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EXECUTI VE SUMMARY

Pedestrian safety is a critical transportatio
substantially over the past decade. Given thi
to most effectively implememt godaestr mzasuanr s

fataTota@dress thhsthesgeabndf wimmpooviged sake:
within the €hig ofoPlkeceénimctudedi ebe foll owin

T Literature review regarding i mplementation
treatments at s, gasalsweadeld yicrd tee rchedtriacmcse | nt
confirmat iRerctlainghittlarf dkRrapi d Fandds hicrudg aBe Rapn
FIl ashing Beacons (CRFB)

T Labor atwfryadwansed pushbuttons to deter mi ne
| ow deesvarrtonment s

T Before and Aftert hceahdt ygaBeeslsRAieemdan®ONmnt er v.
Right Tul(l NRJG®RReadfOmeomt sf i el d colslpeetded anadn vl
dat a

T Devel opmaht i olf ilanpil egnent ati on gui delines, a

1T Recommendations for a Stahdard pPedesatrngnP

Literature Review

Teliterature review provided an overview of i1
evaluations of different pedestrian treatment
indicator beacons, eaxidsLitPdmd@ d @ eQdan p & sohr nh wuat,t do-n so.r
Toronto, awar &cloitdsildiadg let evda rayni dn gf osudiwdtr athlioi Idiret vye a
criteria based on factors such as crash frequ

geometnr x.ontrast, tarediezaed aquil delki rods sftamdi mpl
scrambles in Nort hReAgnaerRIRENBgh CREBIi s dh § toinmasi on |
of ficial guideline or documentation was found

for RRFB systems insmaluhecddomsystemseadadadndvep @
Nevada aaWi tlhndrieastppect to bicythgei sagoel i ol l&H&
Reporits 9t6l/he most recent and describes rules ar
format .

Pudlmtton Laboratory Tests
Laboratory tests bhvaferafdcrerda rpaues hebwa It wantsi on e x

Pol ara I NS3 and Guar dijtaansntdMaevi er ptuosuhcbhul tetsosn ddeet veic
press capabilities, and responsiveness wunder
their range, sensitivity, and other settings,

as dar k coovnedsi,t iaonnds , HTdgakt éPb | baur tatt snani ni mum wave |
Guardian Wave's sensitivity and delay setting:
Polara unit's centroid height was &boveéstwashb

10



bel ow. Both unitsd extended press and Pol ar a’' :
withe Pol aalap dPoewiefpfpect i ve accessibility featul

LPI @uiinde s

To deivmplogment ati on gui dedmnasalifpysohllhettLédd elt d e
c on fdlaivats o n d ukcitresdto,eni x pedestrian crash data f
analtyaeiddenti fy pmNextiltumeivmtnearl syesdtsi ovmas. per f or
intersecthiogBposusel, epwigghiwtal ksosswal ks from f ¢
s eledicotr vi deo dateae cohdRltlse omeircen.i mpl ement ed at e;
wheviedweaos recorded both befor@omfnldi atf tcat & Pwe ri
manually reducleldedtreodn Yiickdeals, focusing on inci
Encroachment Time (PET) was 5 seconds or | ess
and | ow severity based on PET t hrbssheodamsds .wi t
Factors related togofthehtrequoéhcNottaaddl edd @rasmn it y
tdconf | i cti ncrnl:auldyedi s

T A signi f i cwaanst orbesdeur tviditddenqt Wheerdc vs e wethii tcy eo f
pedestomifdnlcPlIs iampleement ati on.

T Most cobhéskirrmedl ved right turn, nwi tvlehtilted es
pedestri amri ypiocheelf icyomntf | i ct ar ea.

T Confflriecquency model s indrebdbetboeaawegniLPican
i mpl ementati on §n dp rceaanifcttuicntgrltsnie gfhodm® c | e

pede stornifd n4cS &% afoalsee ver e .confl i cts
T Aconfsevcerity model al so found LPIls signifi
medi um severity conflicts.
NRTORestriction was®erad s &ldlgelloutalteecdt eadt Wha rl fel i ct
a reduction i n choeftlriedatsmevats'ay bdsfefdeucetdifvoedn e s s

signi ficoanptl imoace among dr i vteursni mg tvhe hoivcelre s5 Ov
t empo-r astraddterdi ct i on

Bui |l di ncgr acsnh tahned confl i ct analyses conducted i
gui dance, -4 aslemilgnopke ehuabtliiccn gui del i nes were dey
fl owchart and a worksheet, t heseecgga,s ideHii sntesr w,

geometry and t heelbiucdl arrnlends o masivtad &r Meeoge |, f a
pedestrian and confli)coidgveéeluopiagsevehecier ve.

crosswal k. As LPI s shbohubskcdo rfbeee aanp |l emeang wal k ni p
t hen ent er eidt yi nmat rai x utmp hdanéeart BiP h e ait fotf h ane
cr osswnuaubkes expected to have a | ow, medium, or

Pedestrian Scramble SOP Recommendati ons
Fi tyé&8IOP emmendaftdrontshe pedestrian scr@Wmble treat
only Lekbednwas found to have aroebvusetw ionip Itehnee nltia

11



all dwelle devebopdhantebbegardnaeagthat may or ma)
a pedestriampl|lemeamnalt eaaood dleslilgean qend, oper ati ona

Looking f®OWwamraegcommendati ons for the pedestrie
t hr owrgthhdr omed éva@r Alopriacct i ti oner survey to uncoa
i mpl ement ati oguaddnopewatul dnpltovidet hddi ti ona
agencies are usi nfgi etlhde darlmaialtradetineidy MwWhs ¢ esiat i vi t
treatment!| d@asledopemoat i onal cahddiatcit@mui dance 0D
effectiveness of the tusesatméeerhavaond (kheoi mpao

12



1 I NTRODUCTI ON

There are a number of pedestrian treatments t

vehicle conflicts at signalized intersections
many | ocati onsanacrhaye tsthe wnattioorbe benefici al
of questions remain about their i mplementatio
Phoeni x. Regarding i mplementation, a number o

descwvieptgui del i nes ¢ ome i otprl eedneme mtoane nWhoislpa r at i
may be gleaned from these and other exampl es

gui delines are |ikely to be a best fit for th
uni que characteristiasti vVe appeoathb tawerd mb:
operatieadi oy Pede& Plasnadn oltnnted rownaolzisod( uls ear

treatments in the Giatdheof oPhoeming, obhiestpvejse
AConduct a I|literature r evoipeew arteigoanr doifn gp eidnepslternie
signalized intersections, focusing on the LPI
buttons, as welnldiz=at kRRF bile@dbBasc @ valsuate t he
suitability of the content contained for appl
AUtilize crash data analysis to identify signe
frequency ofpddeaexntimiganedhriadlees and rank these

| ocations for ,field data collecti on

A Conduct volume analysis at s eelxepcotseud ep rciroorsistw
for video data collection, considering pedest
perj ods

AGeneguaantitative obsepedesonahndanaeoncviebnsl
intersections with and without pedestrian tre

A Analyze factors related t evethhiec|fer ecqounefnlciyc tasn
t he -ddalelledct ed data to provide idbhaisght sftarmt e gt k

pedestrian treatments i mplementation

APer floarbno r a todr ya diveasntcse d opWehlRutmi mes t heir suit al
in |l ow deseytaedvironments

ADevel opf apcuibnlgi cgui del ines for pedestrian treat

Phoeni x bavsiemWw ctrxhidslitieatnegeat ure -aoldl éceéd adaadal at
anal, yaingd provide recommendations for a Standa
pedestrian scrambl e.
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2 LI TERATURE REVI EW

his chapter documents previouspeesswmrficdnyr alt a
ignali zedf acnuseirrsgecan omesdestrian treat meldAts ar
eview of relevant journal articles, reports,
onducted. The peevewusdg ergbodamegd i onpl ement ati o
f pedestrian treatments at signalized inters
nd advanced pedestrian push buttons, as well

|l ocaas ows| | as metpreaddkesstdrfaad jadniamnayszhi fg equency a
antdhe use of surrofgdtdet menaulrges varisatietgui del
sigaadeisscussed.
2. Lleading Pedestrian I nterval
ThlePl has been i ntpdsetmecnot uendtpearsnveaadseuorpee dtecst r i an s
start before the concurrent green traffic sig
crosswal kskFi @q&r eaDhioowneriemt North American juris
i mpl emented differing guidelines for LPI i mpl
subsectiroemmorotf t hi s

Phase 1: Pedestrians only Phase 2: Pedestrians and vehicles
* Activate ped signal 3-7 seconds prior to green light
FigdrelLeading PedeNatriamal nAeseoailation of City
of ficial, 20183)
2. 1LRI i mpl ementation guidelines of Toront
The transportation services of the City of To
assessment gui de(lQintey foofr TLORTOsnetionu 2004186 ) i ty of

S
f

el ected
actor s:

| ocati on wvhaass eedv asluu ataebd | u stiyn gvoa ksscheoered
i Nt erisndcetriscerc-wg sonmevtreyon@tti on), visib

14



pedestrian

and i mpact
with a mini
i n one

vol ume,
on vehic
mum of 5

sion
traff

col | i
ul ar

rat e,
i C. I n

proxi mity
addi tion,

secomads tor ctlleart iame | eagui

directilking @sfRaows i tnlge tfrladvwd lcar t
gui del i nes.

Go through the
suitability No
worksheet

Does the
intersection
receive a
score of 5 or
greater?

Yes

Recommend

an LPI

Is there an advanced
tum signal onto the
approach wherean L Pl is
being considerad?

Do not
recommend an

L2l

Remove
advance
wirn signal
(if applicble)

mplement

Assessment
initiated

Is an LPI
recommendation
passed at
community
council in spite of
staff
recommendation,
against it?

Prepare
community
council report

an LPI

for right turn on
red prohibition
bylaw

e

Make signal
madification
request to urban
traffic control
systems

Conduct a
before-and-after
evaluation

No

Na further
aclion

of step:c

Fig@&reFl owchaSuttal®s $&¢$ ymdmpg!| eman(t Saneinnej ad & |

2015)

The

consider abl

effect
To

on

guidelines-omropds€é  RTORYJhprowrsi ons
e adverse
protectedtdremadsingnaledt

with a

v e hai cctl uea tceadp aacnid
r eadnu cleP It hoen nreogaad i cveep

vehicul ar del ay, | eading through intervals an.
alternatives. A before and after safety eval u:
after installeaeftfeatitwemeasuofe tihe LPI
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I n 2021, the City of Toronto developed additi
proactive approach for( Ctihe iomp ITememttitar,ii s d2add)u r
the Empirical Bayes (EB) method was used to r
i mprovement to deter mine t hAed dp hta soinnag |oyf, anP 1L R
suggested for i mplement altewel itnr afofnijaw nscitg rmoanl ws
the negative i mpact of wvehicular delay. " New
recommended to i nasfttadrl dmrL Rl fiemplmomdrhtsat i on t
2.1LPI i mplementation guidelines of Florida
Il n 2017, researchers from the Florida Departm
to develop statewi de gu(ildienl iente saAft.o,f i2rORLt7,)i mplee
team devel oped a preliminary guideline based
revi ews and experienced traffic engineering p
gui delines FiisgBpreAseat edhan, video data were c
geographically diverse intersections that met
warrants. From the before/ aft er -psetduedsyt,r iLamml s w
conflictstatonsix Simuérasgeon analyses from two
mi nor increase or decrease in the average tot
found that LPls were effectivelyhuti lpiezeeénatag
utilization above 85%. Marginally | ower util:@
LPI was activated by pressing the pushbutton
noted as not util i z esdh bwhtetno np etdoe satcrtiiavnast ep riets,s b
or otherwise exit the intersection before it
pedestrian crossing.

Refined guidelines were then proposed based o
i mpl ement ati ons. I n these new guidelines, eig
visibility iywisaledi,n g ethd cd wisabiro,m avne hpi ecal ke ,h ocaunrd vpoe
hour vehicular andhpedegséhiaunl aol amd, pedgbtri
crossings were included. An LPI was only reco
were satisfied. Theemdiar|limPlesi i dasned ofecloimgt
travel del ays. Addi-buonaNDyTURN ©ONe&EDonbsBcghl .
backgrotuonded informational sign was suggested
an extendedsLBErwdsat particular | omaviogs wi
pedestrians and the absence of a pedestrian d
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Suitability assessment

Check the five criteria
at intersection level:
1) Crash frequency

2) Visibility issue

3) Citizen complaints
4) Land use type

5) Intersection type

Does the
ntersection meet
at least one
riterion?2

Check the five criteria

at approach level:

(volumes or conflicts)

7
/'Does th:e\\
//approach meet\
. one of five /

\Xriteria?//
/

Y

No,

Ye

4

Design LPI duration »

Do not recommend
L—nN
anLPI

j (Supplemental needsj

for LPI

Fi g@reFD®T ébki mbunaray\s $ ¢ $ ymeas iRgecd mmendati on
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approac
| mpl e me
per mi ss
menti on

LPI [
Califor
i nterse
pedestr
Il i kel ih
arteri a
recomme
Additio
typical
for-warwe
LPI

mp

vehicles arrive at the intersect:i
on of an-waBl swasenst waddwi saed earditn
eft turn phasest rReggadrsdptinigi nvresaisc u |
a mitigation measure to add gree

hing
nt atii
i ve |
ed as

| ement at i
nia LPI

ction of
ians due
ood of

on guidance for several typic
i mpl eme nd ia P lacswe cgoum ndeenl di ende sa.t FRohre
two major arterial streets as
to factors such as |l ong cross
t ur niengv ovleuhmecsl.e sl,n atnhde hciagshe voefh ia
I and a ami Pfloorr cpoeld eescttroira nsst rcereots,si ng t he
nded due to |l ong crossing distances an
nal |l yspeedauvstePcf w8 gproposed for all
intersection of an enAntRhcwhAsxal soaeap
aindt €r sFeicgdroepsyr.esents five diffament ty
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LPI should be
considered for all U LPI Recommended U
4 crossings Crossing Major Streot
— ] h
|= Minor Side Street
— —mb =
——
LPi Crossing Side
Street Optional

Major Street  source: sFATA

(2) (b)

LPI Recommended LPl Recommended

for all 4 crossings Crossing Parallel
) e - with Stem of T
ONE WAY
—
N | s
e
B
E T LPI Crossing
w N, Stem Optional
=
o
(c) (d)
LPI should be
considered for
all 4 crossings
Entrance/Exit
Ramp
g —p
5 ]
3
(e)

Fi gdL®!| sTygptilctaér secti ons

(alwoMaj At e BtiracletAdMa j @b ) er i aMi na@od | & c tTwoQne( c . )
wayst reetAd-i otdpr seAnt iEmnt r(aeRezrep Ewild h amt er i al
(Carpenter & Bhullar, 2021)
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2. 1LRPI i mplementation guidelines of Scottsdal
The City of Scottsdale has al so (dCavwel oopfed a g
Scott,sdalceoommendi ng 3 seconds or above for the
approach, the city would only install further
necessity is shown foll owing t hed icnhpalreantetnetraitsit
are mentioned in the guideline which should b
such as the history of collisions between ped
pedestrian crossings,l ilzedatsichhmodt ca odksesmadrkat &
crosswal ks wi-tarcomdévemeéenng tkekédt do not need -
the presence of visibility issues, and a high
consi derisam waeldemsd rt hreshol d of 20 pedestri ans
pedestrians per hour on one crossing over any
i mpl ementati on.

2.1SGmmary of Exi stRGuWi dellriinedsi ct i on
Tablreepresents a summary table of different fa
LPI guidelines that were covered in this docu
measurements and threshol ds.

Tabl e Summ&a gt Gofrss i debDi édd eirent

Guidelines.
FactorfJuris{ReferelThresholds/ Consi der at
Crash |[ToronjiSanein|ln a-baserde suitabilit
freque Lo, 20lannual collisions bet
right turning -hvepadcddg
crossings in the past
a) 3 or more than 3
b) |l ess than 3 woul d
The rate of confl ihct ¢
observations) bet weeil
right turning vehiocl ¢
during area specific
peri ods.
a) 3 or more than 3
b) |l ess than 3 woul d
FIl orifLin et|Average Crash Freque:!l
2017 vehicles on green ano(
crossing the street
signal indication O

Nolutrh smenii oan s
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FactorflJuris{ReferelThresholds/ Consi der at
Calif({Carpen/A review of a mini muil
Bhull alyears of collision d:
2021 mul tiple crashes or i
fatal crashes.
Visi bijToroniSanein|lrregular intergaactniocd
i ssue Lo, 20lradius, crosswal k pl i
as buildings or base
angl e
Fl orijyLin et|Obstructions (e.g., I
2017 trees), blinding sun
condition, irregular
Calif{Carpen|Street furniture, ot/
Bhull alet ¢
2021
Vehicl{Fl ori(Lin etja) Average number of
n o-n 2017 pedestrians and turni
yiel di pedestrian AWal ko si (
. or
behauvi b) Percentage of <col
onset of the AWal ko ¢
10 %.
PedestfToroni{Sanein|ln a-bacsere suitabihl it
Vol ume Lo, 20lvolume of crossing po¢
a) more than 1,000 w
b) 200 to 1,000 woul (
c) |l ess than 200 woul
Fl orijyLin et|ja) For pedestrian vol
2017 average day, approac]l
0100/ hour, pedestri al
O50/ hour; or
b) I f either turning
pedestrian volume at
not both, is satisfi g
of cross street 0400
Calif{Carpenja) Intersections wit.l
Bhull alhigh pedestrian vol ul
2021 b) I ntersections wit.
traffic and moder at e
c) Separate evadlawat ia¢
peak hour exposures
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Factor

Juri s |

Ref er e

eshol ds/ Consi der at

Scott |

Scotts

eeding 20 pedestri
ssing or exceedi n¢(
crossing over an

Vehi cu
vol ume

Sanei

Tor oni n
20

a-basemrde sui tabil iht
icular volume at i
|l ess than 16-1000
16, 000 to 3052000
more than 30;3000

h phase vol ume
with LPI

or mor-& woul d
than 0.9 woul

FIl or i i

N ™
o —
=35

et

vehicle peak |
ch turning vehi
rian vol ume at
either turning
rian
t h
Ss

Qo S O T Q
(7]

vol ume at
, i's satisfi ¢
street O500

Fo4dnrour
and -ei
hour
vehicu
and
pedest
vol ume

FIl or i i

N ™
o —
=35

et

Fo#dhour vehicular and
Approach turning
pedestrian volume O3

pedestrian volume O3
through traffic vol ul

Ei ghhotur vehicul ar and
Approach turning

a)

ped

b))

ped
t hr

I f either turning

estrian volume 02!
I f either turning
estrian volume 02!
ough traffic vol ul

School
crossi

Tor oni

Sanein

20

I n

| oc

a)
b)
c)

a-bacsede suitabilit
ation from the nejq
more than 200 m w(
200 m to 850 m wol
|l ess than 850 m w

FIl or i i

N ™
o —
=35

et

a)
an

Approach turning

i ntersection with
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FactorflJuris{ReferelThresholds/ Consi der at
b) LPI durati on: 1 h
after school start ti
before and 1 hour af{

Scott|{City o|/At a designated si gn:
Scotts

Calif({Carpenjlntersectionangedhehel g
Bhull alexpected to cross.
2021

Onway |ToronjiSanein|ln a-bacserde suitabilit

street Lo, 20|of wape str eientseroge atti

T- scored 2

intersFlori{Lin et|LPI i's recommeedsdcf

2017 intersecti-wap wiitdeta
Scott|City o|/LPI is r ecaommennudbdndeao
Scotts|streed naeds@&ctions -w

turn movements

LPI ToroniSanei nfA minimum of 5 secono(

dur at i Lo, 20lpedestrians to clear
one direction of movi

FIl orijyLin et|/A minimum of 3 secon(
2017 pedestrians to clear
direction of moving t
parking | ane, if any
Calif({Carpen/A minimum of 3 seconi/
Bhull ajlpedestrians to cross
2021 in the case of a | ar (
enough for pedestri al
ahead of the turning

traffs released.
Scott|{City O/A minimum of 3 seconi/

Scotts

TravellToroniSanein|ln a-bacsemde suitabilit
Lo, 20lincrease in intersect
a) |l ess than 10% woul
b) 10% to 30%-lwoul d |
c) more than 302 woul
FIl ori(Lin et|LPI i's not recommend ¢
2017 increase traffic cong
on engineering | udgmg
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FactorfJuri s({Refere|{Threshol ds/ Consi der at
Calif(Carpen/After the i mplement at

Bhull ajthe -srtoest split is s

2021 time back to the cong

the effect of wvehicul

1Safety effectiveness of LPI
e have been many studies to quantify the

—
5 -
D
—

For exampl e, (FaydeGid montde-dSreoestsewnpt B compari son

TV OoOWVWw 0500 >

OO ® OO0 ST T 0 X< —

uate the effectiveness of LPIls with c¢crash
alized i ntersectiomwonttrcredtedentintegrcergs) oa
ps)Calnl eSgea,t ePennsyl vani a. Al | i ntersection
though traffic and pedestrian volumes va
$ehiacnl e crash rate reduction of dDetlween A4
ementation with a 95% confidence |l evel. A
ss the LPI G6s effectiveness under certain
from the disaggregat anoarealefdiexctn evee alt
gher pedestrian volumes and mbemreftirash
rom the economic analysis of LPI imple
e in vehidedreeddel ay was not consi

©
(¢
o
oS ®® — od® S < oS —

_;_
D
Q

=y

ough most existing rweslkiacglceh acomfsliidetrs oml
l uate LPI eff gcAtriume reegs sa,l .ot Redr2 3Is; & wGebiuagishsnoo u r
mi ned t he -veeffiecclte omo lvleihsiicdrnes. (R0@8@enta st ud
w quantile regression technique within the
ash r tesnkds aonfdp eveeahs tcrliean type conflicts befor
LPI treatment. Aafttioeral Wiad a5S5Washacot $ eat elne
rsections in Bellevue, Washington. Confl i
ware for the anaafytseirs .e vlahleuiart iporno pforsaentde wooerfk
' ict techmkFigg®seAicss oprrdd snegnhteBold tihree asttnuednyt, r e
repedbstltean conflicts atAL®i gwaki aeédoi hbe
no significant effeendononfrles dlireiqitcomeg ( O
shold of 0.2 s).
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* Automated conflict extraction (TTC <= 3.0 s) from traffic videos on treated
and control sites in the before and after periods

* Modelling extreme quantiles (>0.85) of negated TTC as functions of
treatment (treated or control), period (before or after), conflict type
(vehicle-pedestrian or rear-end) and other covariates

* Estimating Generalized Pareto distribution at extreme quantiles, with scale
and shape parameters modelled as functions of conflict type and other
covariates

* Odds ratios estimated for both vehicle-pedestrian and rear-end conflicts
to holistically test the effects of Leading Pedestrian Interval (LPI)
treatment on safety

Fi gbor &&f or Af alevda | u &t & me wAprpkl yTir madGoind Ta cchtni ques

tractions. Graphical met hods were used for

destrians Kigbwddkeaws vermiacutelsiine of the aut ome

sidual |l ife plot and threshold stability pl
mo n sitm a@@de0slhor -rtireceume confl i ctlds ,20ttlhe t hr es

(Arun et al ., 20283)
Goughnogeoeti) bi zed -baans eednpbf et feccraemet hod wi t h cr a:
2005 to 2014 to develop crash modif-taoamhion f a
phasing based on data from four | arge North A
Toronto. The study used 42 treated sites in N
treated sites in Charlotte, North Carolina. T
considerable safety benefitmedasmahudraghas1a3hf
reducti o#v eihn cuehicalashes. An interesting obser
found similar results for both New York and C|
Chicago all ows RTOR i hdmbet doaaséw. thkei $ owes ulp!
Chicago compared to New Yor k.

Il n another safety évaO&RODati aedsbubdyer@uahertcadl
threshol d appbaosacah-afefearcesaf it gt eval uati on of
video data were collected for 6 hours and 12
LPl's were itmplhementosd wal k per intersection in
crosswal ks were matched to have similar chara
treatment crosswal ks. Traffic conflict data w
wee extracted from the video using an aut omat
study, two caxedd cdfe pedhdddtircitaan were considered
first i s when pedestrians passntdhtbegbetbedcc
pe

e X

re

de

Wi
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estimated using the fitted generalized Pareto
threshold. The study found QA%)siigmighedernd r weahmliuc
conflicts after LPI i mplementahi was uietlmheavtene d
t ter eat ment might increase crashes during othe
data from only two intersections |l imit this s
volume of | eft varwmes aod UPKF$eweme not consi di

Conflict extraction

Features grouping

Fi gér & agr a mProdc e hsea f@bind An Ity ¥i. s Guo et al ., 20
Few studies have investigated the impact of L
study, Sliao0dmg)abl abhed a omdr gnordaell lwanerf iqgtuant i
assess the i mplementation of LPIls at a given
traffic conflict. The model used thervyoltome o
assess the |likelihood of a comegneafcitt oocfc ulrRIi ncgc

ulti mately evaluated by comparing pedestrian
costs:stAudcyaswas per f or meuds itnog etvhael udaattea tfhreo mmoodne
SE 122nd and Divi si onFiSgupeeeets einnt sP drhtel areds,ul @rse
using the proposeadutmodred uve egsnt arhdeteimefratfth about 7
di scovered, and on both streets, it was found
ratio could biedimgrtlheedPbyomplrypyvduring speci fi
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12:00 a.m. 6:00a.m. 12:00 p.m. 6:00 p.m. 12:00a.m. 6:00a.m.
Time of Day

Fi gur eBeiCesRat i Br oovfi di ng L@alsSfudyh ahma et al .,

Whereas LPI duration -1 ssenaomdygy iimprhegante nd tealt ¢ 0,
(204uUgyggestaddnysiLiPd in certaiammbobhgatedn&Pl Awh
devel oped in their study wusing conflict dista
fl ashing ADondt Wal ko duration, and green ti m
suggestem| awasgatged LPI at certain intersection:
pedestriansdé conf Hiuatn wiotvhevned ngmree Mmvosws i v el dare ftthr
movements parallel to thaseroasswahkghaectpeded
time than vehicular demand. At six suburban i

have been effectively installed by VDOT wusing
i ssues or customer compl aints.

Il n another study on(20afehl ynegdrgppudobxomasel $z

York City motor vehicle collisions from 2012
|l inear and Poisson regressions were used to e
number of co$) ipeodoestripanso cyclists, and mot
reducing the number of injured pedestrians an
motorist injuries were primarily reduces in t
can obtain higher speeds. Another interesting
i mpact in neighboring intersections fitted wi
mi ght sl ow down or become emdrieg hal erhtantge speade
crossing where there are nearby intersections

2. Pedestrian Scrambl e

Thpdestrian scramble, also known as the O0OExcl
is an exclusive pedestrian signal phase where
pedestrians are all owed to makerilgaBtreefrhl sand d
treatment canwvebdote pedébktctanif properly ut
safety effectiveness of this treatment wil/l b
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Fi g8rePedestri(@mnosScAmgmlles Department of Trans

2. 2Pédestrian Scramble Operation in Los Angel
The Los Angel es DepdriOmant defvveTropresp ot atciyomn
guidelines for pedestrian scramble operation.
phases should be considered i f all of the fol
vol umes meet oe¢e easakieelde 30&l ometthuri ng the peal
crossing per hour during the peak hour in a s
occauwcrr oss more than one crosswalk (at | east 20
and an paft teerrashes involvingepxe@atstlre ants tamrde &
documented crashes within the | ast three year

With respect to design guidance,

1. Pedestrian scramble is recommended to be in
intersection is very | arge (diagonal <c¢cross
2. NRTOR restrictions were suggested for i mpl
3.The removalpefmpsoteetleedft turn phases was
were installed due to pedestrian conflicts
to be added without eypeemissgvehethagchg i 5
4 Prot eocrtleyd t urni ng movements or LPI were rec
scramble in castumohi mg feehipeldestcomnfalni cts a:
the intersection.

5.APedestriafi ogdri amlelne agtrsaodre mreaarl amw oastsi ng or
railroad preemption and at or near a freew
result in backup onto the freeway mainline
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2.2P2destrian Scramble Operation in Calgary,
Kattaf2e€®9al uated the operational safety effe
and after (6 weeks after the i mplementation)
Calgary, Al berta, Canadaebs$ichg TChadatuanbhme aassd raq
of shhietiyally, the int erhasectwsadnnapdeerrnaittetde dwiltehf
green and right turn on red. Foll owWNRMIgQOR he i m

was i ntReoddeuscterdi.an andt viedamctkeeftowfl| pe-ies and
compliance information were manually coded fr
regression models. The findings w@wkhikie sbuady
but an incrieaseviol pedess after pedestrian sci
of all violations occurred at the beginning o
violations occurring at "safe side" acdreosssidred's
crossings (within 2 to 3 s from the start of

attitude toward this new signal operation was

survey of 149 pedestrians.

A foluposwtudy was c¢ on(dulciltfe)d hbey fSOhahowitngaly.ear t
l ongerm effect of this new operation on pedes!
nfl

were developed to model the number of <co i C
poshstal |l athieomr epairliteed . f ound from this study di
pointed out the operational effects of the sc
According to the findings, after thestirmmlnemen
vehicle collisions and pedestrian violations
time, both incidents significantly increased
NRTOR rules on weekends, w&ile only 1.1% were
2.2P8destrian Scramble Operation in Toronto, |
Pedestrian scrambles were i mplemented at thre
Bay, Bl oor & Yonge, and( Qobnhygeof® Dofmapadsde sAtArOihdbrk
scramble operations at the three sites was pe
metrics: wutilization of di agonal crossing, 1in
pedestrian del ay, vehi ubmargdee¢myyousead &8 cedhi ¢
consumption, and wuser f eedback. Compared to o
intersection observed the | owest number of pe
mot ori zed user su.s alieagvarsalalsroodsiweg i n this in
weekdays and 12% on weekends with the reason
29 m compared to the other two intersection

k

1

ninfeigcaatnitve i mpact on vehicular delay and co
increased from 40 seconds to approxi mately on

iod and about two and a half mnhnouéeasedudei:

reased driver frustration and ac eelldertatped

|l i sions c¢climbed by 50%, sideswipe crashes

uction in pedeéels3i®uraend del agscandeancdawdi ng

h as was noted at the other two intersectd.i
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actual pedestrian vol-demkesnemeasuged!| oni mihge ph

these negative results, the city recommended
t he Bay St and Bl oor St intersection.
2. 2Pédestrian Scramble Operation in New Yor k

The NYC DOT conducted a pedestrian scramble s
2015 to determine the f{bawi Fol kt@i ty Déepgonmée

Transportatlimare@2Vdd)wai ting time, sidewal k o0\
reduced crossing time were some of the negat.
The NYC DOT recommended some intersection cha
scrbdm i mpl ementati on. I ntersections with atyp
crossing is the shortest crossing distance, ¢
FigQrepresents an NYC intersection with a shol
intersections with |l ow vehicular volume and h
considered. Several signal timingasptweng suc
recommended with the pedestrian scramble to r
suggested to include with the pedestrian scr a

because of the risk of usky moarfhyiAmMS oroidd e oi

Fig@Orelnter s &td Ditoang duni gtkha nReal efsdSe i ambMNew Yor k
City Department of Transportation, 2015)

2. 2PBdestrian Scra&mbh eF Oglaasl id ¢f cor m i ian

The pedestrian s catanfbduer iimptleernseenctiantoi®®mn on St o0cC
Francisco | ed (S8FMTAecetsEhlouphcmn@®&) of pedestri .
crashes increasédyffaom;t woweeoeffoudfloend hmay be
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increase outside the scramble itself, accordi
Additionailnygt alall dat ip@esti njuries involved el der |
adapting to the new system.

Posnhstall ation surveys showed that 69.5% of p
system, though pedestrian behaviors | ike runn
11. 2%. -pwedheisctlrei an confl icts % rtoop ple.dl 9.i gHwi w eivcearn,
speeds decreased by 21%, with average travel
bet ween Broadway and Sacramento, and auto spe
though side streettorfa¢dwwerc pédest mpaoveedl aypye.
pedesstcrriaambl e can be challenging to use in cer
with high through traffic volumes, including
effective in some situationsol(smedh afs tswmani reg
and pedestrians).

2. 2S&afety effectiveness of Pedestrian Scrambl
Several studies have been conducted to esti ma
scrambl e. -sWsigreg de sttwon metOkedq] uGhend ¢theal el at i
a pedestrian scrambl er all athgd wp @ che 4 thrrieaen od ditenmt e
increasing pedestrian walk timen SphiErlgnhsaisec
the first stage, a comparison group was gener
intersections but without the countermeasur e.
generalized estimating equatadauwmt (fGErE)a dmkitthioan &
confounding factors that were not controll ed
potentially associated with crashes. Study re
best countermeasure for reduci cgupé¢eeadesnermaisames
However, this treavereinctl e nccrraesahseesd, meuv en ptlheo u g h
significant. Findings also suggested that the
situations (e.g., smaluemesionfetseat ngnmwetivi the
can be challenging to apply in others (e.g.,
volumes, including transit service). Addition
pedestrians were considered suihtiablte efadrmean tpbe
adverse i mpact on vehicle traffic, a recommen
pedestrian scramble was put forward.
Furthermore, addnvesbhgaredfeHftifyeccthavreness of a
scramble with a conventio(O&dMh ebtnabrre0ldreé&h
201Bhang(20é8di mated the safety effectiveness
options based on pedestrian crabh fheguehuogya
hours of pedestrian and vehicle volume dat a,
factors published by the Connecticut Depart me
average daily traffic-tWAADTgnawiezedciohtdt ecsedt i
Pedesvterhiiacn e i nteractions wdeétiolasenéiednlbist
crossing, potenti al conflict, mi nor conflict,
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del was used to predict inter-achean madebtrw
ilized as a crash count prediction model . F
rambl e were found to have fsiweg kutasdte sh icg hme
verity |l evels. A pedestrian scramble was r e
mply because of the greater risk of severe

rambl e was suggestedtionbeotohsgdetedfbntys

i stances, and | ow pedestrian volCmeyg, owhilToho

15; New York City Department of Transportat:

another similar study of the effectiveness
asing hy2O0OMadgediujhdadt i ve model was devel oped t

the avail able green time byt vedhe cudmmdi ttira@ar s
ndomi nated sortlilngl ®0ast uti dli gedi hleme t o so
lothij ect i Viei snoshetl el opti mi zes the use of gree
destrians at intersections by comparing two

ncurrent signal -phaalggri Uemngithei N&ESAt he
ficienwceghifaamide dpetdlelsda rp earnfsar mance of the model

se study and performing sensitivity anal ysi
deds an demand, turning volumes, and proport.i
significantly impact the operat iwaryal perfo
ossing. The pedestrian scramblnes wad hf dierads yt
affic volumes with high turning movements.
tersections with a higher diagonal <c¢crossing

destrian vol umes.

should be noted ¢taatd aden piedersalrli ea nn esgca taimbe
hi cul ar déglKoyt hfuari eltKoatlls @ 2 @10&1h7k)atd . sever al

fi diocrusyed pedestrian fco@atdmemtt s onsudh eds oPpeE
cle |l engfosusandtsafaetment s, including LPI a
f tiwvialRleoop si mul ati onnbhhsedpant shefopbeati br e
destrian scramble treatment produced the h
e simulation results. LPI was also found t
| ays; howeawdra,y spemaasntlryi aver e unaffected.

2ADA ComplianPed®&st esahoBcrambl e

ere i s not any specific gaiWaywnAec eaneqith iolnietdy
idelines (PROWAG) related to Pedestrian Scr .
tersections, while not speci fi cad |Aymeardi dcraensss
th Disabilities Act (ADA) compl BanBsAecessanBa:
2Bhi s i ncludes ensuvii qnigbitlhiet prersesncwaloks hirgd
destrian crossing signs, and curb ramps equ
ese intersections should havedsppadeatrei ams bi

i
0

navigating safely. Detectable warning surface:

al

ert pedestrians to the presence of street c
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One of
i ndi vi

t he
dual s

particularly

pri mary
wh o

ar e

c hal
bl

n ar eas

| enges

nd or

at

visually

e mi

vehicle movements provide

|l ack these cues, potentially
chall enges have ionfc|Auwcdceeds stihbd ei
However these signals, which
WALK signal, have proven compl ex
(Harkey et al , 2007)

2. 2S8mmary

o fP eEhbeisd trii rmgbu &ahrcaemb | e

t

and

and

Pedestri
i mpaire
wheretradihti comalnsi mnenr £«
auditory
complicating
nPsetdaelsltartiiaonn Si
di fferent
potenti al

Jur i

Tab2reepresents a summary table of suggested
in different jurisdiction's pedestrian
document .
Tab2 e Summary of Factors Considered in
and Research
Factor |Jurisd Refere|lConsiderat. ns
SuggesiLos An/LADOT, |l ntersections ful fi
| ocati 2017 criteri a:
a) Pedestrian volu
of the vehicle volu
or 300 pedestrians
the peak hour in a
b) High volumes of
more than one cross
per crosswal k durin
c) A pattern of cra
and turning vehicle
crashes within the
New Yo/NYCDOT|l ntersections with
2015 t he diagonal crossi
di stance
San Chen ela) Smaller intersec
Franci|2014 turning vehicles an
b) Downtown areas
pedestrians.
Connec|(Zhangla) I ntersections wh
2015) l i kely to comply du
severe injury in th
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Factor

Juri sd

Refere

Considerations

b) Only in conditio
|l ong crossing dista

vol umes, which is ¢

Not
recomm
|l ocat.

Los An

LADOT,
2017

a) Not recommended

the intersection is
crossing distance >
b) At orgrmeda raai lat
i ntersection with r
c) At or near a fre
stopped queue di st a
onto the freeway ma
d) I f there -Bueni ew
conflicts -6tse PpPuoh
movements or LPI i n

San
Fransi

Chen e
2014

Chall enging to use
hi gh tthrraofufgihc v ol u mg
transit service.

NRTOR
restri

Los An

LADOT,
2017

NRTOR restriction i
pedestrian scrambl e

Left t
phase

Los An

LADOT,
2017

Removal opepmbsecte
phases was advi sed,
i nstalled due to pe

APS

incl us

New Yo

NYCDOT
2015

APS was suggested t
pedestrian scrambl e
di agonal <crossings

di sorientation from
i nterference

ADA
Compl i

Publ i e
o{Way

Access
Gui del
( PROWA

U. S. A
Boar d,

ADA compliance rul e
facilities includin
a) ADAnpl i ant pedesHt
i ncl uere shibgh ity crg
i sl ands, pedestrian
ramps with detectahb
b) Separate curb ra
an intersection sho
than a single ramp

crosswal ks. The sep
orientation for vis
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Factor |Jurisd Refere|lConsiderations

by directing them t

crosswal k.

c) Detectable warni

domes) must be inst

each curb ramp.
2. RRFB/ CRd&mBf i rmhaghon
RRFB/ CRFB, khRisgébelwasi heen widely used as a sa
increase driver awareness and visibility of p
This treatment can assist in raising the perc
(Fitzpatrick et al ., 2015; H. Guo & Boyle, 20
FigabeRectangul ar Rapid Flashing Beacon
(Source: htt phsor/n . wowewd lrifriil be y
However, there can be issues with how the c¢cro
given the pedestrian's |l ocation with respect
al ways apparent that the dewvi chei efdetcitve.entEls
treat ment . I n this case, a confirmation | ight
status ofwhtmethegcpmush the button
Feder al Hi ghway Admini str a(t2 Cdim8 WtFHWAd d | inrt strd Im
smal | pilot light with the RRFB Fi ERBEdBotwe gi v
i mages of small pilot light given in FHWA I nt
guidelines related topihetdésighn ame opeéer ptriow
Apart from that, it does not appear there are
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any state regarding RRFB confirmation | ights
such as Google Scholar, TRI D TRB, ResearchGat
member forum and Linkedln pltaad ftorensd € soi ggma t cheir ¢
the confirmation |ight yielded no significant

PUSH 1
BUTTON TO
TURN ON
WARNING
LIGHTS

%"”“”'“"‘.‘A\_\.‘A\.\\\\\::ii\\:‘it:iji"'- \{ PR 7 : : )
(&) | otw/L iRehd (bPi l ot L (dPushbutt
Fi gaddRRFB Crosswal kFHWA, p2neh8)

-~

Though no official guidance on confirmation |
jurisdictions have taken measures to mitigate
overhead RRFB system has been noioboatd btasemwne
pedestrians. This beacon is installed facing
the throkRiight®epfesents i mages of overhead RRF
Las Vegas Blvd and the South Point Casino exi!

arrows. ConversationsTwandspartatifdn cDemagn nmem t
revealed that the department received compl ai
confirmation |ights. One common issue was tha
pedestrians becausbhethkegshbheubsdfaoingethe vehi
stop, the pedestrians used to think that the
was not adheHdmoe,t ot tehedeamdret. ment installed ar
pedreisans in the crosswalk to inform them that
pressed. However, this is a |l ocal area pract.i
related to the confirmation | ight.
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(bPed I nc

Light
(dDetail Sheet of I nstall
FigarRleas Vegas RRFB Installation
Confirmation | ights are also observed at a po
|l ndi smea.l |Afl ashing LED |Iight has been instal/l
crosswal k, along with EFhea®EpPrlkeisghts i magebkeo
mounted RRFB system with confirmation | ight (
Lindberg Road, West Lafayette, I ndi ana. Howev.
to see such conwiidremasttiroene tl.i gWittshionn Aa i zona, th
used at an RRFB crossing on Butler Ave in FIl ai
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(B)ndi cator
FigaBWest Lafayette RRFB I nstallation

2. Advanced Pedest(rAPASY) Pushbutton

Pedestrian pushbuttons all ow pedestrians to

crossings equipped wiprlessl ashiangultitght s Swintle
COVIID»® pandemic, demand for touchl|l &sgapgedestr
has increased. As a result, many North Amer.i
pedestrian pushbuttons for their activated p
benefit pedestrians with disabilemeas. Touch
bet wedeni ntlches from the face of the assembly f
of ficial guideline related to the sensitivit
in any design manual or from any state trans

PUSH OR
‘| WAVE AT
BUTTON

FOR

FigadeTouchl ess Pedestrian Pushbutton
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ot her advanced pedestrian pushbutton funct
ditional accessibility features, such as v
extended timing to pedestrians.onThe gui da
nction has only (Rod@)ft o wmd ChmpMB@TCHBE Pedes
atures. The MUTCD recommends that i f an ex
y additional features, the pushbutton shou
cond to activate hhpses$eaturess Ahpusbbet
l'y the pedestrian timing and any associate
conds is recommended to activate the featu
me may be aea dweal k oo reipehdeas tiMidi TaGD2c0M0®ONge | nt e
sumes an average pedestrian wal king speed
bsequent u pMiUaTt CeDs2 Oidrhgel uedfifnegct i veness of pede

mes may be assessed using a walking speed

e MUTZDO9Beci fied a value of 3.5 ft/sec to ¢
me . Re s(eadradpd ry zleid t he i mpacts of this redu

e(edd ft hs®MYCD 2009 by simulating various t
fferent traffic circumstances yielding a s
duction in pedestrian walking speed woul d
af fyi ci fdetlhae cycl e | ength of an intersectior

shbutton press function would not be neces
rtended pushbutton press function can be wu
ter the change of pedestrian wal king speed
intersection cannot be changed.

Pedestrian Crash Frequency Hotspots

e number of pedestrian crashes varies mainl

ctors. Researchers have used different meth
thod being the crash freqguemegnimed hmet haovdhi c
thod counts the number of collisions at a p
tersection) over a predetermined period, us
om most frequeansthiefsedé¢realst Hif glewa e nA dSmiranii sstt ri act
thods have been used in many variations to

d Poisson regression are the default regres
th pedestri @a€hcmbhahefrabuen2z9oli4; Lin et al

l and et al., 2013; SeneAretG|l &l . a Beédspabial
en used to generate heatmaps to v{(€odjoee t
al ., 2021; SharAirfc G& SDeodfdeuky ,vazxlolu)s spati a

n be categori zepamaametariamemet tcodnd ThHhlboea ker nc
t parmamet ri ¢ met hods that can create a dens
d eaxmehct ed pedest(r@Quinstclmdrd g setonalc.o,u AADAGLS5,; So

39



exampl e of a Ker nel Fiegnasb et Tyh emanpa p sr epprreesseennttesd

pedestrian collision risk areas and arterials
values of expected pedestrian collisions and
pedestrian col ldiaglinao v n Acdcdad tyassems atlsdlugceh aamsal ysi s,
analysis, and others have a(Gwowdjbeenetr exlent | ¥0:

Fi gabe KeDennesiMa y Po € d i Cotuendt Re defs tCo I b n(s@Qwinst ber g et
al ., 2015)

Il ntersections and midblock sections are some
were ob®erChbdn & Zhou, 2016; Kimley, .2017; Li
|l ntersections witthP. m€hent RaZhoblire@0l&ne<hi mba
& Azi z, i2hdrleased average( Mahmbudif erhiddh c 20F
pedestri ane ldindl ehdadimone i et al ., 2022; Sener
2021; Sotaog erwspehkd(, P.2 O@RRe N & Zhou, 2016; Chi mba
2029)raf f(iLe nsiegnalls, 2019; |Mamgmocudis sdtngald.i,st?2
(Singletonared abdsencd 2df) shoul ders and si dewal

increased crash risk for pedestrians. Sever al
environment factors and pedestrian ermchefreq
pedestrian crashes and higher collision risks
mor e mi x e(dP.l athhde nu s& ZAroaug s 2wWilt6h a g r(eCahtiemrb an u mb
et al ., 2014, Uk kbuusssg Psit c®&thsAmi &, ZBO6W1l) 2016; Cod
et al., 2019; Singletpnaed algre20€dld; nSwmber ed"
usébkin et al., 2019; Mahmowdrie edl sad . mo r2e 2@r; o e
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estrian crashes. Hot spots were also identi
rf Godjsoe et Salci,odzmdP) aphic factors are al
pedestrians. Nei ghborhoods with a higher

mba et al ., 2014; Kimley, 2017; s&innglret on
I(altiinonet al ., 2019hoUkkbsuds &i @hpniomhkta ethl X
, 2014; Lin et ,alp.opu20alt9;onSoniot hetl oawe.r, s200c2i
i mba et al ., 2014; Ki mlnay ,a d2u0 1t 7s; wMa hhmd vodnie r
cationdglLiant tedai mrmment 2019we Uk kallslurfio&kndzia, b
h i ncreased peddéasutsrni an csaevifdraaqudémoym pr e
ersection geometry, |l and use, -seceéelbdeaogorl:
associated with pedestrian crash frequenc

- —TaoaOO—00NO0O0®
oo~ - a
- —

® ~+ ~+C T

Gurrogate Measure of Pedestrian Saf et

raffic safety analyses have traditionally re
enf orcement agencies, despiteThder éliimalialtii toyn st
datasets may be | eoipnacrodni sziesdt ebnyc ii esss uiens dsautcah qausa
di fferent crash reporting criteria between ju
col |l e@dtASdHaAOa . In01lad)di ti on, crash data is typica
be compiled over multiple years for effective
mi nor accidents that do not result in injurie
exclusion of importanAASHTQ,| ft0alrdnt he ahsad d eEma
evaluate the efficacy of novel safety concept
be enough data available if theAddmnd¢eéepthdal diye
may be difficult to compare results because d
di fferent ways. Crash data may occasionally o
to traffic patterns.

To address | imitations in crash data, surroga
measures, have gained popul ar i tcyr asnh riencdeincta tyoer
evaluate the safety perf orciaundcee BEonfc rdoeasc hgnme nfte aT
Decel eration Rate (DR), Propor t-Emor cod c lSmeorptp i Ti
(PET), and Ti me( AASKDO, BPEDO)RO(TdTTTC are parti
|l i kely due to their relative ease of <calcul at
seveNumegrous previous studies have successfull
and/ or PET) to assess (Bedaestirieanaand RIOdAdWc I iGh
2022; Jiang et al ..TypRrioda&l | yRustslbed w@audr.r, o Rat2e89

manu al transrced @ltutoinorm ff ihalgdh vi deos. Among t he
its straightforward measurement vialdethnisng
wot KPET is wuti lmized ctomfgdgawges mbeeadarween pedestri

2. 6PbEncroachment Time (PET)

Post encroachment time was (dOj7@aamaglr kegennsr ode
duration between the moment when the first ro
the moment when the second r ofaldo hunssesro na.peptrnoaa c.h,

41



simpler terms, PET measures the proximity of

same time, thus indicating the severity of a
indicates a very close calla, cwiltth stlmhen.r Codvies
higher PET value implies a greater temporal s

setting a threshold (typically between 2 to 5
them based on wietvherHBETy .v alowmne sl iccltosser t o zer o @
Figaegehows an example of the concept of PET.

PET=t,-t;

Conflictzone fe=edo-—-—---
1
(LLELA o oo __u

Figdabe Toemcept of PET (Russo, Lemcke, et al .,

2. Bicycle Clearance I nterval

Clearance intkbreptbeseguerkdr fer than those r
of the travel speed difference. Conversely, ¢
result in safety concerns. Hence, accauegmttieales
for the safe and efficient design of traffic
interval are mentioned in the American AssocCi ;
(AASHBO) de for the DevelgypmNani ool BAsgokceaFao
TransportationUOfbfainciBalke waNAQ®B®B) §or Guand&MUTCD,
design manuals discussed in this section.

2. 7BlLcycl e Clearance Interval Guidelines in A
AASTHGGs8de for the Devel dpmgrtd vo fd eBli yeovl g uk ale
signal consideramoonsgf ohebipcyolri snstructions
clearing and yellow change interypyakFrsamelerwas
(mini mum greeeadiinhnteevaadl,, adhd extension ti me),
accommodate bicycles. These parameters are ty
characteristics of motor vehicles. mThemgmi dek
ti me f standing and rolling bicyclists. The
regard g yvyellow and red intervals. I nstead,
i nsuff ient, provi dian g efda rc ad xtde ms icorc | tei et etc
i n to add enoughlhhei gei del chear doheoitntre
e ow interval to accommodate bicycl es
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2. 7BRcycl e Clearance I nterval Guidelines in N
NACT@asbhban Bi keway 2Dddfiggogmméunidde sufficient i cy
intervals to afEemnmenvtdialte bihlkei 1d speed for bic)
an equation for tiptpasovdlaeadaowmne bictyed ealt r@@ el

intersection wi dtEqu(aW)i omhi ch i s given in

F L Equadi
FokEquatii arhe travel speed (V) should be measur
interval suitable for the | ocal circumstances
second (9.5 miles per hour) may be used as a
approaches. For intersection width-I[(iWe dari st a

crosswal k in t-henapstockbabf ways#&aogp ansgs tthhreo ulgahs:
considered. The NACTO guidance indicates that
using the bicycle crossing time for standing
i's given.

2. 7BBcycle Clearance I nterval Guidelines in t
A formula for the d&noitnail muonh girheee nt,h ryeeel |ionw,e ravnadl
i nterval sfoirs apdrlowiidgendal phases (both afih traff
the Calif o(rnh(dad pMUeTFCDX han di sti ndtcbodmagasofor
Equa2i ame total time should be sufficient to
the I ast conflicting |l ane from the | imit | ine
additional-upftemei oé& 6t aetoindesd iAn ACalmiftor nina
(2044)a solid white |Iine not |l ess than 12 nor
roadway or any portion thereof to indicate th
compliance with | egal requirements.
T B« i
LT TR FETRGR 8 el Equati
Wher e,
Gmin= Length of minimum green interval (sec)
Y = Length of yellow interval (sec)
Rciezar Length of red clearance interval (sec)
w = Distance from | imit I|line to far si
2. 7Bdcycle ClearanceOhntaei vallfretidel Coasci l (

OTCosaffic Signal Oper a(t2 0odnd ¢Pso Iti hcei egse naenrda | S tfroar
ambé&qu@ld)i aamd r eEdquianttiedrnvral bilcycl i sts. These fo
application at signals that serve heterogeneo
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bi cyerleed alnlt er val can increase Dbryed pclteoarlarmc e e
interval

=Ofm> «mroffdi — Equatdi
. 4
1m® <m >03=: Equati
Wher e,

PRT = reaction time for a cyclist reacting t
d = bike deceleration rate at a traffic siagrt
v = final bicycle speed (ft/ s)
W = intersection width (ft)
L = typical bicycle |l ength = 6 f1t
V = bicycle crossing speed at intersection (

2. 7Bbcycle ClearanceNant emadl CBGoipeelat ne® Hi gh
Program (NCHRP)

The most recent and detailed guideline regard
from t he NCHRIProsf fRiep 03itgmal9 Contr ol Strategi es
(20.22Bicycle red clearance interval was recomr
(at vehicle tratpeci §ignaignahd)bi dhcke equat
for different | engths are given in the manual
d
-t Equatsi
e R e Equati
d .
> tpttcwit |rd g o Equatri
Wher e,
Bi ke &+ bi ke red clearance time (s)
D = crossing distance (ft) from the queuing
the most distant travel | ane
L = bicycle |l ength (ft), usually taken as 6
v = final bicycle speed (ft/ s)
Y = yellow time (s)

Rciemrred cl earance time (s)
PET =emposdtachment time (s)
tehrt=yt i me needed for the first vehicle releas
treacfiomeaction time for a cyclist reacting to
d = bike deceleratin rate at a traffic sigr

4 4



Equabpromvi des the | ongest red clearance interv
intersection at the | ast moment of yellow can
no conflicting vehicle. This fvorommsllyg ide ssirmible
desi gn Equwiad.&€ gina6rieodhuces cl earance time to s o0m
part of the yellow ti g utaGwaum€ds/ndd ciys | tehel teiam

the start of yellow to the moment the | ast <cy
Equatifiwrnt her reduces needed cl| eaircamcaec home nlt. 8rsa
The time it takes for the first car released
truncated in thi£gaab&pnab i odwd afdiddrheogui del i
mentions the additional met hod of reducing th
intersection for bicycles to be the curb I|line
certain circumstances.

I n summary, the red clearance interval is gen:
intersection width or crossing distance in al
design guides, the distance fcroonni Itihcet ilnigmilta nlei
considered instead of full intersection width
NACTO does not include bicycle | ength (L) 1in
an additional 3 osfectohned st oitnalt hcel efaorramuclea t i me . A
can be frustrating for-coompbraste, wHenobegcathhete

o]

NCHRP guidance provides additioneall efacramwlea g iar

2. 8iterature Review Summary

Thisteratprevireed easn overview of I mplementati
evaluations of different pedestrian treat ment
indicator beacons, and advanced push buttons.

Di f f

e jurisdictions have developed gui del
suita

[

I

ty and | ength criteria based on fact
and seGui oeal gresnet rgm Cal i fornia, Florid:
ed

high

Il n ¢

0 t there is a |l ack of standardi zed
North Am [

a

a

an jurisdictions. However, the LA
gui d pedestrian scrambhésed Satvet sl fae
e I mplementation of pedestrian sc¢

c
r
and h
c rules and the number of crashes
C
a

n
f
with t
high t
di st an
scramb

wiol wmashi glspeemlaét yof turning vel
nd high pedestrian vol umes, are r

— 0 =~ =~ 0
()
—_
—_

No official guideline or documentation regard
however, two distinct types of confirmation |
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podmeunted systems that were observed in Nevad
di scussre@dpomt t hi s

Pedestrian crash frequency analysis and | ocat
overview of an area, which can be done wusing
geometry and characteristicsndlanhbdeusepnstsexgt o
were found to be associ atTehde wiitthe rpaetduerset railasno cc
surrogate measur es dPfE Tptesd eas tcrriiatn csaa f enteyt,r iscu cuhs
safety perfor manaeeasafr iinmgt @rhsee ptrioxnsmikky mf t wo

the same space at the same time, thus indicat
provides an indirect yet valuable assessment

Finally, wvarious guidelines for bicycle clear
NCHRP guideline is the most recent and descri
detailed format.
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3 ADVANCED PUSHBUTTON OPERATI ON

This chapter delves into the details of the p
Pol ara and Guardian Wave pushbutton devices t
under | aboratory conditions.s§Shehebpeshbhbuvtet onfn:
touchless detection, extended press capabilit
environmental scenari os.

3. Pushbutton Selection

The two pushbuttons used for the experimentat
Pol ara and the Gud@dieay, WaveE€&ampdhel by CPenpany.

shown bRilgpewmi t h Pol ara on the | eft and the (

PUSH OR

WAVE AT

BUTTON
FOR

(a): Pol ara i (b_): Guardi an

FigaZleesPedhbuttons

Both products have touchless and extended pre
addi tional f eatburlest,y itnoc lwodrikn gvitthhe an accessib
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sual

PedApp to aid those who are hearing or vi
t o from a

and activate the pedestrian signal s

3. 1Pdshbutton Settings

The two pushbuttons are customizabl e, with ma
applicable to touchless detection and extende
Tab3 eand are the ones tested in this work.

Tab3d e Pushbutton Settings

Pol ara Settings Guardian Wave Setti
1.Range 1. Range
a.According to th a.Three availabl e
number is ~ 2 i i nches, and 9 in
numbeb6 i 8ches. 2.Sensitivity
b.Settable slider a.Changes the unit
2.Extended Push waves.
a.Changes how | on

to wave for ext b.Settable slider
detection. 12 (Slow).
b.Options: Off, O 3.Del ay

1 Sec 1.5 Sec a.Changes the del a

Sec. ’ ’ actuation.
3.Mini mum Wave Ti me b.Options: Range D
a.Changes how | on 1, 000ms.

to wave to acti 4 Extended Press Tin
b.Options: Oms, 5 a.Changes how |l ong

500ms. or press the but
4.Ra|n_ Lockou_t _ extended press.
a.This setting di b.This setting con

ntoychlesso act pushbutton and t

during the wal k detection

b.Low -iilrbut e | oc k¢ . '

3ani nute | ocko-ut c.Options: range b

hour | ockout). 10, 000ms.
c.Lockout is -8di sa

mi nutes, depend

setting | evel

3.2Zesting Procedure and Setup for Lab T
3. 2Telsting Apparatus Setup

To test the pushbuttons, a | ocal traffic sign.
cabinet and attached t hmeomnttd naguiphatledyihit@lsl ¢ Bier g
4 E. 08.04.F) of between 3.5 and 4 feet. The pu

on the same phase2100 aaoRttcgotnBodi e wse AIBE/ Besting
with the pushbutton setup.

4 8



3.

A WOWN PR

Laser Level 1 -
X & Y Directions

ey o
=

Laser Level 2 -
Z Direction

i
paratus

2T&sting Procedure

Testi
wavin

.Se
.Se
.Se
.Wa
i d
wa
ro
h a
.Te
e a
.Te
ac
de

ng of thehputbblbbwbng steds twi dietehei ne
g procdduwrate®es hown i n

t the desired settings (e.g., range, sen
t the first |l aser | evel toFitghkeBaesired X
t the second | aser | evelFitpaRgehe desired

ve hand ten times foll owiggpPRBhedwpoesi tvas
entified as successful when the push/ wav
S not emitted, then the wave was consi de
ughly two seconds apart. | fomdulstetploef waevr
nd waves would occur to confirm the resu

st zone -moevbsi hgrements for the Y and Z
ch Y, Z coordinate until there are no suc
st zone hmawehs ibnycr ements for the X direct
tivations are detected at the zero Y and
tected, maoivnec hf oirmwcarredmeantt sl from t he | ast t
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X position. An example of this is starting
activations. After this, move X position t
activations were detected at the X=3 posit
oeinch increments (X=1, then X=2).
7.Continue testing until no activations are
o
]
N
n
N
c
Q
2 |¥ Y ford ¥
Step 1: Hand centered at Z=0 | Step 2: Move hand up 1 inch. Step 3: Move hand down 2 Step 4: Move hand up 1 inch
and Y height. inches. to starting position.
o
D
N
R
N
c
2
s ¥ = Y Y Y
Step 1: Hand on edge of Z Step 2: Move hnd up 1inch. Step 3: Move and down 2 Step 4: Move hnd up 1inch
Position and Y height. inches. to starting position.
Figa®eWaving Procedure
3. 2PBshbutton Experiments
A total of 12 experiments wer e wdadrmdldce tteod adn oftf
experi ments perfor mé&abdseh otwse t Giea rt ckisa s Wahvaet. we
each pushbutton.

Tab4d@onducted

Experi ments

Pol ara Experi ments Guardi an Wave Exper
T Ranges (0, 3, 6, g T Rangeasncthhcnch)
T Wave Time (Oms, 54 T Sensitivit[ySI(dwl][)F g
9§ Dark Environment 1T Del ay (5ms, 1000 ms
f Gl oves T Dark Environment
f Heated Pushbutton T Gl oves
f Rain Lockout T Heated Pushbutton
i Extended Press T Extended Press
1T PedApp
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Based upon manufacturer documentation, a set

pushbutton. ThTeash8, eaaleo dge tvaiitlihedt hen t ypi cal l ab
condiTesothss ail MecksAweer e conducted at these defaul
under investigation changed.

Tab3 e Default Settings

Pol ara Defaul t Sett|Guardian Wave Def au

1 Range: 3 1 Range: 60

T Mini mum Wave Ti me: T Del ay: 100 ms

T Rain Lockout: Oof f T Sensitivity: 3

T Extended Press: 1 T Extended Press Tin

T Room Temperature: T Room Temperatur e:

f Lightl4®2Lux T Light2482Lux
3.2.Barlk Environment
Regarding the o6dhekl! e gaatt rtbheemeshuttteadaresnted tat 92
|l ux, depending on what direction the ,pwuntbut:'t
what signal head .Whli besiweweul dt bienitdeal | dlor
i denti cal hefscer vaalldu atsedit sat itve of a | idghtkiemg en\
than the daytime brightness of, &dpupr ocsxtiinhat eblryi g
a full mowbmnm cht Osilgbwoatt he authors are confide
reasonabl e job determining whether or not the
on the size of the detection field.
3.2.TBeen?perature Differentials
Regarding the use of gloves, the gloves used
outside temperature of between 85.7AF and 90.
described earlier. Regarding t hewereestheodadt eedheby
placing a space heater three feet away from t
pushbutton as high as it could reach, at whic
procedures as describedobeforkeepeepenpgushkeust:
temperature during the test. For the Guardian
of 102.5AF and for the Polara it reached an a
testing procedtoesiwmetateonempeedt ure differe
temperature of a human hand and the temperatu
di fferenti al (hand col der than the button), a
(roudWIFy f®r the testerés hand and 77AF for th
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3. Results of Lab Test s

Experiment resul ts -dwemmeen ssiuomnaal r i pzoesdi taiso ntsh rweiet h
activations measured as a succTeashd. er at e. An ex.

TabGExampl e Dataset

Hand Po Hand Det e

XY | Z |Succe|Tot al Succes

0] 0] 0 10 10 100

0] 0] 2 0 10 0

0] 0] 1 1 10 10

0] 0] 1 1 10 10

0] 0] -2 0 10 0

O] 1] 0 10 10 100

0| 1] 2 0 10 0

0] 1] 1 5 10 50

0 1| -1 4 10 40

0| 1] -2 0 10 0

0] 2] 0 10 10 100
The dat aTashioeemesiend ta fcirgwunte that visually sho
detect, oaman fexdndpl|l e oFi g Dlefhi g Gltehrowme siuht s of
testing procedures are shown (at X= 00, and X
bet ween these two tests (X=10, X=20, identifi

interpolation. Addintcil ardal layi,ctoil foae 0s¥% sadldett e @tl iod s
showm ,I@@% detection suareslsi ght er i anhagdexexnof ¢
orange to show values between 0% and 100%
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Z Direction Z Direction Z Direction Z Direction

-3-2-101 2 3 -3-2-101 2 3 -3-2-1012 3 -3-2-101 2 3
8 8 8 8
7 7 7 7
6 6 6 6
5 5 5 I 5
4 4 4 4
3 3 3 23l 53 a3 3
5| 2 5| 2 5| 2 100 27 5| 2
9. o g i
5 0 'D: 0 ‘D: 0 é 0
o1 ol o1 0|1
-2 -2 -2 -2
-3 -3 -3 -3
4 4 4 4
-5 -5 -5 -5
-6 -6 -6 -6
-7 X4 -7 XM -7 -7 Xs
-8 \ -8 \_ -8 -8 \
X @(Q)inches X @(1)inches X @ 2 inches X @3)inches

Figabexampl e Experi meAnhabt@taphsc with

Regarding the interpolBdqua@wbdrha sMiwae maksuing
measur emerrdiaMeM t he results of the measured res
mi ssing meRpissuurtemenX ,diXst ance ofiahthaeaKei sbBenlk me
di stances that correspond to the measurements

measurement. These Fang2@bles are annotated in

3] U V2 W Equat8i

0w ®

Equa®©Osbaws an example calcul aFi g@oOWistinga t he v
success raX e=0O,f YlO0I@nataads ZcceXs=r 8t e¥Ylpf BX% 4
the interpoX=atldandaltXiedef srame Y 6@ ah,dp B3i1% i o
respe.ctail callymt i ons f or Hdghuea dioornmer ar e shown in

5 T[T[T[ pmT - Equati

P Yo 1 P ¢ X

An additional item thatlwA% detdcfopbEYMphdi s
This value is cat boavleartaeld bvyo |duentee ronfii ntihneg of t he

at 100% (greehi gENOIDI squias wiblgii aeh i n ksihmg eo fo ft he
t hdeet ecti on fi el dabk.iikhfbioganitervaiftfn cX caotned bei ng t
cone and the end of the defTdet 1600 %f DENI wbeil dg
volume of the traffic cone.
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FigadeDetection Field Shape

DFWas cal cuHaoauaetdiGoans i X geqQu aaln¥dor al |l ot,her X po
whebDrVdetection field volume, W is thanaidth ¢
H is the height of the BOOCHE prltechdo Xi £i 61 dnd

1.0 fioarclhh ot her(EXu pthiGonEgq oadilomesp.ectively)

riT T 7% 8 EquatliC
rimT™F272 8 Equatlil

A hel pful way to visualize the data is by thi

i Fi g2tewith X at O being the base of the cone

end of the cone.

A set of experi marmhiaarkd sgultesw hieseples hfoevr mead on t h e

Pol ar awibtuh tdenf aTualbtisee ews i hge 100% field vol ume,

experiment, and the
Figaeelnterpol ated

environment al conditions
reowletr satxti asv ol aab eglr ay hi ghl i

Tab®mRol ar a SDeetftaiunigts , Environment al Conditions,
Settings: Environmental Condi

f Range = 3 1 Room Temper a8 WAR 3

f Extended Press = 1 9§ Hand Temper ait9®r. 6 A4

T Mini mumTWae e= 50ms T Light: 144 Lux

f Rain Lockout = Off

100% Fiel d6Val ume: Centroi@,(Y9, 2Z):
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Z Direction Z Direction 2Z Direction Z Direction Z Direction Z Direction Z Direction

-3-2-101 2 3 -3-2-101 23 3-2-101 2 3 -3-2-1012 3 -3-2-1012 3 -3-2-10123 3-2-101 2 3
8| 8 8| 8| 8| 8 8
7 7 7| 7 7| 7 7
6 6 [ 6| 6| 6 6
5 5 5| 5| 5| 5 5
4 4 4 4 4 4 4
3 3 3 3 3 3 50 3
8l 2 5|2 8|2 i 5|2 5|2 % 8|2 »
E 1 g 1 g 1] E 1 E 1 “;J' 1 70 E 1 0
.‘é 0| 5 0 ‘O: 0| ‘c_" (1] S 0| 5 0 00 ‘D: 0| 60
N El S El 21 S(E 2 2 20 2l
-2 -2 -2| -2| -2 -2 -2
-3 -3 -3 -3 -3 -3 -3
-4 -4 -4 -4 -4 -4 -4
-5 -5 -5 -5 -5 -5 -5
-6| -6| -6 -6| -6| -6| -6
7 7 b 7 7] 7 7
8 B -8 L&l E| Ei| -8
X @ 0inches X @ linches X @ 2inches X @ 3inches X @ 4inches X @ 5inches X @ 6 inches
Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction ZDirection
-3-2-10123 -3-2-10123 -3-2-101 23 -3-2-1012 3 -3-2-1012 3 -3-2-10123 3-2-101 2 3
8 8 8 8§ 8| 8 8
7 7 7 7 7| 7 7
6 6 [3 6| 6| 6 6
5 5 5§ 5| 5| 5 5
4 4 4 4 4 4 4
3 3 3| 3 3 3 3
5|2 3§ 2 » 5| 2 # 35| 2 = 5|2 5 2 5[ 2
Gl 1 oL 20 Gl 8l iR Gl 1 ol
.‘D: 0| 5 0 ‘S 0| ‘6- 0| S 0| 5 0 ‘3 0|
(B ={B1 o1 B (B -1 (K]
-2 -2| -2| -2 -2 -2 -2
-3 -3 -3| -3 -3 -3 -3
-4 -4 -4 -4 -4 -4 -4
-5 -5 -5 -5 -5 -5 -5
-6 -6 6| -6 -6} -6 -6
-7 -7| -7 -7 -7 -7 -7
-8 sl - E: B -8l -8
X @ 7 inches X @ 8inches X @ 9inches X @ 10inches X @ 11linches X @ 12 inches X @ 13 inches

Interpolated Results

FigaekRrol ara Experimental Results, Default Sett

Tab8aenKHi g@®dehow the results from the Guardian W
seen when comparing the shape and 100% DFV of
are distinct differences to the shape, vol ume

Table 8: Guardian Wave Default Settings, Environmental Conditions, and 100% Field Volume

Settings: Environment al Condi
f Range n=x h6 f Room Temper a8 WAR 3
! Sensitivity = 3 f Hand Temper at9lr. & Ad
T Del ay = 100ms T Light: 144 Lux
1T Extended Press Tin

100% Fiel 64V al ume: Centroidl.(5Y,, 02)
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Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction

-3-2-101 23 -3-2-1012 3 3-2-101 23 -3-2-1012 3 -3-2-101 23 -3-2-101 2 3 -3-2-1012 3
8| 8| 8 8| 8 8| 8
7 7] 7 7] 7 7 7|
6 6| 6 6| 6 6 6
5 5| 5 5 5 5 5
4 4 4 4 4 4 4
3 3 3 3 3 3 3
8l 2 52 8|2 g2 » 52 8| 2 5|2
Bl Bl gl g gy R gl Gl
.‘6- 0| é 0| ‘c_-‘ 0| E 0| 5 0f .‘5- 0| 5 0
Sl 21 2l 2la 2l Sl 2l
2 -2| 2 2 2 2 2|
-3 -3 -3 -3 -3 -3 -3
-4 -4 -4| -4 -4 -4 -4
-5 -5 -5 -5 -5 -5 -5
-6 -6 -6 -6| -6 -6| -6|
-7 -7 -7 -7 -7 -7 -7
-8 K 8 K -8l -8 -8l
X @ 0inches X @ 1inches X @ 2inches X @ 3inches X @ 4 inches X @ 5inches X @ 6inches
Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction
-3-2-101 23 -.3-2-1012 3 -3-2-101 2 3 -3-2-101 2 3 -3-2-1012 3 -33-2-101 2 3 -3-2-1012 3
8| 8| 8 8| 8 8| 8
7 7| 7 7| 7 7 7
6 6| 6 6| 6 6 6
5 5| 5 5| 5 5 5
4 4 4 4 4 4 4
= 3 c 3 =l 3 3 3 = 3 3 3 c 3
9|2 9| 2 9| 2 9| 2 ol 2 9| 2 9|2
Gl Bl gl gy gl gl Bl
£\ 0] =[O £| 0] =( 0 = 0| = = 0
SE SE 21 SEl SE of-1 SE
-2 -2| -2 -2 -2 -2 -2|
-3 -3 -3 -3 -3 -3 -3
-4 0| -4 -4 -4 -4 -4 -4
-5 =5 -5 -5 -5 -5 -5
-6 -6 -6 -6| -6 -6 -6
-7 -7 -7 -7 -7 -7 -7
-8 -8l -8 -8l -8l -8 -8l
X @ 7 inches X @ 8inches X @ 9inches X @ 10inches X @ 11 inches X @ 12 inches X @ 13 inches

Interpolated Results

Figa@aBGuar dWaavsre Experi ment al Results, Default S

3.3Sdmmari zed Resul t s

The detailed resulAppecidi RBathraeWavar Pesbdowhon
ResahklippemBdi @uar dDahewWaven Expgenri armtr dRasu Way

Al | the detec
the unit of t
detection fie
from the unit

i on range expé€elraibthenTthirse stualbtlse asrh
e experiment, the experiment, t
d volume in cubic inches, how f
, and t1h0e0 % ednettreoci tdi oonf ftiheel db acsoen eo.

t
h
I
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Tab9e Results Summary Tabl e

Settings Results
100 %
Max | Centr
Wa v 1009 Cone| of 14(
Ti m Del DFV|Distg Cone
Vend Test |Ran¢( (ms|Sensi| (ms| (P®n (i nyBase
Pol a| Range 0 50 - - 25 3 (2,0
Pol a Range 3 50 - - 46 5 (2,0
Pol a|l Range 6 50 - - 97 8 (2,0
Pol a|] Range 9 50 - - 156 10 (2,0
Pol a Gl ove 3 50 - - 4 3 5 (2,0
Heat ¢
Pol a Pushbdu 3 50 - - 53 6 (2,0
Polal. P3TKl 3 | 59 . : 42 4 (2,0
Enviro
Pol a Wave T 4 0 . . 100/ 9 (2,0
0 ms
Wave T
Pol a 500 ms 3 500 - - 33 4 (2,0
Guar d Range 3 - 3 100 34 3 1.5,
Guard Range 6 - 3 100 614 5 (1.5,
Guar d Range 9 - 3 100 97 7 1.5,
Guar d Gl ove 6 - 3 100 60 5 (1.5,
Heat e
GuarcPusth 6 - 3 100 64 5 1.5,
Guard_ Darkl g : 3 100 60 5 (1.5,
Enviro
Guard o astl ¢ . 1 10d 79 7 1,0
Sensit
Guard (>loW| ¢ : 12 | 10Q 45 4 (2,0
Sensi t
Guar d Del ay 6 - 3 5 71 5 (-2, 0
Del ay
Guar g 000m 6 - 3 100 56 4 1.5,
NotBol ded Results are the default setti
Lookingaaget e peyrtihme rsti zree oul ttshe detect-ion fie
inch range setting I s betweBmatdhiea®oWavea mamgse
of 6 inches is between Pol ar aésncrhanrgaen goef i3s osri
S

Pol ar ad range of 6. The Guardian Wave did not
similar det ectcieont of iRed[ddectodnset rdainsgtea ne | d .

Tur nienngvitroonment al conditions, there was a sl
to the basel i3men ¢ étet iIPod aocfa mandge when gl oves,

pushbutton were useOheuusegofexgpleovenenaomrti mnt he
slights reduced the 100% DFV, with the 100% DI
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heated. Similarly, gloves or a dar kGeawdir@amme
Wave from default, though there was no change
Reducing the Wave Time on t he Gualradra Rlassd a si |
Sensitivity; both saw a marked increase in th
al so consistent; increasing the wave time on
Guarwawe greatly decMeadhedeiglae d500 % DHREY. centr
had a centroid height of two inches above the
Guardian Wave unit, which had a centroid heigl
button.

3.3.At.hler Experi ment Resul ts

Ot her experiments that were conducted were ex
functional ity anddheboaotah nofl otctkkeuuniTteasar wené& bh
experimented with tAs csanafhiden e chtaiton hfeiye Iwdo rfko. r
deter mined.

. 3. 1EXt®ended Press Functionality

3

One of the additional GuwarcWwawaPs! idtsihees exft etnides d
press functionality, and the experimentation
fu
an
di

nction of tThda sddwincegsd omarlks.y was tested on
d was confirmed to function when the extend
i fferent di stances.

3.3.1RE.ih Lockout

This settingwolflthemPoraral ynidi sable the touc
of time if the sensor detects activation duri
tested by waving during the walk cyclen to act
during the dondét walk cycle a second wave was
active during the stated | ockout time. Then,

attempted to comwhisrohi sladt edhandotkeut ouchl ess
The functionawas yexpetihmensedtumdger multiple
settings, and settdsgexwmsctceochf i rmed to work

w

. 3.1 PledApp Functionality

e PedApp is a unique feature hifgadrel ot aabe
e functionality of the system. The applicat
shbuttons (a) and alerts the user when they
tomatically increased whepp al bswst ohehespus
the unit using their phone (d) and will | e
oss (e). When the walk cycle changes to a f
ow i n tihrealalpy, (ift) .wiFl' I | et the user know t he
arch for pushbuttons again (g).

wxO—~o9T —~ o
"> - o0occ o=
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PedApp

Searching for
Intersections

4:38:06 O PAR56%

Button has been pressed. Wait to cross 114
Traffic Ln

V

Wait to cross 114 Traffic Ln

Button

(d)

Fig@adeFunctionality

PedApp

Approaching the North
corner of 114 Traffic Ln

Travel North across 114
Traffic Ln.

(b):

4:38:08

App

O PAR56%

The walk sign is on. Use caution while
proceeding to walk across 114 Traffic Ln

A

Walk sign is on to cross 114 Traffic Ln

(e) Wa |

O VAESE%

The Don't Walk sign is on.

i

Don't Walk

(9)

=~
A

The volume of the selected unit's locate
tone has been increased. Continue walking
towards the crosswalk.

Approaching 114 Traffic Ln.

r o

4:38:12 O VA W%

Don't Walk sign is flashing. Do not start to
Ccross.

¥ .

The don't walk sign is flashing.

(f)

FI ashi

Donot
ng
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3. 3l.2ems Noted During Experimentation

During experimentation, some anomalies were n
with the Polara unit, awodiddfabenvaitangeésa
di stance than what the unit could detect with
testerd6s body passed close enough to set the
An exampl e of thiusniwa shawh em ntghee sRal @roa 6; t he
waves until X dirsotma ntchee oufniltl biuntc hweosul d st i | | r
di stance of 16 inches if the testerodés body wa
di stance of 16 inches.

The second was t hwaotudtbas Goaatiagre Wawven no di sc
stimulus. This would occur when the unit was
occurring while data was being recorded. The
wall o object and ewvrow | a@x pmerti rherptpaetni aru r9 enggs ieo/r

|
r
occur between zero &@mdrt lexeertiimed aduroinn g ears i
i n most experimentation sessions.

3. Recommended Pushbutton Settings

For each of tthhad pmesheb utetsaresd, di f faetheartvesett i n
desired deltielce i ood basmegsegit © i ngs wi | | be expl air
of-i Bched ncrhie s6 wWaorditfhfeer ent pushbuttons.

3.4Pdl &e&ti ngs

Foa Polara wunit, the default seatst iangsst aorft iDnegt epc
achi eve ap prraonxgiemactfeé y, 3set the Range to 3 and
the maxi mum of apP0Omsi mBaonec haeasn g es eaf tehe Range t
Mini mum Wave Time to the maxi mum of 500ms.

f a different range i s wletshi rtehde, Piotl asrhao upluds hbbeu
l ider is not in inches,osodatiantexampl endi R
etection f-imdheswvoul d be 9

ith the Guardian Wave unit, there aksa nyg prhees
efault settings, selecting one of tha 3 def a
desir eidf hreandgeesi apdr o afBiget kychésncbes?9

I

S

d

3.4GRardi an Wave Settings
W

d

I f a r ana@e ati h atb | iestbniodd erfeaqwilitr,ed t hat a phone 7
software is contacted woulredcereed fophe adj wea
desired detection range.
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3. i el d Test

For the Advanced Pushbutton field test, two s
coll ecti on,Apapse mldeisRcorliabread Warv e Det ect HoweEa@per i
due to network communication titbhsaswas datt at hwea ss e
unavailable. As a result, efforts were redire:
t esthowasconpdactedf.ashi s wor Kk
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4 PEDESTRI AN VIOMNIFCUL ENTALYSI S

This ohapteert s pienrftoarimmaitnigo nt o t h e -teuxranminnga tvi eohni col f
conflicts at signalized intersections i1hnh the
out Itihree sst e p sc o nndvuacirt\deendgoil u me aincé rytsii fsy tappr opr i
for video data collection. Additamalagdighgi ctct d
data frworhlfeicdaledd vi deos. The primary objective
a Bef ore faentdy Aafstseers ssmment of LtPaoNRT ©d®Reessttrrii ant itorne
The evdlowatliPd nat mealt ment xami ne and compare fac
frequency oonfslevetrs tlyetoveen pedestrians and t |

Site I denti fication for Data Coll ecti

4
4. 1Crlash An®Iryoirg tfyord ntersections I dentif.i
P

edestrian crash data from 2016 through 2022
staff, and this initial dataset contained 4, 6
on development of guidancedé&éstrthe Ccmpbbhmenth
most i mpacted by an LPI were identified. This
include crashes at signalized intersections t
crossing pedesdatiiammn uwa rnigahlhees uinn tt he cr ash de
for each signalized intersection in Phoenix w
used in this process by assigning crfafsehrees t o
After this filtering process, a total of 1,11
Af ter tur-me dhgstvreiham |l er ashes was assigned to si
previously mentioned 150 ft buffer, all/l 1,170
dataset provided by City sttadfni wepreemliaalkaead f
crash frequency. Ultimately, this ranked | i st
determining which | ocations would be most app
The o805 i ntersaddtiwhnch experienpede8toramoceatt
were separated into different tiers for futur
of tur ntpregd evsethriidaine cd eaesstheessi.t abbe to collect fi
fewer of this crash tylpre det eremied iompd ntgh & Pll o gaut
col |l ectpironorsiittyeswas given to Tier 1 sites with
sites uldtannddkegrtles coul dn'atndb et hiedne nttoi fTiieedr 3
needed. Al ong with the c¢crash data, additional
vol umes, ability to collect video, expected n
the ability hg makegei ggwa&damsgiedse rteod abysiQiet 'y ¢
consul tation with the rFkisgecfsd bws e aPnhnoaepn i oxtl eanittih
both Tier 1 andAplpeenrdi2o wbhht ®irésrecttiimtnesnsle 8t i ons
with the frequepeyYestt rt amnicm@gsheli aned t he ove
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I n addition to ¢maseheckataoconadn Gwmdrredsrcdlr benct ed
each Phoenix si.gnaluaedonnbér sbesieohactors 1is
whet hiemplteoment LPIls at specific intersections.
considered in reviewedwhPdrel mprluedmaedjteahtro wenv egru, i
to the authorsdéd knowledge, no previous resear
vari abl es onpetduersntirniganv echriacsithe frequency wusing e
i mpl ement atiThe eg@uiadaelait neswiolfl tbhaeersuetcirviaiazi eadbd emo |
robust and data fdori PdoonalshIxf g e iqg dwelriey edsetvoed lop e d
examine the iIimpacts of factors commonly consi
crashesirwiitnly vehicles.

Il ntersection characteristics were identified
including-i hypesebvakyers¥I,r eenes, skewed intersect
crosswal k details (number andl dsinwgéd hr)i, g Iptr etswernr
pedestrian pursdlbatteadndat &raddclkce as Average Ann
sourced from the Arizona Department of Transp
density, employmemwmt scdhooil sy, amrdoxtxirmintsy t stops
|l evel s arourmm@viemtaer ectstomg. LPI guidelines me
number eafgedchddll dren, though specific thresho
were only included in TordhéeéocaPégompeéesmehtian:
di stance from school were created using si mi/l
within 200m, 200m to 850m, and wd8iGhm#n. 3100 fad dif
transit stop wer eDudaetnd itthe durmgv alisli anlgi IGiltSy o f
data, gross activity density (combining popul
surrogdt aAppemds kotwse detail s of wvariables coll

ANegaBi venfNBjlegr emosdiedn was devel oped to analyze

turni negewetlsitaliean crash frequency. Numer ous Vva
assooiiagthed hi,s maryuefncwhi ch were referenced i
gui deUs inregs .t he NB model results, the expected
frequency was calcul ated for eaTablv@mirtilabl e an
underl ined values representing statistically

red/ orange/yell ow indicati Alge hhigdhleestprerde @it e@tde
increases were for the presence of 4 crosswal

hi gher ranges of minor road AADTs, transit st
and -t heeffsectioa ialdatciaverexpéetsteidprionvcirdeiansge s |
da-tai ven evidence to help establish differenc
i mpl ementation guidelines.
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TablGExpected

Percent

Change i

n Crash

Frequenc

Turni ng-Pédatlteisd Ir

Variable Crashes Expect
T intersection Indicat: 51. 59%
One way street (1 or m -71.58%
Il ntersection skewed O 25.22%
Site Obstruction Prese 43. 36%
Crosswal k on 1 and 2 |
Crosswal k on 3 | egs 146. 47%
Crosswal k on 4 | egs 410.83%
Average Crosswal k Lengtl 0.61%
No PedbuPutsohns Present (
Ped -Bushon on 1 or Mor 22.46%
Exclusive RT Lanes Not
Exclusive RT Lanes Pre: 16.28%
NRTOR Not Present (ref.
NRTOR Restriction Pres:i 2. 00%
Maj or Rd1BAODTO0O0Ovpd (ref
Major Rd ARDTO0D®D, v®d 19. 98%
Major Rd AABT 0d®, v®H 32.62%
Maj or Rd AADT 45,001+ 29. 46%
Mi nor Rd5AADUT OQref.)
Mi nor Rd AADTOGQ 0WAd 41.55%
Mi nor Rd ARSDT 00D, hpUd 95.24%
Mi nor Rd AADT 30,001+ 131.31%
IntersectloﬁcDoetaiaEEm
I ntersection Dis@abhme 50.63%
I ntersection Distance 49.22%
I ntersection Distance
I ntersection Dist-aggef 76. 38%
Gross Act i i tpyerBemsi+tt] yo
Gross Activ-ilbypbBPessnsty. 189. 07 %
Gross Acti vi-30y pDeernssa ntsy+ 346. 76%
Gross Activity Density 205. 75%
Notes: RepdDOrkege/ Yell ow colors indicate | arge
2) Underlined numbers indicated@%ré¢ amficdavad
4. 1VaAl ume Anoarl yHsiigsh CExpaesval &s Sel ecti on
The 85 priority intersections itdleetCiftiy.doff r®hm
Foll owing discussions with ¢thssfefl ecs¢@dclseveam,
intersectiofg efrrdmstthd otrhrveod ume anal ysi s, bas
feasibility of video collection, expected num
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potential for si gn\woll umemiannga/lsyisg nsi na&gx pcehdautrgee si d e
crosswal ks for video data collection from the
vol ume anal ysTasblda e outlined in

Tabl® I ntersectSiedreclteadatfiooansvol ume Anal ysi s

Tier# I nters Name
1 2 | ndi an Stchwel &
10 Bel | ""&v e 9
15 Camel ba'dkvek 15
2 23 | ndi an Sthhweol &
34 Washi ngtSatn & 3
3 60 Sout hermved 19
65 Basel i%Aeve& 51
For volume analysis, the data that the City o
l eft turn, through, right turn movements, and

the crosswal ks for each | eBMftom61200BPMPMot o7
intersectionsi mongapkangl|l eedayal so provided s
determine phasing at each intersection, part:.i
protpetedtted, or permitted).

A review of the provided data was undertaken

each intersection would bpecdaptercitzn it ot dbraaet it
intersection, the data was rnedwi eawagd etsd ipckdretsit
volume, the highest number of conflicting veh

it when executing a perprddedt moeteweean )t, ha nme c
and the number oFi gagé&dloiwst itme polsiseclbe . conf | i
across each crosswal k.
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provided
each intersecti
interactions,

N Leg
Crosswalk:
SBR, WBR,
EBL

E Leg
Crosswalk:
WBR, NBR,
SBL

W Leg
Crosswalk:
EBR, SBR,

NBL

S lLeg
Crosswalk:
NBR, EBR,
WBL

FigabePossible Conflicting Movements
culation results were compiled into
separated by intersection | eg and ti
product | €£§qgprabBwndeerde aPsed Cr ossing i s
cross that |l egs crosswalk for the ti
conflicting vehi es for the ti me

hi ghest
shdavml 2a swha ble® s

th both ti me

an
peri ods
Detail ed. RRswilawi fgprt LePld aSti a ei

Crosswal k Rank
the research st
coul d

wh i

c h

wo ul

Equati?

v al uhei gihnl iegahcthe dc oil nu ngnr ewpansf @ x a mp lc @
exampl e
combi neApplerhedsiuxd t s

tabl e

aff
be expected
d be

tot al
peri od
peri od.

benefi ci

t
shows

r

wiof hwamchbpponts wia



Tabl2 Example of I nitial Results Tabl e

Cne Way Roads - Permitted Turns
Site: Washington & 3rd 5t
Movement & Peds #Turning Conflicing | (#Peds) * (# Turning
Time: Leg Vehicles Conflicting Vehicles)
N Leg 45 75 3375
12:00- S5leg 46 182 8372
1:00 PM Eleg 64 23 1472
Wleg 100 52 5200
N Leg 59 121 7139
5:00- S5leg 63 229 14427
6:00 PM Eleg 21 24 504
Wleg 66 97 6402

Tabl3® Example of Combined Results Tabl e

Site: Washington & 3rd 5t
Movement 4 Peds # Turning Conflicing (#Peds) * (# Turning
Time: Leg Vehicles Conflicting Vehicles)
12:00 - M Leg 104 196 20384
1:00 PM 5leg 109 411 44799
& 5:00 - Eleg 85 47 3995
6:00 PM W leg 166 149 24734

From this, the results were aggTalgla® endhiicnh an
presents the dat @aablh3® awistilmid uag g ersatnence rc racss s wa |l k
highlighted in grey. The research team used t
|l egs for data collection, with the stipulatio
any omecitntoer t o ensure a diverse set o0 sites
Stwere selected due to their high pedestrian v

6 8



TablZe Summary of LPI Crosswal k Ranking Anal ysi
Intersection Leg Pedestrians Crossing | Conflicting Turning Vehicles | Cross Product
Baseline & 51st Ave N 51 963 49113
Indian School & 19th Ave W 52 941 48932
Washington & 3rd 5t 5 109 411 44799
Baseline & 51st Ave W 38 1090 41420
Indian School & 51st Ave 5 37 1041 38517
Indian School & 19th Ave N 42 812 34104
Indian School & 51st Ave W 29 1099 31871
Indian School & 51st Ave E A0 774 30960
Baseline & 51st Ave E 29 950 27550
Indian School & 51st Ave N 32 842 26944
Bell & 19th Ave W 34 778 26452
Bell & 19th Ave E 26 958 24908
Washington & 3rd 5t W 166 149 24734
Indian School & 19th Ave E 35 598 20930
Washington & 3rd 5t N 104 196 20384
Indian School & 19th Ave 5 32 591 18912
Baseline & 51st Ave S 23 812 18676
Southern & 19th Ave E 25 699 17475
Southern & 19th Ave S 19 802 15238
Bell & 19th Ave S 27 386 10422
Southern & 19th Ave W 15 617 9255
Camelback & 15th Ave W 20 415 2300
Bell & 19th Ave N 12 615 7380
Southern & 19th Ave N 9 712 6408
Camelback & 15th Ave N 18 325 5850
Camelback & 15th Ave 5 15 303 4545
Washington & 3rd 5t E 85 a7 3995
Camelback & 15th Ave E 6 440 2640
4. ¥i deo Data Collection
For the field data collectnbarsecghonstwdyecrt
t hrough crash and volume analysis. These cros
views of the eight studied siFieg@veThéde four
pedestrian treatments to be evaluated at each
of Phoenix Street Transportation Depart ment |
Cr oss waRTI Raensdt riNscsteiscsméBeratsse laitne and 51st Avenue
(EB right turn hadithRePENT QR rree avtimpih eeomeona e d
duraatoaeach selected site.
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] esnoon sians o5 By BT sorine |8
A WashlngtonS and 39 St AW and 5%t Ave
[ | - - e .3 ‘ - I — -

| g

TR

Indian School Rd and 19t Ave

FigaveAerial Views of Studied Intersections
The research team provided annotpoedt igarebe
Phoeni x technician team. Example annotated fi
preserigd@dBiedmddi ti onally, the research team pr
the technician team to enhance their understa
changes for video collection. The echoehiaxmt ec
pm) at each of ftome boeitdht het Bey osiet and After p
video coll @ectieng aAf 1IS& thepuBras ef or e a @h htoruerast noefn t
video were collected.

Video collection started in November to avoid
coincide with the period oBehbgk pbdsesstwidproa
collected between November 8, 2023, and Novem
col |l ecti oRT,ORLeRsIt neienadtei o mp | ement ed at each studi
Traffic Pattern Ahead' signs were installed b
traffic rules associated WRTIOR etsh ewidartel agdsneand se (
indi viAdu &Irl wyhase videos were col Apdifle @ 0l2elt. we e
Video fil esroweirkceditreecttHey rpesearch team by bei
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fol Ddebl®rovi des

a

summary of the

video data c

intersection crossroads, crosswal ks, date of
TablsSummary of Video Data Coll ection
Si|Road 1 Road |[Cross/BeforelAfter |\7,¢at¢
| D Coll ec|Col Il ec

Dat e Dat e
1 Washingt ¢35t South11/17/|03/07/|LPI
2 Washingt ¢3 8t We s t 11/17/103/7/07/|LPI
3 |l ndi anRdIS¢(531Ave|Sout hl11/28/|02/29/|LPI
4 |l ndi anRdASd531Ave|/West |11/ 28/|02/ 29/|LPI
5 l ndi anRdISq19Ave|North 11/ 14/(02/23/|LPI
6 (I ndi anRdSq19MvelWest |(11/14/][02/ 23/|LPI
7 |W Baselirn51Ave|/North/11/08/|03/05/|LPI
8 W Baselin5iAve|/West |11/ 08/ 03/05/]LP]
8 * 04/ 10/|NRTOR

FigaBeExampl e

- cameraicon

- camera direction
(O - pole surface point

- camera view

=2 -

anddtersection.

C
south and west crosswalks

Annot at ed

e o
amera installation pole for

Figure

of

Camera | nst
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4 . ¥Yi deaat a Reducti on

This slestiuegses the vi deuos edda ttgo erdebdituasiitimaicim g me ¢ tio
conflict and volume data from field collected

4. 3Pddes-Tunminng Vehicle Conflict Data Redu:

Pedestturivvemmg cl e conflicts on thenasswady yappdaoaaxa
fronfitéhled | ected videos. The conflicons$l|l wetese me:
a PET of 5 sec or slteusdsy wbearsee di nocnl updreedy Rons st diriess e
et al., 2020; Zandermsdlpddr bet naolt.e,d 20hkG6) det ai
to assess conplreet sSueschti. dinh d ¢ hdlsm reddirtti.on t o |
speed ofncohvedstmeasured near the conflict al
bet ween | anddnafrfkesr emade d,i mend t he unit which oc¢
pedewstrriverhi cl daswastnateescke.arch team members i
uni formly, a setreaft ewlnabdromgtonhbi wasdata col |
spreadyeppedadPRiexde sTturrinainng Vehicle Cométisect Dat a |
instructions and an example templ at.e spreadsh

This data reduction effort involves transcrib
bet ween pedestrians and vehicles. These ti mes
and speed at dpecihfoiued becatbitendstbatdradeancéa
(or rewdrdsse) ftrlaeme by fr ame, amandi enédt stampas =
preciPeidestrian speed is determined by consi de
ti mestamps of petdefsrtorm atnh ee netdrgye sa nodf etxhie cr os s w
turning vehicles was determined by considerin
representing the entry and exit of Prihervelicl
of ficial d etsee arremenmtb 'eraem f i r st r easctedidallaegsauftes
were comparcedst dbhemxpetsauil dls wifdeo data reduct.i
after clarifications @madeiterations to the me

Figa@&dehows an example oveadmcoleseomwnédigedast dina
59Avenue South Cr osswafl kL Piln itnhpel @Bweefnonrfet i Pohha sbel o
common area on the surf paes st tahFiopu@hibhedanr t i e s

conflict block is highlighted withtur miedg r ect
vehicle was seen to approach the conflict blo
bet ween the pedestriandéds ttbpacoofbkiandbt bekyvei:
PET value of the conflict, which in this exam
example of a conflict where the pedestrian ar
vehicle arritwviemg pfairn gyt Jof Taheossi bl e conflict
|l eft turning vehicle or a r i ghotdBdt waoufsd et dh aw e h it
conflict Dbl ochkdimfafyerbentl olcad eetfdio@mrn eacds comée i 0 £ ¢\
pedestrian wal ks through it.
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200092 2023/11/28 07:57:33

LPI Video Data Reduction % Y

»  Post-Encroachment Time (PET) | ‘.'t N ¢ ] ’
Ped and vehicle speed Mg Fana® ¥ M = 1
Ped and vehicle volume ; . -

Ped and vehicle direction
Ped and vehicle violation, etc.

PET= 1.2 sec

Conflict
Block
%

Vehicle
Direction

02:57:31,904

Fig@aeeExample annotated figure for conflict r

4. 3P&des-Tuii minng Vehicle Vol ume Data Reduct.

Pedestrian and turning vehialelumes were extracted for the study approach at each
intersectioralong with conflict dataThese volumes were used to explore correlations with
conflict frequencyVolumes were extracted manually from the videos and the following
information was recorded in 4&inute bins over the full®thourperiods (7am5pm) at each
studysite

APedestrianPedestrian volume data included counts of individomadsingaway and towards
the cameraengaging in activities such as walking, bicycling, 4poravered scooteringnd
using visible mobility devicewithin the crosswalk.

AProtected and Permitted Léftirning Vehicles Counts were conducted for lgfirning
vehicles entering the crosswalk. L-&ftning vehicle counts were conducted separately for
protected and permitted phasEgcept for the Washington and 3rd intersection, which
featured permitted left turns, the other three intersections employed a combination of
protected and permitted signal phasing.

AAdjacent and Crossing Rigfiurning VehiclesThis category involved counting vehicles
making right turns, both adjacent to the study approach and crossing the crosswalk
perpendicular to it, in red and green signal phdsSeamples of these movements are shown
inFi gB8Dbe

73



: l\§ Observed Crosswalk

Fig@8be AnnditguSpdcif yCrnogs Rihgehuur Ad ] a cRe giur n,
andefTurReducedSpeoCfasswal k.

Separate counts wecenducted for passenger vehicles and heavy vehicles. Passenger vehicles
included cars, pickup trucks, vans, and SUVs, while heavy vehicles comprised buses, semi

trucks, package trucks, firetrucks, and RResearch team members also provided notes for any
atypical behavior observed during datdlectionAppemdi Red-@sat ni ag Vehicl e
Vol ume Dat shows ¢hd instructiorss and an example template spreadsheet for volume

data reduction.

4. Before and AfterTrEwddtuati on of L PI

This sectisounmnparreywniaadngds i 8 of t he i
data from eight i mplementation s
and turning vehicl es ttor eaastsneesnst .t

mpact of LPI
it es. | t exam
he effectiven

4. 4Sdmmaorfy FObesledrCwoend d n & t VoD aut nae

Tabl®rovides a summary wofehtltd ecotvafveéedtpedeetr
of video at each study approach including tot
severity ranges (|l ower PET indormfaltiecst snowiet siew
seconds of WALK time. A comparison of Before :
tot al number of conflicts and severe conflict
conflicts withinltkkhegfitrisnte 5 sseodomsgpecofalwante

74



aims to reduce those conflicts by allowing pe
and making them more easily noticeable by dri
within 5 seconds of wal ki nagndt iwees ta tc rSoistsewall kasn
Washington St & 3rd St intersection. The reas
Tablge this intersection is | ocatway isnt rteneet sDo Wr
speed | imits, and higher pedestrian vol umes.

t should be noted that the PET thresholds de
n existing pWRwulsissohed radsear2dd20, a&mdgRBEhpdIluU
5 sec are generatlhepstosaivdedredei poaseanft  RETYyY
roviqdieasnta t attievvea Ineaatseurtehe proxi mity and temp
ehicle paths, with | oswevienRe&eTr &dag iGidems ¢ Nantcat i
he percentage eowferddryfTlociad tesg oicre ne agle graph i nd
n siegkerity categori-ssevandtgncahegenasesi hol bw
mpl ementati on. Thi s s uegsgpeesaifsd lelhyait v ¢ hien i me ceuw i
evere conflicts.

TablGSummary of ObseVekidcIPedE@asnfrli aant s

Sitf Total Cq¢ High Se| Medium S| Low Sev| No. of C
I D (PET O Conflict Conflict|l Conflic Wi thin 5
1.5 se >1-355 s >3-55se Wal k Ti
Befo Aft| Befo| Aft| Befo| Aft({ Bef o Aft| Bef o] Af t.
1 152 82 7 3 71 44 74 35 0 0
2 318 90 14 1 162 35 142 54 0 0
3 274| 336 55 34 121 149 98 153 23 36
4 189 210 27 4 93 106 69 100 23 30
5 171 158 18 6 91 82 6 2 69 23 13
6 239 185 9 6 112 67 118 112 14 7
7 159 135 15 9 92 81 52 45 11 4
8 192 138 13 17 105 68 74 43 14 11
Tot 1694 133 158 80 847 632 689 611 108 101
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60.0%

50.0%
50.0% 47.4% 46.6%

40.7%
40.0%
30.0%
20.0%
9.3%
10.0% . 6.0%
0.0% =

High Severity Conflicts Mid Severity Conflicts Low Severity Conflicts
(PET < 1.5 sec) (PET >1.5-3.5 sec) (PET =3.5-5 sec)

Percent of Conflict Observations

m Before (1.694 Conflicts) m After (1,334 Conflicts)

Fig@deDistribution of Conflicts by Severity C
Anot heraswaeys st ot he seivechwyi dér angomdd fnecddET and

(Russo etl nalt.h,i s2@C2h)t ext, a conflict with both
woul d be corvjedwhielde!l @& confl i ct#t wietch anki g@ghero
vehicle speed would be considered | east sever
vehicle speeds in all observed conflicts (acr
diishuwti on was found to be 11.48 mph (11.6 mph
phase conflicts). Based mnwhihdm timd oweanuitd loe, s

11.5 mph was coded as o6l ow vehicle speeddé whi |
11.5 mph or greater was coded as O6high vehicl
with the pr eveivoeusiltyy dceastcergiobreeltd shimavsed hen nREb.er
conflicts in each category for each site duri

Fig@82d |l ustrates the dispeedboecoindhi et shaghoasdh
|l ow severity categories. -sTfheed ragrmf Isihmtws fao rr es
categor i esPilfmpll leonwinth @t i on. This suggests that

reducingspe¢th wmredrehiighy conflicts.
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TablZummary ofObGeanifvlaita tevhesh ibcyl ePEST[peed Severity

PET-Veh Speed Severity Category (1=most severe)
1 2 3 4 5 6
Site |PET O 141PET O 1 PET>1535| PET>1.535| PET>3.55 PET > 3.55
ID High Vehicle | Low Vehicle sec, High sec, Low sec, High sec, Low
Speed Speed Vehicle Speed Vehicle Speed Vehicle Speed Vehicle Speed
Before | After | Before | After | Before | After | Before | After | Before | After | Before | After
1 5 1 2 2 47 12 24 32 44 13 30 22
2 6 1 8 0 74 14 88 21 82 32 60 22
3 23 12 32 22 57 60 64 89 61 84 37 69
4 6 3 21 1 43 40 50 66 38 49 31 51
5 9 3 9 3 47 30 44 52 40 27 22 43
6 4 2 5 4 29 23 83 44 54 38 64 74
7 3 4 12 5 33 22 59 59 21 11 31 34
8 4 3 9 14 48 22 57 46 31 20 43 33
Total 60 29 98 51 378 | 223 469 | 409 | 371 274 318 | 348

50.0%
» 45.0%
s
£ 10.0% <
£ 35.0% R . 35
@ ©
3 30.0% S 3 o
2 25.0%
]
g 20.0%
S 2.
S 15.0%
§ 10.0%
Ty
s 5.0% >6% 3.8%

0.0% 3.5% 1520

Before After Before After Before After

High Severity Conflicts Mid Severity Conflicts Low Severity Conflicts
(PET <1.5sec) (PET >1.5-3.5 sec) (PET >3.5-5sec)

m High Speed © Low Speed
Before - 1,694 Conflicts After - 1,334 Conflicts

Fig@de@onf di ebstciommsi d®P&EAvienng cl e spBeédrséwedity
LPI i mpl ementation.

Addi ti onal

Iy since these conflicts involve p
vol ume of pe

destrian and tuimiabh®whe crhovedes s
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a hlighel summary of average hourly vehicle vol
approach, along with average hourly pedestria
across all-5pmm)hatr eachamite.

Tabl&8ummary of Average Hourly Volumes at Stud

' Avg. Hourly Protected Per?nﬁédHoLlé;ltyTurn Avg. Hourly Right Avg. .Hourly
Slll:';e Left Turn Veh Volume Veh Volume Turn Veh Volume Pedestrian Volume
Before After Before After Before After Before After
1 0 0 54.3 89.3 0 0 64.8 43.3
2 0 0 0 0 73. 49.2 858 46.1
3 94.3 134 52.8 20 341, 367. 26.3 35.6
4 135.4 148.4 54.8 459 297 306. 19.5 27.6
5 60 67.8 46.8 41.2 223. 226. 22.9 27.4
6 98.3 102.5 50.5 44.5 257, 270. 325 34
7 141.8 144.4 56.5 38.2 270., 247. 25.4 20.3
) 147.8 167.3 81.8 61.5 258. 238. 28.3 23.2

Tabl®rovides a summary of pedestrian and vehi

most of the sites, the intervention resulted
site 2 shiowededdhelrieghtre more cos#tfurneimg ashoci
comparedutoi hgfvehicles. The reason is the pr
turning phases in the traffic signal operatio
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Tabl88ummary of pedestrian and vehicle speed,

| ocati oinntdaimra atgi ons

Si{ Mean vg¢{ Me an No . of No. of Noof Col| No. of
| D| speed Pedest with L with R when when
Speed ( Tur nin Turnin Pedestr| Pedestr
Vehi cl Vehi cl Near S Far Si
Bef Aft Bef Aft|Bef qAft|Bef dqAft|Bef qAft|Bef qAf't
1 12.{10., 5.0/ 6.1 152 84 0 0 68 33 84 49
2 11.{14., 5.0/5.1 0 0 318/ 90 179 42 139 48
3 12.(11.| 6.2 5.8 33 61 241 275 144 184 130 152
4 11.(122.| 6.1 5.6 42 32 147 178 116, 121 73 89
5 11.(11. 5.0, 5.3 24 34 147 124 103 914 68 64
6 10.{10.| 5.3/ 5.7 43 36 195 149 88 6 4 151 121
7 10./9.6 5.1 5.3 40 28 119 107 54 46 105/ 89
8 12.{10.|5.2| 5.6 34 7 158 131 82 80 110/ 58

Tabad®rovides insights into the behaviors of di

all sites, focusing on first unit to arrive,
I n a traffic conflict, isdemtideyiengiinhegf wh®t h
way or who should have yielded. The data indi
arriving at the conflict area first which emp

start to inlkcirtastotddrisvi gmsadviseimeardtéryafifdeent i fi ed
research team fr ofmort hseo mea diemt arexeatdii mmgss,. t he t

our interest were not covered by thecvwi deo ca
sunlight on or near the traffic |ights made i
the status of those traffic lightslnnthéde mor

afteramesmim, ons ftrleg astdathys boafs eddhternafr fgimd gleimemtt o
tradMf he crossroad or wever.tmalliest afthsestdwkeeet i o
| abel ed &Ass uwnukinmoemne may be a marTgib@ ®of error i
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Taba2Bummary

of neoh¥vkedcpedestrian

arrival, compliance with traffic rul es,
Variable Before After LPI
Count % Count %
First Unit
Pedestrian 116 68. 9% 865 64. 8
Bicyclist 3 5. 5% 75 5.6¢
Passenger Vehicle 05 23. 9% 379 28. 4
HeavyVehicle 1 0. 6% 4 0. 3¢
Scooter 8 1. 1% 11 0. 8¢
Driver Violation
No Violation 156 92. 2% 1198 89.8%
Rolling Stop 7 1.6% 68 5.1%
Stopping Inside Crosswalk 5 4. 4% 47 3.5%
Red Light Running 4 0. 8% 17 1.3%
Others 6 0. 9% 4 0.3%
Driver Evasive Action
None 163 9 4% 1321 99.0%
Hard Braking 4 1.4% 13 1.0%
Other 7 2. 2% 0 0%
Pedestrian StagtCrossing at
WALK 130 7 3% 772 57.9%
FDW 144 8. 5% 149 11.2%
SDW 190 1 2% 182 13.6%
Unknown 51 3. 0% 232 17.4%
Pedestrian Evasive Action
None 164 9 8% 1282 96.1%
Hard Stopping 17 1.0% 8 0.6%
Hard Swerving 6 0. 4% 19 1.4%
Others 31 1.8% 25 1.9%
Pedestrian Distraction
No Distraction 160 9 5% 1295 97.1%
Talking on cell 11 0. 6% 17 1.3%
Texting oncell 4 2 2.5% 11 0.8%
Headphones 20 1.2% 6 0.4%
Others 22 1. 3% 5 0.4%
Pedestrian Crosswalk
Violation 426 25 1% 559 27.7%
Total Conflicts 169 100 % 1334 100%
TabdPpresents demographic details of pe
including group size, age, gender, and

aodi vehi

c |

and

e

e

destri

a |

us e

80

of



pedestrian were assumed based Tome trhees eraracphp etae s
their best judgmemtcdoesacwlhenpe iddmadii sphi c det
the variable was coded bifut hbermeearchtt eammap
that these are assumed genders and ages, subj
age of some i ndNoviednhasklash gmays sduimfpfteérons based on
uncommon in 68ftepgncesveheetnc plr.e,ci skl @)emographic
not avii-slpaebclief.i ¢ statistics fAprpetiida&vmamanpl| e
Vari ables in Before and After Phases for Each
Taba2¥Wwemographic and Mobi |l ity nGhodrvaecdt ePreidsetsitcrs
Variable Before After LPI
Mean SD Mean SD
Pedestrian Group Size 1.7 1.2 1.7 1.2
Count % Count %

Pedestrian Age

Child 55 3.2% 26 1.9%

Adult 154090. 9% 1255 94.1%

Older Adult 72 4. 3% 47 3.5%

Unknown 27 1. 6% 6 0.4%

PedestriarfGender

Male 103861. 3% 853 63.9%

Female 547 32.3% 39 29.5%

Unknown 109 6.4% 87 6.5%

Pedestrian with Additional

Mobility Device

None 1463 86. 4% 1149 86.1%

Device Ridden 118 7. 0% 85 6.4%

Device Walked 46 2. 7% 53 4.0%

Walking Aid 21 1.2% 16 1.2%

Stroller 27 1.6% 21 1.6%

Others 19 1.1% 10 0.7%
4. 4ARRal ysi s of Fi eladn dObvodauvaed Conf |l i ct
Thesskecti on provides an analysis of factors re

pedesvterhiiacn e

4 .

4 . ARnal ysis

conf |

oeVfe hR ecd ees tCroinaf nl

i ctsot etdottead &3 dams hlePIf i ted @a

i ct

Frequencies

Understanding the impact of various factors, such as pedestrian and turning vehicle volumes, is
crucial when assessing the effectiveness of spdnsadment on the frequency of conflicts

betweerpedestriangand vehiclesTo quantitatively explore this impact, a series of regression
models were developed using data from field observations.
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Given the discrete, nenmegative nature of the conflict frequency data (i.e., count data), Negative
Binomial (NB) regression was considered for this analysis. This modeling framework is

appropriate fothis type of data and has been employed in previous studies analyzing conflict
frequency Russo et al ., 202Bhe SMRE crhe g r&e Saaiyerd , m2delLl6
derived from the general form of the Poisson
the numberpedeptrridactedashes for an intersect.
Poisson witBqgubheE®Wabhowghgn et al , 2011)

o FElE & Equats3
wher e:
o Poi sson parameter for intecseaetpgaronsi (pr e
intersection)
bvector of estimabl e parameters
Xi: vector of explanatory variables (i.e.
EXB): gdaimmari buted error term

To prepare the data for this analysis, confl i
vol umes wer e tdheourarfi xrdde dbdPhl siintde.cat or vari abl
the model to assess the iIimpact of this treatm
conflicts occurring before the LPI i mpl ement a
i mpl ementutat yonon#Hbict frequency was then mode
vehicle vol umens,hv ohlouunmelsy, paendde stthrei aLPI i ndi cator

4.4.2 PekedesVetiiaml e Conflict (PET O 5sec) Freql

The anal yxiasépeérasantsdt hePlerd freedu vieme bpeddes tLr |
conflicts with PB&vefegh esesd omd snodited ls¢ svemien & s t
the i mpactcoomfbi chaft i ®mesmitng vehicles on confl i ci
includes all turning vehicles, including righ
To understand the specific i mpactsomfiWliitdaatr ni ng
pedestrians, the second and third modleddifrog us
protected |l eft turns.

Across all models, LRhdicatoris found significantly associated with hourly conflict frequency
at greater than a 99.9% confidence leveldfues < 0.001) with a negatiparameteestimate
indicating a decrease in conflicts after LPl implementafldve expected percent change in
pedestrian crash frequency was calculated for LPI indicator vartiaivlg the model resultePI

is found to reduce almost 10 to 15% hourly pedestaamng vehicle conflictsAdditionally,
hourly pedestrian volume and tungi vehicle volume are aldoundsignificantly associated with
hourly conflict frequency.
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Tab22Results of NB ModehiscierC®redleis¢tri @GRET O 5

Predicted %

. . Std. Change in

Variable Estimate Error P-Value Conflicts after
LPI

All Turning Vehicles including Right Turns and Protected and Permitted Left Turns
Intercept 1.174 0.1222 <0.001***
LPI presence -0.157 0.0599 <0.001*** -14.53%
Total turningvehicle 0.0027 0.0002 <0.001***
Pedestrian volume 0.022 0.0015 <0.001***
Conflicting Turning Vehicles including Right Turns and Permitted Left Turns
Intercept 1.0298 0.1214 <0.001***
LPI presence -0.1122  0.0566 0.05** -10.62%
Permitted left andight turning vehicle 0.0041 0.0003 <0.001***
Pedestrian Volume 0.0222 0.0014 <0.001***
Permitted left and right turning vehicles separately
Intercept 1.1548 0.136  <0.001***
LPI presence -0.1324  0.0569 0.02** -12.40%
Permitted left turning vehicle 0.0021  0.0011 0.06*
Right turning vehicle 0.0041 0.0003 <0.001***
Pedestrian volume 0.0213 0.0015 <0.001***

Note: *, **, and *** denotes variablés significant at 90%, 95%, and 99% confidence level, respectively

4. 4. 2 HLg®vePetdgsVYaghiamml e Conflict Frequencies

Il n this subsection, t heariempaancath gozfée dedlifcdldorstesse v e
to a col | ibseitowne eonc cCuworsiundger sng t hat conflicts w
seconds are considered the most critical i nt e
frequency ofAdrhesse noddeiltdlrerndteh.e LPI i ndicator ¢
a significant negative associati omr evditcdht ed nf |

reduction in severe conflicts rafmtgemgLPIrom ap
i mpl ementati on.
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Taba23Results of NB Model ssVédhbircll @ wC®EI PetdeGRPET

Frequencies

Predicted %

: . Std. Change in

Variable Estimate Error P-value Conflicts after
LPI

All Turning Vehicles including Right Turns and Protected and Permitted Left Turns
Intercept -1.357 0.364 <0.001***
LPI presence -0.673 0.171  <0.001*** -48.97%
Total turning vehicle 0.004 0.001 <0.001***
Pedestrian volume 0.012 0.005 <0.001***
Conflicting Turning Vehicles including Right Turns and Permitted Left Turns
Intercept -1.626 0.371  <0.001***
LPI presence -0.585 0.165 <0.001*** -44.29%
Permitted left and right turning vehic  0.006 0.001  <0.001***
Pedestrian Volume 0.013 0.004  <0.001***
Permitted left and right turning vehicles separately
Intercept -1.129 0.421  <0.001***
LPI presence -0.690 0.170  <0.001*** -49.82%
Permitted left turning vehicle -0.002 0.004 0.69
Right turning vehicle 0.006 0.001  <0.001***
Pedestrian volume 0.009 0.005 0.05**

Note: *, **, and *** denotes variable is significant at 90%, 95%, and 99% confidence level, respectively

l't is also possible to assess the sevegarsity of
presedfabda@ndi gBlel rcotnhiesonflact with both a | o
and a high vehicle speed would be considered

3% sec) and a |l ow vehicle speedmwoedel drkbsutbdss
PET Bipgked pedbstlreaoaonflict fTa&ldudEsti mataseop
LPI indicator remain consistently negative an
scendhieopresence of LPI is associated with a
approxi mately 50%, consistent with previous m
the effectiveness of LPI in reducing severe ¢
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Taba24Results of NB Mode$peldabde stVoewh iaRoH Te Hiognhf | i c t

Frequenci e

Predicted %

Variable Estimate Esr;[gr P-value Ccin?ﬁ(?tgea:‘?er
LPI

All Turning Vehicles including Right Turns and Protected and Permitted Left Turns

Intercept -2.341 0.525 <0.001***

LPI presence -0.690 0.250  0.006*** -49.86%

Total turning vehicle 0.004 0.001 <0.001***

Pedestrian volume 0.018 0.006  0.003***

Conflicting Turning Vehicles including Right Turns and Permitted Left Turns

Intercept -2.673 0.541 <0.001***

LPI presence -0.632 0.244  <0.001*** -46.83%

Permitted left and right turning vehic  0.006 0.001 <0.001***

Pedestrian Volume 0.020 0.006  0.001***

Permitted left and right turning vehicles separately

Intercept -2.308 0.630 <0.0071***

LPI presence -0.712 0.256  0.005*** -50.92%

Permitted left turning vehicle 0.00004 0.006 0.99

Right turning vehicle 0.006 0.001 <0.001***

Pedestrian volume 0.017 0.006  0.008***

Note: *, **, and *** denotes variable isignificant at 90%, 95%, and 99% confidence level, respectively

4. 4. 2 Mbd=2 | Predicted Conflicts

The modeplr erseesiualbtiTiam2 ¥ dathdLan be used to pred
conflict frequency across differenttsragges of
EquatlidbingBB8d | ustrates the NB model predicted
combinations of hour(liynctluurdniinngg rvieghhitc |teu rvnosl uammed

per mittedanldefhtoutrdryngp)edestrian volumes, with a
A ™ L | ® n oz I Equatli4

Wher e:

Npredicted cREseelsi ct ed pedestimitenr sercastonfrequency |
bhb=Mod-esti mated intercept term

bp=Mod-esti mated coefficiefpt for explanatory val
bi= Moa@stli mated coefficiedst for explanatory var

85



For the graph without LPI, the LPI indicator
set to 1. The predicted hourly conflict frequ
pedestrians cr2%&i0On g upenri nhgo wrehancd es per hour
chosen because the hourly pedestrian vol umes
maxi mum of 122 ,urawiedh gtchlee hvooulrunyes ranged from a
ma x i muem. 50 f

From this figure, it iIs evident that | ower pr
treatment across all volume ranges. Specially
severe conflicts. Predicted confflvehsciaesrerns
vph and pedestrian volume exceed 10@ilper hour
used to establish threshold valwues for turnin
i mpl ementation guidelines.
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Hourly Predicted Conflicts

Hourly Predicted Conflicts
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4. 4 . Rnal ysi s oMUMe hHecdees tQoinafn i ct Severities
The section will analyze factors potentially
values, vehicle speeds$Seatridddtlea ege f arcittoy so fmeease
observed conflict (with PET O 5 sec) was cate
s howha binGe
A High severity conflict: PET O 1.5 sec
A Medium severity conflict: PET > 1.5 to 3.5
A Low severity conflict: PET > 3.5 to 5 sec
As discussed previously, the thresholds for t
rese@Ruwshso et al ., 2023, Zadhgkringhpoaeaverittylcon
considered potentially dangerous interactions
interactions. As such, it is important to ass
reducing severe conflicts.
To statistically expl ore whether LPI treat men
severity, an orderednl ohpis modelexwasi éstai mané¢
|l ogit model will analyze the predicted probab
severity as a functiTonsomodetdepgndeamewarkabk
the discrete ordered nature of the conflict s
severity). | neacdsltognatt i mgdealn, oa dleat ent wvariabl ¢
ordered ranklng of t he( Waosnhfilnigctto ns eevte railt.y, d2alt 1al
L gL ¢ Equatlis
wher e:
X: vector of variables determining the discr
bvector of estimable parameters (e.g., treat
Udi sturbance term
The observed ordered data, y, for each confl i
‘ Frd 8 vairll AN Equatli6
« fred 8 8 vaxB » AR Equati
‘ Frd 8 vait@ AR Equatlie
where:

K estimable threshold parameters that definghich corresponds to the ordered conflict
severity categories.

Thep thresholds are parameters that are estimated jointly with the model pardmeters
Ultimately, of most interest are the signs of bhgarameters for each independent variable; a
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positiveb indicates that variable tends to increase the probability of a severe conflict, while the
opposite is true for a negatibeestimateT a b2 Shows the results of the ordered logit model.

Tab2¥Results of Ordered Logit Conflict Severit
Variables Estimate Std. Error P-Value
LPI Indicator -0.33 0.08 <0.001***
Vehicle Direction- Left (Ref.)

Vehicle Direction- Right 0.29 0.09 0.002***
Pedestrian Temporal Locatielfrar Side (Ref.)

Pedestrian Temporal LocatiefNear Side 0.35 0.07 <0.001***
Pedestrian Starts Walking at WALK (Ref.)

Pedestrian Starts Walking at FDW 0.13 0.12 0.304
Pedestrian Starts Walking at SDW 0.52 0.12 <0.001***
Pedestrian Starts Walking at Unknown -0.05 0.13 0.672
Pedestrian Speed 0.10 0.02 <0.001***
Driver Violation- None (Ref.)

Driver Violation - Red Light Running 0.23 0.37 0.540
Driver Violation- Rolling Stop 0.55 0.21 0.010**
Driver Violation- Stopping inside Crosswalk 0.42 0.19 0.026**
Driver Violation- Other 1.87 0.46 <0.001***
Driver Evasive Action None (Ref.)

Driver Evasive Action Hard Braking 0.92 0.33 0.005***
Driver Evasive Action Hard Swerving 2.15 1.50 0.152
Driver Evasive Action Other 0.93 0.34 0.007***
Pedestrian Evasive ActiorNone

Pedestrian Evasive ActiorHard Stopping 0.79 0.43 0.067*
Pedestrian Evasive ActiorHard Swerving 0.93 0.41 0.022**
Pedestrian Evasive ActiorOther 0.64 0.28 0.019**
Pedestrian Group Size -0.21 0.03 <0.001***
Pedestrian Gender Female

Pedestrian Gender Male 0.16 0.08 0.034**
Low Severity | Mid Severity 0.41 0.15

Mid Severity | High Severity 3.32 0.17

Restricted Logikelihood (LL) -2657.273

LL at convergence -2636.273

Note: *, **, and *** denotes variable isignificant at 90%, 95%, and 99% confidence level, respecti

Tab2@resents thefmaragihnalarefafbdet i n three seve

Marginal effects show how eaohseaviangldi fhélt el
|l evel s of conflicts. I nterpreting Tabkbdud®ss of

done as foll ows: one unit increase of X vari a
increasing the probability of a high severity
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the probability density) for variables with n
crossing in Solid Dondét Wal k ( SDW)v,e htihcd epr obal
conflict i mdrle aslesde bbyeidn%, equal

Tab26 Margi nal Ef fects of Variables in Order ec

High Medium Low

Severity Severity Severity
LPI Indicatof** -0.021 -0.06 0.082
Vehicle Direction Left (Ref.)
Vehicle Direction Right*** 0.017 0.054 -0.072
Pedestrian Temporal Locatiefrar Side (Ref.)
Pedestrian Temporal LocatiemNear Sid&** 0.023 0.064 -0.086
Pedestrian Starts Walking at WALK (Ref.)
Pedestrian Starts Walking at FDW 0.009 0.022 -0.031
Pedestrian Starts Walking at SDW 0.04 0.082 -0.122
Pedestrian Starts Walking @hknown -0.003 -0.01 0.013
Pedestrian Spe&t 0.006 0.018 -0.024
Driver Violation- None (Ref.)
Driver Violation - Rolling Stog* 0.044 0.082 -0.125
Driver Violation - Stopping inside Crosswattk 0.031 0.066 -0.097
Driver Violation - Other** 0.071 -0.324
Driver Evasive Action None (Ref.)
Driver Evasive Action Hard Braking** 0.087 0.111 -0.198
Driver Evasive Action Othef** 0.088 0.112 -0.2
Pedestrian Evasive ActiadnNone(Ref.)
Pedestrian Evasive ActiorHard Stopping 0.07 0.103 -0.173
Pedestrian Evasive ActiorHard Swerving* 0.089 0.111 -0.2
Pedestrian Evasive ActiorOther* 0.054 0.092 -0.146
Pedestrian Group Size -0.013 -0.038 0.051
Pedestrian Gender FemédRef.)
Pedestrian Gender Méte 0.01 0.029 -0.039

The ordered | ogit model results, which examin

high), further support the efficacy of LPI s i
demonstrated a significansevediutyioeonrffppn<tBeOD

mar ginal effects indicate that LPIls decrease
by 2.1% and 6%, respectively. This aligns wit
reducing sever(Arcwmfdti cdal i,nc2@W2AH;t sy. Guo et al
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Sever al ot her wvariabl esbeaviegri fail s@antalnyal yz®ac iaat
turni negewelsitaliean conf Hiucrtnsi .n gC ovnaepoarroei da st, ov el ihegfiotd
were found to increase the probability of hig
presence ofepmbdt gated pthtad e at most sites. Pe
near side were associated with a 2.3% increas
crossing fromntheatad sidk. cdbhld be a result

the pedestrian and driver to react when cross
Understandably, pedestriasisgwaeaiduntdi agsocbate:
i ncreased sevPeerdietsyt roifancso nwhloi cbtesgi n wal ki ng dur
significantly increasprohbhablchabecaonsestehere m
unexpected to drivers. Rolling Stops were ass
conflicts and Stopping inside the Crosswal k i
category " Ot hers'o dhra d@ ean cperdoore 6t eons hobwever, t|
exaggerated because of the small sample size

compliance with traffic rules, especially wune
el evates the plkharmscserofanseverf | i cts.

Driver and pedestrian evasive actions were as
These evasive actions | ikely occur in respons
with higher severity congtoepssi taeascoingmiakitc¢cal
conflict severity. This result may be due to -
groups, making it easier for drivers to notic
anot her siigentiofri ciannthipgrhedseverity conflicts. Ma
of high severity conflicts compared to female

in ralkkng behaviors or exposure patterns bet wi

4. Before and After Eval uation of NRTOR

The
Boun

ai me

NRTOR treat ment was evalwuated at Baseline
Right Turn (EBRT) traffic or crossing ri
permitted. The LPI treat mekste praarsa BHdrisdim t aneand ss e

d

d

t

0]

redebecpedesnfiansts, with similar va

Tabd2provindesveaview of obpedestritfacdmcMMRTARDLbL cl

eval ulatiitoinal 'y, there were 192 total conflict s
were applied. After i mplementing NRTOR, this |
a 28% reduction in overall conifd ia trseduSdtmidnm,r

bringing
|l icts reduced following thesbBREORtyesoONnfi ¢t
(PET O 1.5 seconds) wasemidtswd ielgotranzteidalc.onGo rfe
vehi

conf

and

the total conflicts down to 138, wh i

cle spsedtdi.ain dmetnht iroensedlatb2nepTlhhe i da&tda i r
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shows that the most significant reductions oc
medium and | ow severity conflicts.

Taba2ummary of ObseVekidcIPedE@snfrliiamts at Site

Variables Before 'Iil\thﬁI[OR After LPI

Total Conflicts (PET O 5[192 139 138

Hi gh Severity Conflicts 13 12 17

Medium Severity Conflicts (PET >13.5 sec) 105 84 78

Low SeverityConflicts (PET >3.5 sec) 74 43 43
Taba28ummary of Conflict ObsVeerhviactlieo nSsp eaetd SSietvee r

PET-Veh Speed Severity Categor After

(1=most se?vere) ’ o Before NRTOR After LPI

1 PET O 1. S/ehicle 8peedHi g h 4 3 3

2 |[PET O 1.5 sec, Low Vel9 9 14

3 PET > 1.53.5 sec, High Vehicle Speed 48 25 22

4 PET > 1.53.5 sec, Low Vehicle Speed 57 59 46

5 PET > 3.55 sec, High Vehicle Speed 31 12 20

6 PET > 3.55 sec, Low Vehicle Speed 43 31 33
It is also essential to consider pedestrian a

effectTabArpersosv.i des t he average hourly vol ume o
It was observed that theureniwreg\wo H leiwelre p etdlees t d «

t he NRTOR evaluation compared to the baseline
suggest that the observed reduction in confli
potentially | ower i ncgl e sntaenrda cpte doensst rbieat nwse.e nT hveerhe
evaluate the efficacy of the NRTOR treat ment |
careful |l @graslal yzeguency models can be devel op
on comrfgluieatcyfr as demonst r Hteeddi.icdmHD whedk Pl tr e
dataset is restricted toonxeofibt@®erer NRTOR neswWaIr want iaor
comprehensive data fromcompéwalsu astiiters. i s nece
Anot her i mportant consideration in assessing
restrictive measure. The effectiveness of NRT
restriction. Despite the prohi oiltaitamnesn saridds
occurred, with an aver age odfa 1ndu. avh émneghh ecrl etsh & ru

t he clr20.s9si ng velgihe¢!| & sl rtommsruggrgeeesnt.s2 & th@au r laynomrgo € shi
ri ghutr viemgmdres than 50% of those Vhiot aseggedts
that the effectivenesdgdrofvedRMOIRI arsce.ompr omi s e
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Taba 38 ummarHo uvorPleyd e sa mdeamiVcoll euarte Si t e 8

Variables Before QE?OR After LPI
Average Hourly Pedestrian Volume 28.3 6.5 23.2
Average Hourly Turning Vehicle Volume 258.3 | 1266 238.1
Average Hourly Crossing Right Turning Vehicle in

Red (Igestrictegll for NRTgR)g ’ 47.2 14.7 60.0
Average Hourly Crossing Right Turning VehicleGneen | 62.6 12.9 47.6
Average Hourly Adjacent Right Turning Vehicle 148.5 |42 129.7
Average Hourly Permitted Left Turning Vehicle 81.8 153 61.5

I n addition to traffic and pedestrian vol umes
presedabdIEimol |l owing the 1 mplementation of NRI
pedestrian speed remained constant. Despite t
still a considerable ntmbeai ngf vedn ftsl iewsit tshwihl nelfet
turning vehicles were notably fewer.

Tab3Bummary of pedestrian and vehicle speed,

|l ocation during interactions at Site 8
Before After NRTOR | After LPI
Mean vehicle speed (mph) 12.7 9.7 10.51
MeanPedestrian Speed (ft/sec) 5.3 5.3 5.6
No. of Conflicts with Left Turning Veh 34 24 7
No. of Conflict with Right Turning Veh 158 115 131
No. of Conflict when Pedestrians in Near S| 82 60 80
No. of Conflict when Pedestrians in Far Sid 110 79 58
Conflict involved driver and pedeswernandac!| Ibedt

and prEasRInNdabdnzepresents the demographic di st
i nvol ved DPreideest riviamriseagd s eoch af t er NRST.BR% ionip | dermevns
involved in conflicts werelfodndvéoshwgeeviol
t o rtehset ri ct,povoes stmbehsyauce® f b %cts on that crosswal
avoided.
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Tab3d ¥ ummarcyo nofflnivcotl v e d

pedestrian

and vehiocl

arrival, compliance with traffic rul es,
. Before After NRTOR After LPI
Variable
Count % Count % Count %
Driver Violation
No Violation 191 99.5% 116 83.5% 134 97.1%
NRTOR violation - - 23 16.5% - -
Stopping Inside&Crosswalk 1 0.5% 0 0% 4 2.9%
Rolling Stop 0 0% 6 4.3% 0 0%
Others 0 0% 0 0% 0 0%
First Unit
Pedestrian 138 71.9% 95 68.3% 94 68.1%
Bicyclist 7 3.6% 5 3.6% 8 5.8%
Passenger Vehicle 45 23.4% 34 24.5% 34 24.6%
Heavy Vehicle 0 0% 2 1.4% 0 0%
Scooter 2 1.0% 3 2.2% 2 1.4%
Driver Evasive Action
None 191 99.5% 139 100.0% 138 100.0%
Hard Braking 0 0% 0 0% 0 0%
Other 1 0.5% 0 0% 0 0%
Pedestrian Start Crossing ¢
WALK 170 88.5% 78 56.1% 94 68.1%
FDW 8 4.2% 22 15.8% 23 16.7%
SDW 14 7.3% 39 28.1% 21 15.2%
Unknown 0 0% 0 0% 0 0%
Pedestrian Evasive Action
None 192 100.0% 133 95.7% 138 100.0%
Hard Stopping 0 0% 0 0% 0 0%
Hard Swerving 0 0% 0 0% 0 0%
Others 0 0% 6 4.3% 0 0%
Pedestrian Distraction
No Distraction 186 96.9% 131 94.2% 137 99.3%
Talking on cell 1 0.5% 1 0.7% 0 0%
Texting on cell 0 0% 2 1.4% 1 0.7%
Headphones 4 2.1% 0 0% 0 0%
Others 2 1.0% 5 3.6% 0 0%
Pedestrian Crosswalk 55 18 99y 2520 8 5.8%
Violation 35
Total Conflicts 192 100.00% 139 100% 138 100%
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Tab32bemographic Gmar Motoe d ii & tyli cvso lofe dCofhe d @ scttr | @
Site 8

. Before After NRTOR After LPI
Variable
Mean SD Mean SD Mean SD
Pedestrian Group Size 1.6 0.8 1.7 0.8 1.8 1.1
Count % Count % Count %
Pedestrian Age
Child 5 3% 7 5% 3 2%
Adult 186 97% 124 89% 133 96%
Older Adult 1 1% 8 6% 2 1%
Unknown 0 0% 0 0% 0 0%
Pedestrian Sex 0%
Male 139 72% 84 60% 87 63%
Female 53 28% 50 36% 49 36%
Unknown 0 0% 5 4% 2 1%

Pedestrian with Additional
Mobility Device

None 172 90% 114 82% 128 93%
Device Ridden 10 5% 4 3% 0 0%
Device Walked 4 2% 11 8% 10 7%
Walking Aid 3 2% 3 2% 0 0%
Stroller 3 2% 7 5% 0 0%
Others 0 0% 0 0% 0 0%

4. Gummary and Discussion

This chapter described the site identificatio
reduced -dololmedted dvi deos to perform aamBe&fore :
NRTORr eat ment. Eight study crosswal ks from f ou

and volume anal ysi sTHe re waldweeat idarnt ai rcoll U dced i Lol
crosswal k and NRTOR oprestci dafswalwies £e $ snpmé etme na-

seconds at eachofssellrcursd ocff tei. ddAotwasal col |l ect «
After phases, 10 hours each day. -Colnlifddtcad dat
videos, focusing Bfwasnéi decbsdwherelebBs. PConf
into high, medi um, and | ow severity based on
O 1.5 seconds.

LPEval uaAtisogni ficant reduction in both the to
was oOobserved after i mplementing the LPI treat
conflict severity was used considéeegogikbst weP
defined with the meéstghs eeveeiric | leeismpe edlébowamnPIET e a
PETow vehicle speed6. Thesevweasty mamkeédcdescr
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h vehicle speed conflicts
were more frequent.|
due t b e thuberenp tpehsaesnecse aotf
the average vehicle speed
ted that most conflicts in
opr & daenscter iodns a head start t
and demographic anal yses
e majority of conflicts in

es.

model s were devel op
s, while accounting for pe
signi fi cantatneoga tainvde ccoonrfrl
various scenarios, with re
PET O 5 seconds and around

MM hep dNBd moale@ s grde stuol tpsr eadrieevte hhiocurel y

s with and without LPI tre
es conflict severSDtperespe
e hTihcel see vroelduwncet si o(nosv ecro n2t Oi On uve
increase above 100 per hou

i ct fregReseclyt scodédime €he s
examine the severitsy of <co
sThil@aP Ir eidruccii cnagt accro ndd macrt s tsreavt
keli hood of high severity

confltiuetni sgveriht ¢liesc!| peaesit ghtn
i rsisti ivagtsinyg ScOrWo si gnal s,

and sewcalsaavek rcd Kiomg by
| ar gveeraespseodcei sattreida nwigtrho ul po wseirz

mal e pedestrian,
drivers and har c

treat ment Shwads Beawsad ltuiantee d a't

rfeosru IEBsSRTs howdd i&af2 PBTdeéenssas

the sedeciitgnconfl

was not .Fhkesbpaserakd deowvucédtstbreiimutceodh ftl o ctesduc:
hourly turning vehicle volume and pedestrian
compared to the Befora&rrgglgas ¢ .edHdwewaerc,oumdr & od
vol ume on conflict frequency and assess the t
Anot her i mportant consideration in assessing
restrictive measur e. Despite the prohibition
occurred, with an aver age oofanlked révmeghh ecrl etsh aru
t he clr20.s9s i tnigroms gAmfeeemg t he 27.6 hourly crossing
more than 50% of those Moowéaved, tdrei WRIT ORI o0k al
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afieaest alNRTIORI ,ghwi t h 16. 5% of drivers invol ved
violated the restriction-compé¢ i amncecy coommpc lomd s
effectiveness of NRTOR, and more comprehensi v
compl eteneval uat:

The results presented in this chapter, as wel
contribute towards data driven LPI i mplementa
history, i ntersection geometvroyyl uamed tamed bk wirlnti n
vol umes have all been shown to be impactful i
signalized intersection, and will be included
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5 | MPLEMENTATI ON GUI DANCE

From the wor k c onidnupclteende nitna ttihoins gpuriod aenccte, has &b
within the City of Phoenix Stiamdaddi tOpem at ®o nige
for the pedestrian scrambl e.

5. lLeadPegéeri an I nterval

To deter minePedWwbeOpebeamal , Consi ddroed,ap arirvRenc o
oftrosswalekwer al stepsflwowdh ot d®hdwweidres an
overview ofFitbe,pdatasseeds to be collected r
considerati on, ivnechliucduilnagr clreavsenl hoifs tsoerryv,i ce, pe

and geometry anat tu({Thbd&hst sonmenspéeoirfidatmraenq
coll ection)
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INTERSECTION UNDER
CONSIDERATION

@ DATACOLLECTION

VEHICULAR GEOMETRY, PED &

CRASH BUILT
VEHICLE
HISTORY LEVEL OF ENVIRONMENT] VOLUMES

SERVICE FACTORS

INTERSECTION CROSSWALK
LEVEL FACTORS LEVEL FACTORS
ASSESSMENT ASSESSMENT

! ! ! !

CROSSWALKA CROSSWALKB
COMBINED SCORE COMBINED SCORH

USE MATRIX FOR USE MATRIX FOR
CROSSWALK PAIR CROSSWALK PAIR
A-B CD

LPI ISRECOMMENDED
CONSIDEREDOROPTIONALFOR
EACHPAIR OF CROSSWALKS

Fi g8dlePl Guidance Fl owchart

CROSSWALKC CROSSWALKD
COMBINED SCORH COMBINED SCORE
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Tab33ata Coll ecStuiirdmAhtide syment

Factor s Data Coll ectioitData Coll ection Met
Crash Hi sNumber ovYehiualndRevi ew crash recor
pedestrian cra<filters.

years in the i1

PedestriaHourly pedestriColl ecAtpr®@dt, wehedkldiac
each crosswalk 10 hr sSsAAMAMVer agelf

in downtown, an ave

11ARMPM is acceptabl

Turning VHourly |l eft ancCol |l ecAtpr@dt, wehedkldiac
Vol ume vehicles for eil10 hrms5 (M)A aver agelif
i n downt own, an ave

11ABMPM is acceptabl

T interseCrosswal k paralSite visitsSoart e@bleigtl
intersection
On-&Way Str PresencwayfstorneSite visitsSoart edpleigtl
approach
School anMeasure distancMeasurement using (
[

Stop Distof ntersectiol
Sight Obslrregular intei1Site visitsSotrr eGotogM
obstructions b1

bridge, trees,

inferior 1ighti
Level of Calculate or es<Traffic analysis s
(LOS) LOS calcul ations wusing
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Then, with the data collected, the analyst pr
crosswal k at the intersection based@édtacmhorsters
i ncl ubeads siensastseh ©wha b3Ink
Tab3 A PSuit awar kdlyeet
| ntersection Level Asse:
Factor Scor Score All oca Background
Turning- VO to Three crashes Through t helLPli ti
Pedestria Two crashes = shownefboebeéeive
in recent One crash = 1 this @®htash typ
None = 0
One Way S10 toOne or more & Vehicles tur-wialy
Noapproach = 0street do not n
yield to vehicl
direktion
I ntersect 0 tolLess28bB&n¢0t I ntersecrrididdh w
from Scho Mor e 2t8H0a&n Dt school are foun
probability -of
pedestri?anr* cr as
I ntersect 0 tolLess30b=anl I ntersecBiO0nfd tw
from Tran Mo r e 3tOa nf & transit stops a
i ncrease probahb
vehipeldestrian® c
Travel De 3to -1 for eachfdeHi gh | evel of t
apprbakbows C. reduce LPI effe
exampl e, LOS causing driver
woul d;bde OS C behaVhepbhobédcal
woul d be minuusing a preferr
sof t,wdroee peak I
-1 for each dethe agency delen
i nterbelklb@®S nb e
C. For exampl

LOS D welul d QS
LOS E would b
m u-3n.

Ma x i of
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Crosswal k Level Assessm

Factor Scor Score All oca
Pedestria 0O toMore than 100
(per hour 51 to 100= 2
6 to 50= 1
Less than 6 =
Turning Ve0O to More 60ban 3
Vol ume (v | 401 6@ ®= 2
10 1 40 ®E
Less 10tltha=n O
T interse 0 toCrosswal k 9gtaal
of T intersec

No = O

Reason

Hi gher pedestri
increase the 1
pedesvterhiiacn e i?nf

Hi gher vol umes
vehicles incr-ea
vehicle i?nterac

I n crosswal kspa
of -iantTer secti on
vehicles turn |
need to wait fo
(Saneinejad &

Sight Obs 0 toVYes = 1 A sight obstruc
Skewed Ap No = 0 approach can ma
chall enging for
pedestnr itehre! cor 1
Hi ghest S 15
Not ¢ 1. This is wused guni doatnhceer. publ i shed
2. This is based upon r(esHPFichB o nduct e
3. Di st ameastursed from the center of the
4. School i puddfiacghekt &rs hool s
As an LPI must be i mplemented at <crosswal

consistent t o Cross

Suitability TM®8 ®i x

a given street), the
Mat asxai r of crosswal ks psgwihtohnng GEendr ¢ hewal k

shown

n
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Crosswalk Pairs - A-B & C-D

Fig8b@r osswal k Pairs at an I ntersection
Basedheamach pair fodl lcy owistwaidmaistirhiexy an LPI i s ¢
tbe Optional, Consi,dewhdd,h ar eRadedmmerdd eads t he

cont ext of this work:

T Opti onal
o Minor safety benefit expected
T Considered
o Moderate safety benefit expected

T Recommended
o High safety benefit expected

Tab3%® LPI SwMatabixl ity

A (or C)
Crosswalk —gcore 0-4 510 1115
B (or D) 0-4 Optional Optional Consideed

5-10 | Optional Consideed Recommendd

11-15 Consideed Recommendd Recommendd

Sever al serudaggar di ng L Pls hiomgd Ide:mbeen tnaottiean

1.1 f there is no ad4jfacrendpirbcsw@d ksl 9 efreerd, and
Recommended.
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2.1 f noti mdtrelaldeged, APS units should be used with
3.Due to the need for the voice promptsanonL.PAPS wu

must be installed in @araoss sacrhoadhwmday bog ér atre s
Addi t itoneal WALK® indication must start at the
4 Atl ocations with LPls, left turnomltyyadchgohestho
turn protection for a movement across an LPI C
LPI .
5.For |l ocations with a Flashing Yell ow Arrow, t h

6. The guidance providedsdemondilsPIlworA dtsorbtaesre doron
can be used, jbucseaa dtnMETNQD newirdanc e .

7.0n coor di nathed offdcieltist iods,t he adj acent intersec
vehicle platoons do not arrive during the LPI.
8. Upon i mplementation of an LPI, signage such as
Head Startdéd may be i mplemented to inform drive
9. To i mprove vehictuharLRlomptl ha@anfcel lwowihng i tems m
a.lnstall wvisors to shield signal heads per pe
cannot anti ci paTthei st hies gersepeenc iianltleyr vuasle.f ul f o

be an option at all |l ocati ons.
b.No Right TurhmeomoRed dehewul @dn approaches par
ashe teslows eit increases the effectiveness

c.A 6Turning Vehicl es ( Rélé&l)d nmaoy MRed eussterdi a ms G ns
awareness of pedestrians to drivers.

5. 1EXampuedaProe ess

Thi s nsevdtlilo wor k gtuhirdoaungche tphreo cleRsls at ugweldef t h
North and Wedtnddrams SwdNoked s dfohd ng BiBre

Fig8bEexampl e Crosswal ks for Analysis
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Tab3G Example Worksheet

| ntersectio
Factor Scor Score All oca
Turning- VIO to Three crashes
Pedestri a Two crashes =
in recent One c¢crash = 1

None = 0
One Way S'0 to One or mor e

No approach =
Il ntersect 0 tolLess28b&ntt
from Scho Mor e 2t8H0aBn Ot
Il ntersect 0 tolLess30b=anl
from Tr an Mo r e 3tOhDa nf &
Travel De -2 toOne approach

LOS Hh =
Whol e inters
bel ow L-BS D

Factor Scor Score Al Il oc

e
Crosswal k L
a
0

Pedestria O toMore than 10

(per hour 51
6

Less than 6

t

to 100= 2
o 50= 1

Turning V(O to More 60ban 3

Vol ume (v | 401 6@ ®= 2
101 40 OE
Less 10tlha=mn O

T interse 0 toCrosswal k otaa
of T intersec
No = O

Sight Obs 0 toYes = 1

Skewed Ap No = 0

Tot al

n Level Asse:

Nor t-Wa IX We s tWaX |
3 pts

3 crashes20f2r2om

Opt s
No aragtreets at

2pts
School within 2

iIpt
Transwittbhtop280

Ops
Presumed O0; i ns

anal ysi s

evel Assessm
Nor t-Wa IX We s tWaX k
Ipt Ipt

28 ped/ 128 ped/t
average average
11AM PVN11AM PNV
i1pt 2pt
3 4Behr 343 vehl
average average
11AM PNVN11AM PNV
Opt s Opt s
Not-a T NotT- a
i ntersecintersec{
Opt s Opt s
No skew No skew
sight otsight ol
8 9

From t he twhoer kNsohretent ,cr os swal KWesto rcerdo s8s wali kn t ssc o

points. Because
crosswal k | evel
East crosswal k.

weS adwt modan dc abvees td ad rao § w a It khse,

v

valueslImbutSowmehwickrlospwas kme aa

With all

of the crosswal

ks

suitabilityparart rafx cdroos selaachk@nabl3lBustrated
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Tab3?%2 North / South Crosswal k Suitability Exar

North (8 pts)

Crosswalk seore 0-4 510 11-15
South 0-4 Optional Optional Consideed
(11 pts) 5-10  Optional Consideed Recommendd

11-15 Consideed RecommendadIRecommeneld

Tab38ast / WesSuiCrabiswialt k Exampl e
East (8 pts)
Score 04 5-10 11-15

West 0-4 Optional  Optional Consideed
(9 pts)

Crosswalk

5-10 | Optional IConsidered Recommendd

11-15 Consideed Recommendd Recommendd

this example, an LPI for NorthwhilSeuah ctPb
for the East |/ West crosswal k pair should be

5. Pedestrian Scramble SOP Recommendati o

The recommendations for an SOP for pedestrian
Exclusive Pedestrian Phasey)ecmpbeimentanti emt air
from | bhéeyiaaamet the result of any iCideapd mndesn:t
are noted differently inttrRinsfoeaetaitomnofoft hdli
an SOP by City of Phoenix personnel

5. 2Ldcation Type
Consider |l ocations with the following charact

1T Pedestrian volumes. [LADOT, Chen et al]

o LADOT recommends peak hour pedestrian volun
hour vehiGRR6Ovepkedmstri an crossings per hour
single crosswal k.

o lntersections in downtown areas with rapid

T Vehicle volumes [LADOT, NYCDOT, Chen et al ]

o LADOT recommends high turning volume acr oss

|l east 200 vph per crosswalk during the peak
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o NYCDOT recommends | ocations where dominant

o Low vehicle volume intersections [ NYCDOT]
1T Pattern of turning vehicle vs pedestrian crash
o LADOT Guidance: at | east 3 documented crash
1T Geometry
o Atypical intersections where diagonal <cr oss
[ NYCDOT]

o High demand for diagonal c¢crossings [ NYCDOT]
o T Intersections [ NYCDOT]

o Smal |l intersections [Chen et al]
T Additi onal characteristics
o lntersections that can provide a safe and a
di sabilities. [ NYCDOT]

o Il ntersections where pedestrians are more |
injury during thespeaeadf Wah@§ ehasei fhidhst a

Locations where treatment may be | ess desirahb
T At or -greare atai l crossing[stuADQ@TII priority inter
T At orf rreeavray ramps where queue of waiting vehioc

[ LADOT]

T I'f there are f-ewwhpeldestonfhi tusnPpingonki srcmoe e
LPlI or -pmlbyecttewdi ng vehicle mgvieAnDeOilt]s shoul d b

5. 2. Bpl ementation Chall enges
T I mpl ementation of a pedestrian scramble typica
T Nowmompliance of the Wal k/ Dondét Wal k signal may
accustomed to a different traffic patten, or |
T Refuge spaces for pedestrians could be insuffi

pedestrians.

5. 2D8sign Recommendati ons

The MUTCD has the following recommendati ons:
For pedestrian scrambles that allow for diago
Fi g8rlehe MUTCD states that the markings that d
be Wiigh bility markings, but crosswal ks around
visibility markings.
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R0

Fi g8feexampl e Markings (Source: MUTCD 1:

The PROWAG (BWalyi aAcRiegbi bility Guidelines) by
have specific guidance about pedestrian scram
ADA compliance requirements fonmt pepeadeesstriiaan ffac
Sshould include the foll owing:
T High sibility crosswal ks.
1T Refuge isl ands.
1T Pedestrian crossing signs.
1T Separate curb ramps with detectabl e warnings.
o The curb ramps should be separate to i mprov
pedestrians.
o This is not always possible, and a single c

alternative.

LADOT and NYCDOT recommend the foll owing:

T Consider not including a diagonal crossing if
M Consider AiNo Turn on Redo restrictions for al/l
required at al | NYC intersections, and therefo
T Adding signage explaining crossing requirement
T Consider adding pedestrian signal heads for di

[ NYCDOT]
f Consider the r-pmmpmabsbVeplrefecteadn phase
i mpl emented to address pedestrian confl

The NYCDOT al so recommends that Accessi ble Pe

the perpendicul ar crosswal ks, but not for the
|l eading to confusion for the svhiosudal Iwal ikmp &ihree
Canadian National l nstitute for the Blind and
that all APS units at the intersections shoul
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sign is
Signal s
Ver si on

all crossingsdAtca ersesp |lbd e Pteldee s

American

CounciCl edr itrhgg @®U ri nRIe
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6 CONCLUSI ON

Pedestrian safety is a critical transportatio
substantially over the past decade. Given thi
to most effectively i mplememt pgeodaeadstrmerasur sl
fataWitheshe goal of -mmpoovied saktet witarnnoh
this project included the foll owing activitie
f Literature review regarding i mplementation
treatments at s, gaalweleld asntkrirsyeclte onlsear art
confirmation | ights for RRFBs and CRFBs,

T Laboratory tests of advanced pushbuttons t
|l ow desert, environments

T Before andasAdd egimkseath ddfy g PedelsRARaEndnéNmt er v.
Right Tu(NRJIORRedfdremam mfeindlsd col |l ected confl

T The develpamraerchk Pflafciimmpgl e ment ati on gui del i ne:

1T Recommendations for a Stahdard pPedesatrngnP

Literature Review

The | iterature review provided an overview th
pedestrian treatments such as LPls, pedestria
RRF8n@RFB indicator beacons, and advanced push
guidelines from Californi aasbtocedat h@aor omtto s
andlur aafi oaan LPI can vary due to numerous facto
vol ume, peak Htioluirt w oil usnee, viirstieewae coi oh geomet
i nt er secltn ocnosn)t,r aesttc,. t here is a | ack af standa

pedestrian scrambl e i,n wWotthbo nAmygeiienagp dpuikl o @i
criteria and design guidance for pedestrian s

saf et yBeffamatAbtaeard t he i mpl ement ati on of pedestr
analyzing compliance with traffniterrswelceas oamrsd t
Typically, i ntersections with high traffic vol
vehicles, short diagonal crossing distances,

the i mplementati onAodetpaidlesad rsammarcy ambl| feadct ol
and pedestrian scr amplée diirmpgleemerit dNtoir d vine @dumied i ¢
presented in tabular format in this report.

No officiadogumdert aneonrregarding RRFB/ CRFB cc
However, two distinct types of confirmation |
podmeunted systems observed in Nevada and I ndi
report. Since tHé®d @prRatemofc,t e m@deBtori amupging
has iIingetasedfdnaoeladt gdaitdo t he sensitivity of
been published in any designdempauttmeont. f Fomah
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various guidelines for bicycle clearance sig
guideline is the most recent and describes t
for mat .

n
h

Pushbutton Laboratory Tests
Laboratory tests bhvafdeafdcrerda rpaues hebwa It wantsi on e x

Pol ara 1 NS3 and Guar dijtadnsntdMaevi er ptuosuhcbhul tetsosn ddeet vei c
press capabilities, and responsiveness under
their range, sensitivity, and other settings,

as dar k coovnedsi,t iaonnds , HTdgabt €Pb | bau tatt snani ni mum wave |
Guardi as Wewesitivity and del ay settings signi
Polara unit's centroid height was above the b

bel ow. Both unitsd extended pireess swoarnkde dP oa sa rian t:
withe Pol aalap dPoewidyfpfpect i ve accessibility featul
LPI I mpl ementation Guidance
To delvRll oipmpl ement at | amnheg udRildt@mmcoefx , anal ysi s of
collected pedestrian conflicts and were perfo
To identify the sites for ffidHaemnriaxXx af rcorm!| 2Ct6
2022 was analyzed. Since this project-is prim
pedestrian crashes that would be most i mpacte
crashes of this typd wpt ewistshsitng atshde tPolwbseioghnxa |cii
we e then r ankedpebdye stturrina m gc rvaeshh cflreequency. The
three or more crashes, were tiered for data ¢c
From these intersections, seven were selected
on video collection feasibikkppyg,suaemrdemxdtean tpieal
signal ti mingvodiugmrei ragpadlyasngesvas conducted to
crosswal ks withofhpehieghtatmesrgosahiecl es. Vehi
counts were collected for one day at each int
hour, to captureod tepfésenpatitee nsamfghe dat a
the crosswal ks with the highest ppdeduciafavo
measure of the interaction between pedestrian
intersewdrieoni denti fiied for data collection

f Site 1: Wash®BhgBonotBtcaods®al k

f Site 2: Wash®hgwenst Strasdwal k

1T Site 3: | ndi a¥A vSec hSoooult hR dc raonsds weall k

1T Site 4: |l ndi an School Rd and 51st Ave West

f Site 5: 1 ndi a'nMAvSec hNooorlt hR dc raonsds wiadl k

f Site 6: |1 ndi a'MAvSec hWdeoslt Redr oasnsdw all 9k

1 Site 7: W Baskeviei nNeo rRdh acnrdo sbslwa |l k

1 Site 8: W Baskeve nWe sRd carnods sbwla | k
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The pedestrian treatments to be evaluated at
City of Phoenix Street Tr ansapo retaacthi camMBeprarl tkm
Right TuMNRTOJRas Re dsJretmde r&t caoandWwPdtsedver e i mpl e me

seconds at each selected site. The Phoenix te
bot h t haen dB epfhcarée® 8 bef ore, 80 with LPI, and 10
Conflict data wer e manuelcltye dr evd wceeods , f rf cone ufsii enlg
the Post Encroachment Time (PET) was 5 second
t fei rst unit (pedaesitngaeamdeniuehitalge)Y he conf | i c
providing a quantitative metric for evalwuatin
high, medium, and | ow severity based on PET t

1.5 seconds. Thiegmrmiafmitl t e d u o tfiroeaqt wkedd ceyp@vhe rt ihtey

vehipelde sctornifd itcears LPAddreaomahty, a new met hod
conflict severity was used considering both P
defined with the mestghs eevecnriec | leeismpe edléowa nPIET e a
PETow vehickeeswasda. mahkedvdectgasenihibtagh

those involvingpbedhcert¥kerctyf bl gibhweit mga LPI i m
showed ¢#thiatnimigghvtehi cl es were more frequently
turning ones, |ikely due t o tthuer np rpehsaesnecse aotf npo
The study also highlightdedttrhatnsmastri vwomfgl iadt
rst which emphasize the i mportance of givin
rivers.

tive Binomial (NB) regression models were
t ment on conflict frequencies, while acco
l'ts domnaidsitegmitfiiycant negative correlation
| i cyacfrroesgsu evnacr i ous scenarios, with reduct:i
for conflicts with PET O 5 seconds and ar
| ow PET high speetwedda@aned Tlhe pKBdmmeadelhomn
pedesvterhiiacnn e conflict frequencdiiensiwigtsh famdn wihti
anal ysis indicate that LPI treatment significa
with high pedestrian (over 100 peeghilpwiue ) and
holuur

I n addition to conflict frequency, conflict s
results, which examine the severity of confl i
efficacy of LPI s i mBarsedu ocinngnocdeen f Iriecstul stesy, e rtihte
indiaasedgnificant reduction in the I|ikelihood
Factors contributing to i ntcurenaisnegd aveeohm firldicesste ds ¢
| etfur ni pgdestrians crossing from the near si d
mal e pedestri an, driver violations I|ike rolli
pedestrian group sizes are associated with |o
Building on the crash and camdlictotamead ysegs c
published guiddmce nga i sngtl eonfe npp @aliwliaideavglogdetdi ne
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| ncorporating a flowchart and a worksheet, th
crash history, geometry and the built environ
crosswal k |l evel factors, raauanly e hpedestvroilameas
score for each analyzed crosswalk. As LPIs sh
crosswal k in a pair are then entered into a s
LPI at thosel drbeswapkstwd to have a | ow, med,]
Pedestrian Scramble SOP Recommendati ons
Finaly, recommendati ons for an SOP for the pe:
Whil e only one city, Los Angeles, was found t
a comprehensive review of the Iciet erreagtaurrdei nagl | o
|l ocations that may or may not be suitable for
and design and operational recommendati ons.
Limitations and Future Work

While this work included robust crash and con
Regarding the crash analysis, this was conduc
Addi tionally, pedestrian svuol.unmes wehree camsfdntct
any manually reduced data, there may be smal/l
Al so, dueo Hwebmatsed| pblase and pedestrpobanvdaual
observation to determine phase start and end
due to occlusion and sun angl e.

Looking forward, the SOP recommendations for
through further research on the topic. A prac:
i mpl ementation and operational ghowaoatkewoul d
agencies are using the treatment, while a fie
treat ment based upon | ocal operational charac
effectiveness of theé atsr @eat mesretr, bamdavti loe i(mp ad
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APPENDI

CES

Experi ment

Appenmdi ol ara Wave Detection
ClExperi ment 1: Range Zero
The first experiment was performed at
Range 0O Settings, Environment al Condi ti
Settings: Environment al Condi
T Range = 0 T Room Temper a8 WAFR =
T Extended Press = 1 T Hand Temper ait9Rr. 8 A4
f Mini mum Wave Ti me T Light 144 Lux
T Rain Lockout = Off
100% Fiel @5Val ume:
Range 0O Resul ts
Z Direction Z Direction Z Direction Z Direction Z Direction 2 Direction Z Direction
-33-2-101 2 3 -3-2-101 2 3 -3-2-1012 3 3-2-1012 3 -3-2-101 23 -3-2-101 2 3 -3-2-101 2 3
8 8 8| 8| 8| 8 8
7 7 7 7 7 7 7
6 6 6| 6 6 6 6
5 5 5 5 5 5| 5|
4 4 4 4 4 4 4
3 3 3 3 30 3 3| 3]
g2 g2 g2 E g2 “ §2 g |
E 1 E 1 E 1 E 1 E 1] a0 E 1 E 1
=| of =| of =| o =| o =l o 20 =0 =]
21 21 S 2 2 » 21 21
-2] -2 -2 -2 -2 -2 -2
-3 -3 -3 -3 -3 -3 -3|
-4 -4 -4 -4 -4 -4 -4
-5 -5 -5 5 -5 -5| -5|
-6 -6 -6 -6 -6 -6 -6
-7 -7 -7 7 -7 -7 -7
-8| -8l -8l -] -8 (-8 -8
X @ 0inches X @ 1linches X @ 2 inches X @ 3inches X @ 4inches X @ 5inches X @ 6inches
Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction
-33-2-101 2 3 -3-2-101 2 3 -3-2-1012 3 -3-2-1012 3 -3-2-10123 3-2-101 2 3 3-2-101 2 3
8 8 8 8 8 8 8
7 7 7 7 7| 7| 7
6 6 6| 6 6| [ [
3 5 5| 5 5| 5 5
4 4 4 4 4 4 4
3 3] 3] 3 3 3 3
g2 g2 8|2 § 2 g2 §2 §2
Tl 1 Tl 1 Tl Bl 1 Bl 1 Tl 1 Bl 1
£l o = £lo £l o £l o Lo £l o
S E S E = ~E! NE! S E I~ B
-2| -2| -2| -2 =2] -2 -2
-3 -3 -3 -3 -3 -3 -3
-4 -4 -4 -4 -4 -4 -4
-5 -5| -5| 5 -5 -5 -5
-6| -6| -6| -6 -6 -6 -6
-7 -7 -7 -7 -7 -7 -7
-8 -8l El -8l -8 Lal -8

X @ 7 inches

X @ 8 inches

X @ 9inches

X @ 10 inches

X@ 11linches

X @ 12 inches

X @ 13 inches
Interpolated Results
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C2Experi ment 2: Range Three

The second experi ment was performed at

Range 3 Settings, EnvironmeVotlaubumeCondi t i

Settings: Environmental Condi
Range = 3 Room Temper a8 WAFR 3
Extended Press = 1 Hand Temper ait9®r & Ad

= =4 =4 =4

f
f
f

Mi ni mum Wave Ti me Light 144 Lux
Rain Lockout = Off
100% Fiel d6Vaol ume:
Range 3 Results
Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction
3-2-101 23 -33-2-101 2 3 -3-2-101 2 3 -3-2-101 2 3 3-2-1012 3 -3-2-1012 3 -3-2-101 2 3
8 8 8 8| 8| 8 8
7 7 7 7 7 7 7
6 6 6 6) 6) 6 6
5 5 5 5 5 5 5
4 4 4 4 4 4 4
- 3 c 3 - 3| c 3| = 3 c 3 0 - 3
9|2 9|2 9l 2 3| 2 gl 2 9l 2 £) 9| 2 o
Gl 1 g1 ;"’j 1 Bl Gl § 1 7 g 1 n
.‘o: 0 E 0 Ja: 0| ‘6- 0| 5 0| 5 0 0 'ﬂ; 0| ]
>|-1 >|-1 > >'1 >[1 >[1 m >'l
-2 -2| -2| -2 -2| -2 -2
-3 -3 -3| -3 -3 -3 -3
-4 -4 -4 -4 -4 -4 -4
-5 -5 -5 -5 -5 -5| -5
-6| -6| -6 -6| -6| -6| -6
-7 -7 -7 -7 -7 -7 -7
-8 -8l B -8l -8l L&l -8
X @ 0inches X @ 1inches X @ 2inches X @ 3inches X @ 4 inches X @ S inches X @ 6 inches
Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction
3-2-10123 3210123 3-2-10123 3-2-10123 3-2-10123 3210123 3-2-10123
8 8 8 8| 8| 8 8
7 7 7 7 7 7 7
6 6 6 6) 6 6 6
5 5 5| 5| 5| 5 5
4 4 4 4 4 4 4
3 3 3 3| 3 3 3
8|2 82 §| 2 + 5|2 | 5|2 g2 52
EE gt e EE EE EE EE EE
.‘D: 0 E 0 ‘é 0| ‘5' 0| ‘é 0| 5 0 ‘D: 0
=K1 =K 21 21 2l bl ] 2l
-2 -2 -2] -2| -2 -2| -2
-3 -3 -3 -3 -3 -3 -3
-4 -4 -4 -4 -4 -4 -4
-5 -5 -5i -5 -5 -5 -5
-6 -6 -6 -6| -6 -6) -6
-7 -7 -7 -7 -7 -7 -7
-8 -8 -3 Bl -8l 8| -8
X @ 7 inches X @ 8inches X @ 9inches X @ 10 inches X @ 1linches X @ 12 inches X @ 13 inches

Interpolated Results
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C3Experi ment

The third

Range 6 Sett

exper:i

3: Range

ngs,

me nt

Envi

was performed at

ronment al

Si X

Condi ti

ons

S

ettings:

Environment al

Condi

Range = 6

f
r 1
f

Room Temper a8 WAFR 3

T Extended Press = Hand Temper ait9lr. &8 A4
T Mini mum Wave TIi me Light: 144 Lux
1T RaiLmckout = Off
100% Fiel 8®87¥ 0l ume:
Range 6 Resul ts
Z Direction 2 Direction Z Direction Z Direction Z Direction Z Direction Z Direction
3-2-10123 3-2-10123 3-2-101 23 3210123 3-2-10123 3-2-101 23 3210123
8| 8 8 8 8 8 8
7 7 7| 7 7 7 7
6 6 [ 6| 6 6 6
5 5 5 5 5 63 5 | a7 5 Y
4 4 4 4 4 4 4
c 3 < 3 c| 3 c 3 c 3 = 3 = 3
8|2 S| 2 3| 2 3|2 9|2 3|2 8l 2
E 1 E 1] g 1] E 1 E 1 g 1] E 1]
o [0 g 5o 50 o8 5o
>|~ >~ > >|" > > >\
2 2 -2 -2 2 2 -2 £
-3 -3 -3 -3 3 3 -3
-4 -4 -4 -4 -4 4 -4
-5 -5 -5 -5 5 5 -5
-6 -6 -6| -6 6 6 -6
-7 -7 -7 -7 7 7 -7
-8 -8 -3 -8 L8| L-8| -8
X @ 0inches X @ linches X @ 2inches X @ 3inches X @ 4inches X @ 5 inches X @ 6 inches
Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction
-3-2-1012 3 -3-2-1012 3 -3-2-101 2 3 -3-2-101 2 3 -3-2-101 2 3 -3-2-1012 3 -3-2-1012 3
8| 8 8| 8 8 8 8
7 7 7 7 7 7 7
6 6 [3 3 6 6 6
5 5 5| 5 5 5 5
4 30 4 4] 4] 4| 4 4
3 3 3| 3 3 3 3
5|2 52 5|2 5|2 5|2 5|2 5|2
Bl - Bl Bl E gy = e
2l SE ) Sl ol SEl S E 2l
-2 -2| -2| -2 -2| -2| -2
-3 -3 -3| -3 -3 -3 -3
-4 -4 -4 -4 -4 -4 -4
-5 =5| -5 -5 -5 5| -5
-6 -6 -6| -6| -6 -6 -6
-7 -7 -7 -7 -7 -7 -7
-8 -8l B E L&l -8l 8
X @ 7 inches X @ 8inches X @ 9inches X @ 10 inches X @ 11inches X @ 12 inches X @ 13 inches

Interpolated Results

124

range

S

a



C4Experi ment 4: Range Nine
The fourth experiment was performed at range
Range 9 Settings, Environment al Conditions,
Settings: Environmental Condi
T Range = 9 f Room Tempera&(uAtFe =
T Extended Press = 1 T Hand Temper ait9r. 8 A4
T Mini mum Wave Ti me T Light 144 Lux
T Rain Lockout = Of f
100% Fiel d5¢0hume:
Range 9 Results
Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction Z Direction
3-2-101 23 3210123 3210123 32-101 23 3-2-101 23 3-2-101 23 3-2-101 23
8| 8 8 8 E 8| 8|
7 7 7 7 7 o ; 2
5 : : : : : | me
4 4 4 4 4 E 4 4
3 3 3 3 3 El 3
8| 2 5| 2 5l 2| 5| 2| » 20 5| 2 5| 2 5| 2|
g1 Bl 1 3l gl 1 » E gl 1 Bn Bl Bl
=| 0 =| 0| .=| 0| =| 0 £ =| 0| =| 0f =| o
2l (Bl 2l 21 Sl (1 Sl
2 2 2 2] 2 2| -2
-3 -3 -3 -3| -3| -3 -3
-4 -4 -4 4 -4 -4 -
5 5 5 5| 5| 5| 5
8 -5 -6 -5 5] 5| 6
7 7 7 7 7 7 7
8 Ll 8 E E:| ) -8l
X @ Oinches X @ 1inches X @ 2inches X @ 3inches X @ 4 inches X @ 5 inches X @ 6inches
Z Direction Z Direction 2 Direction Z Direction Z Direction Z Direction Z Direction
3210123 3210123 3210123 3210123 3210123 3210123 3210123
8| 8 8 8| g 8| 8|
7 7 7 7 7 7| 7
6| 6 6 [5 6| 6| [3
1 1 E : a a p p
3 3 3 iE 0 mE 3 iE
9| 2 8l 2 8|2 S| 2 8|2 2 8|2 2 8|2
E 1 E 1 g 1 E 1 E 1 80 E 1] 20 ‘}.‘5, 1 I
=1 0 =1 0 =1 0 =l 0 = of 80 =l of 40 = o
3 SRR - BRl* 3 R T3 BER | g
3 3 -3 3 3| 3] 3
-4 - -4 -4 -4 -4 -4
-5 -5 5 -5 -5 5| 5
5 5 -6 -5 -§) -5 6
7 7 7 7 7 7] -7
-8 Ll sl L&l -l L8l Ll
X @ 7inches X @ 8 inches X @ 9inches X @ 10inches X @ 11inches X @ 12 inches X @ 13 inches

Interpolated Results
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C5Experi ment 5: Wave Detection with Gl oves

The fifth experiment was perfor med aTtabrlaenge t
belxowows the 100% field volume, the settings f
conditions during experimentation.

Wave Detection with Gl oves Settings, Environm
Settings: Environmental Condi

T Range = 3 T Room Tempera&OJA(Fe =

T Extended Press = 1 f Hand Temper ait9@r & Ad

T Mini mum Wave Ti me ! Gl ovemper at ui @0 =3 A&

T Rain Lockout = Of f T Light: 92 Lux

100% Fiel d3¥Val ume:

Wave Detection with Gl oves Resul ts
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