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EXECUTI VE SUMMARY

The Pima Association of Government (PAG) is ¢
and efficient transportation system that i mp |
regi onal and national goal s fioorn sg r eTehni hso upsreo j geac

t hr otubgeh f @areb an Reducti on Program (C&P)yemdev:e
framewor k for assessing transit and active

metropolitan area. | tpbumhds|l gnepamonedA@Goe fofrd
extending the scope to include transit, mi cr
achieving both accessibility and climate obje
By | ever-adihegt sdate® science techniques, this
archive, prepar e, and process various data s
pl et hor a-refadpenmeoitail ¢ @p er f o r nTahnecsee nmeeaassuurreess. ar e
achieve two objectives synergisticallcogast(i)

monitoring of mul ti modal performance, and (
i mprovement prioritieexpFolrlagdawiomg od @o mprdeah en
the ti me, the following were selected and use
Transit Feed Speci fication (GTFS) feeds for
Specificati ofnor( GBhWFaS)e df eneidcsr omob-s ha it s amatl erds ;n ¢
regional traffic sensor data collected from t
turning movement counts for the walking trips
coverage of the mul triempidoad i ty | andscape in the
The analytical framework devet pleawdlIn geéhrifsorpm:
measures to evaluate the regional multi modal

For the t,ransevaluates various serviceab,lity

reliabilitpanandtdencdgraaly meiapger Dbor mance.

For the ptehdiesstarniaalnyst i cal framework evaluates g
and pedestrian | evel of service (PLOS).

Lastfloy, mi cromobi ltiheg fsreame wartku seewaltu athes avai l
geographic service coverage.

To ensure reliability and replicability of 1
performance measures were <carefully designed
performance targets ar e derived fTrhons ar op mp
demonstrates a scalable multimodal monitori ng
objectives improving mobility and reducing th

highlighting the perfosmantasioh.transit and



Key

findings of the study are |listed bel ow:

T Transit:

(0]

SunTran demonstrated reliable transit ser
at or dhacedat ®n9dabdeoperating speeds excee
of the day. Average headways were approxi
including during the AM and PM peak perio
SunLink showed slightly | ower travel ti me
|l i kely due to its rail service operation
gener a-mhynwal hed at around 15 minutes, Wwi
mi hes.

SunExpress provided strong performance, p
stops and higher speed | imits allowed for
above 0.9 in the morning and around 0. 85
t hneature of express service, especially i
most passengers are returning home.

T Pedestri an

T Mi c

The

T 7T
m

Based on t heperdevenaonxedemeasal espedestri a
exper iavnecreddgleay30 off o 40atsesiogudal i zed I nt
corresponding LI0Ga@ald &f t vadHBWEea ossd ngs (L«
A)dur i ng Hawrtds meAMah@dli npgeak . pelAWEdgnal s

f aci laiqtua tcgkebdre st r i d&ry @ odva ddin gnagtd e &f torci uasne d
service MaixtVhienw t(hHCe ty of Tucson) service ¢
Within Miovision sernbisees vadeed \a@dPsiadnpae tCGo udnt
S e c o nsdsg nadtlnit zze  ddOtSiadgg pr oxlthasekypynds at H
crosé6LOEWBNI ng dvaeytkidmeg hour s

r o mo bSicloiott ye r (s& haanrde )Bi k e

Shar-sedo®teagrvd ccveesrpepdr o x 2ma&at19é&d yt o 2c i88se aof t |
Usage typifcraduty oclavigggpdd a e oacbe 2 k elid $ n g
daythomnérmcl udi ng AMp amidboR®ddrbipgylatkt i ynmeasact i v
hi gheaengi n2¢t Dr,@i cahy ai e r i burteeldo ctacs tahet et s e
t o desargegaast eidaful er | mi dni ght .
Sharedeb(Relke) chooltred% aof t hebolun.dyaroyf T
It s uwsaanggee @ . 715 &m to aw eZe. kSdlanyds 1 %o we eZ Wmuad s ng
daythionuer sg| AMiIi aggppeRM peri ods.

foll owing conclusions are drawn from the

he resulting framework pcovi dtecoPB&Gx wi b hce
onitor per ftonremamocdee sa, c rtorsasnsi t, .pedestri an,



T Mul ti modal performance measures can be rel
and pedestrian datasets paired with rigor
techniques.

T I nvest mfenrttsheirn i mprraonvsiintg stelrdvy aeaed walkkalmob
coverage offer the combined potential to i

Based on the findings and conclusions above,

1T Focus on morigt muliathigma chael < eraswsgeahr ttatei odne v el
performance measures.

T Establish comprehensive frameworks that |
gual ity outcomes, capturing the relationsh
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CHAPTER IINTRODUCTI ON

l1.Background

Therowing need for sustainabl e, equitabl e, an
regi onal pl anning &eenaii e&€s stt ¢ adreogdi del sf trt revannasa pdd rom
pl anning. I n thiAssoonaekbn obhe GBvemnment s (
devel opment of the Regional Mobirlaintgye,ampe rA oo amns

based transportation plan ai medaatt enwmanonmgn
outcomes across t hreeal.ucRMAP nmemphgilzesanam i nt
includes all ttmahepboeedt vehi mbdes publi,c trar
aligning with broader goal s of reducing gr e
transportation.

To support these obj-sepécivkeis¢ pecloraman ae dmanmo:

Building on previous efforts focused primari/l
based data, this project extreatdisvd hter acoper tbat
By wutilizing a varieitrycloufdi enngi sGeinnegr ad atTar asic u
(GTFS) , Gener al Bi keshare Feed Sp,etchiifsi cat uodwn

est absh i slobust framewoa kp drofroramsneses i oafigo dtehle r e
transportation syssrean. drmley otult e oimée n tnicfl iuadat i o
performance indicators but al so the devel opm
procedur es, and analytical met hods, thereby |
gual ity ealmdmpdniomg across the PAG region.

l1.Qr.gani zation of the Report

Thi s roerpgani ziesd rfeosru letasc ha nt da sdkasthaB. @shuanpghaefrg c us e s
on the |iterature reviews of different perfor
transit, pedest rTihaen, mualntdi nmoidcarlo ntorbansiptoyam @t i on
emi ssi onamedrednegwedti on. Cheaahert 3daekal anddd
anal gsapter 4 explored existing pedestrian d:é
Chaptrervi®wed micr omobsicloiottye rd aatnad fTowrG Oe abcihk ee s h

conducted analysi s. Chapter 6 used the ident
measures inttadehgtemeedeliabilityy,gulaadwyy,
arrivaflordedaogh transit modes, SurChapaeyr 3umns

pedestrian data to estimatpeptéehsgseptidlentntad pe
del ay and measured Pedestri&@Gnméeazveld eofp-Srefroim
scooters and TUGGO i mick et dd magr isrygteymstievel vehic
vehicle wutilization rate, geographic time ava



Based on the data, findings, and methods disc
critagci acussed in Chapter 9. Chapter 10 di sc
including different mo d eesx pd fa ihtrere athesweolra pped ohu pe

pl atfor m.



Tabl e Timel i ne

Month

Task Dec | Jan | Feb |Mar | Apr (May| Jun | Jul |Aug| Sep | Oct |Nov|Dec
23 124 |24 |24 |24 |24 |24 |24 |24 |24 |24 |24 [ 24

Task 1: Kick-Off Meeting

Task 2: Literature Review

Task 3: Transit Data Collection and
Analysis

Task 4: Pedestrian Data Collection and
Analysis

Task 5: Micromobility (Bike sharing and
E-scooter) Data Collection and Analysis

Extraction

Task 7: Pedestrian Performance Measure
Extraction and Estimation

Task 8: Micromobility (Bike sharing
and E-scooter) Performance Measure
Extraction and Estimation

Task 9: Acceptance Criteria
Development

Task 6: Transit Performance Measure _

Task 10: Platform Development for

e e L

Task 11: Documentation




CHAPTER RIL.TERATURE REVI EW

2. li.terature Revi ew

The objective of the project is to Iimpoove r e
obtaining the performancemonkeaalsutreansopforttlaeg i o)
|l everaging existing data sources in the Pima |,
out put, met hods of -mbatad @clrlf euartmacecsda Mmuad muwlint ia

QA/ QC prweslevrerédped.

This section summarizes the exnodtailngt rmersfpaormrn

systems including multimodal data resource id
and co, leecd iompg! imudttiionmdal performance measur.
2. 1. Modspediefrifoor mance I ndicators
Mu |l-mo d a | transportation systems performance r
evaluate the <current systemobs efficiency, e f
pl anningthdowewaly, be | i mited dat a. sAo ucrhcaelsl eanvgae
obtianegp pr opri ate performance measures for each
sources. Sdnoeo ve ttua itehsea | ppeant feor mamcaen spfor v at i @oms

including transit, tyedve dthr iexn,stamd rmdiadrao mmhiirlc

2. 1Tdhathsit

For transit performance measur es, appropriate
cri tSocmeloommon sourfcers ®opgerdaattiaon and seawnvece p
Aut omati c VeAVIAuet dnoactaed oPa s@Pd&n gaenrd Ceol uencttsr o(ni c
(Liao and Li u, 2010; Carrasco, Ntoraz@lianmeaHan
| ocaangdtnelries arri val and depart;AP & ytsitaeomsl eactt s |
passenger boar;dndgebdetomani caf-bhgedbloxabdpsippyt @
ridership daxa (Ryus, P., 2003



9 Travel time measures

1 Safety and security
measures

9 Economic measures

i Etc.

SBufmmary of studies on transit performance
Refere Perfor manc:¢ Metric/ Mg Data Sour Key Findin
1 Availability measures 9 Descriptive statistics 1 In-House 1 Given 12 case studies of
1 Service delivery measures 1 National Transit Database successful performanaaeasure
1 Community measures (NTD) programs.

1 Demographic data

1 Traffic data

1 GIS data

1 AVL, APC and Farebox Data

1 Provided resources for the proce
of developing performanee
measurement programs including
Data sources, data collection
techniques, and data applications

9 Service Coverage

1 Travel time

9 Frequency

9 Stop Accessibility

I On-time performance

9 Passenger load

1 Mobility service
equitability

9 Descriptive statistics

9 In-house data

1 NTD

9 Census data

I Travel demand models
1 Surveys

1 Identified key transit performance
measures, including service
availability, service delivery,
community impact and ETC.

9 Examined the use gferformance
measures in recent reports and
publications by the four major
California metropolitan planning
organizations.

o

~rr
oc o
s -
~ I

{Route | evel
9 Running Time

9 Dwell Time at Stop

9 Delay at Signal

1 Transfer Activity

9 TP time model
1 Link travel time model

1 Archived transit data from
Metro Transit in the Twin
Cities of Minnesota including
Schedule Data, AVL APC,
and Farecard data

9 Arterial Traffic Data

9 Environmental Factors

1 Developed an integrated data
processing framework to support
transit performance analysis and
research.

Wong, . 1 Average Headway Descri pti ve TGTFSdata 9 Developed a tool that can calcula
(201 9 Hours of service 1 NTD data performance measures from GF1
i Passenger Load data
9 Onttime performance 9 Compared metrics calculated fro
1 Travel Time Difference raw GTFS feeds to those reporte
in the NTD.
Carras Reliabil ity Descriptiveg TAVLdata 1 Quantifying reliability of transit
(2012) . | qTravel time 1 A set of spreadsheets service in Zurich, Switzerland
1 Speed containing aggregate
{ Punctuality information on schedule
9 Regularity deviation, vehicle speed, and

travel time

measur es



1 Passage waiting time

l_z(f)l_
- o -
o C
o -
> XS
o G
~ o -

1 Accessibility (destination

reachability metrics)
1 Time reliability

1 Monte Carlo simulation.

1 Linear Regression

1 Attributes of lines

1 Average Tavel Time, Time

reliability.
1 Walking distance

9 Measured accessibility by
incorporating timeeliability in
Wuhanés rail tr

TThe accessibili.i
URTN during weekday morning
peak hours indicates that the
metrics that do not consider time
reliability ove
accessibility

9 Composite index of public

transit accessibility

9 The Local Index of

Transit Availability
I TCQSM
9 Time-of-day Tool

1 Transit data and census datq|
9 Travel demand for the specifi

time period.

9 Examine how consistently the
three methods rated transit
accessibility for each tract of the
study area.

9 Proposed weighting factors for
individual methods to formulate g
composite measure.

9 Connectivity measure for

transit systems

9 Spatial statistical model

9 Simultaneous

autoregressive model

I GTFS data

9 Automated passenger count

(APC) data

9 Tables on schedule adhereng

9 Stop level connectivity is defined
as the total area reachable from t
bus stop of interest within a certa
travel time budget.

9 Network connectivity measure in
terms of the proportion of city are
and population having walking
access to the core network.

1 A case study with operational dat
from Rochester, New York
illustrates connectivity measure g
different levels.

o —
o C
o -

T S

- G

N D -
(@ = Ry
o~

1 Travel reliability;

connectivity reliability,

travel time reliability,
capacity reliability

1 Weightedaverage

number of tolerable

travel paths

9 Automatic Fare Collection
(AFC) data (OD flow)

1 Travel reliability of urban rail
transit is related to tolerable
coefficient

1 A station with better connectivity
reliability tends to have higher
capacity reliability

x| NQ

Q
—

~zwT- —~OU=Z=Wnr

N -
o-
=
or-

9 Transitroutebased network

distance

9 Total propagating delay

size

9 Compare scheduled an
observed vehicle data

1 Determine spatial
boundaries

9 GTFS data

1 Systematic approach to analyze
the empirical delay propagation
patterns based on schedule and
reattime GTFS data




9 Distance decay
Ma , X. , 1 Network-level Commercial | T Transit patkfinding T AFC 9 Demonstrated feasibility of
M. ASCE, Speed algorithm 1 AVL establishing a webased escience
Y. 2014) | 1Routelevel transit travel {1 95" percentile travel system for transit performance
time reliability time measures
9 Stoplevel ridership 1 buffer index
1 Stoplevel headway
variance
Liu, L . | 7 Accessibility 1 Spacetime 1 GTES data 9 Introduced time geography
Mil Il er, prismgeography methog approach (realizable retime
(2022) space) in the calculation of
accessibility
Morri, I 1 Punctuality index 1 Measure difference 91 GTFS data 9 Developed a transit control syste
Hadouaj | 1Regularity index between the scheduled|  AnyLogic that detects the traffic disturbanc
Sai d, L | T Correspondence index and observed vehicle of itineraries and generate
(2021) data regulation action in real time

NotAV:L, Automatic Vehicle Location; APC, Automatic Passenetri €ComalntTr &A $iSt,
Database data; TCQSM: Transit Capacity and Quality of Service Manual



For instance, Liao and Liuprfed®ddygi Mdeviel amewo ra
AVEAPC and el ectronic farecrcendtlisgrst e matdiact at re
perf ormance measures and Liu et al . (2020) €
reliability indicators, connectivity reliabil
OD station pair idoat alatmomGfeamarce atolTlh aadsaitta ,Feec
provides inaffjenmgtisémsgdbops, ftaregsng,r olbea@.,, a2

was UuUdHadhdbhyey et al . (2019) ansderWomegae e cJt.i vG.t y(
def i cii etnhcei etsryasntseiMiat i onal Transit Data (NTD) (
agency, the financial status of the transit o]
and | ssac (2016) sugageedsdreedsaspientgy or mabc é i-mgasap
effectiveness, and energy con® ©umhpetri amald yiseg i
additi ooabugphe meme qure adiastyd ussoeudr ces. For i nst a

Lownes ( X6 t $apnsdu sterdd rdseivte | dblapa sterdaas i t acc esasnidbi | i
Liu é€ét0o2&I). measured Wuhanoés railrovamedgsival kiys g
di stance dat at.i mMo rteroacraani, t becadl @1.e dr etad Mmgen erats e

perf ormance measures. Bysaodntpiemd ndya tt eh,e PREAEAITFKS es
measur e;dideleay sal (2022) measured accessibili:t
appr,oacat ealdi a-tabme -tsipmaec ppnd sMMor r i et al (2021)
indi ces, punctuality index, regularity index,
AVL dat a, -tviameoorpma ficeealmeasures such as speed,
headways were measured at the network, route,

2.1 Pkd2strians
Wal kiiesnngcr epsiom@ohtyvyd t o ci t i, z é&dhramnedd molintend dhii ¢ § e s
addr emsesdensgt ri ans compared to motAmieaexamivreatiicdn
| it ef atsotdued hiest roduced performafdnoe pPeasstemamt
Mo s t of t he rdewiedmipdddstudiaes Level metfousSenrgvi ce

di fferent regression models (PetritschrheT. A.
model s Piemalswde cnoarl ryesliast iacmmd a egressi on model (P
|l inear regression (Daniel et al., 2016), and &
Field collected data, foridmost aofd Shenedyg Vv @lso e

Choobchi @ 24) abVal uvatiendg walr @ ateal iatpypr oach wi t
equation modeling using three differe2@08kl kal
introdutcieme repagdest ol mance me as ut ieme pategr ma
measures with existing controller and vehicle



Tabl e

Subimary

of

studi es

on

pedestrian

¢

perfor mance

Ref er en

Perform
Measur €

Met hods

Dat a

Souf

Key Findin

Petritsch,

9 Pedestrian LOS

1 Pearson correlation
analyses and regression
model

1 Field data collection and
video simulations

9 Developed a LOS model for
pedestrians at signalized intersectio

1 Identified six primary factors in the
Pedestrian LOS model for
intersections, such as rightrn-on-red
volumes, permissive left turns from
the street parallel to the crosswalk,
vehicle volume, midblock 85
percentile speed of the vehicles on t
street beig crosses.

Hubbard, S| 1 Reattime pedestrian| T HCM pedestrian delay | T Loop or video detection | § Provided reatime pedestrian
Bull ock, D performance method data including vehicle performance measures using existin
Day, C. M. measures at signal |  Pedestrian space metho| occupancy, vehicle gaps| controllersand vehicle detection
intersections 1 Right-turn flow rate vehicle speeds, and V/C technology.
during pedestrian intervg  ratio.
1 Signal controller event
based logging data
Dani el et 9 Pedestrian Footpath| § Multiple linear regression] { On-site measurement, 9 The factors considered fall into three
LOS video & visual categories: physical, location, and ug
walkthrough surveys attributes.
fPedestriands per
and safety is influenced not only by
the walking environment and
conditions but also by the adjacent
road and traffic characteristics
Landi s, B .| 1 Pedestrian LOS 1 A stepwise multivariable| { Surveys 9 Lateral separation factors, outside la
Vatti kuti, within a Roadside regression traffic volume, speed, and driveway
Ottenberg, environment access frequency are the main facto
McLeod, D . related to pedestrian LOS.
Guttenpl an 9 The mpdel was dgveloped thrqugh 3
(2001) . stepwise multivariable regression

analysis 0f1,250 observations from &
event that placed 75 people on a
roadway walking course in the

Pensacola, Florida, metropolitan are

measur



Choobchi
Mohammadi

B. , Ha i

r

an

Val i nejad,

Siriraj

P

1 Walkability

1 Datadriven approach
using structural equation
modeling, Partial Least
Square Structural
Equation model

1 American Community
Survey (ACS)

1 Walkability affects the share of
commute walk trips the most.

I Transit and job densityelated
indicators are the most critical.

1 Sociceconomic factors influence the
tendency of walking to commute




2.1 Mi.c3 omobility
Mi crombbemerntged i nasezemopgleafr stransgpost anicen
tra@ealommon micr omobi Isictoyftaro dwleirdglo it hancee mea
der i vetd afjreocnt or ¢ odnantoumsl ayds. mbsicro@ ttelme te aj ect or y
Gar ci.@& 0e2tl )alcondutcetnepdo raa Is paanta lay@i020)ared aCasapie d
behavior psad d cetrenrs  iof Austin, Texas by the dg¢
geographically wel ghAletdenrregtr(kGali Yonc graondeee at @ld.
stabaead bike sharessyostem gatrt aowmbhcehwi €¢h c




Table 3uBmary of -s¢toadi es pa&ar feor mance measures identificat.i

E-Scooter
Refereni{Performanc Met hods| Data Sou Key Findin

I a, 1 VMT and speeds across|  Spatiattemporal 1 E-Scooter trajectory 1 An average €scooter trip distance

Perr different urban analysis data is split between sidewalks (18

e hil, infrastructure types percent), bike lanes (11 percent),

1) . and roadways (33 percent), with 3
percent across other unclassified
areas.

1 E-scooter riders have an average
15.2 km/h on weekdays and 13.7
km/h on weekends.

o. , 9 Travel behavior patterns|  Descriptive statistical | { E-scooter trajectory 9 Commuting is not the main trip

d, R of escooter use in Austirl  analysis. data, land use, and purpose for escooter riders. Also.

1 Geographically street network data most trips are in residential,
Weighted Regression commercial, and industrial areas.

1 9 The usage of-scooter is associate
with areas with high employment
rates, and in areas with bicycle
infrastructure.

1 People use-scooter regardless of
the affluence of the neighborhood
And college towns are a ready
market for escooter sharing
services.

X., Y a| 1 The relationships with 1 Correlation analysis 1 General Bikeshare 9 E-scooters have both

, X. transit and statiotvrased Feed Specification datf complementary and substitution

ri, | . bike sharing system and realtime bike effects on bike share and public

) . share system data transit.

9 Travelers pay a price premium an
save time when choosingseooters
over transit.

RO
Zw
o ©
® -
>

Not\VeMT : Vehicle miles traveled



Bidsdaring system performansbameaguGPsS fimequeh
using -therbngeGPS d2ad2a0) Keawalau ettedlt.he accessi
t he -sbhiakrei ng system i n-dRasrtiisn,atH roanrccheo dveikt hemoodreiligsie
Pashkev (20R 18t asls.estsardi ndirespwstkem i n Krakow, Po
met hod. Additi@aah#)yusBareerket waldk data and ce
t he U. S. -shcartel ensedt woadrkkebs equity by quantifying



Table 3ummary of bspedif®s mamce measures identificat:i
Bi keshare system
Referenc/ Performanc Met hods Data So Key Findin

Kabr a, A., B| 1 Accessibility (how far the | § Origin-Density Model | { Bike sharing data in| § Every additional meter of walking
Girotr a, K. user walks to reach 9 UserChoice Model Paris to a station de
stations) and availability 1 POI from Google likelihood of using a bike from thag
(likelihood of finding a { Metro Ridership and  station by 0.194%.
bicycle) tourist volume 11 80% of bikeshare usage comes
1 Weather data from areas within 300 m of
stations.
Ber k e, A. T| 1 Transportation equity 1 Quantifying spatial 1 bike-share data and|  Evaluated how wellive large U.S.
Lar son, K. ( equity with the Gini census data city bike-share networks have

index

1 Quantifying equitable
access by
demographic inclusior

addressed equity as they expand

9 Higherincome and White
populations were consistently
included in bikeshare service
areas at higher rates.

Pashkevich,
Jaremski , R.
Ari st ombayev

9 Load of station as an
origin (or destination) of
trips

1 Travel time and Trip
distance

9 Attractiveness points of
each station

1 Statisticalanalysis

1 Bike-sharing GPS
data

1 Evaluated the statiebhased bike
sharing system in Krakow, Polanc

1 criteria of stations attractiveness
wereintroduced based on everyd:
activities and public transport
accessibility

0

n

and



Mp

2.1 A1 r4 Quality

Sustainability has been one of the primary goa
the air quality according to the transportati i
i mpact of the current tsamepettudteenregatdmng:
to transportation, the most i mportant air pol
carbon monoxide (CO)),, oxxidkes Hdf asulrfpugre n(i @ O a
( PM) (Del uccChia,r kM.e,t AtaBl 8 8 a d2e0gla7n;) .etT hael .ai r2 ORwa |
emi ssion were evaluated by different emission
greenthassemi ssions model, and regression model
and United St ates EngncynnieuntSal EFPrAQt ecDe lounc ¢
Aminzadegan.et al ., 2022



Table 3ubmary of astuduasi bog due t o nteraasnusrpeosr tiadteinotni fo pceartal toin

Transportation I mpact to Air Quality
Referenc Criteria A Met hods Data Sou fIKey Findi
Del ucchi , M. | 1 volatile organic fTCARBOs EMF|TCARBOs E M| T social cost of a transportation
Mc Cubbi n, D. compounds (VOCs) emission model, raw data, toxie mode considering the health effeq
1 carbon monoxide (CO) CECb6s EI fi emission inventory of air pollution
1 oxides of nitrogen (NQ greenhousgas data
1 oxides of sulfur (SQ emissions model

9 particulate matter (PM;
including smaldiameter
PMag, in some cases)

Clar k, L. P.| TNO; 1 Regression model witl 9§ Air pollution data 1 Estimated annual average RO
Mar shall, J . Census Demographic| from published concentrations decreased from
data research (Bechle et 2000 to 2010 for all of the race
al., 2015) ethnicity following the declining
transportatiorrelated air pollutant
emissions
Aminzadegan,| T1SG 1 Analysis based on the| { Literature Review 9 Effect of greenhouse gases from
Shahriari, A 1PM investigation of transportation, impact of pollutant
Abramovil, Bl 1CO literature for each transportation mode
1 NO«
1 N2O
1 CHy

1CO




2.1. Examples of Multi modal Performance | ndi
Agencies and resear cdhiefrfserreaate predmr amppkgi mg a
transpdrot agy Lthem and HFetawas plkr tpdtaincmn n &y st ems
Operati omd r(@aftMd)es, corridor or project plann

Thel or Dadmpar t md@mans@pfort at hanwo( F®&PP)i cati ons of

transport aittihGompneatsair sreets | mpl ementation P
America, th3I8MQp @tndategic plan (FDOT, 2017) . F
2015) used seven dgyopad ssf et y¢c o mp k e sesnivbi trtoenenye, n teac
public health, social equity, and | ife qualit:\)
To evalqwatla ttyh eof FeDxQole rahedo ddema r@mMelrSi)c al so appl i
to ttahesit, bi cycmoeke &nd péade JiSMOars(RB 0 arseegd ¢ p |
Regi onal I ntegrated Traffic I nformation Syste
tracking thangperfienmahgieng 0dpEi engdenpaet mehnt TS
Transportat2@oal) ODILNER! pRrioThleS/dat a, internal dat
intelligence system, centr adlewaldaymdRios ¥ § taenrd, S

University to enhance the avaimeabiulriesy &edl as
2016) developed perfomamarmana rbelkaes esdtyssotrfeot o praWr

goal s of connectivity, economic, eanlvii grnoinnnge nw i, t
the performance measures such as accessibilit
Additionally, multimodal |l evel of service (MM
pedestrian | evel of Trsaemrsvp acret a(tWaosnh | Q@rmmins sSit cart , e

2022). The studies highlighted t he trheee dpsr og fe cd
speci fic goal s.
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Tabl e 3ufmarmnyulemfodal transportation performance
Ref eren Measur e Appl i cal Study Findings
Locat.
FDOT and | 1 Seventypes of completf 1 Complete Streets Florida 1 Successfully integrating a complete street approa
Gr owt h An streetgoals and each Implementation Plan into FDOTO6s practice r
(2015) . goalconsiderseveral used to evaluate proposed future investments, the
different performance performance of individual transportation facilities,
measures. the performance of the network as a whole, aed t
general effectiveness
Was hi ngt g { Multimodal LOS { Statewide Washington 1 The statewide policy plan provides the overarchin
Transport Transportation Policy framework of statewide goals.
Commi ssi o Plan 9 The plan requires local and state agencies to
(2018) . establish multimodal LOS standards based on the
goals and use concurrency to maintain them since
there is no onaizefits-all measure of transportatio
system performance.
FDOT, 2 0 1] 1 Three types of program| 1 TSMO Strategic Plan|  Florida 1 Performance metrics can track the project
goals (Mobility, Safety, performance enhancement and identify the optim
and ITS/communication set of TSMO strategies.
networks maintenance) 1 Archived in RITIS includes FDOT traffic detector
have several data, privately collected vehicle probe data, and
performance metrics, SunGuide® event data. These data are used to
respectively. calculate the metrics.
ODOT, 2 0 2| 1 Mobility-related 1 Operations program Oregon 1 Create actionable performance measures that dir¢

performance measures

performance
management plan

support the stewardshi
system.

9 Core performance measures are used to understg
ODOTbé6s ability to plan

maintain facilities. Alsothesemeasures can be use
to validate whether a project is producing the
intended outcome.

measur es

a



Measur e

Applicalil

Study

Locat.

Findings

9 Multimodal level of
service measures

1 Project Evaluation

NA

1 Summarized practice for multimodal design and tk
use of multimodal performance measures in
transportation projects.

9 Current practices have not yet standardized on a
single approach or list of performance measures
all projects.

9 Mobility -related

performance measures

9 Operations program
performance
management plan

Oregon

1 Created actionable performance measures that
directly support the s
transportation system.

9 Core performance measures are used to understd
ODOTé6s ability to plan
maintain facilities. Alsothesemeasures can be use
to validate whether a project is producing the
intended outcome.

9 Pedestrian and bike
system performance

measures

Local Jur

(county,

9 Street Design,

1 System/Network
Planning

9 Corridor or project
planning

9 Development review

Regi onal

Agency

1 System/network
planning

1 Regional Policy
Development

9 Funding Allocation

St ate

(DOT)

(M

Age

N A

9 Helped communities develop performance measy
that can fully integrate pedestrian and bicycle
planning in ongoing performance management
activities.

1 Discussed how the measures can be tracked and
datarequired.




Referen Measur e Appl i caj Study Findings
Locat.
i Statewide
system/network
planning

9 Statewide Policy
Development
9 Code Compliance




Some studies were conducted totrapmpd yoyad tae ngqsum |
Moon @©02&Il. used the relationship between the
according to the 2012 California Household Tr
from the Air Quaéklk idmyS. SyEsPtAe m t 0A@S/)al uate. t he a
Anot her approach to the air quality (2n0e2a0s)ur e
eval uabadetli aker gy amd seunmpstsiioonn rrasttee f-lmout r ans
traiffi®out wi Chotheatraffic simulation using Si
emi ssion simulation usibragedMOCESr ogmad edemepel ea



Tabl e 3uimmartyraonfsportation a@aper gifjumdfidrympace mepasures appli

Refereg Measur Met hol Data S Stud Findings
Locat
Mo o n , { 9 Correlation of | Y Calculate Traffic|Calif on | Correlation between traffic volum
(2022) traffic volume correlationof | Goo gl e | and two common vehicular
with traffic- monitored Air qual pollutants is more significant whe
related air traffic Air Qual traffic volume is high.
pollutant volumeinthe| Sy st em 9 Potential interference of other
local area from EPA determining factors (weather,
with air industrial activities)
quality data
Chen e | 1 Statistical 9 Applied Ref erenqSout h 1 Developed neural network model
(2020) correlations of traffic traffic|Car ol i byapplying the traffic simulation
the energy and simul al{i Pe Ms of city of Colu
air quality output to Air qual Motor Vehicle Emissions
impacts with EPAGs |EPAds Mo Simulator
changes in Vehicle Vehicl e 1 Achieved 15% mean absolute
traffic activites| Emissions Emi ssi of percentage error relative to
Simulator Simul at (¢ MOVES results
MOVES




CHAPTER RBANSI T DATA COLLECTI ON AND AN

Il n oruerr g thdeatda
defining p enefas ru
variaasl abkbeurdad s
collected and e X
whet hdyrewoulbde f ur tj
consifderr etdhe tr any
me a smernd GHAMTER 6 [ /oo
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Source:

3.0Deliverabl es

Tabl esudnmiar i zwasi Itahbeber dev hl ecti on meThewsdsdy and
comprehensively examines the GTFS dafacanhdni s
3. 2prlovides an overview of the GTFS dat a, S
appl i cSetcit@m&a.n2. 21e3 ve deeper into two particul
GTFS Trip Updates and GTFS Static dat a, respe
werfarrther used i n devel oOpHANPIT ERBairbfscergreenidid oynne a ¢
3.2 0&£uses on data analysis derived from GTFS,
vehicle speeds, and headways across the syste
sources t hat have been <lhwtsi tabéddthroogdoand
conversations with PAG.



Tabl e Sufmaorfy Transit Data Sources and Use

Dat a Sour CMoeItIheoc( Use Cases
GTFS*®Vehicl{Sun (APl proGTFS* data accur
by Sun
Trip USun 7APIl proPerformance meas
by Sun T Speed
T Travel ti me r
1T Headway
1T Headway relia
T I'rregularity
T Onti me perforn
GTFS* |[Sun 1API proPerformance meas
Statig by Sun T Speed
T Travel time r
T Headway
T Headway relia
T Il'rregul arity

Ont i me perfor manc
GTFS*: General Transit Feed Specificati

3.Q@eneTradnFseietd Speci fication (GTFS)

This section is dedicated to a comprehensive
(GTFS) data and its analytical applications.
detailing the type of inferamdliyn proondedt dodg
data encompasses bus |l ocations, speeds, and h

transit operations and performance metrics.

3. 2GTIFGeneQvadr vi ew
The projectos goal i's to esthibglesblpeteif o maac e
of rmwodal transportation system in thetiPA&G reg
data for each tran6&pb®rtauvii bens mordfeo risatciran iacml
in -riemé. As ThepiethtSed® iame t weTF fepadtsméod ( edaafttae r
GTFRBT) @mdSchethelreaf t-8T) . GTHRST QIrFoSv i des r eal ti
information of transit system about t-8Tp upd
provides static and scheduled transit system
transit sgstem networKk



Table Sufa. Tran GTFS feeds summary

GTFS

Dat | Feed E Description
Trip UpqRealtime update for departure
RT |[Vehicl e |Realtime positioning informati
Al ert Il ndicating some sort of incide
agency Transit agencépsewénthedeirnwi tli

calendannService dates specified using

calendanlnExceptions for the services de

Dataset metadata, including pu
i nformati on

feed_inf

stops Stops where vehicles pick up

0
ST |[transfelRules for making connections a
s

. Trip for each route. A trip i
trips ' e : )
during a specific time period
foutes Tran5|t routes. A route is a g
single service
shapes Rul es for mapping vehicle trav
stop_tifnTimes that a vehicle arrivespa
NotRef .: Google Inc. MobilityData (Oct 3, 2024)

As shdowmuirn@TBIBals di fferentUnderest laen du ighen threasn
Trancluding the Sun TrBxpmogdsaBaodd FiShheldnane |
GTFRBT and-SGTF%he SumRRTdatamc|Godess Vehicle, Trip
entities. TheSsTSumcTmualesGRE®&ncy, cal enoduatre,s, c a
shapestop_times, stops, transfers, and trips e

The | owetrh®umn®hutitd ea GTFS data entity provi
bradam. Sbnbhuset h-RT GWIEIBCc o mpveshs e¢ed e and Trip Upd



Express Bus

Trip Update

Vehicle

agency calendar

calendar_dates feed_info

transfers

Sun Shuttle Real Time Trip Update

Figure S3inl. Tran GTFS Data Structure

3.2.LBTFS Trip Update
GTFS Trip Updatienep sfoppdiaddes p aetallr e events for a
il lTusti gue & tihne2 Sun Tran system is composed of
anrdout @8he vehicle is the vehicle serving each
set of stoprositethementhbhe VvESho@Else atrrea \pdlyesdwhailc ht r ¢
canohmud tri U teelshoeitse a group of trips that are
service. The path of each rvoeuhtideH e Tsrhiop | Wp o aotl d
predicted departureotiomsifder i ssgophealoprg at h e n
Accor ddomoggnlteo IMobi |l i TyDpt &pda023)yeflects devi at
ti metable by providing predictedoanri val and



Route
®
Stop
A O @
Trip
®
®

FigureGIFBouSestem

To understand the GTFS Trip Update data inforrt
specified data s tgt-ii &a lubriemdimeardgnsd tet, i pg.ovihe ng Py

generated foreml|ltihme GHF&t ocol Buffer speci fic
2023) ,raqgdeisbhnsar @st all ed and used with Python
from the Protocol Buf femowipdkeed hfi awrethii cah e 65 he ri
informationFagudesd&r i3bed in

To organi ze rtohueteedalt a atddathae structure was de:

contaimouwtpe alset he first di mension, the vehicl
updates information as the third di mension. W
was archived at 1 second time iomt emvdalcat eBhe h
a trip sequence is updated, the newly retriev

for the trip

The Trip Update data was used to measure tran
headway reliabtilme ypesihphpermanaaead Wntriostke® pdepar
the performance could be quantified and measu



HY

Trip Vehicle stop_time_update
trip_id vehicle_id stop_sequence
route_id label stop_id
start_time departure (time)
start_date

FigureGIF3. Trip

3. EHETFS Static
GTFS static dat a
understanding of
and stwepceodled and
identificat.i
(CSV) format,

2.

shapsetsop , st m@satnrdi psori tt rpaerrsf or mance

geographic i nformat.
data was referenced

3.2S5S8Bofps
As indiTadt ed8bhe&pd e
identifier to each
|l atitudes) and provi

Tabl e StB8ps

Updat e

omufikembedabé

provides i
stop.

par ameters

Dat a

Dat a
was
how

provided along

each GTFS

the API

on of
wi t h

nf or mat
describe

stopods

It

des the

definition

Structur e

wi t h
eachsud®Omotus ehedtranspti d
whatTheheyuteprdsemt GTFS
eapbhi st sephrat ead

i nclaugdeinocgyl e, mad & n d &fr enehdnieiss,ftod s
measur es

dat a

dat a

t o

i on

S

S

Par amet

Description

l dent i fi
boarding
A 1D must

es

stop_id ar

be
A Mul tri pureeys

a | ocati
ea.
uni que

use the

on:

across al

same

stop/ pl

stop _i

stop_cod(Short text

or a number t hat

d

stop_nam(Name of the

|l ocati on

stop_| atjLatitude an

d Il ongitude of t

he

NotRef .: Google (May

MDDbi2024)PDat a

about
wher e
name
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3. 2R8B8ufes
As outlTebhéedg Bmhétielse el abor atreosytcoen aea dly uthiga rsoi
identifiers and col orosa@ee aatedr lagll Buvihhte map e C
tramsutteesbe i dentifi.ed and distinguished

Table Bodtes parameters definitions

Par amet Description Options Defi
route_idldentriduteess a N A
oute SHEot act Tdents it NA
Cout e IOFuII namgtgefnea al | N A

- descriptive than

O: Tram, Stree

1: Subway, Me t

3: Bus

. 4 : Ferry

route_tyloz:j;tjf;es the typ 5: Cable tram

6: Aeri al I i ft

7 Funicul ar

11: Troll eybus

12: Monor ai l
NotRef .: Google I nc. MobilityData (May 22, 2024)

3.2T8B1iBs

Thteripse |ists allrpotiemtinalt hteritpanfsont esycsh em
t wo or more stops that occur during different
Retrieved May 24, 2024). The | i st rionatnlelu dod so ctkh e

it aligns with, and shrapuwtse damnt bflaer ea sFdhadacima t
file is critical for understanding the schedu



Table 3rbps parameters definitions
Par amet Description Options Defi
route_id |l dentridute a N A
1: MoirFdayday
service Jldentifies a set o 2: Saturday
—|lavail abl e froorutoem® 3: Sunday
10201, 10401, 7
trip_id I denai frep N A
Text that appears
trlp—headthe tripbs destina NA
: Uniquely identifie
Trlp_shorday N A
, . . 0O: Travel in on
directionlndicates the dire 1° Travel in th
|l dentifies the blo
bl ock_id bel ongs N A
. Il dentifies a geosp
shape_id vehicle travel pat NA
NotRef .: Google Inc. MobilityData (May 22, 2024)
3.2SBapes
Thehapebe provides the geogrBpAscahaoing b nmat i
l ongi tudi nal and | atitudinal coordinates of
beginning point of t he sequence tli gtuhree c3urdr

demonstrranoceése gaacdhr aphi cal

vyhasppal ¢ zadshh aapne §Tdn ® m

was enhancedaddtde nitn dlirumdieteef eolr gehoegr aphi c al anal
Table Shé&Gpes parameters definitions
Par ameter Description
shape_id l denti fies a shape
shape _pt | atiLatitude of a shape point
shape_pt _l onlLongitude of a shape point
shape t se Sequence in which the shape
pe_pt._ q(increase along the trip bu
. Actual di stance traveled al
shape_dist _t . . . .
to the point specified in t
NotRef . : Google I nc. MobilityData (May 22, 2024)
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3.2SBop Ti mes

Thet op _ftiilmeesprovi des the sequences, | ocati ons,
stop in eachTablrligp 3as7 shown i n
Table Stadégp times file parameters definitio
Par amet ¢ Descript Options Definiti
trip_id l denti fi e;q NA
arrival tArrivaI !
departur_et'me.aj[ (. N A
speci fic |
stop_id l denti fi e;q N A
stop
Order of
| ocation ¢
StOP_S€eaUiGeolSON | NA
for a par-i
0O / empty: Regul arly sc
i cKku t I ndicates 1: No pickup availabl e
b Pt Yl method 2: Must phone agency to
3: Must coordinate with
0O / empty: Regul arly sc
dr o of f I ndi cates 1: No drop off avail abl
P —|met hod 2: Must phone agency to
3: Must coordinate with
Actual di ¢
travel ed i
, associat e
shape_dlsfrom the f NA
the stop ¢
this recol
I ndi cates
and depar
for a sto]
ti mepoint adhgred ¢ N A
vehicle ol
i nstead a|]
and [/ or i
ti mes
NotRef .: Google Inc MobilityData (May 22, 2024)
The GTFS Static data provided critical i nform
how the geographical vi suali zation can be des



3.2. TFBata Analysis
To effectively assess the Sun Tran t-RTansnd sy
GTFST were utilized. This approach all owed f ol
byhour system reviews and geoapygtsieasl wex el draat il
i ntegrating geogr apiiTc wi tthaoremdtrii on ufpfe@@m eB0F 3 o
this analysi Rl archi UpdaGé@F8ata spanning fron

2024, were examineder eT hdee fa maeldy saiss fpoelrlioondss: WA M
8:30 AM, mi dday from 8: 30 AM to 4: 00 PM, and
structured timeframe is used for capturing th

of the day, ntghdrnehyyhprsepeinck oopeaktandabfe&ffici

3.2Bd4kkdcations

The distribution of bus |l ocations represents
t he Fday.r.iel Busthrwg elsd dshtengn sel ected hours for
were chosen to represent typical operational |

PM to 1:00 PM for midday, an@hb: b0sPMotmlt®d&wdd i
for each uwitquei tve hli @ ¢ tel fo bas ev evteidc |Ireo cwideriniwilnre t & s

given time frame, the |l ocation of its final S
According -8 deti Gd§d#FSschedul e, more vehicles
peak to PM peak, and | ess vehicles are operate

Thanalysis uRT I Trzieg WGAdEsHt e dat a, focusing on
seci fimd pfertilme AM peak, immtdermawal and PM peak

The fdaf mdlimnfdteirmentsgdoiwoad consi stent pattern: a |
in downtown areas, contrasting with fewer bu:
regi ons.
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3.2TAafBsit Vehicle Speed
Analyzing transit speed provides valwuable ins
i de ndteil fasyeardv ios@ retdi Mmeo. assess the efficieney of t
l evel speeds between st-RpsTrwieg eUmdatl ¢ zekat a,Usd
each stop were extracted. Travel ti ndee pfaorrt ueraec |
ti me @&ftr osnt oophe depairtdur@ortriersepcaandisngppsegment g
di stances were obStTaifnielde sf.r oW tthh & h@SFES val ues,
was cal cul (aR eedle rassl bkilgphway Admini stration (FHV

6 O
A

Il n whi ch:
O :departureit#mé at stop
Odepartureitime at stop

Ay . stteotpop segménbd mitsds beptne el

WeekdaWeeaknedhd Average Speed Pattern

To assess variations in transit speed betweer
patterns, acknowledging that tHAideewpekidags eéx
five weekdays, from Monday to Friday, and wee
Sundrailygurmger a3viedes a comparative visualizati on

two distinct ti me frames.

During weekdays, speeds are higher before the
16 mph and 17 mph. However, there is a notice
with speeds ranging between l4nmphheacedlbdDympin
traffic congestion and higher Tphaesrsek atgsecr evaod eu m
beginning at 2PM aedstanti o@i n dgTehtel® itk ol tdip e r i
pattern shows higher averages before the AM p
similar pattern miodgweeykdays during the

This analysis highlights the influence of di ff
speed across weekdays and weekends, emphasi zi:
time frame to optimize efficiency and rider e
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3.2TAafBBsit Vehicle Headways
To comprehensively understand the operations
the headways for both schedul @ddeauwdhacteas ael
was subt rtahcet endenxéte omt i ve vehicle arrival ti me
headways.

According to tha&t Sume Ttr iame web s wthest itnygp 1tshail s hre
appr ox Bfmtneutityersi ng mi.idegnhboums the range of ¢
Usi Nng-SGTRBJRTGTIF® be consi stent wi thy trhaen gipreg a3d
T40 minutes headway during tRegmi.ddé8y ibadway :
calcul ation was also verified (tWorgoeulg h 2n9aOn3u)a |

0 0
|l n whi ch:
«: vehiclebs arrival ti me
4 next consecutive vehicle arrival ti me

Headwweeyrse cal cul at eeBT usn hgGhHbHBE8thaRGCTEBEFP Updat e
provided actual departure times for <@acane tri
headways. Similarly, sched3T esdt adpe ptaimneads éfoirli anda
estimation of schedul eddédfianevdytsi matsahbl en t he

Scheduled and Actual Headways Comparison:
I n our comprehensive analysis of the differer
examined dirfoeetmeantvitdruandiyt to identify operat.
t he neéetoworbkotRT GMRASSTGTEE&t a, the median headwa
cal cul ated hour l-lye vbeyl ahgegar dsgeaytwinngr,isht @ .pdi f f er en
bet ween actual and scheduled headways are gen
operates consistentl y Seolmkgsicnegapmad thheatgwese ns et rhvei
actual and s c,h esduucl bbrda ghpetedditew @y ®r at i ng houmarfor
duemeatohodocloongsiteraab inntds cal cul ating headways for
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Actual Headways for Route 22 - El Rio/W. Speedway Scheduled Headways for Route 22 - El Rio/W. Speedway
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FigureS8héduled and Actual HReoaudt wea y s
AActual TBehdwaay ed Headwayod System Level Anc:
Il n our system | evel headway anal ysironutebke fo
evaltueenén ertewor k, assessing difference between
al |l hours of operatgiuo,®m. t3lAe8 me diuasrn r dait efderi ednc e
schedwelasldvay s geneitaltlonyi Arha negeed ifcraotm ng t hat act
foll ows the planned schedule throughout most
Negative differences, where actual headways a
early morning through the PM peak period. Aft
values, indicating shhedaltcedabl seddwanyg é€atee

transition from negative to positive values s
headways during the day and |l onger headways i



Notably, variance in headway differences i s m
the interquartile range (I QR) boxes. Speci fic
hi gheabvihetiyncreased vari ancec haatn gle8s: 0iOn nraoyu tbee
foll owing the RNKiIi peakhpetlt aoder v areinadn coef attr a2nlc
servia®e also mbdteereed hiemdwlhag Fp agtutr.eer s 7shown i

Boxplot of Headway Differences (Actual - Scheduled) for Sun Tran Routes
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Headway Weekdays and Weekends Pattern Analy
To evaluate differences in transit operation
headway anehygstctsedaacross the eRTiTreipr@mdatte s
as shewaopuiaThe9results highlhiegrmitn g od hadod ckawvivyaa n ¢
acrogswot lperi ods.

On weekdays, |l onger headways ar e obsreerfvleedc taifntge
| ower frequency of the transit ser%i00e PMTladh
drops off i nc aihrec il ddtaggvewtiaitndremglimesy at i ng wi t h e
headways
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CHAPTER RBedestrian Data Coll ecti on

Wal ki ng, as revi ep
Leonardi (2023) ,
(2020) , and Al l enpg—
is widely tretegat|
sustainabl e and

transportation. F
perspective, pr o
significantly i mp i ‘
reduce urban noi s e , 07 )
standpoint, wal ki IR NN

physical activity levels among | ess active po
and cardiovascudsari ndprscevaesde sme mtsalweddal t h.

4 . Del i ver abl es

Thchaptoemses on documenting vari ousr edsaotlau tsioounr
pedestrian perfPBPABGanegiadtnduppdolilsdvbd kB nghese
sources, summarizing their collection methods,
sections provide detailed descriptions and an



Table PRPedlestrian data sources i n Pima Count
Col |l ect Numbe r
Dat a Sourc Use Case| |l nterse
Met hod j
(Year 7
Max Vi |Max Vi e|CATS* SQ|Performance 306
evebnasgserver T Pedestri
dat a T Pedestri
of Servi
T Pedestri
PAG Year | y PAG MS2 Performance 87
TMC manual [Website T Pedestri

Pedes|lby PAG|(pag. ms?2

Mi ovi|Vi deo APl *** t I Perfor mance 123
det ect T Pedestri

Mi ovi|Mi ovi s|CATS* SQ|Performance 105
evebnas gser ver T Pedestri
dat a* * 1 Pedestri
of Servi
T Pedestri

CATS*nt &r for Applied Transportation Sc
SQL**: Structured Query Language

APl *** . Application Programming Interf a
Mi ovi si-basededat a* * * *basM do vd asti a ns heavreen tt
Max Vi ewb &asyedtdat a

Dat a f viosni(voMiddeeat eah d odbasmetld Maf(eViemavg@mde pr ocesse
separatelwsiwnt hodMMusi ng on pedestrian counts
waiting guanesbamnm@ads er processibmagedi OPBAIGE iTeMCe v
manbuwglol | ect e dc opuendtess, t rvisrmmeeh osvhedrd eagptpiparga ad | y

t empagwiat hy Max Vi ew, are procesbed boilobitmag na peE
pedestrian count elsdsenhtposh fiboid,drmecweaiethitda t
esti mat wademeldenppeodugh the count data andftolmhe w
i nter seatviao MabWiee tw hceatwan,i ti ng ti me oéabaoaul ated
usitnhge -basedandtan est iwandteiven omedelthe @etdiemdatr e
couunsti ng-basedthckati a.t eT & exywed d eoshtr raidebaE acl cdu | fartoem t he
average del ayofwainttienm ¢ etitsmeonis hdeaitpagyd éVis tor i an c O
i nteents on i s dMiroevciAdPjlyo nfhreo nwetdhded twgiessst menat ed t hr
Mi ovi si-based edtntda t he L OMacafl cud che £tdr ifamm t he
Figurbeeldow shows the methodology fl owchart.



[DONE] [TO DO]
Task #4 Pedestrian Data Task #7 Pedestrian KPIs
Pedestrian Delay Estimation Pedestrian Delay - 1
Miovision Waiting Tim Model LOS Estimation
vent-based g Model
Data Pedestianlos |«

P — . o Pedestrian Volume
Volume
Count .
Estimation Estimation Model ————
Vl\i.guwls)mn Pecdestr:an Intersections with
EOlLEE, 2l Miovision Data

Pe'c_iestrign ; Delay Estimation 7‘ ] Pedestrian Delay Y :
MaxView [ Waiting Time Model LOS Estimation
‘ Mode!

vent-based

= Pedestrian LOS || J
L Push Button
Count D
Pedestrian Volume
Nanualy - | | coimaior o | —
Manually : F‘Eélestrltan J Estimation stimation Model | : ‘ )
Count o Intersections with

MaxView Data

FigureMédthodol ogy fl owchart

Il n the following secthaned wkatde mopunsitmagt Kax Wiee
the video detection data (using MaxView Video
pedestrian count data wWmsieclbawas manually col |l

This section el aborates on the data sources u
the project

4 . 1Ma&x WiDa t a

4. 1Dat a4 EI|l aboration
The most <critical measure of evaluating the p
the pedestrian cguwsmhntsn, HBme aMaxaVviicew traffi c me
enabl es this measur ement at t hei dteevred i toyf Ascitg
crossWal K ( HAWK) beacons, via FMirguwriiedilfugt p g ke

respectivelypushedbotabsoasrofés the region, a
and HAWK | ocati ohh®&peu sAhs Itetint obres saereen avail abl e
Tucson and the  TRieima o®dudsteyn saomresg. i n which 567

(red daontd 109 ares) HAWKs (bl ue dot
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FigureMdax2i ewbawvedatdata | ocations

Thé&axVi ew rseycsotrkdn events of the pedestrianoés
intersecti odmd | @ri $HAEAKsh.ena-basedveata from MaxVi
defined evelnhte itdweontmdiirersveanttyehor |\Wweares t4be an
pede sptursihabée e g u e s tob u tot oreElvdenndt2 M/ HDeédn =t h e s etda st r i a
walBy. counting the number ofpu&bwarats bR6 ext4 :,c
The count of hourly pusiEvVent hé Ddhuembwdah toifn ge vteil
ti me gap bet w#Bann dt hieh de@weiem@®@ ®6fMul t i pl e pedest
arrive at theshetmasiemtmowai Ti ng time is the
wharrfvest at time eiarcthetrdisecdaeieamnadie wai ti ng t i me
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Tabl e Avai lpzhdlestri Max¥Veewtddta codes

Event Event Des Description
Pedestr 21 |Pedestrian|Set when walk indic
Phase E - -
Pedestrian|{Set when flashing d
22 .
Clearance becomes active.
Set when dondét wal k
Pedestrian|solidl(@msdnng) from
23 N
dondét wal k|of ped cl earance, o
a ped dark interval
Detecto Ped detector events
Event s any detector del ay/

and may be set mul't
pedest rWiathhu cad ¢ . i rft
eventually support
vol ume)

90 |Pedestriam|N/A

89 Pedestriahnf

Phase C 45 Pedestrian|Cal | to service on
Event s regi stered|pedestrian demand.
set i f a recall e xi

NoteBrom t he dodrt it @lbll edoEfyv emiat dWipbeass ed data archived in

4. 1Datada Anal ysi s
MaxView operates mutitipleaséaco€sr wenhin, thilee
sensors is archived i n-btalbe dCAMRSmEON 3 daetsa lma S @& ma
of the number of sensors that are actively wup
month if it has recorded at | east one data en



Tabl e Ava&8i IMalxlve ew device count
[ Yeal [ Mont/Max Vi ewUni que
2022 1 337
2022 2 332
2022 3 338
2022 4 329
2022 5 330
2022 6 325
2022 7 319
2022 8 324
2022 9 323
2022 10 325
2022 11 325
2022 12 324
2023 1 306
2023 2 305
2023 3 303
2023 4 309
2023 5 305
2023 6 301
2023 7 306
2023 8 301
2023 9 294
2023 10 297
2023 11 293
2023 12 291
2024 1 286
2024 2 299
2024 3 290

ny

every

mont h
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2023
2023
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2024,
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FigureAdvaBl able MaxView device count every

To understand the daily trends of pedestrian
button count can be used either directly (Hur
aBayesian Additive Regt adiagn @ainndd etee d B AIRV¢ med
mor e ac(clir agred yWuHu nRa0g2ali)n and Singl et éorut(t2dM21)
data from Utah traffic signals Lo andeWst dr2d :
presented a mekelodi o & o1 upmed heismpga dga nbdu tstiognn a |l 1
data from MaxView system by modeling pedestr.i
l ook at hédepdsahabowott @« otwalbinme ocounttThaehapgadest
the data, we define the ti0O@e3pelDdds Ma®_ BMNYPE
16: 00: 00) , and HBPM:RPBAKe0()AQI6t WO00f0O0OTucson has sw
AMTS with a new Kinetic Signals ATMS by Spring

4. 1.RPus?2h 2count Analysis

Data from January: 1 to January 31, 2023
We bnegt he analysis by sel etchiwei ng el idumedki ys4pd Gay3 ,
t he howrrlayge push obutbiooih codersecti ons and HAW
bet ween WwieekdayMondays, Tuesdays, &Mdnwesdhlkhgnsds
(i .e.., Satur.days and Sundays)

The graphs below show the average push buttor
2023
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FigureHdurdly awueha fceotutboyrs day tepeygpad
framnuary 1 t204daHAWKrgde8ilces 362 an
excluded)

On weebdgywsu,at si nt ernscercetaiseend s | 'y t hroughout t he
around 3 PM-Day i megr itdhhee, Mi@aching up to 25 per
PM pe&ak PM}. Peclhamdls|l ow a similar patdaterwmp but
tda0 per hour. HAWK cr os s ihnigpsh ssichwodwt sai ndg ftfheer eAnM
on weekdays, followed by fluctuations through
Mi-Bay period. Onpwebkands| owWwdAWKacr pealkiolbgn ar ot
with &8cowmtds per hour.

To take a cl| osehre Ifooolkl ocawi ntgh ef idgeutsalm ¢l osti, s dio h § €r an
i ntersecti onsdaoyf, Aavh do eRaM , p eMa kd.
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Figurecepsitdppeus h buttdaoni coguAMsgRegak ,anMp erMi deesa k

Tucoon weekdayoss all ti me periods, Il ntersecti
compared to HAWK signal s (i nTltbhd ulei)ghtpagrteay ud lna
are the intersections with. hbaochyi emuanar ¢amdg
Tucson, the Unive'rAwviet yd earfo nAsrtirzadrea,c omrsd s4 ent |y
and the intersections of maj or arterials, w h
attractors, show indagasad &®oMt peiaky pieni blde . m
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Figurdee pdi. b apeslgeounnhg di fferent t iDmeg ,p@amidod
PM Peak) on weekends. The AM Peak pfuisqhurbeut g lom
activity across Tucson, wi t h mo st i Nnt2e0r sect i
count sObhoempwuec buttohea@awviuemsts @daureing the afte
particuladowyt awolRdesoand4dthe area. around the

On both weekdays and weekends, theraexnttr Rmaldy &

Tucson Biosuldcwertdo extremel y hi ghe wiucseh s2hlwlwino m nc

Figur®wWh“l & the majoritwiohidanarphelrretr sam gce angoit

out [wiethhe, th ipgohi eastts e €5d,i0ON0g0 c o u nTthse speeroutdurer s ma

irregul arities, such as technical glitches
Hourly Counts for Device 214 by Day

2

5000 1 r\
& 1

4000 1

Top 10 Counts
2023-01-17 00:00 (5420)
2023-01-16 21:00 (5351)
2023-01-16 22:00 (5250)
2023-01-16 23:00 (5245)
2023-01-15 16:00 (4828)
2023-01-19 16:00 (4775)
2023-01-15 23:00 (4590)
2023-01-17 01:00 (4578)
2023-01-06 14:00 (4168)
2023-01-03 16:00 (3885)

e*OoVADPAONO

Counts/hour
w
(=]
o
o
T

2000 1

1000 1

Q O
o o o5 o o5
& v % & & %
» D » 03 L

Date and Hour

Figure 4. Aourly pedestrian counts for Device

To address these outliers, one approach is to
This can be done by examining historical ave
specific times of day or IrecatThenst amamnktridc dlea
can also be applied, where any count falling
flagged as an outlier, capturing the natur al

threshol d h(e.rg.99tthhepexxtenti l e) allows wus to

comparison to the majority of the dat a, mar Ki
help refine the process of identi fyimgrend a

effectively.
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Data of July 1 to July 31, 2023
Figurend . gur @i 4 pl @y atvheer ahgoeu rpluys f obh u tbtodrh ad od retr ss
and HAWK c¢crossings, di st Mgmudayhs ngTbed dveyesan, w
Thursdays, anddwéefatgsdays. and Sundays)

The average push button count at HAWK 1 nter sc¢
mi dni ght, becaluvsebPDeadway 3BRWdh s& uhtuls uAavd,y hi g
The duration between pushes |l ooks fine (sever .

are a few occasions when multiple counts are

Figursehodws8 t he hourly push counts at HAWK Devi

Hourly Counts for Device 362 by Day in 07/2023

Top 10 Counts
42 at 2023-07-22 23:00
41 at 2023-07-21 19:00
41 at 2023-07-21 20:00
40 at 2023-07-21 23:00
39 at 2023-07-28 23:00
38 at 2023-07-21 22:00
37 at 2023-07-08 20:00
37 at 2023-07-21 17:00
36 at 2023-07-21 18:00
35 at 2023-07-01 23:00

40 4

w
o
;

13 22 2% % %]

Hourly Counts

~
o
———

10 4

& & & & & & & & &
& A A A
» » ? »

FigureHduBly Counts for Device 362 in Jul

The graphs below show the average push button
after removing HAWK Device 362.
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Figursh&#ws0t he average hourly pushgralusatby ape
for weekdaysWhinl eJupwys h20®RBtt on counts are | ow
eval uat inann yp eafi btdhgelo usnatmer secti ons i dentified
showing conmsusdemtctyeaty at,h okreyt haet tpraecw alresn cae
di scretionary trips
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Figurseshéowslthe average hourly push counts at
for ewedesk JulAs 20 2Hh t he weekday counts, there I
act iewipteyc,i al |l 'y i n btuhte hR M hP ecakwnptesd irtoddnga iUmi ver si |
and al@mgcltheRd and Stone Ave corridors,

4. 1. 2. Pedlestrian waiting ti me
Nextanalywze wai ting ti me of pleadne®addr2y8 aammsd oJult e

— B 'Y
0wyY Err—
)

(b"Y "YFI !IYF]
In whi ch:

W'YWaiting time ofQeach pushing event

¥ Ti me of pushiQregr eente ncto dhea p=p edbs f or

Y Time of next | ight t (Qrenvse ngtr_eceond e e=vednSt code
0 : Number of pushi ngn(eev.egn.t sonien htohuer )t i me peri o
0wY: Aver agiemevaoft ipmegdestri @ans in this time per

Data of January 1 to January 31, 2023
Figurel #us?2r maes mbouapge dessdrragen wai ting ti mes
HAWK signals on wececikamyar Tahn@l 0 itvaexei kneunnd swai t i ng t
the time the first pedestrian arriving at the
waiting time represents the mean waiting ti me
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2023
Theata reveals that intersections have consid
signals, with weekday intersections experienc
peak midday hours and maxi mum t i messi npeaakri ntg eon
at intersections, with slightly | ower waiting
the other hand, mai ntain much | ower waiting

variations throughout itrhge tdiame raarde It yeeemesxa dnu
findings ar e icrotnesn dsede nftumwdttihonsheofwi t me HAWK 6y g
priorgsernwiemgstrian crossings as soomampse@ossi
to progress threeghimag eahilrdefeoadnpe Vsearewnitsg a
movement

To take a closérguodlemath SttHeem ecdaga&i wmfi tdinfgf eriem
i nt er daia ti inrndh dgplreaaidayMi éa@énd PM peak.
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Figuraefgsiithee average waiting times at interseocd
AM PeakbayMi cand PM Peak ipeanoasyod@0keddagst i
principalt anrdt eoeruitalesnpatibteddhoeeheim,| omger seyx ¢l
along principal waitteirn@ wiithesy eAlWWKdser ghal s s ho\
wai ting times

Across all periods, intersections dominate t he
ti mes, particularly in the city center and nc
dur i ng-dtatye pMird od, withwémhll ¢hec AMcPeskowaadalF
exhibit |l onger waiting times with | arger cir
crossings generally show shorter waiting ti me
bl ue <circl est,i owni tahc rsoosnse dviafrfiear ent peri ods. Ove

urbanized areas, with noticeabl eagonsistency
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Data of July 1 to July 31, 2023
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periods for both intersections and HAWKs. Dut
overall, withmadeewmkdidairn ptahe eTaanwdry evaluatio
have |l ower average and maxi mum waiting t i me
characteristics of the two signal types.



:% 2] CHE

y=e

..0"‘0'. ‘e

L]
[ ] L)
..- : @ oo [ BN ]
0... ~

=" jve oo :
W ntersection
g @@DO °
comis s ©
® 10 seconds 1
@ 20seconds .
@ o oncs
(Y- e @

(aHoumaherage waAMimMEBAHK i weeokidualyyd ul v 3

o a0 b s

o
0 ® @9
S °
a @ - o
e %
° o e e0 L ]
90 4 °
® .. -Q . ()
color [ U0 °
= ® ®O®O
[ L4
ccccc ) o
s orins | $
@ 20seconcs .
o
[ -
Q@ e O

‘e
° L J
o @ oo
- i e 8L

cor .
W rterses
[ o
...... g O
@ 20 seconcn g
@ s
@ e @

(cHoumaher age waPRMi PEBAMK i wreeeokBdiialyyd ul vy 3
Figure Hodralvy rvaagiet i nign tJweleyk dlay s )



(aHoumlher age

(bHoumher age

9% e
Q0 .oo @
O
D@0 () 00~ ° 8o o
..6‘:‘.*.:..:0 ! o® -‘o..’ ° :
o X B K e
(] .'-‘Q.C. " ‘e :. o
@ 0- %o ° - °
oo.i'-o'-:;oo. .
s ©
[

waAM i mMEBA K | weeeokBdunldyd u | y

waMlit D nDAN i wneeeokibetinldyd u | y

(cHoumlherage

waPk M i mMEAMK i weeeokBelinldyd u | y

Figure Houdréalvye rvaagiet i nign tJweleyk e(nd s )

3

3

3



cy

Figurank®i. d6r i 4uafi ze the average waiting tim
di fferent ti mes -doafy,d aPyM (plehM kp r ebknyw ev@keeknddeesyreen d s

| argely similar to those withhehdahaaggshewhi
intersections of principal arterials, moderat
waiting times at HAWK signal s.

4. 1. Miovision dat a

4. 1D38t a4 EIl aborati on

4. 1.3. Miadvision sensor | ocations
Mi ovissinemr s can provide several traffic paranmn
i n -mnreut e I Ai6retrevradescti ons in the PAG region ha

sensors as of oMari zlo nda é@dmap nilt heet e Leoldeeped earl i er
County Department oft hTata nisspeosr ttatd oAP I( PkGCDyGsT )( pr
the Town .dfheMarodsgdgctta via theMMsbbvistensda®ti o
single Miovision camera, but there are | arge i
coll ect ,t rlaofcflaidce Ghaatltd a& Bouheaafrfd Road, &a Chol
Ri ver Road, &Mlrvwerdn o rF eWa&§Rn vzri VRevaaly, and La Ch
& Or aengGrove Road in Pima&Boumnbpa &#adi Coonar oClH
Silverbell Road,&@mangdoGmgdal RoRdaidabt bedTdw
summari zes the nuwumleersecft i Minevi si on

National \
Forest 3

Fi gureMaAoteBsi onarscehn sveerd i nl oGAATtS osne raviesrt)r i b
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Tabl e Midvi si onarscennsveerd i nl oGAaTtS osne rdviesrt)r i b u:

NAME COUNT

MARANA 0
UNI NCORPORATED PI N 123
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ORO VALLEY
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SOUTH TUCSON

oO|lO0|O | O

4. 1. 3. Mi#Avision sensor count
Thei gur deddivdpl ays t he amoMiveevViysitomndetodct or |

2020 through 2024. I n 202860r, agihal yn,u mbtea r toif n gd eft
and reachiacgtdmrveerclt yYr 80 wi t hin a few mont hs. Af
number of detectorsl08t dleit lwiezaes | &@At0e2a3r2 @ Wrdrdd a 9cQh t
consistent detector deployment and usage. How

cont starts to slightly-2d24|] i smsggdsppnggabpbes:
the number of active or di stinct detectors du
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4. 1D8tAdal ysi s

4. 1. 3. Mibvision volume dat a

We picked ttheuvudatydldMedmGd4 to do the analysis
arset eaFdiigeurr el fug80rates t hebuotndrm !l oo wnwtes ageer pus |
from 202D 2t4q miedreal ing clbattoemaschabhipygttend
the cooler mont hs, partwbubtchar hwmdiOm@éuedkhst tyo 2 0 2 :
counts. pédlowdagr , t here ayears, i gnsgacaciaanlt!l ydrarpcsu
mont hs, where counts dip as | ow as 500. This
factors such as weather conditionisamrmeweamnm®mta
with reduced activi thlyi gllueri inggc sviad imey pneomit dids .a n/
the overall pattern also indicates a dee®reasi
been due to decreasing number of pedestrians.
reduced sensor accuracy and reduced efficienc
data | osses.
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4. 1. 3. Mibsiawmer age pedestrian count
Figureosmphber|ly average pedestrian counts at
January 2023 and July 2023, focusing seaparate
st rothgndatr@mppa thtyesh | ght sbathaisal opva t de rkhed yov e
duet e Mi-eguspped intersesthonabmeangas ocated
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On weekdays in January 2023, tdhaey ppeedreisotdr,i aawni tche
reaching approximately 5 c®Pendesthoan beuweésnal
due to the suburbamMi andesqruadmpapledmastewcitda 6 d s sthioéy
pattern of regul &dul yWag3ad 2sBiensilalcaiws vd atyyt b unte wictt h v
reduced pedgdsitkreilayn daucet itvol ttyhe extr eme summer

activity, partaiycularly during the d

On we e K kdeadysttienrmep or a | patterns barte wiarhgdloywetrhev

than weekdays, which then decline further dur
4. 1. 3. Dv2rall Trends
The comparison shows <cl ear seasonal variati ol

counts across both weekdays and weekends than



mi-day, is |likely influenced by higher temperat
a sldieghiemcstei vity towards the | ate afternoon, |
patterns highlight how weather and seasons af
transportation pl anning and infrastruabumeed

throughout the year.

4. 1 MBo @iasnido Wiaexw sleoncsamtmi eornl a p
To investigate the relationship between push &
evemnatsed push button -datubh apedgstwiitahn goowmtd

temporally and spatially aligneds #Atcohei Malxw
Mi ovi siidmndiatray 2023.
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Given the |l ack of |l ocation overl ap between t h¢
TMC pedestrian count -tdmattah aisnfoar matbiuomcef of @ct
This data was coll ected aRAGnarjeogre misirutrd rnsge cat iha ny
of accuracy and reliability. By utilizing thi
button counts and establish a meaningful comp.
detecti on Ildaabtlae iosr uinnasvuafif i ci ent. Thi s approacl
our analysis while accounting for the spatial
4. 1PAGurning MovemeiPted@sDantiaa(@ T MC)

4. 1D4at &4 EI|l aboration
Pedestrian survey data are collected as part
durations of 4, 16, or 24 hours, depending on the specific needs and funding availability of the
program. These counts are conducted either in the fall (Seeteim November) or the spring
(January to April)Figure 4.23below shows the counts collected per mofrtim 2013 to 2023,
typically averaging around 150 locations per year
175 4 172 Month
275_ o7 69 2

Fi gur eDi4st2i3nct i ntefrrscerhei esnrmembedat a
We choose the months of September and October
count data with the actual pedestrian count d
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Table O©Outl.iers in bot42o5 right of Figure

|l nd|Devi q Date Hour/ Hourl yPelHour |l yPushBu

137 582| 10/ 4] 16: 0¢( 12 137
138§ 582| 10/ 4] 17: 0¢( 21 102

Figure 4. BM6urly pedestrian counts for Device

This appeamomiabybbeapush button dwetrae, rwhcerred e
bet ween 16:43: 00 and 16:44:00 on October 4, 2
pushes to minimize the i mpact Afft esrucdltibmitnd d teil
outl i er ss,hotatsestdatnag | i near relationship betwe
pedestrian counts in both months.

















































































































































































































































































































































































































































































