduauiut1usInAvgUnsalnTiadue unusuT a1t auy
\Weraeduisauazain WiuauUaendeuar iinUszansamlunisldaunisduony
Thndetu

NANNITYIIUVDITEVUNNYIUOUUS AT (Smart Crosswalk) Av 11N
syuunudndauAudunayuvelildygrani ot iuauy srUUaEiNN1TAIUINNIY
Awunray lnefiansanainszeznalndyaiudidoad iunsunivug audives
SIUNMIUE LOTSEHEYIURIEUNIVLE (Gap) anunsosensuld uLazszezinanTenayes
aududy Tunsngaeunmuzuaglilndyarauinupui iensvasuideuludang
\@5adu szuvavhinsialiduaadiforsumnmue wasdalndyaialdiuauaudy
JoauiutulaSulrdyanauds ssuvazvinisnsiasuauaudutemainldvinisd
puuiut muaLdwseld wnaTanuitauAutusduduauuldiy svuuesiinig
e szuzan bldygralaiuauaudiy ﬁ]uﬂizﬁ"ﬂzjﬁﬂulﬁuﬁﬁmagﬂuﬁuﬁmﬁmauw%
izasLamlw&’@mﬁmﬂu%’mLﬁuizaznmmﬁﬂumﬁmauuqaqm T usEUUITINIG
Falndyyrudderlidveunivue Weldlvdwwansenuneanisiad oudave9n1535193
(NFUNINAN, 2566) LLmuﬁqagﬂéwé’Uéﬁgumauﬁugﬁuiumaﬁwmsuaamqsﬁ"mauué’aa’%az

WAAIAIgUN 2-1



step 2l =
Pedestrian Waiting?

Step 4

Extend Green?

Yellow

To Next Cycle

| Pedestrian Phase: WALK

gﬂﬁ 2-1 assngainImuAnlndyaamtinauwsansey (Signal Control Logic)
(f: TasensAnwndaviuausiamnguduTn5931930a19 (HTOC) nsumg
nag U WA, 2567- WA, 2570 1 1A59nIS, 2566)
2.1.4  dayaliauga (Imbalanced Data)

Toyalsiauna muneds feyaiiiidiuiuresdeyalunaraniannnindeya
Tudnaananiadudiuiuann (Chawla, 2003) FsamsiAnldanuanetads vy o1aiia
MNANBULNIIBITUNATDIA VYA B1aindntedndnlunisiuteys waze1aingin
arwifionanalunisifiudeya Wudu andeyaimun aanateyafiiswiuvestoyaunni
3ot AanaduNn (Majority Class) Wazaanateyadidaniuvesteyatioondn Foni
Aanadutios (Minority Class) Suileyadayaiiiuinsesiiinuliaunavestoyaiiniu
TunsguIuveINITas1aluUTIaenIsiigus (Training Model) NANTSTLATIEA T bl
wauldudodlulufianiavesnanadiunin Jaazdsmalinisduunvesaanadiutes

HUsgansn mandogas (Nsvv A guans, 2559)
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2.1.4.1 szavvasauliauna

seaurasnullauna Ao dnsduvesdwIudeyalunaadIuLIN

a (% o

Wieuduiuudeyaluraiadiutes Fadunisdwuninyateyaladniuaunavseliauna

v =B [y

gayatayaiiirseruaulidaunauinnd 1 unuhls durneanuinyateyaiaiuliauna

3

(%
1 v 4 =

witu mndeyadszavvesanuliaunawiniu 1 mneganuinluwiazeaiadviuiy

e

= U

Y930aYANMNAY wagyntayaiiseauresnnuliaunansind 1 mneauindiuiudeya

a

GUENﬂaWaa'auﬁaEJznﬂﬂ’i%fm’msiTayjaiuﬂmaa'auum (AS¥YR dVaNT, 2559) NISAIUIN

9 9

seauanuliaunaaunsorwalaanaunisi 2-1

nmajority

Imbalance Ratio (IR) = aunsi 2-1

nminority
Tned Nmajority A8 NUILVBITBYALUAIAGILNN
Nminoricy A8 IWINVBTBYAlUAMAdIUTDY
2.1.4.2 nsdamsiivdoyalisuna
nsunlelamdeyaliaunaluseivdeya iWunsudlukazysulss
fudeyalaunssniemaiianisdentesa (Data Selection Technique) visawalianTsguiien
Yoya (Data Sampling Technique) Wislidayaiinuaunanouiisgtrludszuiana
(Processing Stage) (Aszw1@ quaws, 2559) Ingimadianisguidendeyalaevialuutseenidy
3 nqu (Modeling with R, 2019) leiun
1) 38nnsduiiu (Over Sampling) Wumaialunisiiuswudeya
vosnanadrutos lnsnisqudenandoyaiinnieadiedeyad uulninndegay
Infifwulndinsmsewhduiuinudeyaluamadiuinn lngmsdudendeyaannteya
i vidoadeyatuslutaindessesdoyain
2) 3I8n15duan (Under Sampling) tuwatinlunisandiuiudeya
Yaspaaduungs Wddilndifswsewiuiudnnuteyaluraadiutey
3) 33uauna (Hybrid Methods) Wuwailafivhaiusiutusening
FBasquiivlunisifiusudeyavesnatadiutios wazisnsquanlunisandiuiudeya
vosnaaduann Wievilisuaudeyavesiiaeseanaiidunudeyaiivitunielndifsaty
PraunaunFinduograunsvane loua
Synthetic Minority Oversampling Technique (SMOTE) 19 u
waiafithfegaanngudeyananadiutosinfionsaniiaziauasunnd Tnonisvua

uieutuilnanan k f1 wddsinisdudeyalniluiuila g vuniiwesleasening
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Random Over-Sampling Examples (ROSE) 1 winail Al 111e1
AreguNNguteyanaadIulegl1faTuiagiauasunndl lagn1smruadiulIl
douthuilndfign k éa udrfshnsautoyalnlvuiuiiseu q daegrenaudeya
panadautios Fendnnisquvduuuugensunsndusy (Bootstrap) d9asidunisifuss

Tayaidnluluriwesayaunniuazisydniiabiiinausiuiseuvesdoya nounaedl

Y Y
nyasdeya Bermlavedideganglutiufeltuiieganidaiansan

2.1.4.3 nsusziudszansnmwdmiudayanliaugs

a

lunsdfideyafindgmideyaluauna (Imbalanced Data) 18u

U
aa

Fo9n15UTEIHUUTEANT A TUAISTIMUNAIBTTDU 9 WIULAN Uanilaannn1suseiiiy
Usganinmememianuudugilun1sdiun (Accuracy) LHea9Nduutayaveidaainana
fAULANF1aiUEs MnRaTeInIsHeINsateyanadeulduAaIadIuNINT LA Haveq

' 1 o o =3 £ 1 % a a £
AAwiugTluNsIwuNAYEaRReuiY (Rszud qugns, 2559)

a 6

1) Wwesng inUszansnin (Confusion Matrix) slutuns ndniiunle

v

Tunsaindoen1sUseriulseans n1wnrsweInsainatdad1utosl UNdn Y I wanINAY D

1
aa v A

nsduundeyanlannnismegeuseniduwdazaana lngldAmisadfnil: True Positive
(TP), True Negative (TN), False Positive (FP) uag False Negative (FN) 8nwasU0un3ng

Y] = ° ° = o v oo g we v
LanIA 9015197 2-1 arursadnluarulani eas19d29 Tanldlunisnsiaaeudoya
YOIULUUTNADY hazn13UTzduUTzanSANUedluudnans (lUgaws Wwendszlau 2560;
Ns¥Yd avans, 2559)

AN 2-1 LpSnginuseansain (Confusion Matrix)

Predicted Positive Predicted Negative
Actual positive True Positive (TP) False Negative (FN)
Actual negative False Positive (FP) True Negative (TN)

AT 2-1 upveuunIndaziansduuteyadseluusiazaaa

WAZADAUVDUUASNTILLAAITILIUTLUUIIaDINEINIalbd luLsazAaa wuseanu 4 nsdl

o &
PNU

14
a = a a

True Positive (TP) fio tsn 1saliitinduasadinailuuin (Aanadiu

T98) LazNaaNNIsneInsallduuln (Paadliutios)
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True Negative (TN) Ao 1191304 1And uassduaifiuay (aana
#uunn) waznanmInensaliduau (Aanadiuuin)

False Positive (FP) @0 1man15ai7 1And uassfnaiuau (aana
#uann) waznaannInensalduuin (ranadiution)

False Negative (FN) fio ignisaifiiniusseinaifiuuan (ranadau
188) warnannsnensaiiduau (ranadiuunn)

AANULIUEIUA1IMUA (Accuracy) AB NSUSEIIUUSEENTS AW
N13AHUNLALTINVDIYNAAAVBIUUTIADY aunsTuNISFUILER IR @IS T 2-2

TP + TN
TP + TN +FN + FP

AUNNSN 2-2

Accuracy =

Sensitivity or True positive rate (TPR) A Snsdinvessiuuiing
nmsnennsaiitiuuan (raadution) uaswmnisaifiRstuaidinaduuin (ranadautios)
sosuaumgnsaifiAndusiednadunin (ranadauties) favun aunislunisduanuany
Feaunsi 2-3

TP

L. AUNST 2-3
TP + FN

Sensitivity =

Specificity or True negative rate (TNR) fio $n31druv8981IUTING
nnsnensailduau (panadiuunn) LLazmamsa}ﬁ'Lﬁmsﬁuﬁqﬁwalﬂuau (AanadIuLIn)
m'aaﬂ’wmumvlmszﬁﬁ'Lﬁms?fua'%qﬁmaLﬁuau (anadauNIn) evun dunstuniseuaa
LARR AU 2-

TN

_ v AUNST 2-4
FP+TN

Specificity =

2) Receiver Operating Characteristic curve (ROC curve) 1Junsi
Nuansdsuszdnsn1naod Binary classification 1ng9l WlILAY X ADA  Sensitivity wag
= | PP ' v 1 = | v 3 [ <
LUIWAY y ABAN 1-Specificity 1AAARA1S 9 vl oUUHad WS n1TneInsaleeantdu
2 ngu lowd nguiiamanisalnaulanaznguildifamanisalnaula deandlusun 2-2
A4 e a a -y I = Y Y dad v =
\leustlaUsEanSammseaugeievesiwu lagdwuulandiuilalas ROC uniign
follusuuunangn (wayans Wweudselaw, 2560) Budulaseglndtuyudieuuniniiile
VUEAILINAIUUUILEIANNTOTMUNNAUIARNINSWWINTY A1 AUC eilA1agsening 0
09 1 shuuunanysaluuuazilan AUC = 1.0 inaaitunsiauseansninvesdanuuanniiug

181&9 (Simundié, 2009) LaAIRIMTIT 2-2
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1 e ——— ——
,/'9 \ * i
ol R et
AN
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f; %
| iy <7
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/
0 1-specificity 1

JUN 2-2 uanaidulas ROC curve
AN 2-2 USLANTANUBIAILUUINNNUNTALAY ROC

i AU
0.9 - 1.0 gomdey
0.8-0.9 AuIn
0.7-0.8 A
0.6-0.7 wald
0.5-0.6 Wl

<05 nsneageuluiuselew

2.1.5 ASNAEIUANUSUNUSITENINNAIRUS

2.1.5.1 a@nduwus (Correlation)
o ¢ . [ Aaady voA 1 U v & a 1
anduiius (Correlation) LuadanldnomenanuduiusiBudunse
(Linear Correlation) sevineaesiiuys wedasiunsiauduiusiuiegassnineiauys

dasz (Multicollinearity) 9 9o19dwwaliann1sduuun lWluniswensaldaudsnim

fianuaaaniou tnefivunauuAgIun1eEia sl
HO : fUsdaszanailuiimnudunusiu
H1 : fUsdaseansfimnudunusiuy

NszdutivdAgy 0.05

D

AduUTEANSanduius unualedydnual r A1egs813ne 0 fa
ganduUseansanduiusiandilng 1 wnuils uansndmuusBassatuianuduiusiues

NIIUY ANANFUNUSITIUINLALAIENAUNUS W IauluA LA eI N UL AU UTUL

—_

v

ninu
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AANFNNUSITIUIN (positive correlation) 5¥1I96ALUT (r>0) UUNBAINIT LTDAIYDY

FuUsnilainTy A1vedniuUsNaviuTuAle AEnduRusI3eau (negative correlation)

Y

5817195 UT (r<0) MUNIEAINIT HIBAIYBIAILUTUTIaNaY A1UIBNAILUIAALANAINIEY
Ase@n® FUSHY, 2557; aluiie »3597110%, 2552) LNaEUNISRNSNAT 1 99l
1. vn 1 < 0.20 ¥UNeANLIN MkUsianuduRusiueey

2. 910 0.21 <1 < 0.40 BNUNEAINUIT HUTTANUFUNUS A UL

ALY NTDY

3. 110 0.41 < r < 0.60 UU18ANNI AuUsiaNuduRusiuesUY
nang

4. %10 0.61 <1 < 0.80 NUNYAINNIN ALUTHAIIUAUNUG A ULDS
GRINIREGY

5. 90 1 > 0.80 HngANd fkUsianuduiusiuesg
2.1.6 n15anaaelalana (Logistic Regression Analysis)

o

a a o ¢ A = ! v a 4 A 1
n1sanneeladada dingussasdaiofnwiindiulsdaselatnaidinade
snUsauegdidedAynisadasaduinlsuuunivseduusuuunngy (s lnaasse,
2555)
2.1.6.1 nsanavelaldanALuUN? (Binary logistic regression)
nsanaeeladainluuni Wun1singinisanaesfisiulsaiy (y)
= oA a ¢ = N ¢ = v o W
i1 2 A1 Ae WAawansanaula (v = 1) vislifamanisalnaula (v = 0) dauduiusiu
muUsdasy () leglusuadu Felunsdinduusdasedunnnda 1 dq lunisiesesiaela
Handussil
eb0+b1x1+"'+prp

o aunsn 2-5
y 1_I_ eb0+b1x1+---+bpxp

lag# Py fio anwinasiliuvesmafiaimgnisalitaula

[

A 1 [ 1 a ¢ &
ey Qy A mmm%mumaqmﬂmmmmmﬁmwau% AU
Q,=1-P AUNIN 2-6

HAN15ILASIENSananeladdadnuuund (Binary Logistic
Regression) #u11 ANudNRusseninaiwlsdaseuaziuusmulioglusuidady s
Fadndudeausuanuduiusiioglugudaduninunisudasiegluguve wnsdiusening
lon1a (Odds Ratio)
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§ns1auszninlonia (Odds Ratio) viur avsiaudenis
Wasuulasfiaenislupnutasduvesmadng Wedwesdauusyiunefiuduni wae
Tngrn Odds Ratio Luansluzuresaiildannisulandndluiuuivavesdulszaviannoy
(Exp(B))

P
Odds Ratio (OR) = Qi aunsi 2-7
y

2.1.6.2 N15AALAINAILUSDATELYN IUANNS

Tun1sidanduUsdaseid1a@unIsii o1y ba U1 I ILUUA 1150

[
a o

wensallenanazintulndidssiuanuduass (Uszyses ynsuaunay, 2555) d359mun
4735 e9tl
2 o ad A o . & ao A
1) nstaensakUstaedoiualkls (Forward Selection) WuW3sn1si
Aaa a

BananzsnUsdasenananiaiusanensaddsanulawingu Inevinnsandanaanus

q

DETTITIANNTTIAZAINIUAIRUTDIAUAIAY WaZVINNITNAUIIAIMUIAILNUUEINNTE

Yad a 1

wensalfuUsaulaiutuegsidedifgnisaianiela anduldisnansunguieaiu

v oA Y Ao w | a & A v & P & <,
AnLdonAnUsndrAgyTesasuneluison o aunsensluiidnlsaumie Jsazdioidunis
AUANYISNISTHNLAILUS

q

2) nsidensudsineiSandanls (Backward Elimination) 1u33nns

Aaa Y | P v

fidonamefulsdaseiiffiaafiarunsonensaifuusauldvindy uiiisdnsedwiu
5uiusuUs (Forward Selection) Tngludumeunsnagihduusdasenndadanluaums
wagyinsRiasandulsdased fiarmnuduiusfududsauiidnii aneenainaunis
wazvagauaLunIIageU A1 R2 winnuindatanaseg1elddvedAgynieada tansin
faudsisnanldldvinldnnsmenselfuds muiintvensavinesnanaunsly wasléis
fansanwuieriueindiulsdaseifanuddgiessesamneanainaunis nsudnduls
Sasvarduaafnodonuin duavilian R2 anased eliteddymaada wansindiuds
Aanandanudiagdanisneinsalianliniy iasdanlsdaszasnanliluaunismnudn
fanUsoananaun1sazyinlilszansnmlunisneinsaliuUsniuanas

3) n1ataenALUslae SN uA L UTdaTzluUT Ul (Stepwise

'
a

Regression) 1uisnildunaunaetuisiiusuus (Forward Selection) waagvinnisvegeu
muUsBasendnluluaunsuamnasaniinisiidudsdassialudidnluluauns dadudiwds

daseidnluluaunisudfazaiunsagnAneanainaunists minnuindwlsdasedatu o

o w

Talladsmalyian R2 inTuse19tidaddni1eans

o
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£
ada

4) nMsiden@uslaeIsufnUsnianun (Enter Regression) 354
Junsdndendiuusdasziisstuneuiien Insazididuusdassnnadadigaunis wi

fnUsdasyiu o Sdsddmeadfvieldiau dnltlunsaiidesnisnsudelsya@nsainnis
nensaifuUIANvesiLUsdasEuAayi AUt iddidedede 1WuTnsiessialila
AndeNmLUsBasengaumsanneemunzauly

14

217  dulfidadula (Decision Tree)
sulddndula (Decision Tree) WWunsasauuvudiaedludnuazvedasadng
fulsl Tagvinmsthaudnuay (Attribute) #na 9 veadoyatiuluifsufuidunisluduls
yadeyaazaey 9 gnuvsgeseaniduyagenidn 9 aunsesisaatavatenis neludulsd
awvsznouludnelvun (Node) Tnsusazlnumaziinadnvaziduimaasy Inunitegiums

UugAsen31 Wuasn (root node), Aswasdulyl (Branch) wansdsinilululdvesgudnvous

'
a

gnidennaaey wavlu (Leaf) Aonadwsvasnisnensaluansdanauvasdoua (Class) oy

Y

suvisavanvesiulidedule (algans qusey, 2565) lassaswesdulddedulauansds

U7 2-3

ol

Branches

Internal
Node

Internal
Node

Branches Branches

Leaf Leaf Leaf Leaf
Node Node Node Node

Ut 2-3 Taseadsdulsiindule (Mienye & Jere, 2024)
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2.2  UIWMNEIVY

[

Raoniar and Maurya (2022b) ns@nuwiilyadulundadedeyaniedianiaztoya

Y

[

ﬁlﬁlﬁﬁsﬁayjamqé{’mm FdmasensdFulndyaudunmesruiuduiiviawen il gy o
dodlnanian Ussmaduifle ynsdsaiaan 3 uis iiununsteyaveseuiiudiude
AsRandesn1eiile waryn153LAs15¥A1833 Binary logistic regression Nan13ANY
welmiuinteyailalimadsan oud aanilunisdis nansedmiunisdn Ysunm
93195 WAZANEIVITOUA YY1 ABVSNasguInaeNgAnsIunITazila Iidyau
wazandeyaysdsaumuin Srunuaufisefimanen sfsauiuiuisedwauuilowiuay
Suluiiamaienfundet snsedud Rulndyaradunsdniaiu ABNTwasiongAnIsu
ARl dyanaduns waruenaninasnsvesuuuansded nidiuin wnauAu
FessouutuitetuauuesrsUanndy mnwnzainaueanukaz i sazdalndayao
Tufian nanisdunuludagiudliiiuistaunnsedduniseonuuulndyguasasuay
nnauslassasiiug

Raoniar, Magbool, Pathak, Chugh and Maurya (2022a) ﬂﬂiﬁﬂ‘lﬁﬁ’#uﬁuiﬂﬁﬂ’ﬁ
eudleaudssnnnnistiuaunrespuiuiniviatefifdganalnesas 8 uk

(%

Weslnaninn Useinaduliy dunaauduinnundmiawenlnunsisme 2,089 18 lagly
Semi-parametric Cox Proportional Hazard model tavinainuilatiadonige Nidnswa
nongAnITuNTaziiln gy e5195 wasltiuudnasy Accelerated Failure Time (AFT)
WAL TALUTIINAN ¢ NINAFRDT2E21I81N1IT0ABY NANITANYINUINAULAUIUY
49.5% UuauuyiuTiviasarnundemsienludis ndyaiadineng (Szegaisensilosni 3
i) Usnsdindulatnuauuiimualiamivieauduaefuniuen anuuiasdy
a a{' v ~ i Y] | o a Y] S a &
YosAUAUaUUTN 9zt auLnlUandy YU Jags Uiz sialndyyrudildonse
Andosdsazuana1eiulunuszeziia119A0e HoT3ezIa1T0ARUINNINTY AULAULTINDE
TaFounavdnduladWulndyayinasias iidanudenasiiiiing dhmaeiunivug
PUAULAUA NN LLING WY Feluaiaian 36.705 3undl AUl 75% vz fulndaygu
Fauansliiudsounnsodlunisesnuuulndygyruwazn1sawaulaseasien ugu
a ¢ o 1 [ o Y @ 1 a =~
n9ATzidUsTlaelduuudIans AFT wansliiuiIngAnssunisinaounes/n1Tues
YOIAULAULAT AITUNIUANN 9 AugMTouldygyIu nsliodunise wagUsuiuesas

al 1 a U ] U U o
finansznusenganssun il ulndygravesaunumin msusulndygalasananiuen

Y0393l d gy radunsdmsvauiuein oraduisnduszaniamianlunisanaanuiiag
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& a v ! o ' < a a va
Wi auduwasd il ulidyayin wazanaiiuyiaziduiiaging Uiwneruninugyy
AULALYN

Zhang and Deng (2019) Ta@ nwingAnssun1si 1 lnuasvesauLA uing niwen
a o I a < ¥ 1 1 LY <2 aa
Tyl ninelad Usemadu lagiiutayaannniauwen 3 wisi1unstuininle
wazdwunngAnssunisidadueasndu 2 Ussian laun nsdaliuasuuuideunuuy du
(Conformity Violation) kaguwuusslai 1 (Active Violation) At un153tAs1zu U389 4
33NN 3 nau Laun SNYUEdILUARD ANYMLVBINAN LATANINWIAGDNNITITIAT
573 10 MU {IUNTIATIERAIEID Mixed Stepwise Selection wagluima Binary Logistic
Regression WaN13ANWINUI flUsidsnasionganssunisiindygyiadunseselidedfgy
5 ¢ laun 29281598 PIUIUAUTTETIN TIUAUTRNLNLAT N1TuansIaiunDYnaY
el NILAY WAL DIT195ENTIN9T0 LAUTSEULLIANTOABYLAYIIUIUAUT 0T 1HAUY
fanuduiusnsuanduleniavesnisdaliuasuuuaslad Sruuaundiliunsuaztesing

#ni1950 danuduiusvieuanduloniaveanisidlviuasuuidsunuug du Nein1suans

natuneevdiidvinaties wagiivuldudivanmsiiuuuidsunuuasanios

Afshari and Ayati (2021) AnwansenuuestiadunisuensonisifulWdygiuues

a v A Ao Y] = v o a W ! ° ° o & v

AULAUYINAMSLen RS Indyga Wewivde Yssinadnsu v1n1581599M9EU 10 nedu
2N 6 MUY INTIATILIAIYIT Binary logistic regression fuUsdaseina1san lawn

1 LY I

Srunuauiiseduled fuludyainsiudu nstedunise USinaasassetensasdeuni
USunanuiiudny dndruvesauiiudrudd fulidyain mnueniveamniadiy ssesian
Indryaaduns Ussamvesarudaudsiiniedy mnaaendondinisdia nan1snwived
31 U3naun1595193 Shuruaududnudidiiy awenvemneig szeznandyiaduag
wardminisedeulmisemevesauiuiy dwadenisdraulavesauiudufiogd i
Tnduaadung nanfesuiuauduiuidEularszeznalndyaiudung damaniauan
seuwliuvemgAnssunsdflulidyaiaduns warlumeandusunaiuturesaue
P0N9TNAERaZUTINNITITINT deralunaudastisananutiazduvenisdify
Indyayiasduns wazuenanismuieuiuauniifaufinismeseneffuuldufiay
dRulndyaradiasdesninaulng

Raoniar and Maurya (2022¢) msdnwilsatiuluiitladefifivinasonuniiluns
SiTmauuLLazwq@mimanﬂw?lulWé’zgggﬁmﬁLLmﬁmq%’m Wodlnanin UssimaduLie
YNNTENITIANIAY 3 WS Taalayin1sdunangAnITuTeIAULAUTIN 2,360 AW ALTUNTS

Taszidoyalagldds OLS Regression dmsumsiiasieiannusiuay safety margin wag
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1935Binary Logistic Regression @113un1sitasizinsain1sd il ulwdygyia (violation)
nmsdnwinuintedediuyana (38, n1slddedie, AanssuvuziAv) duarenuiuas
. oA o aA X o = al' =1
safety margin M3 Hulvdygraaviiudunussozinainissoneulidygiadinaiuiuiu
| & a 2{ a a ¥ oA [} 2 a dg”

nafe Beszezliunetu Tonmanauaurnazd i udgygaiiuiunis

Zhu, Sze and Bai (2021) n1sAnwiinsisaeuindadediuyana (Toyauseuinsuay
WOANTTUVDIAWAULIN) Uazdaindau (N13T0guasngAnTTUVRIAUIAUAUUALD YT
syazha M Ualndye i wazan1mnisasnas) dendwanenisdnauladblulwdyeuduns
YosaULAUYIeE19ls audunisdrsiannnsdunainleAnistundlndygiu Tuwmides
TaglATUTINGANTIUNTTINAULVDIAUAUAULTIAY 6,320 AU ALTUNITIATIZAAILTD
Binary logistic regression nadwsuandliiiuintdadasiag 1w e 91y S1uugemisdmsu

a v P | ° a v a ¥ a N Yy ) =

AUANTIY NsEiieuTINne uuaududuluusnalndifiss Mg Rulndyayruduns
Audulusautfeafu syezalildypiudiden ssoznalidyyruduns USuiuasas

& 3 Ly ¥ 1 1 v & [ a
wazlUosiFudvetsTuN iUzt audwansenunsunliuuessnsiiulwdya udiunses
AULAULYI

Rafe et al. (2024) NM3ANYIUANBINGFNITUNITTILOUUVDIAUAUVINAN B8NS
Indayeyrauasas Tusggnni Useinmaansgowsini lngtamenginssunisiilulndyyio
3571933 luUd AUV (spatial) wagddiian (temporal) Ms@nwllddayanisdaunnnisalass
31NNABIALTINIU 5,589 nan15ad Tu 47 M1esinanendunen 39 wis andunisiegei
Ingllunannaeslada@nuuuraisszau (multilevel logistic regression) LiaUsziliudviswa
veetadesneyana dawingou wazdadenediny Adwmananisazilinlbidyyinuves
AUAUTIN HaNIsAN¥INd1AYUITI1TTudYARa 1L LnAkaznIsidaUnIalYeLAuY

a

Tadgauanmuinden WU gaunginariaivesiu uazladeymamudiny Wy nslgauiiu

WNAUBY agfie dnansenuRengRnssuNITaviiinngasIseselitudAy AuAutundy
Avdgauagldaunsalvieiulinasufiinungasasianndt duladewinden 1wy gaumgiigs

| P o ' D | 9 a v ~ a Y Y] N =
Ya1na19Au nietindrda dwalinududiudlontanagdHulidygraningadu
waLlua UUBIUITINIFIAY LU NITHAUDUTIUNSDUNY UIBNITTOIATUIUTU Ty

Prvanlonanaunul iz Huldygiaasasesla

24
4 ¢ v A 1=

Asned yaaseyUayayn waednsa Winweigeans (2567) Muideilysfinunvirunsives
=

a a ! v a = ¥

AULAUMIUNITIIUOUL PADAFUUIINLDNTNAN DY AUARLAAITUY NTMANBINITIUOUY

[ o

USIAOUULITIAILE auuaIanse e wagauunawnl Iagldiluudgeuniudiuiy 2 @ laun

AUNNYINUINAUARLLNNSINNOUY bazaIUTNgINUALARAUAINNUaBAN e luNSUIN WY
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Sa9T9A uuIL 412 o faudsldlums@nwildun fudsniedsau fulsdiuaiud
sausvaun1saifllalunsldaunisduauy fudsiuiauadlunisldemunediuau
Inaauiif10819 wasdauUssuiauaddnedssrusauazaainlunistiu auy Tunns
Taszviveya lYafflmssauIwanITiAsIeianaaeedu (Linear Regression Analysis)
HANTISANEINUT T 91UIUY 9995195 USUIUITI9T BaLAIINLS IV8981UNINUY
dwadedonuidnlasadelunistiuauuegeiidedfgy Tusduvestademedeaunuin
Jadeie JutladendniidmasionnuinUasnioegeiitodfey uasnanisdnuluduves
FuUsiuriauaififidedssiueanuazaintunistiy W‘wam@mﬁﬁﬁnﬂaamﬁmﬁaﬁmi
Lﬁué’tyapmlwzﬁwmwﬁmmnﬂﬁqﬂ sosaanndunisiiegresniznansauu waznIsL
Wiuwrasmuiil (Rubble strip) auaiu

aa o ¢ S

FAANS Bunsiuas wasnadAng g3eauna (2555) IiAnwianuduiussening
Jaeiivedararuennlunisdiuauususesuanuenlunisduauuusanisen
2 YaKen AL MLENAULAUUATUASUNS-DUUNAUINTT LAY LINAUUNTEIIN 9 - aUY
TRIUSITY IG]EJVT’]ﬂ’]i?iMGT’J@ﬂ?ﬂﬂi%“lﬂﬂi‘ﬁﬂﬂmm 130 AU Faiaudsanuiithundnwlaun
Taduaunisasias Tadeaudnwaznianmenimausaniaien kaztademaasugiawasdany
YDIAULAULY 1 TAen15as ek uuIIaeslnsUnaau (Ordinal/Ordered Probit Model)
IINNANITIATIZANUIT FanUsind AdlunsTIuauY wazAINNIIWBLNITNANUY
dwaludeau ndmie mndudsnauiliiaufiumniuazdamarilianuenlunsiwouy
U3UNIIMENTDIAUR IR ([@10998) Tunandudusdaudsrdnvanniznals Sy
§099519552WM 9@ TiFN1e USHNaIsaiaea121989n159519381ul0a demaluideuan nanie
‘mmﬁhLLUsﬂdmﬁﬁmLﬁuuwﬁu%damaﬁﬂﬁmﬂmumﬂiums%’mauw%nmmmsméuaa
AULALNEN (T1381n)

unane Sasdunled uwazAisn niagninua (2561) MaAnudnisuisuiiiey

v ad 1

Uszansamnisuidamideyaliaunanie I3n15quaieg 19915811938 N U189y

a ¢

Foyaisuduegnsgy (ROSE) uazmsdudegafiungudiutiossonsdaunsgs (SMOTE)
wazinswiguiisudseaniamlunisduundeyaseningisnsnisanneeladaia uag
Feaulddaduladmsunisduunngusiela Usenaunissueidseian 2.8, 1 9119
111 918 Iagyimswieuiiisudseaniameaianuuwidugl dnsianugnaesunisneinsal

[

naudiutey 8ns1ANgNAaslun1sHeINTalNgudILNIN kazAINITIAEN I1NNAYDS

s aa

n19WSeuisuIsn1sTuunyseiandeya wuii SMOTE Winadnsnavaalud 91

Weurianue eniduauuduglunisneinsalnguniidnuiudeyauin Jedineeninizou
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a v

Wesuiuteyalsuauwayds ROSE 31nn1siasanAImuiug) wuin 3aulddndula

I aa

Tir1auuiug1ganinifonaseladadn egrelsfiniy Weia1sudnsiAugnies

lunisviwnenguaiuies Jadunguidiuiendidy wuin ndwRinusvrundeyaudd

o saAa 1 A A

FFonneuladafnlinaansNnaninusaisuwinnuIsauldsndula

faa a a 1

0] I8g INuIdNTS, 190 naedTzyaing wardsndad Tnsalv (2561) laAnwn

v <9

Wibuisulssansamveismsuidyvteyaliaunavestoyaguaelsaiuimanu tagld
TayaannlsaneIuia 130 uisludseinaansgeiuing lnewleufisuisnsundymdeya
Liaunafiszdudaya 433 1dun nsquiiindeya, msquandeya, nisnaunausznifg
mMafinuazandeya uaznsdunszideyaluidomeda (SMOTE) Inglinafianisdiuun

Uszinnuesdoyaaeelsvan liud n1sanneeladainiuunyvuiy (Multinomial Logistic

Y

Regression) kazisaulddndula (Decision Tree) nan15AnwInu11 AsuAdyniAu

launavesteyatioinUszdnsnnlunisduundeyangudiuies Fadunguidinune

¥
1Y

néAgylagniasuazulugunniu

o

89231 WU hazanea Auauysaines (2563) ladanwiuIguiiieuidnisuidym

] a

wiv IsMsguiiulaemaila SMOTE 35n15duan wagisnis

q

e

ayaliauna 4 35 Ao 35013

P\

d' v

ad o aa A aa i 4 (% ad 1 a
UHANKEIUW LAgT5n1590uUN 5 38 AB 'JﬁLWEJu‘U’ﬁﬂﬂﬁq@ k f7 15lAsevneUsza ey

S

o 3 a

FFdwnesanmasuuvdu I531ung warisainasdlauaain WI15UIINAIAIINYNABS

Arauly 1A IIE Alranled ourdsaeslad s LazAinanalad suduysaliade

nnyadoyaioun 3 4a ldud gndoyaiaiiviinuziedldlngjszos B/C gatoyalsaiid

auAaUnfveslusiu uazyadonaniisnwieinislandsuedusunse nouusdoya

ludnsdiu 70, 20 uaz 10 MUAIRNY MUUAFIATIavELLEY Ju 10, 20, 30, 40 wag 50
4 a

NNANIANYIVDITY 3 YatayanuinIsndussdnsamasgade I55unglagn1susu

Auldaunanmelsnsduiunatin SMOTE

av ad v
2.3 ﬂ'B:U\‘l'luQ"DEWlLﬂEJ'J%EN
av a d v a Y} = a ) o
AMOATINUNTUINUIVYNLAYIVBDN LﬂfJ’JﬂUﬂﬁﬁﬂqumﬂiimmiﬂhﬂul‘i/\laiyig?m‘um
AULAUTINUTIMNATY waznsuiludeyaliauna (Imbalanced Data) @1unsaasunans

Y =
NUNIULEAINIATTINN 2-3



M1997 2-3 agdnuIfeniieites

v 1
N LbEIS
U

o

ngUseeA

R FRIGER A

NAN1SAN®E

Raoniar and
Maurya
(2022b)

U v

- Anvdadedayanis
Iy} % BTN
denuuazdoyaililitoya
NINFIAUT dInanDnNIg
A ulndyadinsans

a v '  a
AULAUT LT N9 AT 3]

Ty

- Binary logistic regression

4 a 1 | v 4 U <@ 4
Toyan luldnedean lawn aruslunisdy

Y

17819008 YT UIUITIT hAaLAININYIIVDY

soulndgygo 8vSnwasg1aundengfnssunIsHIuy

T o

TildyayavosauAugu

[ o

Tayan1ediau A I1uIuANNTeNNIMEnTINAS

AULAUT NI UL Bl uALd UlUR AN A e Ty

[ a a 1

wselensetnudlulndyaudunsdusa 8vsnase

(% =

ngAnssunsHR Ul uduns

DAY

Raoniar,
Magbool,
Pathak, Chugh
and Maurya

(2022a)

- MsANwHY U
AULY b aAULE 899N
NSV UUVDIAULAULYINN

1981an¢

- 1938 Semi-parametric Cox
Proportional Hazard model Wiavi
aadlatiadosineg ATBnSnas
WgRnIIUNTALIAbNAY QY I1093193

- l9uuudnaes Accelerated Failure
Time (AFT) iaviaudnlafulssa

FiN9°) NNARDIZYIIAIN1TTOADY

T
=

nan1sAnwInUI g esveziIatTenseLi LN T
AutAunazlafoulavdnduladfulwdyginasas
Falutaaaan 36.705 3unft Aufui 75% agdHuy
Toldoyeyned

n1sTAs1zvsandssaulnelduuudnaos AFT
wansl A uT Mg ANITUNITLAE BULBI/NT1TLBT
YOIAULAULAT §I5UNIUAILY AIINEIIVDITOU

Indrygas nstiodunise wazUiuiaasas dudna

[44



M1319% 2-3 agdnudfeniieites (se)

v 1 [ Y I3 ad a '3
TGN agUsveen /N5 ATIZH NANIIANEN
nsznuRengRnssulRul g avesnuAuLYn
Zhang and -ANYINOANTINNIT | -5 Mixed Stepwise Selection Wa Anlsrdsnasnanganssun sl ndyruduns

Deng (2019)

A ulndyudunsans

vV

AULAUYIUUSTLIUNIGLLE A

o

EUEUEU

T o

=

il

luna Binary Logistic Regression

o w

a81958dA 5 67 lon S2828150ABY INUIUAU

o

759973 WUAUNEWLAY A15LEARIANNUNDENEY

209l wAd LaZTII9TENINNT

Afshari and
Ayati (2021)

=3

-ANYINANTENUVD
Jadunreusnmneanisiiply
Id e uvesnuLAuiig

il lndyau

-5 Binary logistic regression

NANISAN®IUIT I 91UUAULA U W7 N Eukay
srozaNdygIadies damanisuinsolullunyes

a 1 =t L% = L% U
nginssun s ulndyguduns wagluniesnduiu
A15LA LT UVDIAIINYIIVDINL 1A waLUS U
A19957195 Aalunaud19zrieanALLIS T uYd
s wldyyiuduns wazusnaini Ganuan
AULAULIINNTANUANTNI9S 19N AT TR el R U

Indyaudunstosniiauuni

Raoniar and
Maurya
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yatunuudanseylddnnunndeiu Ateldihnsiesgideyaadfidnsnuesdoya
Flasunn Feusznoulusig nmsmeaiaud (Frequency), Ansewas (Percentage), Aade
(Mean), f-ﬁ%ﬁmmummgm (S.D.), ﬂ'wﬁ’wqm (Min), Angegn (Max), Asisegiu (Median), uag

o I

Aunisosidulng (Percentile rank) luusiazlade andeyaseulndyaraimihundnse

v v

M9du 116,485 soulndygias nan1s3mmeinandlunisnad 4-1 wagaiusoasuna

MFIATIRRANILRaTaLvRIsaETaYa Aauandlugun 4-1
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A15NN 4-1 nanTIATIEAIERANUgINTeITYaNaTNSIRT L

o/

UByARNBULNINENNYBININTNIRTEY

. Hofuusily 15% g5t
YYAANWULNINIYAN MIN MEAN | MEDIAN MAX S.D.
¥ Tunsiasizi Percentile Percentile
AUNTNUBILNIZAAWAUY (A7) MediansWidth 0.00 0.00 2.13 1.30 5.00 10.00 2.45
ANYIVBINIY (LURS) CrosswalksLength | 13.80 13.80 22.94 23.20 35.00 35.00 7.74
AUNTNUDINNTIN (UAT) CrosswalksWidth 8.00 8.00 9.72 8.00 16.00 16.00 3.28
ANUNTINFUNUEIUNEATA (WURT) yellowframeWidth | 0.00 0.00 6.38 7.00 17.70 17.70 | 6.86
dayanAeiianssuunisiudanies
o 4 e . Hosuusitld . y .
YaYANYNUAULAUVIN AN ANToYAL
¥ Tunsmsnzi
Lw;;miajmim3ﬂqﬂu1w€1’ﬁyjzylwmmaaﬂu@u%m1‘7iLﬁ@%ﬂ;i%’hﬁ@ﬂﬂé’mmm VioPedestrian
(n = 116,485 soulwdeyaio)
TawuauAutud/ulndgyeia (0 = Not Violated) 108,490 93.14
wuauAui et sse vl Eulrdyain (1 = Violated) 7,995 6.86
Panavosiuiinuimansaimsnsdiiulwdyaavesnufuiumdsannay TimeofDay
velndnyaoufioduou
93938MNA9AU (1 = NAN9AY) 1,555 19.45%
929381na193U (0 = naNYiu) 6,440 80.55%

o



1%

M50 4-1 nansTiesIsAEdRfugIuTetlayan1vtugaase (ve)

) oL Yofauusld 15t 85t
Fayanisiudanies - ) MIN MEAN | MEDIAN MAX S.D.
Tun1sases Percentile Percentile
Foyauaiuamasuinamada
AuSavee ULy (Alawns/Aalua) Speed 5.25 24.74 42.56 | 43.29 59.14 115.13 | 16.45
U315 7ideyasriumedng
T . VolumepHourplane | 2.00 136.00 246.38 | 234.00 350.00 1,650.00 | 121.67
(AL/H2109/49995199)
sepziiansoney (Guril/seudaanallil) WaitingTime 8.00 1000 | 2275 | 20.00 35.00 6500 | 11.54
Foyasunnzifeafuszuulndayaausamta
szgzhabdygadidetsuauiudiy
T Walkinterval 100 | 1000 | 1234 | 13.00 17.00 4500 | 337
(Walk Interval) uni/seudayeyaulu)
srzanswansdayaalnsudonuy
N3¢N3U (Flashing Don’t Walk: FDW) FDW 0.00 5.00 7.07 6.00 11.00 39.00 3.21
(uil/soudeynadli)
szgzaMIvenglndyaadidensuile
- o 4 . Extend 7.00 7.00 11.66 10.00 17.00 17.00 4.81
WuUNIENIU (Aundl/seudeygadil)
Yoyaearuauiudy
TIIUAULAUTILTIINAA
Pedestrain 1.00 1.00 2.03 1.00 3.00 33.00 1.89

(A/5oUdeyali)

v



1%

M50 4-1 nansTiesIsAEdRfugIuTetlayan1vtugaase (ve)

} oL Yodauusld 15t 85t
tayan1etnudanies - ) MIN MEAN | MEDIAN MAX S.D.
TunsAmsei Percentile Percentile
Foyauaruauiudy
Srunupudui LAl E a0
PedestrianViolation | 0.00 0.00 0.137 0.00 0.00 26.00 0.70

(A/soudayeyrauln)

4/
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Histograms of Numeric Variables in the Pedestrian Violation Dataset

a.MediansWidth b.CrosswalksLength
40000 40000
30000 ] 30000
20000 20000
10000 10000
0 M = m| o i
0.0 25 5.0 7.5 10.0 15 20 25 30 35
c.CrosswalksWidth d.YellowframeWidth
] 50000
75000 40000
50000 30000
20000
25000 H 10000
0 0 -
8 10 12 14 16 0 5 10 15
e.Speed f.Molumepourplane
30000
9000 ]
2
6000 0000
3000 10000
o I
2 0 0
[ 0 30 60 90 120 0 500 1000 1500
3
o g.WaitingTime h.WalkInterval
L% 25000 - 40000
20000 30000
15000
10000 20000
5000 10000 ,—ﬂ
0 = 0
20 40 60 0 10 20 30 40
i.FDW j.Extend
60000 ]
40000 40000
20000 20000
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k.Pedestrian |.PedestrianViolation
60000 90000
40000 60000
20000 30000
0 0
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Value

a

JUN 4-1 nsvluansmdufasaudeyanieinudaniey

91NR15199 L ag3un 4-1 Toyamgnisalinsiirulidyaavesruputiuiintu

Y Y

1 v @ Y [ PN a v 1 v =~ oA
seanseulndypiu azmulalinsevlndyprainvauiudusg1sissui snud R/ u

Tildeyyrad (1 = Violated) Hiiwesonaz 6.86 Gedinlainddnadruiiaoudstos Wowsuiu

gadeyarisuniodndumgnsaliiiindulivey (rare event) Fse1ananilaingndeyail

' v
a a =<

{WJudnuwue Imbalanced data dawdazidwnnnisaliiiiaduldvasuinidn uinisdadluy

sananiaudesiionavznelmingURmenewssuiudldsaldauy Tusuvesian

Y

'
=

vasTufinuwgn1salnsd R ulidyravesruaudunas9nnay uvelndey o

1%
=

Fruauy axiulainlagdrulvgivgnisainisdd ulndyyravesnududuaziindu
Tugranaina1eiu Sesas 80.55 duresauinaislun1stulvessiumvug nuineydn

42.57 nu./33. wazA1ANsT 85 Wesiulndegdl 59.14 nu./wu. F1anusananadadl

1 & a 1 < ' v A o o v a
ﬂ?ﬂ?WNLi’JVIQQﬂ’JWﬂ’]’]NLi’JW UJaonn gNLuUz U@ NI UAULA Ua UYL (30— 40 NU./TU.)
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(World Health Organization, 2023) A1uUTHIMATIVTARNHYITHIUNNIN WUT10YT

247 Fu/Fl09/98995135 AnusvevatsenssdyaliiutIuede wuleyn 22.75

a a

Wni/seudygradi ﬁmssasnmlw%’zyﬁgm?n%mgﬂﬂmﬁuﬁﬁmLa?ﬂ'a (Walk Interval) wuan
agjﬁ 12.34 3unil/seudygadlv G’huigazL’;a’m'riLLamﬁ’ﬁyfgmiwwﬁaLl:u*umzw'%uLa?{a
(Flashing Don’t Walk: FDW) wu31eg 7.07 Fundl/sevdayaiailil f1ussesiiainisveny
IWﬁﬁg@wmﬁLsﬁmgﬂﬂuLﬁuﬁmqumsw%La?{a Wm'ﬂagj‘ﬁ' 11.66 Funii/soulndygin

AuTIIUAUAUT T IIalukaaz souldy graunuauAutudY 2 au/seulndyyie

a

genanegi 33 aw/seuldyg i uarluiwvesdrwiuauiuiuidlulndygramnuauby

Y

¥

Tl R ulddyyraade 0137 au/soulndyyia audutulasdrulngagludadu
Inideyeyras Tuseulrdyaraiinunishiluvesauiudiy wuauiudundlugagaia 26

Au/soulndryeu

4.2  WATIZANIAMUSUNUSTEUINNA U SDETE

Ya o o

NToyail lasuIINTTUUNNINIRT oY 5 138vIN1TTATIEimAduUsEaNg

Y
ANFUNUS (Correlation) s¥uinsdnusnlalunisAneidsnanonisiidulwdygyiuves
a v a ¥ (% a d: S v a gj U dl' % I 1 a
AULAUTINUI AN N UUS T FaliRUTDaseimun 12 dauds wivelwuladnlail
fudsdasglaiauduiusiuiniiuly (Multicollinearity) Fsonadswavinlinisweinsal

AUIANUARIALAF DY NANITIATIENUIANAUUSLANS aNAUNUSVBIA LU LTI UN15A NN

LAAIRINITINN 4-2



AN5197 4-2 ANEUUSLANSANAUNUSVDIAUSNLBLUN1SAN Y

< 2
5, £ 5 T
c S 9 = 5
AuUs = 2 © £ T £ > &
? o © = 0 5 2 e
S 2 z : g £ c £ 2 S
8 ?:) 6 6 g 8 = :%’ % = Q QEJ
= S S S 2 & 2 = = T 5 =
MediansWidth 1 0.58** | 0.82** | 0.61** | 0.65** | 0.31** 0.00 0.25** | 0.30** | 0.35** | 0.01** | 0.17**
Lane 1 0.82** | 0.37** | 0.07** | 0.63** | 0.08** | 0.06** | 0.62** | 0.18** | 0.60** | 0.19**
CrosswalksLength 1 0.81** | 0.60** | 0.52** 0.00 0.32*%* | 0.74** | 0.09** | 0.06** | 0.23**
CrosswalksWidth 1 0.86** | 0.25** | -0.10** | 0.50** | 0.73** | -0.17** | -0.51** | 0.19**
yellowframeWidth 1 -0.04** | -0.11** | 0.54** | 0.43** | -0.09** | -0.71** | 0.13**
Speed 1 0.10** | 0.04** | 0.41* | 0.10** | 0.40** | 0.24**
VolumepHourplane 1 0.00 -0.02** | 0.01** | 0.15** | -0.14**
WaitingTime 1 0.30** | -0.16** | -0.41** | 0.02**
Walkinterval 1 -0.25%* | -0.06** | 0.17**
FDW 1 0.33** | 0.06**
Extend 1 0.02**
TimeofDay 1

neme ** Iszauddrdynieadian 0.05

qb
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AINAITNTN 4-2 NANITILASIENAIFUUTEANT ANAUNUSVOIR U D ATLA b0 b U

'
LY o )

NsANINanNAL3 dauds 78 ¢ Wein1INa1sAn Sig.(2-tailed) NsgautiadAny? 0.05

WUl ArduUssansanduiussenIedaus 3 g Liflenuduiusiuegedidedidgynisads
(p > 0.05) lauA U151 YaTHILN T AUAILNIIINIZAaNaUY, UTUIRTIAS
NEPYITHIUNNVIUAVAIUYNIVOINWTI LAZIZULLIA1T0A8AUUTUITITNT YT
HIUN1993 wazkilovinsiansanArdulsednianduiusvesdiuusdasenuin daues
muUsBasenlianuduiusegluseauanniiuig 4 ¢ lawn anue1vemestiuiuauniig
N1gNa1eauY da1Auduiusey 0.82, A211813V0INNNTIUAUTIUIUY BI95137
fAnANUFURUSegN 0.82, ANUNINVBIMNVINAUANHENIVBINUIN TANANUTURUSDEN
0.81, wagANUNIFUNLENUEATAiUANNIIYRIMNTIY manuduiusedi 0.86
U A U a Adl = 5 dﬁ/ Ya o Y o L A ¥
nsAndendiwlsdasuineldlunsfnuiluasel fideldvihnisAnidenaniztoys
Amainaginetesivauaud Al Hulidyaiulaenss Ingvnsiarsananadeuees
a v Ay a v A a 1 1 PN a ¥ 1 o
AUALTUTEHY fansanenzdadeniinseninegisiannnuauauiunaluve lndeayy i
=< d' a 4 % Y v a LY a Q‘ LY LY s
ufsaaududwlalidygrulidan fansunainnismdudsedns anduius
(Correlation Coefficient) wagWa17UIIINAITNUNIUITIUNTTUN W1UNY S UIDATE
ArunugInsAnLFenLiialtgaunIseaiisuudiaes laud seugiaisensy (Juri/
seudgya o), A11N8190aN Y (Weg), ARMEIvessunnue (Alawns/dalu),
USHaaT19sNA AT IUNI U (A/T7lN9/48939139) Uagdisiatvesiuninumgnisal

o

U U a vV [} =
AsE Ul UvBIRNR UL (NA1eTukaYNaI9AL)

A

43 Awsedadrauuuiasainyateyanaiulaglindlvandnuaeilsi
GHIL
nEnitldvhnisdnidendiulsdassiivzihunldlunsinuiluadedliseusesud

37868LgﬁlﬂﬁjLLU?W’]@JLLﬁ%ﬁ']LLU?%ﬂﬁ%ﬁiﬂUﬂ?iﬁﬂwqﬁLLﬁﬂﬂﬁﬂ@lqﬁflx‘iﬁ 4-3

(%
[

A9 4-3 AaSUNEAIMUIANNLAFILUSDAsElUNISANYIASIT

AaUsnY ANa5UNY

wignsainsiEulndygns | 0 = ldnupudutudHulndygin (Not Violated)

VOIAUAUTIWAATUIEING | 1 = wupwAudmegstoenilsaud/ulwdyaiu

soulvdeygie ( Violated)

[VioPedestrian]
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A15197 4-3 AasuNefILUIINNLasAUIasEluNSANWIASIT (5iD)

AaUInY ANaSUY

=

szeaseney [WaitingTime] | A ngsiiauduiunaluvedyaanuiuiiy

<

(% =

UNSENARSUFURN AT (Mdae: Juni)

A

AUYIVDINITL FLEIVUUINTAINYATUAUYIIVOUNTIVDINT Y
[CrosswalksLength] lugdnveunilslufiemsiauaunlgduauu

(WUY: LUAS)

ANULSIVOILIUNIVILY A ieadsreseunrugyn q 5 ud fnsedy
[Speed] souldeyeyros muhe: Alawns/Aalug)

U314a51957& 050N AunaUiuaesasidulnuusnamedlagliven
911 [VolumepHourplane] UsglnnueseunInugn 9 5 Wit Ansafuseu

Indrygred (Mihe: Au/dalue/40999199)

%29:9879897U [TimeofDay] HranavesiunnumgnisainsnMsrulndyyinves

AULAUTINYI9IAINA9AY (1= ﬂa’Nﬁ‘H) 2291781

a9 (0 = Na9iu)

MnsiATgviasawuuItaesnyateyanuiulaeliuilunudnvauei liauns
Ineldin1sanneslada@anuund (Binary logistic regression) wagisaulddndula (Decision
tree) IanTIvd@aUIAILUTDaTE U dsmanon s Rl uvsAUAUT N LaT g

ag19ls lunsAnwidvinnisdesigiseulidygyruisnun 116,485 soulvd gy

o

Tnsuvadu 2 ngu leun yadeyadmsunisiiniioasauuudnasy 93,188 seulndyayia

L g ]

(80%) wagyATRLAFIMTUNITNAADUNITNEINTAVDILUUTIADY 23,297 sauldayay e
(20%) waanwsn1TasIILUUTIAB AT HAGWS NS HEIATAINS R Ul Y 1uvesAULAUd Y
nyadeyanwnulagliuilunuanvaei liaunaisnisanaseladafauuund (Binary

logistic regression) LEAIAIRITNT 4-4 LazMI15197 4-5 ANAIRAY
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A15NN 4-4 naansIsnsannesladafanLuuianyateyanaiulaaliunlunndnune

filsiauga
o - Coefficient ~ Standard
ALUIDETY Exp (B) P-value
(B) Error

Constant - 1.045 *** 0.054 0.352 0.000
WaitingTime 0.0471 *** 0.001 1.042 0.000
CrosswalksLength - 0.078 *** 0.002 0.925 0.000
Speed - 0.018 *** 0.001 0.982 0.000
VolumepHourplane - 0.001 *** 0.000 0.999 0.000
TimeofDay 0.333 *** 0.035 1.396 0.000

v v [

nBme ** dsyautldAnynieatan 0.001, R? = 0.086

M5 4-5 Hadnsn1snenTalikUInLvetiuuTaeInYntayanumulagliiuiley

AaN v laugaIsnIsanneeladanaLuU’

Predicted . Y
mmmgnmaa
Positive Negative . | AUC
VINTINYININ
(Violated) | (Not Violated)
Positive
0 1,630
(Violated)
Actual
Negative
0 21,698 93.00% 50.00%
(Not Violated)
) Y Specificity | Sensitivity
AAUYNADY (%)
100% 0%

13T 4-4 uandlidiuinfudsdasyauailansnamedandfsontsity
1W?Tagzgmﬁuammau%’mﬁszﬁu 0.001 528£1I8159ABY LATTINIAVTTULBENALULTIUIN
aon1si R ulndygrauvesautAudn Turasiieadua1ue1190IM19938 AINLEI709
SNV WarU3uNaRs1asiidgasiiunidy G8vswaludsaud ensdiflulndyayia
vosauliudy oeslsinia maed a5 weliiiuindeldyadeyadmiunsveasuiiie
WeINTAlAUIAIY WumwuUTIaesliaunsaneinsalivgnisal s u gy aves
aududuldeguwdug Tnefiannanuly (Sensitivity) Wiy 0.0% deaziouinuuusians

lanusansaumenisalidmunelaaslugadeyadmiunsmaaeu
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HadWSN1TES 1S UUTaBILazNad NS nsHeInsalnsE R Ul Wy g ruesauLA g

a v

Nnyadeyansfulauliuilunudnuusnlliaunaisauliandula (Decision tree) uansns

a

JUN 4-2 Uagpn3197 4-6 AUa1dU



‘ NotViolated I

crosswalksLength >= 23

Speed >= 19

.93 .07
l 100% J

<23
‘ NotViolated I

WaitingTime < 32

NotViolated
.88 .12
29%

<19

NotViolated
.81 .19
5%

TimeofDay = 0

NotViolated
.58 42
0%

WaitingTime < 18

>=18

Speed >= 15

NotViolated | NotViolated | NotViolated NotVloIated Not’VIola NotViolated ) NotViolated NotVIoIated NotViolated NotViolated
.97 .03 .90 .10 .84 .16 .85 .15 77 23 .81 19 .87 .12 1.00 .00 57 43
64% 24% 5% 1% 0% 0% 0%

.86 .14
l 36% ] l
>= 32
[ NotViolated l

l .787 %22 '

VolumepHourplane >= 133

NotViolated

.78 .22
7%

crosswalksLength >= 19

<19
NotViolated

77 .23
6%

Speed >= 31

TimeofDay = 0

‘NotViolated
.68 .32
0%

Speed >= 26
<15 <26

WaitingTime < 33
>=33

JUN 4-2 maé’wémaﬁ%é’ulﬁﬁm%uhmﬂsqﬂ%’agaé’fqLﬁaﬂ,msﬂ,m’LLﬁlmﬂmé’ﬂwmzﬁlﬂauqa

0s
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A13NN 4-6 NAFNSNTHEINTAUFILUTINVBIUUTIRBINYATayanaulaglaiudley

Adnuaelilaunalsauldindula

Predicted . Y
ﬂ’]ﬂ’J’lﬁJQﬂﬂﬁN
Positive Negative . AUC
UVIN1INYINIEU
(Violated) | (Not Violated)
Positive
36 1,594
(Violated)
Actual
Negative
18 21,649 93.08% 51.06%
(Not Violated)
) Y Specificity | Sensitivity
AAUYNADY (%)
99.92% 2.2%

a v 6 ad v YU a ¥ S a Y & 1w a
mﬂgﬂ‘w 4-2 NaaWﬁGUEN’JﬁG]ubLlIG]@ﬂuﬁlﬁ]'ﬂl’]ﬂﬁ@%@iﬂaﬂﬁL@MLLﬁﬂQIﬂL%u’J’]W}LLUi@ﬂi%

(%
Y

nanuaiidnswanen1siHulidyaavesauiudiy e819lsAny 915199 4-6 welsiuin

v o

Welduntauad1nsun1snaaauiioneInsaliskUsniy wulIwuuinaaskilaiuisanensal

9 Y

winnsadnsEHulndy gy uvesruautiulaegwiugl Inediriniula (Sensitivity) winfu
2.2% Faagviouinwuuitaddiainisansiadumanisalidmunelaasluyateya dmiu

NINAdaU

4.4  ewdunsunluaadneasiliauna (Imbalanced Data)

PNNAIWENITIATIERATUUVTIaIazHaa NS n1Tnensaln SR EulWd gy

o

vaspuiutuangateyaniaulaglivilunndnuvausiliauns lngldisnisannssladadia

WuuN3 (Binary logistic regression) hazas A ulisindula (Decision tree) @onna 04U

| v

HaN1sANYINoUNtN (Modeling with R, 2019; unana §ATIuUnNly@ wazditsn nilngninua,

fan a

2561; 3¥)38g NWIANT, 1T MaedTEYNNG wards1iad InTaLdY, 2561; 69031 WU

wazangya Auanysaines, 2563) iertuyadeyailiauna ieyadeyaiiuniasizy

fmnuliaunavesteyainlu Tunseuiuvein1saiawuudnaeensiieus (Training Model)

a cav v Y o a | A o a <1
nansATIEnnaglinaliudsdulufimnsesratadiunnn Wesndunisudlatywll

Naal

warUsulgsauniuglunisnensal 435lunsusuusmanisneinsallunsaldenann
lavainuateds ¥ Upsampling, Downsampling, ROSE, and SMOTE #3383 34%1n15
Uszgndlduannisns 4 38 Tunisusudnuuvesseulndyaanlaidnisdluvesauiudiy

wazdnwusoulndygrandnisddurespufudaulaiduruseulwdygrunvindunie
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TndiAssiu Tnevinisfmunadtaavdudion Hammn 30 A1 uazvhnmsiiasesideyaadn
Fanssuunswazidvavesaanaluudazudnnis §asznovulusie n1smiaA1Awd
(Frequency), A15ouay (Percentage), Aade (Mean), ﬂ'%ﬁ'mwummgm (S.D), ﬂ'Wil”]fj@
(Min), Ai1gan (Max), A1s58314 (Median), uagsunyaudesidulnd (Percentile rank)
yatoyadmiunisil i oadrsuvudiassisruruseulndygradnanun 93,188
soulndygru Tnsnuaatddiuuin (0 = Not Violated) 31u2u 86,823 soulndyeya

wazpaadIulon (1 = Violated) 971u3u 6,365 saulWdyyal nan15itATIzvasuansly

A9 4-7
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A15NN 4-7 nanThATIEvRaANugIuTIvavBunvesnaaninsunlunudnvaeliaunaluwsasndnns

AangaauNIn (Majority) (uae: soulwdyayio)

NanNnI3 MIN 15™ Percentile MEAN MEDIAN 85" Percentile MAX S.D.
Upsampling 86,823.00 86,823.00 86,823.00 86,823.00 86,823.00 86,823.00 0.00
Downsampling 6,365.00 6,365.00 6,365.00 6,365.00 6,365.00 6,365.00 0.00
ROSE 46,299.00 46,424.75 46,558.23 46,529.00 46,694.40 47,094.00 170.86
SMOTE 25,460.00 25,460.00 25,460.00 25,460.00 25,460.00 25,460.00 0.00

panadutios (Minority) (nuae: soulwdeygyio)

Wann1s MIN 15" Percentile MEAN MEDIAN 85" Percentile MAX S.D.
Upsampling 86,823.00 86,823.00 86,823.00 86,823.00 86,823.00 86,823.00 0
Downsampling 6,365.00 6,365.00 6,365.00 6,365.00 6,365.00 6,365.00 0
ROSE 46,094.00 46,493.60 46,629.77 46,659.00 46,763.25 46,889.00 170.855
SMOTE 19,095.00 19,095.00 19,095.00 19,095.00 19,095.00 19,095.00 0
nasu (Total) (Mihe: soulwdyega)

WaNN1S MIN 15" Percentile MEAN MEDIAN 85" Percentile MAX S.D.
Upsampling 173,646.00 173,646.00 173,646.00 173,646.00 173,646.00 173,646.00 0
Downsampling 12,730.00 12,730.00 12,730.00 12,730.00 12,730.00 12,730.00 0
ROSE 93,188.00 93,188.00 93,188.00 93,188.00 93,188.00 93,188.00 0
SMOTE 44,555.00 44,555.00 44,555.00 44,555.00 44,555.00 44,555.00 0

€S
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MRS 4-7 NUATLRA BUBIUARENENNNT Fal NS Upsampling nugiaas
YesinuIuAMAdILINNLaSIuILAANAd I YaY T 86,823.00 soulndaynyin, nANNNS
Downsampling ‘WUﬂ'wLaﬁmaﬁwmuﬂmaﬁ’mmmLLazf\i’mauﬂmamuﬁaaaejﬁ 6,365.00
soulWdeygia, nannis ROSE W‘Uﬂ"]Laa“'asuaw"’]u';uﬂmaa";uumaq’ﬁ' 46,558.23
soulndaye o LLazai"]muﬂmad';uﬂaaagjﬁ 46,629.77 souldeygal Laznann1s SMOTE
‘W‘UﬂlﬁLQSEJGUENRTWU’JUﬂa’]ﬁd’auu’]ﬂ@@:‘ﬁl 25,460.00 soUlnWdya Lazdururanadiutioy
0gf1 19,095.00 soUlndayaal
45  Aeszaienuuitassainyadeyaiiinisusuuiluandnunsiliauna

ninldimedanisudlonudnuasildaunaainis 4 38ludreiuuda duduns
Ansziadrauusiassulnlagliiimsanaesladafinuuuni (Binary logistic regression)

wliidndula (Decision tree) WiotdunismauingUszasdnuideuasAinInuive

1

LAzl

a v A

lums@nuil fAdednliunisAnidenuuudaeainyateyaninisnaaeuilunuanuaei

4.5.1 wuUI1a9IsnN1sannagladafauuun’d (Binary logistic regression)

HARNENTIATIZAAD AT INTTUUIVIUTEENTAINAITNEINTUA U TR

° o Ao Y] P vas a _a a
YosuuTasanNyneyaniimsunlvananuugnliauna Ingldisnannesladafauuun’
(Binary logistic regression) A38YATNANITNAADU KIUNIIAMUAAIIUAVAUALUN VLA

30 A1 larade (Mean) wagAtdoquuansgu (S.D.) vouaazi¥intunsasisnis

a o a
FNYALLDYALANINIRIT NN 4-8



M50 4-8 nadnsUsEAVEAIMNTNEINsalfuUIILYeIMULTIaRIeINsanneslaTafnwuunl NnYadeyanALLaryadayaniinswily

AnudnuauzTiliauna
) Soua 75 Upsampling 75 Downsampling 25 ROSE 25 SMOTE

AYInUIZANS AW TWEINTA 5

AaLad MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D.
ANAIUINNIE (Specificity) 100.0% 67.6% 0.05% 67.6% 0.18% 67.7% 0.20% 79.1% 0.16%
AUl (Sensitivity) 0.0% 68.1% 0.08% 68.3% 0.23% 67.9% 0.22% 52.0% 0.35%
ANAUIUE R85

93.0% 67.6% 0.04% 67.7% 0.16% 67.7% 0.17% 77.2% 0.13%
(Accuracy)
wuRlE&uTds (AUC) 50.0% 67.9% 0.03% | 68.0% | 0.10% 67.8% 0.05% 65.6% 0.10%

qS



56

N7 4-8 WadndUsEAVEAMMTNEINTaliuUTIIYRILUUTADIY
FBnsonnesladafauuunl nnyadeyadafunaryateyafiinisudlugudnumedliauna
laun Armudwig (Specificity) Arpaula (Sensitivity) ArAuuiuglaesan (Accuracy)
wazduiilfidulds (AUC) wuinnsudlunudnuasliaunavesdeyaria 4 33 dwaliien

AUl (Sensitivity) va9uuUTIA03g90 U Wl awUSeuiguiuUsednsninnisneansal

v =

AanUsnuveuUTtaenluinsunlunuanwusildauns dsvioufitaiuaiuisalunis

v '
=< =< v o %

n519dungAnssun1 sl ulidygravesaufudulafuing Wy Jedinnudiagydmiu

o

@ <

nsAnwtupsell wenaind Wefiarsanenunlidulas (AUC) FudelvimnudAydumndn

o

\fiesanal AUC Wunviifiuansdsnnuanunsavesuuudiasslunisdwuntssianlaegiadl
UsednSarnnslunguvespuaudundluiaslddfulndyann nudnisuiluamudnvoe
Mldaunavestayains 4 35 dawalviAn AUC getiu sanunsaasdladn msuivaunadeys

deabikuudnaesiivszansanlunisneinsalgedu Welieuiudssaniaimniswensal

[
[y

IuUsauveswuuiaeslifinsunluaadnuaeiliauns nadnsilaonadas

[y

VWY

a

UL (U 9ASTUVLYR way Alsn WiRgn e, 2561; Ive)Iag NYIAvS, W0 naedTe

6 a L%

aina waz 35178 InaLav, 2561) Feman1sAnwuansliiiuil nsdanisiulgvideya

9

-2 b

liaugaannsatisiveugniesuagammuusiud lunsiuundeyanguaintioslafssdu
My uAdesdndunisldada One-Way ANOVA (F-test) lun13iasngsh
HodAnyauuans1aseninednad s AUC 999U5881nTuInnin 2 ngu 4etasdudun
AULANANIYBINAT ST i nudagIETtuddneadd Slianainanuduuusiaedudey
Tunszurunsdudeya wansdsnsnsil 4-9 fewnsned a-11
15197 4-9 NMIRTIVADUANIIINTLTRIANLLUSUTILTEVINGNYRIAT AUC 9903813

AnRYlAdERAALUUNT A8 Levene’s test (center = mean)

Levene Statistic (F)  df Group  df Residuals p-value
AUC 10.45 3 116 < 0.001 ***

aa

VGLYe): * ﬁﬂaﬁﬁ@mqaamizﬁu 0.05, ** fisyéiu 0.01, ** sz 0.001
1NA15099 4-9 NaN1TNAAOU Levene's Test WU A1 p-value < 0.001
uanIiAAILUsUTINTsAasnduuanastuegaitoddny dufufssududeddada
NAFOU Welch’s ANOVA Tunsnaaeuamauanm1s183aLad 85:1319nga nan1smnaoy

LEAAINIAISIN 4-10
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M13199 4-10 HANITNAFBUANUANGAIIVBIANRRY AUC SEMINaNgu 210381500008

ladadawuuni a2 Welch’s ANOVA

F-value df (num)  df (denom) p-value

AUC 4,601.20 3 56.00 < 0.001 ***

ad v

e * drudfevnaadiinsyiu 0.05, ** Niseau 0.01, *** fiseau 0.001

a

1NA5NA 4-10 wudnAaie AUC seninengy 31nisnisanaeeladain

[
A

WUUISANLANANeENTEd1AYN19ada [F(3, 56.00) = 4601.20, p < 0.001] G9U3T
N5guieg19ptaLaniitNsnuanm1eiy Avlanadeveddl AUC uanaeiu §33e3eld
= = ' ! N ' ' . . vao
nswWIguiiguanuLandsesAadeTEnIengy (Multiple Comparison) lngldisnaaeu
WUU Dunnett’s T3 test Lilo#i91304131A1288094 lAT 9 TIUANA1TY NANITNADULARIAS

M3199 4-11
d‘ ! ! N ad a_a a !
AN 4-11 NINAFBUANNUANANTBIALRERYE AUC 2 InTBnsannseladafnluunisiys

AIYITNAFBULUU Dunnett T3

p-value Upsampling | Downsampling ROSE SMOTE
Upsampling - 0.114 < 0.001*** < 0.007***
Downsampling - - < 0.001%** < 0.001%**
ROSE - - - < 0.001***

mnewe): * dduddmeatiansedu 0.05, ** Asedu 0.01, *** Aisydiu 0.001
AT 4-11 WU ALRAETaLAT AUC 909n15dUAI981970900yas e

aa . [ aa L aa a a a 1 U v
78 Upsampling v 75 Downsampling a1n38n1sannesladddauuund luuansneiu

' o
S 1A °O v W

1 a o o U QQ‘NI U a ! 1 a o
28 NNUTAPYNNADFNITEAU 0.001 Tuwuzinguay 6] UAMULANANINDY WU ULFAIAYVINUUAN

(p < 0.001)

2 a

NNuaansT1eau {13uddadulaldnsdudiegisuuy Downsampling

eUSudndiuvessoulndyaiu ewinIsilvenade AUC gegail 68.0% waziilodann

Toyaseulndyruidrwiunin n51denldIs Downsampling 3g¥38anYUIAT YA
iinsnlumaiivssansainuassingitu lngliggdeanuvainalevenguauiudiiy
caa

dl o (X a a a 4 [ U |
AR ulndyyiu nadnsisnisanossladadauuund laeldnisaudeg1auuy

Downsampling WAAIAIN1SIN 4-12 Laguaneieguin 4-3
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A1517 4-12 wadnsisnisannseladafawuunl Inegldnisdusiiegiauwuy Downsampling

Coefficient Standard

fauUsdase Exp (B) P-value
(B) Error
Constant 1.287 *** 0.077 3.622 0.000
WaitingTime 0.046 *** 0.002 1.047 0.000
CrosswalksLength - 0.080 *** 0.003 0.923 0.000
Speed - 0.014 *** 0.002 0.986 0.000
VolumepHourplane - 0.001 *** 0.000 0.999 0.000
TimeofDay 0.339 *** 0.050 1.403 0.000

NUIULUR ** fseuTodAayn1ead v 0.001, R? = 0.1149, Specificity = 67.51%,
Sensitivity = 68.83%, Accuracy = 67.60%, AUC = 68.17%

31NA19197 4-12 wansuuusiasanisd i uldygiavesauidudiu
fitauunTulaeld35n1s Downsampling wuus1aesilseyindudsdaszusazifinanseny
yeadRfidveddusensiEulndyaameruiuduiisesu 0.001 nanTheTIEERUT
Tuwadien R2 wiaiu 0.1149 Feuanvindantsdaszildlulumaanunsaeduisanuwlsusiu
Yo awlsmulaussuinusovay 11.49 TuA1uv0IANUdUNUS SenI19R L UTDaTeILay
Fruuseulunuusaest wuintiuunlduaudusiusaansndaiuamnuduiusidunaldan

wuudnaetnisannesladafanuuniainyadeyadmsumstnauaulaelauilonadnuuy

[
Y

liauna waznuilwuudnassvsednsamlunisviuieranadiuieelandu Aesuie
naansUesdInUsuAaziankuUInassn sl avespuAuT L ANauN Ul ae Y
aa % a o dy
198N13 Downsampling dnau:

5382198130008 (B = 0.046 was Exp(B) = 1.047) wuin neldanmidade
A A = P53 a a0 v a v = a o o
DUNAIAINIINTZEZIATOARYLNLTY 1 TU¥ dewalvnufududlontanazimulndoygi
WU 0.047 #d2e RIDNNTUUTEUI 4.7 % NAN1TILATIERLd0AAR 8IAUIUITEDY
Afshari and Ayati (2021), Raoniar et al. (2022a), Raoniar and Maurya (2022b, 20220),
Zhang and Deng (2019) uag Zhu et al. (2021) FIHANITANEBIRIUT LU T28ELIA

PN & ! v a v o« v A A Y} a =

soApTEIUILTUITdINa liAUAUT L ua iRz d R uldy e innn Ty

AIUB1IVDINITIN (B = -0.080 ey Exp(B) = 0.923) wua1 anelaaning
Y980 uUAIAINIINAMNENIVOIN T INIANTY 1 WaT dewaliruAudrudlonianageiiiu
Idygraanas 0.077 iy nIoanasUszunal 7.7 % Nansiasiziildaenndesiuauive

499 Afshari and Ayati (2021) FIHan1SANYT AU NSLANTUVDIAINNL1IVBINIATY
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dwmalunsaufaztisananuinzdureansdiulndyg adunsvsseuiudi
AULSIVBILIUNMUY (B = -0.014 Lag Exp(B) = 0.986) wui1 aeldanin
Atasesuiidnsiimnaundlunmstulveseummueiudu 1 nu/v. dwaldauduig
flonafiazddulidyainanas 0.014 mie nieanaUszunn 1.4 % Han153AIIzRL
donAReaUWITEYDY 3N yeyasaylayey) wazdnda fivinumgeens (2567) Famanisanw
Piitudn demnuifiwossunmusiiniy ashlissduaruifnasadoveseudutim

1 N v ! 4 a ¥ IS N UG Y
anasegeltsdAty Fedwwalinufuiuiilonanazdlulwdygyruanas

US1N009571957 Ay ssum1ad1u (8 = -0.001 uag Exp(B) = 0.999) Ny

' '
A a1 =

AelHANINNUFLDULAIAITIUINUSUIUATIITHANTU 1 AL/VU/AD999195 AINalRAUAUTL

(%

Alannanazeflulndiuanas 0.001 My nSeanadussunmd 0.1 % NANISILASIERL

A7)

dOAAa 89A UIIUI T8U8 S Afshari and Ayati (2021), Raoniar et al. (2022a), Raoniar and
Maurya (2022b), Zhu et al. (2021) 5389 35med Uayasaytdeyayn wagdnsa NindeagaAs
(2567) Fawansinwdliidiuin devsinmemasiiuty aududuasiivuliufiasdfy
dygrulvidasas Hesndlefivsinaeruninuzinniy Yosinsasnfodmiunistiy
ANl

Laz919a17095u (B = 0.339 uay Exp(B) = 1.403) wuin aeldanind
Hadududansfimndrsaivesfudutiwiainansiu szdmalirudfuduilonaiioe
Aritulwdeyananiindy 0.403 wie viefiaTudsyana 40.3 % namirsziidenndaiu
$ATE vos Rafe et al. (2024) FawanisAndldiiuvin Jadouwndeusgadrnnainansiy
viovaadnia fuuildufisdinlenialunisasdinlidyinssasvesruiudiy

Uszdnsnnvesuuudiassisnisannseladanauund lagluunla
sz liaunakagiuudiasadiimud ulngld33nns Downsampling Aaeyadoya
nadeu awnsnlseuiieulalaeldnis1e Confusion Matrix 97 wanslunisned 4-13
wuuTansfiaud ulagld35n1s Downsampling fudnituuusiassanyadeyadaia
Ingliuflunudnuwugd biaugalunisneinsainaviniiuiass (TP) uiluvnzifeady
wavanUasu (FP) AdAnfiaduluse nsmanuiiasduiinanseliiauiuduazd i

Indyayramlaanuuuitaesiimudulagldisnis Downsampling kansisguit 4-3
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157 4-13 UsgdnSnmvesiuuinaesnnyateyaniaulagliuilonadnuusiliauna
wazuwuunaoWauTulagleisn1s Downsampling A8n1sanaeslalana

WU Meyadayanadey

Original model Downsampling model
Predicted Predicted Predicted Predicted
Positive Negative Positive Negative
0 1,630 1,122 508
Actual positive
(TP) (FN) (TP) (FN)
0 21,698 7,040 14,627
Actual negative
(FP) (TN) (FP) (TN)

Predicted probabilities of Pedestrians Violation

WaitingTime = 10 WaitingTime = 20 WaitingTime = 30

Crosswalks Length (m)

0%
~ =k
0 500 500 2000 0 500 1001 1500 200( 0 500 1500 2000
=B

WattingTime = 40 WaitingTime = 50 ’: 20

BSE

Probabilities of Pedestrians Violation

00 0 500 1000 1500 2000 0 500 1000 1500 2000
Volume (veh/hr/lane)

o

Ul 4-3 ez duiiaanisalinaududuaziEulidaygya
1n3UA 4-3 wanansinaIuyRzidufi amanisalinauAutuazd 1y
T 6 nsmdeslnousaznsmuaniszaznainsse lldyauiiunndieiy uazuans
AUFURUT T2 19AINE1IVDINIITN USHI0Ua51957 AyasinunIediy waznaseliy

Indyaavesnuiudy Ineanugvsiiuwuseanidu 15, 25, 30, uag 35 WA 31NN
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wansliiuansi R ulndyaruvesrupuduiuunlduingsdulionue1909m19 4

Y

15282 9EUaY S3821IA7150AREUIUTY LazdUTUNIMDIIATNAYITHIUNTINANAS

4.5.2 wuvInassdulinndula (Decision tree)

a

NAANENISIATIEAANATINTTUUIVDIUTEANT ANASWEINSIALUTAY

Yad YV

YaILuUTaeeNYAteyaniinisuiluaudnuaeiliauna Ingldigdulidndula (Decision
tree) AEYATBYANIINAADY KIUNITAIMUAAS10@YFUTIBLTTavIA 30 A1 LagALad
(Mean) wazAndeauunInggIu (S.0.) vosusaziIdinlunmiazisn1ssuazdenlansa

MN31991 4-14



A1517 4-14 wadnsUszansamnisnensaliuusnuveswuunaesnigisaulddnduly mnyadeyanufuwazyateyaninisuilunmdnyne

ilsiauga
) Soua 75 Upsampling 75 Downsampling 25 ROSE 25 SMOTE
AYInUIZANSAIWNNTWEINTA g o
UM MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D.
ANAANUTNNE (Specificity) 99.9% | 628% | 077% | 62.4% 141% | 62.6% | 351% | 858% | 224%
ArAula (Sensitivity) 2.2% 773% | 081% | 780% | 202% | 768% | 3.99% | 40.9% | 4.56%
ArAULuglaesId (Accuracy) | 93.1% | 63.8% | 0.67% | 63.5% 117% | 636% | 299% | 82.6% 1.77%
Ruilddulde (AUC) 51.1% 70.0% 0.14% 70.2% 0.36% 69.7% 0.30% 63.4% 1.17%

9
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a

NAITN 4-14 NAANSUTLANSTAINNISNEINSAIRILUIAINVDILUUTIADY

agIsaulddnduls mnyateyanuiuuazyadeyaiinisuilunudnuusiliauna laun

9 Y

{ o

ANANTUNE (Specificity) mmaula (Sensitivity) A1AsLIUglaesIU (Accuracy) Way

HunlaLdulas (AUC) wudn msudluamdnwasiliaunavestoyans 4 35 dwalvdraiuls
(Sensitivity) ¥9aUUTNa09g97 U WloiUSeuiisuduused@nsainnisneinsaldauysniy

Yo uUdIIaei linsuilugudnyusiliauna avoudsanuainisalunismsiadu

a e ) a v ya A &£ 2 o~ o o o o =
quﬂiillﬂ’]iﬂxl']Nuvaaiyiyﬂm%aQQULﬂumqﬂlﬁﬂuqﬂﬁNmu YIUANMUFIAYFAINTUNITIANT
[ [

o & s A a A Ag v v v 2 vaw q v ° ) =
Tunsadl wonanil WeRinrsanaiuiildidulds (AUC) FaiRdeliauddlundn Wesn

A1 AUC 1Judwilil wanadsmnuainisavesuuuinaestunistiwunyszanlaag i
fusgansnwnslunguuespuhut i Hukaglid Rulidygin nuinsudlugadnuae

Malaunavesdeyans 4 35 dwalviAn AUC gty fsanansaaguladn nsuiuaunadeyadna

o

Iuuudasslusedanianlunisnensalgelu Wesududsednsamnisneinsel

uUsauvekuuaesnliinisunlupadnwaeiliauns nadnslaennaeeivauidy

faa a

HIULY (Unane 9AsuUVlR wae Alsn wilmaninua, 2561; 3a)3dg 1NYIanT, 380 vaedse

o9

¢ a o v i

iina wag 357788 IR, 2561) FaRan1sAnwIRERIlALTILIN N1saanisiulurideuad

9 v KU
£

b

-2 b

vaa

launaanusadigiiuanugnieuazauwiuglun1sduundeyanguaiuoslang gy

NUUAITEANTUN15I9adf One-Way ANOVA (F-test) lun1s3iasnsy

'
a

Hod1Anyauuand1asenineanads AUC 19aU5881n50InN31 2 nau §ataeduduii
AULANANIYBINAT ST i nudagIETtuddneadd Slianainanuduuusiaedudey
Tunszuaunisdudieya wansisnsneil 4-15 fansnadt 4-17

15197 4-15 NM15AFIRABUANLIIITUYDIALLUTUTIUTEINGNuRaA1 AUC annassulsl

Y

fnaula A28 Levene’s test (center = mean)

Levene Statistic (F)  df Group  df Residuals p-value
AUC 13.037 3 116 < 0.001 ***

aa

VGLYe): * ﬁﬂaﬁﬁ@mqaamizﬁu 0.05, ** fisyéiu 0.01, ** sz 0.001
INANTT 4-15 KAN1SNAABU Levene's Test Wuin A1 p-value < 0.001
waneInAIAuLYsUTINTe LA asnguuAnA s Tueg el Teddy duiudsdududedld
afiinaaau Welch’s ANOVA TunsvindeuaLuans9weIdladessninengy Hansvinaey

LAAIRIAISI9N 4-16
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A15NN 4-16 NANITNAFBUAIULANAIIYBIAREY AUC serinengy 9 nTsaulddndulane
Welch’s ANOVA

df (denom)
56.86

F-value df (num)

AUC 323.84 3

p-value

< 0.001 ***

aaa

e * drudfevnaadiinsyiu 0.05, ** Niseau 0.01, *** fiseau 0.001

1NANTNA 4-16 wudnAwade AUC seninangy anndseulddnduladaniy

unnsnsegeditoddmeadin [F(3, 56.86) = 323.84, p < 0.001] Fsusin1sduiaeE13w89
Toyafidasmsfiunndnsiu azfidiadsvesdn AUC unnsrafu fadeddddnmaTeuien
mmL.mn&i'msuaqml,a?iaswdnwju (Multiple Comparison) lagliisnaaauwuy Dunnett’s
T3 test Lilefa1saninAindsvesglatnafiuandneiu nansvadeuLansisms1eR 4-17
M99 4-17 MIMAABUANLLANASTBsANAAE AUC andssliifndulases feds

NAFABULUU Dunnett T3

p-value Upsampling | Downsampling ROSE SMOTE
Upsampling - 0.046* < 0.001*** < 0.001%**
Downsampling - - < 0.001*** < 0.007%**
ROSE - - - < 0.001***

e * dluddmeatiaiseiu 0.05, ** AsAy 0.01, *** Aisdiu 0.001
4

a ! ' a ' Y ' v &
INNNITIN 4-17 WU ARagIIA1 AUC %@Qﬂqiqmmﬁaﬂqﬁmﬂﬁmaﬂdamﬂ

4 F5umnsinenueg19iidedfy 35 Upsampling AU 38 Downsampling kansingfiuee19i

0.05 UazA1ladgvaIA1 AUC 38an15dui10819v0970yadduy 9

Y

WedAgyneadfisy

2l
1 [ 1 a v o w aad
LANAINAUBYWUUYAIAYNIWNANRNTENU 0.001
U

4

Nnuaanstieny §ITedsiadulaldnisdudlegnsuuy Downsampling

= v o ] ada

\eUSudndiuvessoulndygyin eenidiliaais AUC gegail 70.2% uaziiladann

A

Tayaseulrdyaadidiuiunin n1515enl435 Downsampling as¥isanruIatoya vl

nsinlnadusednsnimuazsinsitu lasliagdeanunainaievesnay auaudiui

a

Arluldyn nasnsanIsaulddnduls Tngldnisdudiegnauuy Downsampling wanIns

U7 4-4

€aN



Decision Tree (with Down Sampling)

NotViolated

50 .50
L 100% J
crosswalksLength >= 23
<23
NotViolated
71 29
( asn )
WaitingTime < 15
>=15
NotViolated
.64 .36
33%
VolumepHourplane >= 163
<163
NotViclated
54 46
8%
crosswalksLength < 27
>=27
NotViolated NotViolated NotViolated Violated -
87 13 87 33 74 26 39 61
14% 25% 3% 5%
t:ll v 6 o ad v Y a .. £ 1 U 1 .
U7 4-4 nadnsuuudnaesisaulidindula (Decision tree) Ingldnisdusiegnawuy Downsampling

99
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a

1NFUN 4-4 uansnuuaesrulddadulansirulndyanvesauaudiy
A o & yaa . o a Aaa a | )y Y}
ANt ulaeldi5n1s Downsampling Anusdaszidnswanon1siHlulndygyiaves
AULALTIN AN S282a150ADY AUYNIVRINITIN UazUIUT10TNA Y ITHIUNST
FupNANHAN TR TIERIINYRtoyansiulaeliudlunuanvueiliauna aunsassuiy
ngnaivaIkuUTIaaladn

1) 61A2118719911997% (CrosswalksLength) 41ANTIUTBLNAY 23 LUAS
waznainuAuluBuselWdy i (WaitingTime) Uoanin 15 Juii aududiuazdndula
Nz Nulwdyga 13%

2) 01AUE1INI9U1 (CrosswalksLength) 11ANIINIOLYINAU 23 LUAT
naauAutuduse gy (WaitingTime) 1nnn1%3oin 15 W9l LagUIuiaasnasi
[} 1 v 1 A 1 U % q:/ 1 a 4 U a Qll UG
AYATHIUN NI IUNINNIINIINAY 163 AL/TILN9/P0999195 AuAUTNazFnaulanazlHu
Ioldfayeuau 33%

3) 11AU81IN9914 (CrosswalksLength) 8g5en31e 23 D9 27 LUns
naauAutuduse gy (WaitingTime) 11An%301911 15 W9l LagUIuaasnasi
AT IUNNTNTENIT 163 AL/TIN9/T9995195 AuAutuazanaulanaz i Hulndygin
26%

4) 91AUB1ININUU (CrosswalksLength) H1ANIIMTOLYINAU 27 LUAT
nanauutnduselidy g (WaitingTime) 110A1M130LANAU 15 JU9 LazUTunu

‘:llq./ 1 v v 1 % QIJ 1 a ¥ U a d‘ 1 =l
25193V YIINIUN VM UBENIN 163 AL/TI1N9/99995195 AuAUTNIzAnaulanaz iR
Indryayred 61%

5) 81AUE1IN1997 (CrosswalksLength) Hasn3n 23 LA AULAUTIIN
agdnaulanavdlulwdtyg e 69%

LATUBNINNUIINUILUUTIa0ILUSEaNSAnlun1svinunemaaduiloy
lafdu Yszdnsamussuuuinaedddaulddndula lneldunlvnadnuaenldaunauas

° A o & vaal . v 1% = a v
wuudnaeanaunIulagliisn1s Downsampling Meyadeyanaaey awunsawseuiiieuls
Tneldmnsna Confusion Matrix A9NLAAIIUNISIN 4-18 wuvIaeINNAUIYUlaeleISng
Downsampling WuAnIuuIIaesnyadeyanuiulagliuilvanudnuvaueiliaunalunis

NEINTANAUINTLNDSI (TP) weluvauzifefunauInUasy (FP) Allaniuduluse
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M1399 4-18 Usgansnnveawuudnassnnyadeyanadulagliunlunuanvaueiliauna

ezl UUINaeaniaunTulagldiznis Downsampling F5aulddndula meyn

Uoyanaaou
Original model Downsampling model
Predicted Predicted Predicted Predicted
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Abstract

This study examines the factors that influence instances of pedestrians disobeying traffic signals at
mid-block crossings that are equipped with an intelligent crossing device, known as the Smart Crosswalk in
Thailand. Once fully comprehended, it is postulated that recommendations or interventions to address
pedestrian signal violations can be formulated to mitigate pedestrian accidents at crossings nationwide. The
analysis examines several factors, including highway-related geometry, traffic volume, speed, and system
operational parameters. The dependent variable is the binary event of whether the pedestrian signal is
disobeyed or not during each cycle. Binary Logistic Regression is utilized to create models for this purpose.
As the number of signal violation events is far lower than that of not being violated, the data in this study is
considered imbalanced. Therefore, some scaling techniques to deal with imbalanced data are investigated and
the downsampling technique is adopted for the final model development. This approach resulted in the highest
Area Under the Curve (AUC) value of 71.70%. The specificity, sensitivity, and accuracy of the model were
as follows: 67.56%, 68.29%, and 67.61%, respectively. The results show that while pedestrians are more
likely to violate pedestrian signals as waiting time grows, the opposite is true when crossing length, traffic
volume, and speed increase. Field observation reveals that violations are more likely at night when traffic
volumes are low and signal waiting times are long.

Keywords: Pedestrians, Pedestrian safety, Signal violation, Smart crosswalk, Binary Logistic Regression,
Imbalanced data

1. Introduction

Road accidents are one of the main causes of
death in the world. According to a report by the
World Health Organization on Traffic Injuries every
year, road accidents result in more than 1.3 million
deaths worldwide per year, and more than half of all
deaths and injuries involve vulnerable road users
such as pedestrians, cyclists, motorcyclists, and
passengers’”/. According to the WHO's 2018 Global
Situation Report on Road Safety, Thailand has the
highest death rate from road accidents in Southeast
Asia and the 9th highest in the world, with 32.7
deaths per 100,000 people. Motorcycles had the
highest death rate at 74%, followed by pedestrians at
8%!?. Out of the total number of road accidents, an
average of six to eight pedestrian traffic accidents
occur each day”/. In Thailand, road accidents kill
two pedestrians on average each day. Although this
is a small number compared to other types of road
users, what is worrisome is the increasing trend in

the severity of pedestrian accidents. Analysis of the
severity index based on highway accident statistics
from the Department of Highways revealed that
pedestrian accidents were approximately four times
more severe than general accidents on highways.
Consequently, once a pedestrian accident occurs, it
leads to an exceptionally high fatality rate/”. The
primary cause of pedestrian fatality or injury, as
determined by global studies, is being hit by a
vehicle while pedestrians are crossing the
roadway’*/.

The Department of Highway (DOH) has
implemented the Smart Crosswalk system to
enhance pedestrian safety at mid-block crossings.
This system incorporates pedestrian and vehicle
detection devices to analyze the requirements for
using the crossing and regulate the signal lights,
thereby ensuring optimal safety and efficiency.
Despite the installation of the intelligent crossing
technology, pedestrian violations are still evident.
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Previous research has primarily employed
binary logistic regression analysis to investigate
factors affecting pedestrian traffic signal violations.
For example, research in Kolkata, India focused on
various elements influencing pedestrians' red-light
violations at three intersection crosswalks in
different cities. The findings revealed that non-social
factors such as crossing speed, waiting time for
crossing signals, traffic volume, and signal cycle
length significantly impact signal violation behavior.
Social factors, including the number of people
waiting at intersections and observing others
successfully violating the red light, also positively
influence this behavior’”. In Hong Kong, the impact
of personal factors and environmental factors on the
individual decision of a red-light running violation
was examined at the signalized crossings in the
urban area. The results indicated that pedestrian
gender, age, number of lanes, presence of a
companion, number of pedestrians around, presence
of other violators in the same cycle, time to green,
red time, traffic volume, and percentage of heavy
vehicles all significantly impact the propensity of
red-light running violation of pedestrians’”.
Similarly, research in Mashhad, Iran, evaluated the
impact of external factors on pedestrian violations at
traffic signal intersections. The findings indicated
that traffic volume, the number of violators,
crosswalk length, red light duration (waiting time),
and physical movement problems influence
pedestrians' decisions to violate traffic signals/™.
Prior research reviews showed that most studies,
both domestically and internationally, took place at
crosswalks with fixed-time signals. Currently, there
is a lack of research to investigate and comprehend
the factors that influence pedestrians' violation
behavior at crosswalks with smart crosswalk
systems.

Our preliminary analysis of pedestrian
violation at smart crosswalks indicates that the data
in this study is imbalanced, i.e. the number of events
that pedestrian violations are observed during any
signal cycle is far less than the events of no violation.
If the model is developed without addressing
unbalanced property of the data, the model's
predicted outputs might be biased. Noppamas'”
conducted research on comparative analysis to
evaluate the effectiveness of Random OverSampling
Examples (ROSE) and Synthetic Minority
Oversampling Technique (SMOTE) in addressing
data imbalances. The results showed that SMOTE
outperformed both the initial data set and ROSE.
Kesornsit/’” compares the effectiveness of a variety
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of methods for addressing the issue of imbalanced
data in diabetic patients. Addressing the data
imbalance can improve classification efficiency,
making it more efficient than the initial data and
enabling the model to classify both large and small
groups of data equally or nearly equally. Previous
research conducted in Thailand predominantly
employed imbalance adjustments with medical data,
financial data, demographic data, educational data,
etc. In the context of pedestrian violation data at
crosswalks with traffic signals or with smart
crosswalk systems, no prior research has adjusted for
imbalanced data.

Based on the aforementioned research gaps,
this study investigates the factors influencing
pedestrians' violations of traffic signals at mid-block
smart crosswalks in Thailand by taking imbalanced
property of the data into consideration. The analysis
of the smart crosswalk system relies on secondary
data, including traffic volume, speed, operational
parameters, and road characteristics. However, the
secondary data from the smart crosswalk system
lacks  information  about the  individual
characteristics of pedestrians, such as gender, age,
and occupation. Therefore, this study cannot
consider factors related to individual characteristics.
Additionally, the pedestrian violation data recorded
in the system is the total number of pedestrians that
violated signal for each cycle. Therefore, the
dependent variable employed in this study is binary,
indicating whether pedestrian signal is violated for
each signal cycle. Binary Logistic Regression is
therefore chosen to perform the analysis. The
primary objective is to generate recommendations or
measures to address signal violations and reduce
pedestrian accidents.

2. Data collection

Currently, there are 11 Smart crosswalks in
Thailand (Fig. 1). For this study, we selected six
crossings: 1) Highway No. 3242, km 18+110,
Bangkok; 2) Highway No. 306, km 4+970,
Nonthaburi Province; 3) Highway No. 3316, km
2+225, Nakhon Pathom Province; 4) Highway No.
3215, km 11+020, Nonthaburi Province; 5) Highway
No. 3242, km 2+220, Samut Sakhon Province; and
6) Highway No. 314, km 8+410, Chachoengsao
Province. We did not consolidate the data from the
other five crossings for analysis, as some of the
systems were temporarily down and others had only
recently been implemented with a smart crosswalk.
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This study utilized data on physical road
characteristics, such as the median, median width,
lanes, crosswalk width, crosswalk length, yellow
frame, and yellow frame width. Secondary data from
smart crosswalk systems, including speed and traffic
volume, as well as specifications related to traffic
signal systems at crossings, were also used. The
study exclusively focused on factors anticipated to
have a direct correlation with pedestrians violating
traffic signals, considering the system’s definition of
violating pedestrians, the correlation coefficient, and
previous literature. Variables not listed above, such
as characteristics of individual pedestrian and
pedestrian behavior, were not considered as they are
not available from the system database.

We collected data from the smart crosswalk
system from January 2022 to August 2022.

4 Smart Crosswalks
[ Boundary
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Fig. 1 Smart crosswalks in Thailand
2.1 Physical Characteristics of Smart
Crosswalks

We conducted a survey of the crossing's
physical characteristics, encompassing three main
aspects: 1) the road's physical attributes, including
the presence or absence and width of the median and
the number of traffic lanes; 2) the crossing's physical
features, such as its length and width; and 3) the
safety equipment at the crossing, including the
presence or absence and width of the yellow netting
frames (Table 1).

2.2 Smart Crosswalk System database

The Smart Crosswalk System records a
number of databases, including traffic, speed,
pedestrian, and transaction information. For this
study, we focus on the traffic and transaction
databases. The traffic database provides data on
traffic volume and average speed, organized into 5-
minute intervals. The transaction database contains
detailed information on pedestrian signals, including
waiting time for crossing signals, the duration of the
walk interval, the length of the flashing don't-walk
signal, and any extensions of this signal.
Additionally, it records the total number of
pedestrians crossing and the number of pedestrians
who violate the signal during each signal cycle.

The dependent variable in this study is the
event of pedestrian violations occurring during
signal cycles, categorized based on whether or not
pedestrian violation is observed during that cycle. To
mitigate issues related to multicollinearity and based
on literature findings, only selected factors are
considered as independent variables. Table 2
summarizes the variables included in this study.

Table 1 Physical Characteristics of Smart Crosswalks

Smart crosswalk Lane/ Crosswalk | Crosswalk }{rzlrllfe‘: Median
direction | length (m) | width (m) width (m) width (m)

1) Highway No. 3242 km 18+110 3 25 8 0 1.3
2) Highway No. 306 km 4+970 2 7.8 8 0 0.8
3) Highway No. 3316 km 2+225 2 14 8 7 0

4) Highway No. 3215 km 114020 3 23 8 7 4.3
5) Highway No. 3242 km 24220 3 30 8 12 10
6) Highway No. 314 km 8+410 3 35 16 17.7 5

Source: Bureau of Highway Safety (2022) As Built Drawing for Implementing the Smart Crosswalk,

Department of Highways, Thailand.
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Table 2 Description of variables in this study

Dependent Variable
Event of pedestrian
violations that occur
during signal cycles
Independent Variable
Waiting time

Explanation

Dichotomous Variable

0 = none of the pedestrians violated a traffic signal (Not Violated).

| = at least one pedestrian violated a traffic signal (Violated).

Explanation

The waiting time is calculated from the moment pedestrians press the button to
request pedestrian signals until they receive the signal to cross (unit: seconds).
(unit : meters)

We calculate the vehicle average speed every 5 minutes, which corresponds to
the signal cycle (unit : km/hr).

We calculate the traffic volume every 5 minutes, which corresponds to the signal
cycle (unit : vehicle/hr/lane).

Crosswalk length
Vehicle speed

Traffic volume

3. Method
RStudio was employed to develop models

using Binary Logistic Regression, and to process,
analyze, and forecast data. We analyzed a total of
116,485 signal cycles, dividing them into two
groups: 93,188 cycles (80%) for training data and
23,297 cycles (20%) for test data.

3.1 Binary Logistic Regression Analysis

The binary logistic regression is used for
regression analysis where the dependent variable is
dichotomous, taking on values of 0 or 1. This model
investigates which independent variables lead to
pedestrian violations during signal cycles. The
analysis uses the following function to handle
situations with multiple predictor variables:

eb0+b1x1+---+b-pxp

P, = 1+ gborbixit—+hpip n
Where: Py, = the likelihood of the event of interest.
and @, = the likelihood of the event of interest not
occurring, as follows:

Qy=1_ Py (2)

Given the non-linear relationship between predictor
and dependent variables in logistic regression, we
adjust the relationship to be linear in the form of odds
ratios. The odds ratio (OR), which is the expected
change in probabilities for a unit increase in the
predictor, is expressed as Exp(B)/'Y.

Odds Ratio (OR) = ';i 3)
¥

3.2 Measures of accuracy

The performance of the model can be
verified using the following statistical values: True
Positive (TP), False Negative (FN), False Positive
(FP), and True Negative (TN), as shown in Table 3.
These values are used to create metrics to evaluate
the model performance using equations (4) — (6)'%/.
Additionally, the Area Under the Curve (AUC) can
be used as another model’s performance indicator. A
model with an AUC value closer to 1 indicates better
predictive performance!™®/.

Table 3 Confusion Matrix

Predicted Predicted
Positive Negative
Actual True Positive False Negative
positive (TP) (FN)
Actual False Positive True Negative
negative (FP) (TN)
Source: "%/
TP +TN
Accuracy = TP + TN+FN+FP )
Sensitivity = % (5)
St i TN
Specificity = = (6)
3.3 Imbalanced data
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Imbalanced data poses a problem when the
proportions of data are unequal, leading the training
model to be dominated by the majority class.
Consequently, the model tends to predict the
majority class more accurately than the minority
class, resulting in a high specificity rate but a low
sensitivity rate in binary classification. Data scaling
is one technique to mitigate this issue. Common
scaling methods used in practice include the
following!'¥:

Upsampling: This method increases the size
of the minority class by sampling with replacement,
making the majority and minority classes equivalent
in size.

Downsampling: This method reduces the
size of the majority class by sampling with
replacement, making the majority and minority
classes equivalent in size.

Hybrid methods: Techniques such as ROSE
and SMOTE downsample the majority class while
adding synthesized information to the minority class
from the original dataset.

These scaling methods should be applied
exclusively to the training data and not to the test
data.
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4. Results

This study began with an analysis using
descriptive statistics to examine the behavior of
drivers and pedestrians, as well as the functioning of
the smart crosswalk system. The results are
presented in Table 4.

Table 4 indicates that the percentage of
violated signal cycle was only 6.86 percent, which is
relatively small, and the dataset could be defined as
imbalanced. Despite the low occurrence, such
violations pose a significant risk of causing serious
accidents for both drivers and pedestrians. The
average speed was found to be 42.57 km/hr, with the
85" percentile speed at 59.14 knvhr, which is higher
than the recommended safe speed for pedestrians
(30—40 km/hr)"™/.

The results of the binary logistic regression
analysis based on the original train dataset without
addressing imbalanced feature are presented in
Table 5.

Table 4 Descriptive statistics of the smart crosswalk data

Dependent variable Frequency Percentage

1. Events of pedestrian violations that occur during signal cycles (n = 116,485 signal cycles)

None of the pedestrians violated a signal cycle (Not Violated). 108,490 93.14 %

At least one pedestrian violated a signal cycle (Violated). 7.995 6.86 %
Independent variable Min P15 Mean | Median | P85 Max SD
2. Waiting time (second) 8 10 22.75 20 35 65 11.54
3. Crosswalk length (meter) 13.8 13.8 | 22.94 23.2 35 35 7.74
4. Vehicle speed (km/hr) 525 | 24.74 | 42.57 43.29 59.14 | 115.13 | 16.45
5. Traffic volume (veh/hr/lane) 2 136 247 234 350 1,650 122

Table 5 Results of binary logistic regression based on original train dataset

Independent variable Coefficient (B)  Standard Error Exp (B) P-value
Constant - 1,042 *** 0.054 0.353 0.000
Waiting time (second) 0.041 *** 0.001 1.042 0.000
Crosswalk length (meter) - 0.075 ¥** 0.002 0.927 0.000
Vehicle speed (km/hr) - 0.018 *** 0.001 0.983 0.000
Traffic volume (veh/hr/lane) -0.00] #** 0.000 0.999 0.000

Note*** Statistical significance level at 0.001, R* =0.0859 , Specificity = 100% , Sensitivity = 0%, Accuracy

=93.14% , AUC = 71.46%
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Table 5 reveals that all independent
variables have a statistically significant influence on
pedestrians' violations of traffic signals at the 0.001
level. However, when using the test dataset to make
predictions, the model failed to accurately predict
pedestrian violations of traffic signals (as sensitivity
is 0.0%). This aligns with the findings of previous
studies/’* on imbalanced datasets. To address this
issue and improve prediction accuracy, several
methods were employed, including Upsampling,
Downsampling, ROSE, and SMOTE. These
methods were used to adjust the number of signal
cycles with pedestrian violations to be similar to the
number of signal cycles without pedestrian
violations.

After applying these data scaling
techniques, new models were developed. The results
indicated that each independent variable continued
to have a statistically significant effect on pedestrian
violations of traffic signals at the 0.001 level
Furthermore, the relationship between the
independent and dependent variables remained
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consistent with the initial analysis. The prediction
performance based on the binary logistic regression
model from the new data scaling experiments are
presented in Table 6.

Table 6 presents performance of the
prediction results for pedestrian violations of traffic
signals, including specificity, sensitivity, overall
accuracy, and area under the curve (AUC). The
application of data scaling principles across four
methods resulted in improved sensitivity, which is
crucial in this context, compared to the model's
performance without data scaling. Based on these
results, we decided to use the downsampling method
to adjust the proportion of signal cycles. This method
achieved the highest AUC value of 71.70%. The
corresponding specificity, sensitivity, and accuracy
were 67.56%, 68.29%, and 67.61%, respectively.
Downsampling is particularly suvitable for large
datasets!'”. The results of binary logistic regression
with the downsampling method, are presented in
Table 7 and illustrated in Fig, 2.

Table 6 Prediction performance of scaling techniques based on test dataset

Scaling techniques Specificity Sensitivity Accuracy AUC

Upsampling 67.65% 68.48% 67.71% 71.64%
Downsampling 67.56% 68.29% 67.61% 71.70%
ROSE 67.60% 68.36% 67.65% 71.65%
SMOTE 75.06% 59.29% 73.98% 71.62%

Table 7 Results of binary logistic regression based on downsampling method

Independent variable Coefficient (B) Standard Error Exp (B) P-value
Constant ) SOH == 0.076 3.695 0.000
Waiting time (second) 0.050 *** 0.002 1.052 0.000
Crosswalk length (meter) - 0.079 #*x* 0.003 0.924 0.000
Vehicle speed (km/hr) -0.014 #k* 0.001 0.986 0.000
Traffic volume (veh/hr/lane) - 0,001 *** 0.000 0.999 0.000

Note*** Statistical significance level at 0.001, R*= 0.1232, Specificity = 67.56% , Sensitivity = 68.29% ,

Accuracy = 67.61% , AUC = 71.70%

Table 7 presents a model of pedestrian
traffic signal wviolations developed using the
downsampling method. This model indicates that
each independent variable has a statistically
significant effect on pedestrian violations at the
0.001 level. The model accounts for 12.32% of the
variance in pedestrian violations. The relationships
between independent and dependent variables in this

model are similar to those observed without data
scaling, but now with higher predictive capability.
Performance of the original model and the
downsampling model can be compared using
confusion matrix as shown in Table 8. The
downsampling model is superior to the original
model in predicting true positive (TP) but at the cost
of increasing false positive (FP). Explanation of the
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results for each variable based on the downsampling
method are as follows:

Waiting time (B = 0.050, Exp(B) = 1.052:
For each additional second of waiting time, while
holding other factors constant, the likelihood of a
pedestrian signal cycle being violated increases by
5.2%.

Crosswalk length (B = -0.079, Exp(B) =
0.924): For each additional meter of crosswalk
length, while holding other factors constant, the
likelihood of a pedestrian signal cycle being violated
decreases by 7.6%.
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Average Vehicle Speed (B =-0.014, Exp(B)
= 0.986): For each additional kilometer per hour
increase in average vehicle speed; while holding
other factors constant, the likelihood of a pedestrian
signal cycle being violated decreases by 1.4%.

Traffic Volume (B = -0.001, Exp(B) =
0.999): For each additional vehicle per hour per lane,
while holding other factors constant, the likelihood
of a pedestrian signal cycle being violated decreases
by 0.1%.

Table 8 Performance of the original model and the downsampling model with test dataset

Original model Downsampling model
Predicted Predicted Predicted Predicted
Positive Negative Positive Negative
Actual positive 0 1,599 1,092 507
(1,599 cycles) (TP) (FN) (TP) (FN)
Actual negative 0 21,698 7,040 14,658
(21,698 cycles) (FP) (TN) (FP) (TN)

Note*** Positive Class = 1 (at least one pedestrian violated a traffic signal (Violated).)

Predicted probabilities of Pedestrians Violation
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Fig. 2 Predicted probabilities of pedestrian violation

Fig. 2 presents six subgraphs, each
representing different waiting times for the signal
and illustrating the relationship between crosswalk

length, traffic volume, and pedestrian traffic signal
violations. The crosswalk lengths are categorized
into 15, 25, 30, and 35 meters. It shows that
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violations are more likely when shorter crosswalk
length, longer waiting time, and lower traffic flow.
This finding aligns with field observation, which
indicated that signal violations are more common at
night when traffic flow is low, and pedestrians
experience prolonged waiting times after pressing
the button. To reduce violation rates, it is
recommended to adjust the waiting times to better
align with current traffic conditions in the smart
crosswalk system.
5. Conclusion

This  study investigates the factors
influencing pedestrian violations of traffic signals at
Smart Crosswalks in Thailand, using data collected
from January 2022 to August 2022. The analysis
employed binary logistic regression to assess the
impact of four independent variables on pedestrian
signal violations. Results revealed that each
independent variable had a statistically significant
effect on violations at the 0.001 level. However,
when applying the model to the test set, it failed to
effectively predict pedestrian violations. To address
this limitation, the number of signal cycles without
pedestrian violations was adjusted to match those
with violations, enhancing the model’s predictive
capacity. The downsampling method, which
achieved the highest Area Under the Curve (AUC)
value of 71.70%, demonstrated improved
performance compared to other techniques, with
specificity, sensitivity, and accuracy values of
67.56%, 68.29%, and 67.61%, respectively. Despite
these improvements, the model’s overall predictive
performance remained suboptimal. The analysis
revealed a positive correlation between pedestrian
violations and waiting time, and negative
correlations with crossing length, traffic speed, and
traffic volume, which aligns with field observations.
To reduce violation rates, it is suggested that system
waiting times be adjusted to better reflect traffic
conditions. Despite the improved performance
obtained from the data scaling methods, the
specificity, sensitivity, accuracy, and AUC values
remained relatively low/’”/. Although binary logistic
regression  effectively identifies relationships
between variables, it may be inadequate for precise
forecasting. Future research should explore
alternative machine learning techniques, such as
Decision Trees, Random Forests, or Gradient
Boosting, together with data scaling methods to
enhance predictive performance and validate these
findings.
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