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EXECUTIVE SUMMARY

The state of North Calioa is one of the fastest growing states in the U.S. According to the U.S.
Census Bureau, North Carolina ranked fourth in numeric population growth in 2019 (1). With
expected continued population and development growth for the state, managing traffs&c acro
freeways and arterials continues to be of vital importance for the North Carolina Department of
Transportation (NCDOT). Specifically, identifying and addressing -bgigested and low
reliability facilities will play an increasingly crucial role in addsing public concerns and
managing congestion levels across the staterial stree$ are a critical location of travel delays

in urban transportation systesn Thus, the performance assessment of the arterial stisets
necessary and important.

This pioject focuses on the analytical and predictive approaches for quantifying reliability
performance of arterial street&. series of analyses on the sources of arterial unreliability is
presented which also critically examines the differences in data scawvadable on North
Carolina arterials. Two NCDOT arterial analysis tools were updated to allow for pldemgig
arterial reliability analysis and prioritization of traffic signal retiming in the state.

The analyses presented in this report may be tegeg NCDOT staffusing a number of sources

and platforms available to NCDOT including NCI
Data Analytics, Clear Gui de, and FHWA’'s Nati ol
Data Set. Utilization of the ARTVALlool will enable plannindevel HCM arterial reliability

analysis of corridors with a limited data requiremdrte utilization of the analyses and tools
developed in this project will allow NCDOT to include travel time reliability in planning,
managing ad improving arterials in the state and measure the additional benefits to the public

from these programs.

Further research into arterial reliability would benefit greatly from the utilization of additional

traffic signal data which are planned to be avd&ll e t hr ough NCDOT’' s Ad
Management System or Automated Traffic Signal Performance Measures platform. This analysis
would provide additional insight into the reliability impacts of signal timing settings and time of

day plan transitions.
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1. Introduction

The state of North Carolina one of the fastest growing states in the U.S. According to
the U.S. Census Bureau, North Carolina ranked fourth in numeric population growth i(12019
With expected continued population and development growth for the state, managing traffic across
freeways and arterials continues to be of vital importance for the North Carolina Department of
Transportation (NCDOT). Specifically, identifying and addressing -bgigested and low
reliability facilities will play an increasingly crucial role in addressimgplic concerns and
managing congestion levels across the state.

Arterial streesare a critical location of travel delays in urlieansportation systesnThus,
the performance assessment of the arterial stisgiscessargndimportant.In practice, it was
found that most travelers were more frustrated with unexpected delays than the recurrent everyday
congestion. Therefore, instead of an average time for travel throughout the year, travel time
reliability (TTR) has become an importantasere to evaluate the effectiveness of transportation
systems(2,3). Recently, both federal rulemaking agencies and public expectations are moving
away from traditional, traffiengineering focused congestion measures towards more user
experience based mmaes describing the reliability and variability of travel tifl$). To date,
there have been considerable research efforts that leveraged the historibgsedelata for
evaluating the TTR on freeway syste(@s7) as well as predictive approaches guantifying
reliability for future projects and improvemei@®9). In comparison with freeways, arterial streets
are more complex systems, where the varying demand levels, changes in signal timing, and the
potential for incidents and work zones can dcafly affect the performance and reliability of
arterial street$10). In addition, performance measures reported via pbatsed data sources are
not fully validated for arterial streets. Earlier efforts have identified potential wagderting of
delays at traffic signals, as probes that are stoppedjireae are less likely to be reflected in the
aggregate probe data §&t). To truly evaluate the reliability of arterial facilities, and before using
TTR to guide decisiomaking and policy, the quajitof the probebased data also needs to be
verified.

This reportfocuses orthe analytical and predictive approaches for quantifying reliability
performance of arterial streets. By analyzing various potential reliability impacting factors, the
researcherfound out that different data sources h&matedsensitivities to different dynamics
of the traffic. The study analyzed multiple potential factors that may impact the arterial reliability
by using probalata. Two tool updates were performed eristing NCDOT tools used in the
analysis of arterial performance. ARTVAL is an H&Msed planning level arterial analysis tool
originally developed in Excel. This project developed a-Wwabked platform and update the tool to
include additional user experice and default input improvements which allow for the plarning
|l evel reliability analysis of arterials. NCDO"
to include additional analysis types and new travel time data.

The report includes aethiled methodology used to analyze the arterial reliabilitees
introduced in the third chapteChapter fourcontains the development of NCDOT Signal
Performance Measuieool updateThe ARTVAL tool update is documented in AppendixTAe
conclusiors, recommedations, anduture research will be introducédthelast section.
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2. Literature Review

Currently, the majority of arterial TTR research efforts have been focused on identifying
the effects of traffic control devices, traffic incidentgrk zones, adverse weather conditions,
thattime of day, day of theveek, and holidays on artal travel time and travel time reliability
(12-15).

Polus (16) defined travel time and operational reliability on arterial routes as the
consistency of operation of the route, which is the inverse of the standard deviation of the travel
time distribution. The research assumed that travel time on arterials followiggmaa
distribution, based on which, TTR measure could be estimated through regression modeling.
Taylor and Somenahal(iL7) further discussed the potential issues with travel time variability
distribution pattens. Based on field data, the research ftvamdhere is a bimodality in the actual
travel time distributions, which is mainly caused by the probability of encountering delay or not at
traffic signals. This bimodality tends to affect the measurement of travel time variability and
reliability and neds to be taken into account when measuring TTR. Similarly, Yang @t8al.
found that travel time distribution of interrupted flow displays a bimodal pattern rather than a
unimodal curve, thus arterial travel time could be divided into an uninterruptgzboent and an
interrupted component. The research investigated six convex distributions and confirmed that
travel time under interrupted flow generally follows a bimodal distribution and emphasized that
intersection control delay has a critical role itedal TTR.

Then, some analytical modeling studies have been conducted to analyze arterial TTR, such
as Pu(19) analyzed the mathematical relationships and interdependencies between various TTR
measures. The research recommended using the coefficiariaifon, instead of the commonly
used standard deviation, as a proxy for other reliability measures. Besides, the research
recommended using the medibased buffer index or the failure rate as TTR measures. Li et al.
(20) employed GPS speed profile ddatastudy TTR on arterial road segments based on the
stochastic dominance theory, which captured the commonality of all individuals who had similar
risk-taking preferences. Results showed that conservative travelers have to pay a risk premium
such as an ewd buffer time to achieve the same-tome arrival probability. Zhang et a(21)
compared the quality of arterial travel time acquired from GPS probe and Bluetooth data. The
research pointed out that travel time on arterials tends to have a higheonahain that on
freeways, thus recommended using the coefficient of variation to assess TTR. Zherig2t al.
developed a network travel time distribution model based on to field travel time data, which
investigated the netwotillevel TTR by using weightestandard deviation of travel time rates and
weighted skewness of travel time distributions. Glick and Figli@jemployed transit GPS data
to estimate arterial travel speed percentiles and associated confidence interval, whgpadane
speed profile and heat maps were employed to visualize road segments and intersections that have
high travel time variability. Singh et gR4) conducted a case study on the travel time variability
and reliability using travel time data collected by-Wisensors atn urban arterial. It was found
that that travel time variation is significantly influenced by the time of the day and day of the week.
Tufuor and Rilet(25) presented a validation study of the Highway Capacity Manual (HCM) urban
street TTR methodology bad on travel time distribution data collected by Bluetooth. The
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research found that there were statistically significant differences but no significant practical
differences between the HCM and the empirical travel time distributions. However, thehlresearc
pointed out that the HCM travel time distribution had a lower variance than the empirical
distribution and thus tends to underestimate the TTR metrics.

Besides, there are also some simulabased research that employed microsimulation
modelingto investigate arterial TTR. Elefteriadou et @6) developed two arterial travel time
estimation models using CORSIM microsimulation results to estimate travel time under congested
and uncongested traffic scenarios. These two models were validatedhi@rid travel time data,
the modeling results were eventually used for analyzing TTR measures on arterials and figured
out potential issues that may affect the assessment of arterigPV I Hottisi et al(28) proposed
a methodology to estimate urbarad network TTR using historical raddetector data and a real
time traffic simulation model. Statistical measures such as coefficient of variation and congestion
index were employed to assess the TTR of different roadway systems including indiviehiglkar
smaltscale and largscale road networks.



3. Methodology
3.1 Evaluation Framework
3.1.1 Factors Affect Reliability

This research first identified factors that have the potential to affect ameliaility
through theoreticanalysis and engineering judgemertteinitial candidateactors include

1 Severe weather

Signal timing optimization
Active traffic management
New developments
Seasonatlemand fluctuation
Arterial coordination
Accessnanagemengand

9 Incidents

= =4 =48 4 4 2

These factors are considered aentributing tothe recurring antbr nonrecurring
congestios on arterialsTo quantify the impacts of each factor on arter@iability, each factor
was analyzedat isolatedselected site Multiple data sourcewere used during thenalysis to
avoiderrors caused bysingledata sourcand examine differences in data

3.1.2 Data Sources

This research employed the following data sources for arterial reliabidyysis: the
INRIX traffic data, the HERE.com traffic data, th&lational Performance Management Research
Data Se(NPMRDS), thdntelligence to Drivgi2D) in-vehicle trackerand theNational Oceanic
and Atmospheric AdministratiofNOAA) weather data

Eachdata source fsts own advantage on different analyzing perspestiver instance,
INRIX and Here.condatacould be used tanalyzethe arterial reliability bycomparingarterial
travel time and speedNPMRDS could provide additional necessary infation for reliability
analysis At the microscopiclevel, i2D contains high resolution trajectory datad provids
detailedvehicle kinematics datuch as instantaneous speaghicleposition, and acceleration for
each vehiclehowever it is only availale in instrumented vehicle®9). NOAA data, as a
complementarydata source, will helphis research witlanalyzing thempact ofnonrecurrent
weathereventson arterial trafficreliability.

3.1.3Site Selection

In this sectionwe talk about sites that we can assess reliability impacting factors, and
potentially show somadditionalinformationsuch as data source for each site madrix format.
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Table 1 documerd the selectedsites foreach analysipurpose.Thesesites are majorly
located in Raleigh, Cherokee, Asheville, Charlotte and Wilmingtdiorth CarolinaTravel time
data collectedrom sites located iourism citiessuch as Asheville, Cherokee, and Wilmington
wereanalyzed tanvestigatethe impact ofseasonal tourisrtraffic on arterial reliability Urban
area usually have major traffic generation and attractidiacilities, suchas universities,
supermarketandbusinesglazas, which are expected to create significamiasonatraffic (i.e.,
school and ngchool seasonsind peakour trafficpatterrs. Active Traffic Management (ATM)
strategies are often deployedmetropolitan areatoaddressgraffic congestiorand improve travel
time reliability. With these concernghe sitesused to analyz8easonakffects, Peak Pattern and
ATM strategiesvereselected from metropolitgiiRaleigh and Charlottepites used tormalyze the
weather impactvereselected from multiple ¢&s Tominimize the influence from other potential
factors,all selected sites amwvayfrom trip generation and/or attraction facilitigsinally, sites
that contain botlprobedata and trajectory dataere selected to analyze the reliability of probe
data.

Tablel - Use Cases with Assigned Sites

Impact Factor Data Collection Site(s)

Peaking Pattern - Western Blvd, RaleigliSite #1)

- US19, CherokegSite #2)

- US441, CherokegSite #3)

- US421, Wilmington(Site #4)

- Hendersonville Rd, AshevillESite #5)
- Leesville Rd, Raleigl(Site #6)

- Creedmoor Rd, Raleigtbite #7)

- Six Forks Rd, RaleigfSite #8)

- Hendersonville Rd, AshevillSite #5)

Quantifying impacts of new - US64, RaleighSite #9)
development - US70 Business, Smithfiel(Site #10)

- US25 (North of }214), Asheville(Site #11)
- US 25 (Inside4214),Asheville (Site #12)
- US 70, AshevillgSite #13)
- NC 191, AshevillgSite #14)
- College Rd, Wilmingtor{Site #15)
- Military Cutoff Rd, Wilmington(Site #16)
Isolating effects of severe - US 17, Wilmington(Site #17)
weather - N. Garham St. CharlottSite #18)
- NC 16 Brookshire (North)Charlotte(Site #19)
- NC 16 Providence (South), Charloftgite #20)
-  Capital Blvd, Raleigl{Site #21)
- Falls of Neuse Rd, RaleigSite #22)
- US 70 RDU (North), RaleigtSite #23)
- US 70 Gamer (South), Raleig8ite #24)
- Avent Ferry Road Site 1, Raleig8ite #25)
- Glenwood Ave Site 1, Raleidl®ite #26)
- Tryon Rd Site 4, Raleigh(Site #27)
- Western Blvd Site -P, Raleigh(Site #28)

SeasonakEffects

ATM strategies

Probe compared to High
Resolution Vehile
Trajectories
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3.1.4MOEs for Reliability Assessment

Probebased dataan provide aggregated speed and travel fimacertain period of time
which could support variougerformanceassessmennethods.The Highway Capacity Manual
(HCM) indicates thathe performance measument isbased on Planning Time Index (PTthe
80" Travel Time Indexthe Mean Travel Time Indexhe Misery Index and Reliability Rating
The FHWA reliability performance measeiment methodLevel of Travel Time Reliability
(LOTTR), wasalso applied tothis study Additional graplcal analyzing methodssuch asNet
Travel Timeversudnterquartile Range (NTT/IQR)lot, Cumulative Distribution FunctiorOQDF)
of Travel Time Congestion Stackliagram and NPMRDS outputsvere also used to better
illustrate thechanges ofeliability. By analyzingtravel time dataggregatedverdifferentperiods
of time, the reliability during peak hourthe changes of reliability undelifferent montis or
different yeas could be revealedin addition weathetrelatedreliabilities wereanalyzed by
conmparing the speetime diagrams under different weather conditiorfSince one of the research
tasks is to test theeliability of probe datathis researchused linear regression analyscs
investigate the correlatidmetween probé&asedspeeddata and agggated trajectorgpeeddata.

3.2Data Collection

Table2 summarize thecandidate sites for each identified factor and data availability from
each data sourcét. can be seen that forast of the sites traffic performancealataare available
from multiple data sourcg which couldminimize thepotential error caused by a singkta source.
The probe data that contain travel time and speed information Ggbeed fromthe Regional
IntegratedTransportation Information SystefRITIS) website. ThRENOAA weather stationlata
under different weather categoriesll be obtained from NOAA websiteFor each weather
category, speed data will laggregatd to daily averagespeed.

Table2 - Sites Categorized in Use Cases and Data Resources

Data Source

Impact Factor

INRIX HERE.com NPMRDS 12D NOAA
Peaking Pattern | 1 1 n/a n/a n/a
Seasonal Effects| 2, 3, 4,5 2,3,4,5 n/a n/a n/a
ATM Strategies | 6, 7, 8, 22 6,7,8,22 n/a n/a n/a
Quantifying
impacts of new | 9, 10 9,10 9 n/a n/a
development
Isolating effects 11, 12, 13, 14, 15,
of severe n/a n/a n/a n/a 16, 17, 18, 19, 20,
weather 21,22, 23,24
Probe compared
to High
Resolution 25, 26, 27, 28 25, 26, 27, 28 n/a 25, 26, 27, 28 n/a
Vehicle
Trajectories

Note: Site numberefers to Table 1.



Analytical and Predictivé\pproaches for Quantifying Reliability Performance of Arterial Streets

3.3 Data Assessment

Table3 detaik themethodologiesisedfor assessing the impacts of each identified factor
on arterial reliability Most sites are analyzdxyy multiple methodswhichaims atcompamg the
applicabilty of the selectethethods)for eachimpactfactor. In practice, data analysis over a long
time period (such as-Hour or 8hour) tends to smooth thmpacts of the factors on travel time
reliability, which cannot capture the most challenging situationthis regard,this research
analyzed only traffic performandatacollected from workdaAM and PMpeakperiods. Detailed
description®of assessing data for different factwepresented at the following subsections

Table3 - Sites Categorized in Use Cases and Analyzing Methods

Reliability AssessmentMOE
Monthly

::rggflCJCrt Average CDF of Reliability Speed Corridor by Speed vs.

TTUIQR Travel Travel Analvsis Percentile Condition Speed

Time Time y Stack Comparison
Diagram

Peaking

1 1 1 n/a n/a n/a n/a
Pattern
Seasonal
Effects n/a n/a n/a n/a 2,3,4,5 n/a n/a
ATM . n/a 6,7,8,22| n/la n/a n/a n/a n/a
Strategies
Quantifying
impacts of 9 n/a 10 9,10 n/a n/a n/a
new
development
Isolating 11, 12, 13, 14, 11,12, 13,

14, 15, 16,

effects of 15, 16, 17, 18,

n/a n/a n/a n/a 17, 18, 19, n/a
severe 19, 20, 21, 22,
weather 23,24 20,21, 22,

’ 23,24

Probe
compared to
High 25, 26,27,
Resolution n/a n/a n/a n/a n/a n/a o8
Vehicle
Trajectories

Note:arterial name refers to Table 1.

3.3.1 Peaking Patters Over Time

Theanalyzedsite isWesternBoulevard in Raleigh, North Carolina. The pgeiodwas
defined from &0to 900 for AM peak and 1®0to 1800 for PM peak. Bothraffic directiors of
the arterialvere selectedFigurel shows thdocation ofthe WesterrBoulevardcasestudyarterial.
The study area starts frodvent Ferry Rdto Method Rd with a length of 3 milesFor each
direction, threeTMC segmentsvere observedon this arterial Since the North Carolina State
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University is locatedh the vicinity ofthis studyarterial it is expected thahe seasona@lommuting
traffic will significantly impactthetravel time reliabilityof the arterial

o K705
& &3
&3
Cary
CARY Raleigh
&3
v
@ i
) G

Figure1 - Western Boulevar@ase Study Arterial

The monthlyAM and PMtraffic performancelatabetweer2016 and2017wereprepared
for data analysig-igure2 compaes theaverage travel timduringPM peak howin 2017when
the University is in and out of sessidor the eastboundraffic. Overall, travel times in the
Herecom dataset were signdantly higher than those from INRIX. While the TMC segment
definitions are nearly identical, it is possible that one data source includes speeds from turning
movements or filters out low speed readings differently. However, bothdderand INRIX
dataseténdicate a significant impact to peak hour traffic due to the schedule of the UnivEesity.
furtherreveal thampact ofseasoal commuting traffic on travel timea cumulative distribution
function diagram ofraveltime was plotted, as illustrated Figure3. Similarly, results show that
travel time in neschool seasowaslower than travel time in school season.
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Western Blvd EB (School Impa2017)
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Figure2 - 2017 PM Travel Time Comparison
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Figure 3 - CDF of 2017 PM Travel Time Comparison

Table 4 showsthe numericalcomparisos of percentiletravel timein 2017 between
different data sourcel.was found that in general, school season has a higher travel time compared
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to nonschool season; on average, travel time in school season is 18 percent higher-dwdoabn
season when using HERE.com dataset (12 percent higher when using INRIX dEt@setpact
of school season dmavel timereached its peak when using 8@" percentile travel time data,
which was33 percent.

Table4 i Reliability Analysis Result

Data Impact Factor Travel Time (min)

Source Average | 95th 80th 50th LOTTR

No School Season| 1.65 2.62 1.81 1.50 1.21

Here.com School Season 1.94 3.16 2.41 1.75 1.38

School Impact (%) 18% 20% 33% 16% 14%

No School Season| 1.55 2.13 1.75 1.48 1.18

INRIX School Season 1.74 2.49 2.05 1.68 1.22

School Impact (%) 12% 17% 17% 14% 3%

Note: LOTTR refers thevel of Travel Time Reliability.

In addition, Figures 4 andere plotted to illustrate yedevel reliabiliies. Both figures
showmonthly average travel time indexithin the year as well ahe standard deviation of the
index. For Eastboundraffic, AM peak hour travel timdata (ipperFigure4) from twodifferent
sources are close with a smstthndard deviatiarPM peak harr travel timedata (ower Figure4)
show that both the travel time and the variability increakedddition, it was found thatchool
season month@.e., the highlightedareasn Figure 4 usually have larger travel timestandard
deviationof TTI than no school mongh The samdrendis alsoobserved fronthe Westbound
traffic, as illustrated in Figure. 3 his indicates that for the Western Blvd arterial, travel time
reliability of school season is lower than no sch@&zlson, which is mainly due to the increased
traffic demand during school season; in addition, for both traffic directions, travel time reliability
underPM peak period tends to be lower than AM peak period

10
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Figure 4 - Monthly Breakdown of Average TTI and StDev TTI fastBound Traffic
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Figure 5 - Monthly Breakdown of Average TTI and StDev TTI for WB

a reduction in lanes during this period.
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After analyzng monthly travel time reliabilitydata,the yearly datas analyzed taeveal
themacroscopidrendof travel time reliability Figure6 shows the annual AM arféM IQR plot
from 2010 to 201®ased oriINRIX datg andfrom 2015 to 201&ased orHere.comdata The
plots depictthe historical trend of the study arterial.dddition, f was also found thdhe INRIX
datahada significantshift between 2013 and 201M@otential causes include traffic growth in the
area as well as significant diversion possible from the parallel Hillsborough St corridor which had




Analytical and Predictivé\pproaches for Quantifying Reliability Performance of Arterial Streets
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Figure 6 - IQR Analysis for AM and PM Yearly Data from INRIX and HERE.com

3.3.2 Seasonal ourism Traffic Effects

The sites usedfor evaluating seasonal effecése locatal in Cherdkee, Asheville, and
Wilmington. For theWilmington site, AM & PM speed data during botteekdays and weekends
were analyzedb capturetheimpactseasonagffects on travel time reliabilityThe peak timavas
alsodefinedas6:00to 9:00 and 16:00 to 18:0f@r AM and PMpeals, respectivelyFor theother
sites traffic performance dataluring weekdgs were analyzedonly. For nost sites traffic
performance data are availalitem 2016 to 2017 and speddta were aggregated 1&-minute
average speedome of the sitessed2015 and 2016 data for comparison becausdr#igc
message channel¥NICs on those sites werenot availablein 2017.Figure 7 shows the U9
arteriallocated in Cherokee, North Carolina. It contains 6 TMCs for each direction and the length
of the arterialis 17 miles.Figure 9 illustratesthe US 441larterial locatal in Cherokee, North
Carolina.lt contains 5 TMCs each direction and the leraftthe arterials 10 miles. Thisrterial
passes througthe downtown Cherokee and conrseCherokee tdhe Great Smokyountairs
National Park

To better reveal the seasonal impaatarterial reliability, thepercentilespeed stack
diagrans werecreatedFigure8 andFigure10show the examplpercentilespeed diagram for US
19 Southboundand US441 Southboundbased on both INRIX and HERE.com Daka both
figures theverticalaxis is thename of eacintersected street and TNI@ehorizontataxis is the
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monthof the yearOf these graphs, only the U1 sections shows significant seasonality with
more congestion (more orange region) in 2016 and Zbifyire 11 presentghe legend of the
speed percentile stack diagranhereGreen color meare higherspeedandRed color represents
alower speedThelarger the color blocks, the more percentages thie represented speed exist
in the specific monthn addition, the black blockmeanthere is no available dateomthe TMC

in thosemontrs.

Blue Ridge
Phwy

Figure71 US19 Cheroked®oute
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Figure8 - US 19B Here. com Speed Percentile Stack Diagram
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US-441-BR/SOCO Rd

Figure 91 US441 Route
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Figure 107 US441 SB INRIX Data Speed Percentile Stack Diagram
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Figure 11 - Speed Percentile Stack Diagram Legend

Results revedhat the speed distribution shows a significieterioration after September
2016. This pattern can alée observedat other sites. One possible reason is Here.com changed
the algorithmfor speed measurement in September 2016. Therefore, due to the unexplained shift
problem, INRIXdatatends to benore sensitive tthe seasonathanges of trafficlemand

3.3.3 ATM Stratey

Thefour sitesselecteddr analyzing the impact ;ATM strategieon travel time reliability
arelocatedin Raleigh.Leesville Roadarterialis from NorwoodRoal to Fairbanks Drive. The
Creedmoor Road route is from Norwood Road to Strickland RoadSikieorks Road route is
from Durant Road to Strickland road. Falls of Neuse Road route is from Durant Road to Strickland
Road.Figurel2illustrates the origin and destinationtbé four sites.

Norwood Rd

Durant Rd
Nowooc Ba Creedmoor Rd
o)

Six Forks Rd Durant Rd
Leesville Rd

Strickland Rd Suricidsnd Aid <
Fairbanks Dr il Falls of NeuseRd {13
Strickland Rd py., 4y
Ridge
Country

|

4

Figure 12 - ATM Strategies Analyzing Sites

The ATM strategyroblemanalyzedy this researcis thepotential spitback effects onto
arterials from freewapn-ramp metering which was applied at 4 ramps1a640 westboundn
SeptembeR017 The ramp meters locatexh the orramp near the freeway gore queue traffic
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during the AM mak and do include queue detectors at the top of the tamagver there is still
concern that the strategy may negatively impact adjacent arté&ftds.a onemonth adaptation
period, it was assumed that drisdrave adapted thddehaviorto ramp metang from October

2017 The deployment of the ramp meters, including construction and initial testing, may have
influenced driver route decisions so a biurmperiod was established for the traffic responsive
comparison as wefi.e., untilFebruary2018. Therefore, the majoritgf comparisonapplied to

traffic data collectedetweenOctober 206 and October 20T and betweerrebruary 201 and
February 208.

Table5 below documentshe reliability analysis outpst The 93" percentile travel time
has the most significant change compared té @& centile and S0percentiletravel time data
Both Here.com and INRIX data show the same patkegurel3presentshe AM Average Travel
time distributionfor Falls of Neuse Southbouncffic. Results show that in gener#davel time
decreased aftehe implementation oATM strategy.Figure 14 compareshe impacts otwo
different ramp meténg control methodsgi.e., fixed time metering strategy and traffic responsive
metering strategyyn arterial reliabilitylt was found thatravel time under ramp metering control
hasa smaller variability and the maximum travel times(, the worst casealso decreasedn
comparson with no ramp metering contr@g\ shift of peakperiod is alscobservedfrom the
Herecom datg both comparisons indicate an earlier peak travel time which may indicate peak
spreading due to the presence of ramp mefns shift is more pronounced in the traffic
responsive period with a 30 minute earlier peakribute travel time.

Table571 Travel Time Index (TTIRdiability Analysis Outpufor ATM Strategy Sites

Scenario Route Here.com INRIX

95th | 80th | 50th | 95th | 80th | 50th

2 g A_Leesville_NB -3% -1% 0% 4% 0% 0%
il = A Leesville_SB -4% -1% 1% -4% -4% 2%
g é/\ B_Creedmoor_NB 0% 2% -1% -1% 2% 3%
£ Q5 | B_Creedmoor_SB -4% 2% 2% 7% -1% -2%
g g £ | C_Six Forks_NB 2% 0% 2% 3% | 2% | -2%
5 2 C_Six Forks_SB 7% -4% 0% -3% -3% -3%
g 2 D_Falls of Neuse_NB 1% 2% 4% 2% 1% 1%
EE D_Falls of Neuse_SB | -13% | -13% | -33% | -7% | -8% | -4%
< A Leesville_NB -5% -3% -4% -4% -2% 0%

° g "g A_Leesville_SB -3% -3% 0% 1% 0% 1%
‘E g— £ | B_Creedmoor_NB 4% 2% 0% 1% 4% 5%
= 8 £ | B_Creedmoor_SB 7% 0% 1% -13% | 7% | 2%
2 2 | C_six Forks_NB 1% | 1% | 1% | 6% | -2% | 0%
§ g g.’, C_Six Forks_SB 13% | 8% | 7% | -14% | 8% | -2%
- @ é D_Falls ofNeuse_NB 2% -3% -3% -2% 0% -1%
o D_Falls of Neuse_SB -9% 2% 2% -12% | -6% 1%
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Figure 14 - Data Comparisorof Different Ramp Meter Control

Overall, rampmeteringstrategies which werefound to significantly improve freeway
operationin previous NCDOT researdB0), do not have clear negative impactshereliability

of thearterialthat connects to the freewdylaximum arterial travel times were found to be lower
after implementation of the ramp meters and the peak period began earlier in the morning. Count
and origindestination data would clarify if this was due to diversion ekpreading aiemand,

but this data was not available for the study.
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3.3.4New Development

There are two sites used to analyze the influence of new develaproenarterial
reliability. Thefirst site isUS 64 at Apex, North Carolinawherea new Costc@hopping center
opened ilMarch 2016at a business plaza the vicinity of US64. In addition to this shopping
center, he plazehas beercontinuouslydeveloping since May 2016 with various firms start their
business. The new development of the plaza is considergdbuting to the trip generation and
attractionon US64. Therefore by analyzing thehanges ofravel timeon US64, it is expeced
thattheimpact of new development on artemeliability could be revealed

Table6 - Reliability Analysis for PM U$4 Route

AM EB . wB . AM EB . WB .
INRIX 0 0 Here.com 0 0
( ) 2016 | 2017 | cponge | 2016 | 2017 | ponoe ( ) | 2016 | 2017 Change | 2026 | 2017 | cponoe
95th 2.07 1.94 -6% 1.47 1.41 -4% 95th 2.00 211 6% 1.51 1.46 -3%
80th 1.61 1.48 -8% 1.37 1.30 -5% 80th 1.57 1.58 1% 1.44 1.38 -4%
50th 1.22 1.18 -3% 1.27 1.22 -4% 50th 1.30 1.23 -5% 1.32 1.27 -4%
AM EB wB PM EB WB
(Here.com) % % (Here.com) % %
2016 | 2017 Change 2016 | 2017 Change 2016 | 2017 Change 2016 | 2017 Change
95th 2.00 | 211 6% 151 | 1.46 -3% 95th 2.32 | 2.58 11% 2.05 | 2.44 19%
80th 1.57 1.58 1% 1.44 1.38 -4% 80th 1.83 1.99 9% 1.73 1.98 14%
50th 1.30 | 1.23 -5% 1.32 | 1.27 -4% 50th 1.49 | 151 2% 1.48 | 1.53 3%

Table 6 presers thenumerical result ofeliability analyss. Note that sincehie INRIX
databasedoes not contain summer 2016 datelconsideringhe Costco opened in 201€me
of the 2016 data Wialso be impacted. Therefore, the significance of the change might be
weakered.Figurel5andFigure 16comparehe Monthly trendf NTT/IQR based oNRIX data
and Here.condata NPMRDS, as a tool to assess the data availabiditgJ]soused.Figure 17
shows the resuftom NPMRDS.Both probe sources showed increases in typiagkl timeand
worseningreliability for the PM periods in both directions which can be attributed to additional
traffic due to development, however the AM period is mainly unchanged or improved likely due
to the signal retiming performed.
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Figure 15 - INRIX Monthly Trend NTT/IQR Comparison
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US64 EB AM (06:00~09:00) (262617)- HERE US64 EB PM (16:00~18:00) (202617)- HERE

0.80 0.80

0.70 — 0.70
f‘g’;o.eo $0.60 /
< =
@ 0.50 £0.50

2 ﬁ @
€040 £0.40

g X g
50.30 «w £0.30
g “ e
=0.20 =0.20
0.10 0.10
0.00 0.00
1.00 1.20 1.40 1.60 1.80 2.00 1.00 1.20 1.40 1.60 1.80 2.00
Normalized Travel Time Normalized Travel Time
a3 Jan —3 Feb Mar Apr e Jan e3P Feb Mar Apr
=3 May 3 Jun =3 Jul =3 Aug =3 May =3 Jun = Jul =3 Aug
—> Sep = Oct =3 Nov =3 Dec =3 Sep =3 Oct =3 Nov =3 Dec
US64 WB AM (06:00~09:00) (202617)- HERE US64 WB PM (16:00~18:00) (202617)- HERE
0.80 0.80
0.70 0.70
% 0.60 2 0.60
j = [=4
© [+
@ 0.50  0.50
2 2
§ 0.40 :‘:ﬁ‘ 0.40
3
o
g 0.30 g 0.30
2 8
£ 020 w E 520
0.10 0.10
0.001 00 1.20 1.40 1.60 1.80 2.00 0.00
: . : ! : : 1.00 1.20 1.40 1.60 1.80 2.00
Normalized Travel Time Normalized Travel Time
=3 Jan —> Feb Mar Apr —p Jan 3 Feb Mar Apr
=3 May =3 Jun = Jul —> Aug —> May —3 Jun — Jul —> Aug
= Sep = Oct =3 Nov = Dec —> Sep —> Oct a3 Nov 3 Dec

Figure 16 - Here.com Monthly Trend NTT/IQR Comparison

The second site ia threemile section of US 70 Business located in Smithfield, North
Carolina.The analysis period contains AM Peak, Midy and PM Peak. The AM period is defined
from 6 am to 10 am. The Mid Day period is defined from 11 am to 3 pm. The PM period is defined
from 4 pm to 8 pm. This study used both graphical and numerical methodml{@eathe
reliability. The analysis results are showrFigurel8andTable7. One critical observation is the
step functions of the CDFs which indicate clusters of travel time associated with the number of
stops at signals on the corridor. The travel times in the tail most likely relate to twaoestmos
which could be addressed by better signal coordination.
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Figure 17 - NPMRDS Analysis Result
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Figure 18 - CDF of Travel Time in US0 Businss
Table7 - Numberical Comparison Result in U8 Business
SE Direction Key Reliability PMs NW Direction Key Reliability PMs
50th 80th LOTTR 50th 80th LOTTR
2016 AMTT 1.30 1.37 1.05 2006 AMTT 1.23 1.37 1.11
2017 AMTT 1.19 1.51 1.26 2017 AMTT 1.29 1.51 1.18
% change -8.1% | 10.3% 20.0% % change 42% | 10.1% 5.7%
2016 Mid TT 1.31 2.58 1.97 2016 Mid TT 1.35 2.64 1.96
2017 Mid TT 1.35 1.44 1.06 2017 Mid TT 1.50 1.63 1.08
% change 3.4% | -44.2% | -46.0% % change 11.6% | -38.5% | -44.9%
2016 PMTT 1.28 1.37 1.07 2016 PM TT 1.31 1.36 1.03
2017 PMTT 1.34 1.67 1.24 2017 PMTT 1.43 1.63 1.13
% change 4.8% | 21.8% 16.2% % change 9.3% | 19.9% 9.7%

The result does not show a significant trend of improvement or weak&an@stance,
when using th&0" percentile travel timadexfor comparisonit was foundhatthe development

23



Analytical and Predictivé\pproaches for Quantifying Reliability Performance of Arterial Streets

slightly deteriorated travel time reliabilityVhile whencomparing the80" percentiletravel time
index datag result show thathe new development resulted in adverse impact®bhand PM
travel time reliabilitybut significantlyimprovedMid-dayreliability.

In summary from US64 case studythe arterial ginals coordinatioplayedan important
role inreducingtravel time and travel time variabiliguring the AM peak despite development
and traffic growth Also, the INRIX and Here data are foumalvedifferentresuls in termsof the
amount oftravel timereliability changesForthe US70 Business site, the resshowthat signal
retiming could have aonsiderablempact on travel time reliabilityHowever,signal retiming or
other potential reliability impacting factomayalter and bias observations.

3.3.5SevereWeather

There are 15 sites selected for analyzing the isolating effects of severe vosatizarel
time reliability. In Asheville,US 25 (north of 1240 Beltline), U5 (Inside 1240 Beltline), US
70/ Tunnel Road East @&sheville, and NCL91 South of Ashevillevereselected. College Road,
Military Cutoff Road and U7 wereselected as the routes in Wilmington. Charlotte contains
four sites which are N. Graham Street, NC 16 Brookshire (No\th)16 Brookshire (South) and
Tryon RoadThe final site was Capital Boulevard ne&40 in RaleighBased on NOAA dataset,
each speed data point is assigned a weather conditiaresearch first plotted the speed profile
under normal weather condition (i.e., baseline scenahiei;, tor each weather conditioa,speed
profile wasplotted and compared to the baseline scendfigure 19 to Figure 22 illustrate the
comparisorresultsfor four of theidentifiedsiteswith the top section showing travel times and the
bottom sections showing segment speddsaddition, Table 8 numerically comparesthe
differencedn travel timereliability betweerclear weather condition avérious adverseeather
conditions in PM perioth aggregate across all sites

Asheville: US 25 Merrimon Ave {North)
Corridor Travel Time by Condition (Weekday)

—— Clear (728007)
' Rain (8265)
Snow (4680)

®  Low Vis (8502)

...........
......

Travel Time (min)

2 8 B = & & 5 &

12:00am 410am 8:20am 12:30pm 4:40pm 8:50pm 1:00am
Time of Day
Corridor Speed by Condition (Weekday) Corridor Speed by Condition {Weekday) Corridor Speed by Condition (Weekday)

— Clear (728007)
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speed (mph)
N
8
speed (mph)
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_________
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av .
— Clear (726007) LI b — Clear (728007}
— Rain (8265) Snow (4680}
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Time of Day Time of Day Time of Day

Figure 19 - Weather Impact Analysis Outputs {0825
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Wilmington: -140
Corridor Travel Time by Condition (Weekday)
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Figure 20 - Weather Impact Analysis Outputs fet40

Charlotte: Tryon Rd
Corridor Travel Time by Condition (Weekday)
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Figure 21 - Weather Impact Analysis Outputs fimyon Rd
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Raleigh: Capital Bivd
Corridor Travel Time by Condition (Weekday)

— Clear {780963)
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Figure 22 - Weather inpact Analysis Outputs for Capital Boulevard

Table81 Travel Reliability Comparison between Special Weather Condition and Clear Weathéition basedn all sites PM
data

% Change in Key Reliability Compared to

Reliability Data Clear Weather Condition

) Low

Rain Snow Visibility

95th TT1 0.9% 6.1% 2.2%
80th TT1 3.0% 2.7% 1.8%

50th TTI 22% | 638% | 41%

Results revealethat snowweatherhas themost significantoverall impact on arterial
reliability. Prior research in the HCM identified differesgctions of TTI cumulative curvare
impacted differently by different weather conditioNgverthelesst is necessary to point out that
adverse weather events have the potential of changiffc demandon the arterials, thus the
presented comparison resuttgy not exactly reflecthe actualimpacs of adverse weather on
arterial reliability

3.3.6 Probebased DatagCompared to High Resolution Vehicle Trajectories

To compare thé&avel time reliability @nerated byprobe data anbigh-resolutionvehicle
trajectory datait is necessaryo havethe samdrajectorylevel traffic performanceéatacollected
from both data soureeTable9 provides the detailed number of drisand number of trips the
i2D data during 2014 to 201The highresolutiontrajectorydataset igroved to haveufficient
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amountto compare with probe datasend thecomparison is only done where data from both
sources are availableigure23 shows the location of threlatedsites that shown ifable9.

Table9 - Available Drivers and Trips for selected Sites

Route Name # of Drivers # of Trips
2014 2015 2016 2017 2014 2015 2016 2017
Avent Ferry Rd EB i Site 25 10 9 5 2 89 41 7 2
Avent Ferry Rd WB i Site 25 13 10 8 3 122 47 21 4
Glenwood Ave WBI Site 26 12 13 9 6 36 172 58 9
Tryon Rd EB i Site 27-1 9 11 4 3 27 68 10 5
Tryon Rd EB i Site 27-2 16 18 12 9 275 262 98 56
Tryon Rd EB i Site 27-3 8 10 6 4 37 61 42 16
Tryon Rd EB i Site 27-4 9 10 1 1 23 33 1 1
Tryon Rd WB i Site 27-1 8 8 2 1 27 28 2 1
Tryon Rd WB i Site 27-2 9 9 8 6 19 55 37 17
Tryon Rd WB i Site 27-3 18 14 13 13 298 270 110 61
Tryon Rd WB i Site27-4 8 12 6 7 22 67 13 8
Western Blvd EBi Site 281 16 20 11 9 142 188 57 36
Western Blvd EBi Site 28-2 19 18 15 19 556 161 105 61
Western Blvd WB'i Site 28-1 5 20 11 12 7 216 32 23
Western Blvd WB'i Site 28-2 21 22 14 16 534 447 100 54
Glenwood Ave WB - Site 26 a
D
@ o ]
A o S [z219)
o %55
Western Blvd WB - Site 28-2 - @ f

& d\ W:‘\“L Western Blvd WB - Site 28-1

il — ‘K

Western Bivd EB - Site 28-1 ¥ ~—/'/\ Faldor

Western Blvd EB - Site 28-2 @
Avent Ferry Rd WB - Site 25 /%\ Avent Ferry Rd EB - Site 25
Tryon Rd WB - Site 27-I:;kwepark
Tryon Rd WB - Site 27-2 B > o
Tryon Rd WB; Site 27-4 j ‘/* o 3
e SN
Tryon Rd EB - Site 27-3 Tryon Rd EB - Site 27-1
Tryon Rd EB - Site 27-4 Tryon Rd EB - Site 27-2

Figure 23 - Location of the Sites Selected for Probe Compared to High Resolution Data
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Figure24 illustrates thecomparisorresuls of speedacquired from probéased data and
i2D data afTryon Road Site 23 and Western Boulevarite 28-2. The horizontalaxis is i2D
speeddataandthe vertical axis isprobebased speedata.The relative horizontal relationship
indicates that the individual driver from the i2D dataset may have an independent desired speed
compared to the space mean seen in the probe data.

Tryon Rd WB Site 2 Western Blvd WB Site 28

@®INRIX @®INRIX

O HERE OHERE

Probe Based Data Source Speed
Probe Based Data Source Speed

0.0 10.0 20.0 30.0 40.0 50.0 60.0
i2D Speed
i2D Speed

Tryon Rd EB Site 37 Western Blvd EB Site 28

@INRIX @INRIX

O HERE OHERE

Probe Based Data Source Speed
Probe Based Data Source Speed

60.0 0.0 100 200 300 400 50.0 600  70.0
i2D Speed

0.0 10.0 20.0 30.0 40.0 50.0
i2D Speed

Figure 24 - Speed vs. Speed Data Comparison in Tryon Rd Site 2 and Site 3

Figure 25 compaesthe speedetween Here.com and INRJXvhich aimedo figure out
the impact of different probeggregatioralgorithms. Note that theaxis is HERE.com speed data
and yaxis is INRIX data speed.he comparison is done foneminute (blue) andfive-minute
(black) speeds.
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125+14600 (Holly Springs RD) NB, NonCoord/Long/2In 12514599 (Holly Springs RD) SB, NonCoord/Long/2in 125+14768 (WESTERN BLVD) W8, Coord/Short/4in 12514767 (WESTERN BLVD) EB, Coord/Short/din

INRIX SPEED
INRIX SPEED
INRIX SPEED
INRIX SPEED

HERE SPEED HERE SPEED WeresPeeEO . Heme SPEED
125+14661 (KILDAIRE FARM RD) NB, 12514660 (KILDAIRE FARM RD) SB, 125+14794 (AVENT FERRY RD) NB, 12514793 (AVENT FERRY RD) SB,
NonCoord/Long/4In/TWLT NonCoord/Long/4In/TWLT NonCoord/Long/2in NonCoord/Long/2In

INRIX SPEED
INRIX SPEED
INRIX SPEED
INRIX SPEED

1;

INRIX SPEED
INRIX SPEED
INRIX SPEED
INRIX SPEED

o 10 20 30 0 50 o 0 20 4 50
HERE SPEED HERE SPEED HERE SPEED HERE SPEED
125+14795 (AVENT FERRY RD) NB, With TWLT/2In 12514794 (AVENT FERRY RD) SB, With TWLT/2In 125+14842 (HARRISON AVE) NB, 12514841 (HARRISON AVE) SB,

NonCoord/Short/din NonCoord/Short/ain

INRIX SPEED
INRIX SPEED

INRIX SPEED

INRIX SPEED

HERE SPEED HERE SPEED HERE SPEED HERE SPEED

Figure 25 - Here.com and INRIX Data Comparison

From the aboveomparisongsit was found thathe probe dathaslower variabilitiesthan
i2D data,which is mainly due to the fact thie data range for i2D data is wider than probe data.
This might be caused by thé&ct thatprobe datas aggregatd rather than individual speed$e
probe data also contafewer high-speedsamples because the algorithm of the protemds to
underestimge vehiclespeed. The aggregation of data could alzatribute tothis bias.In terms
of data source comparison, INR@atasets found have larger number ddow speedsamples and
a smaller number dfigh speedamples than HEREomdataset
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4. Lessons Learnedrom NCDOT Signal Prioritization Tool
4.1 Operation Platform and General Template Changes

In theprevious versiom f N C CRetiming PrioritizatiorSignal Performance Measure
(SPM) tool, the website wasperated througPRlotly 2 platform The latest version of Plotly has
been upgraded to 4.0. The updated Plptitform providesusers withenhanced reliability and
newoperationafeaturesPlotly version 4.0 platform reduc#dse conplexity of SPM tool in terms
of future systemupgrade and offers increasegbotential of in-depth websitedevelopnentand
multimediademonstraon of traffic performancelata.

In addition tatheupgrade oPlotly platform interface othe new SPMool is also changed
as illustrated irFigure26. The col or of menu bar of the webs
keep consistency with NC StaBeand Color.As shown inFigure26 (bottom), he selectedcon
(i .e., “ iHteraehu bardhmgmightedby bold font.In addition, n the homegage, the
logo of Highway Division of North Carolina Department of Transportation has been upddted to
latest version. ThEI'RE Datd_ablogois also updated.

Home K =&

NCDOT COST Retiming Prioritization Tool

signed to assist COST and NCDOT Divisions in
stem n

CAROLINA

Figure 26 - SPM Tool Template ComparisénTop SPM Tool 2, Bottom: SPM Tool'3
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4.2 Trends Page

Thereare two major updatea SPMtrendspage radar plots andystem indicator map.
The radar plots of monthlyaffic performancelataaim todemonstratéhe changes ofravel time
reliability within an analysis period such as within the past 12 moRthg radar plots are added
to the websiteeach plot preseatithetravel time reliabilityin different time of the day. Theavel
time reliability dataarecaegorizedby year The datapoints ithesame year are connecteylthe
same color line. Three colors linase presented to display the travel time reliabilities of the past
three years. In this repored, green and bluknes representravel time relability dataof 2016
2017and2018 respectively A radar plotcontains 12 spokesshereeach spokeepresents$or a
monthof the yearUsess could easilyaccesdravel time reliability of each month amdmpare the
changes of reliability bynonth.Figure27 belowillustratesan example of th&M and Mid-day
Normalized Travel Timeadar plot

AM:Jan MD:Jan

AM:Nay’
AM:Oct 1

AM:Sept

Figure 27 - AM andMid-dayNTT Radar Plots Example

Figure 28 showsthe system indicator mapvhich is an aidedtool designed for users to
visualize the location of the selected systma check if the system is selected corredilyis
aided tool has huilt-in algorithm which could calculate the latitude and longitude coordinates of
the selected systeamdallows forzoomin and out of the mapn addition, i allowsuser tcanalyze
theadjacent facilitieshatpotentially contribute tthe changes of travel timeeliability.

of a specific system of the selected division using the dropdown menu below. The charts show the yearly (left} and monthly {right) trends for a
ods (AM-Weekday. Midday-Weekday, PM

ow a plore the per
elected s or all four tir
Select System
.
= hoskie
.

Yearly Trends for All Periods Monthly Trends for All Periods

Figure 28 - Trend Layout System Indicator Méphown in Red Box)
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4.3 TMC Page

Figure 29demonstrates the namterfaceof TMC, which has been embeddedthe Signal
Prioritization Tool. Thisinterface displayghe changes ofreliability at the TMC level The
interfacehas four dropdownscluding Division, System Time of Day, and TMC.A key update
to gystem dropdown ist includes the option of selectirgjfferent division for each selected
system dropdown, its correspondifilgIC dropdownis alsoupdated.

Below eachdropdown, arMC travel time reliability trend @t is generated aritiis plot
could automaticallypdatethe travel time reliability data according to the TMC selected by user
The plotis NTT versus Reliability Ratievhich isthesame as thenein trends layout. While the
trends layoufocuseson system level reliabilitythe TMC reliability trend plot allovs user to
access tdMC level reliability.Note thaif anuser does natelectasingle TMCfrom the previous
dropdown the plotwill outputthereliabilities of alTMCs documentedn the selectedystem.

In addition, a travel time analysis plot is added as a complementary taskfaio analyze
the travel time changes. Based on a metric dropdbatrallowsusers to select time of daysers
could find theannual changes ™TT, IQR or LOTTR from 2016 to 201i® certain time of day
period The TMC dropdownoptions also enable usersgimt thechanges ofravel time ofeither
asingle TMCor an aggregation ahultiple TMCs

At last, a satellite map is integrated in the TMC interfaseshown in Figure 29he map
aims to indicate the start (i.e., the green dot) and end (i.e., the red dot) points of a selected TMC,
which enables users to recognize the locaioime TMC. If a user did not select any TMC from
dropdown, the map will display the location of the default TMC that documented in the system
database.
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Travel Time Trend in TMC

n this section, plesse select the TMC code thet you are ntersstad in. Ths plot below shows the ‘nterquarti'e rengs of the selectad TMCs Multip's TNCs cen be selectss

Select Division

Salect System

Salect Time of Day

Saloct TME code

Division 1, System: MA# 10108, US 17- US 17 Bus (Elizabeth City), Division 1, Pasquotank, Elizabeth City - TMC Travel Time Reliability Trends

Time)

/ Speed Umit Travel

Reliability Ratio (IQR Trave! Time

Normalized Travel Time (Median Travel Time / Speed Umit Travel ime)

Select Motric

Division 1, System: MA# 10108, US 17- US 17 Bus (Elizabeth City), Division 1, Pasquotank, Elizabeth CityTMCs

Figure29- TMC Layout Screen Shot
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5. Conclusions Recommendationsand Future Work

From the studies listed abowee observedd at a “ s h iotcurfing ip theHERE m
datasetThe distribution of the speed suddenly shifiigher or lower in a single month which is
maintained for the remainder of thei@set In seasonal impact analysi$EREshows a significant
shift pattern statewide after September 20h&his case, thehift datamay not reveal the demand
or reliability change properl The data vendor discussed with NCDOT and the research taaim th
a change to the aggregation methodology changed at this time period and they do not expect future
shifts to occur. Therefore, reliability comparison across years should remain valid aside from this
time period.

Thedata sourcewere found to havdifferent sensitivities to different dynamics of traffic.
In general]NRIX and Here.com data are more sensitive compared to other probe data. Due to the
Here.com data shift problem, Here.com may not provide valid data to analyze the seasonal traffic
charges. But overall, the data is acceptable and appropriate. In some cases, NPMRDS should also
be used in data analyzing to make sure the available data is in sufficient amount.

The research shows thaiet probe datés capable for calibrating the recurrimend non
recurring sources of congestions in predictive tools, such as ARTViahsmodeler, and Synchro
But the analyst should be careful about the reliability impacting factors existed in the interested
arterial. For example, when we calibrating the Wweaimpacted arterial, we could calibrate the
models by usingrobedata butas found in this studyyeathemayworsen the arterial reliability
as much as 6.3%Jtilizing all data including weather impacts for calibration of modeling tools
which do not acount for weather will result in erroneous performance.

The analyses presented in this report may be repeated using a number of sources and
pl atforms available to NCDOT including NCDOT’
Data Analytics, ClearGuidenad FHWA’' s Nati onal Performance M
Data Set.Utilization of the ARTVAL tool will enable planningevel HCM arterial reliability
analysis of corridors witla limited data requirement. The utilization of the analyses and tools
developedin this project will allow NCDOT to include travel time reliability in planning,
managing and improving arterials in the state and measure the additional benefits to the public
from these programs.

Further research into arterial reliability would benefitegtly from the utilization of
additional traffic signal data which are pla
Traffic Management System or Automated Traffic Signal Performance Measures platform. This
analysis would provide additional insightarthe reliability impacts of signal timing settings and
time of day plan transitions.
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