RESEARCH & DEVELOPMENT

Analytical and Predictive Approaches
for Quantifying Reliability
Performance of Arterial Streets

Thomas Chase, MSCE, P.E.

Behzad Aghdashi, Ph.D.

Dezhong Xu, MSCE

Guangchuan Yang, Ph.D.

Juwoon Baek

Billy Williams, Ph.D., P.E.

Institute for Transportation Research & Education,
North Carolina State University

Bastian Schroeder, Ph.D., P.E.
Lake Trask, Ph.D.
Kittelson and Associates, Inc.

NCDOT Project 2018-23
FHWA/NC/2018-23
November 2020




Analytical and Predictive Approaches for Quantifying Reliability Performance of Arterial Streets

TECHNICAL REPORT DOCUMENTATION PAGE

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
FHWA/NC/2018-23

4, Title and Subtitle 5. Report Date

Analytical and Predictive Approaches for Quantifying Reliability November 2020

Performance of Arterial Streets 6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.

R. Thomas Chase, Behzad Aghdashi, Dezhong Xu, Guangchuan Yang,
Juwoon Baek, Billy Williams, Bastian Schroeder, Lake Trask

9. Performing Organization Name and Address 10. Work Unit No.

Institute for Transportation Research and Education

North Carolina State University 11. Contract or Grant No.

Centennial Campus Box 8601 NCDOT Project 2018-23

Raleigh, NC

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
North Carolina Department of Transportation Final

Research and Analysis Group August 2017-July 2020

104 Fayetteville Street 14. Sponsoring Agency Code

Raleigh, North Carolina 27601 NCDOT/NC/2018-23

15. Supplementary Notes
Conducted in cooperation with the U.S. Department of Transportation, Federal Highway Administration.

16. Abstract

Acrterial streets are a critical location of travel delays in urban transportation systems. This project focuses on the
analytical and predictive approaches for quantifying reliability performance of arterial streets to enable incorporation of
travel time reliability into arterial planning and management in North Carolina. A series of analyses on the sources of
arterial unreliability is presented which also critically examines the differences in data sources available on North
Carolina arterials. Two NCDOT arterial analysis tools were updated to allow for planning-level arterial reliability
analysis and prioritization of traffic signal retiming in the state.

The analyses presented in this report may be repeated by NCDOT staff using a number of sources and platforms available
to NCDOT including NCDOT’s SPM tool and Retiming tool, RITIS Probe Data Analytics, ClearGuide, and FHWA’s
National Performance Management Data Research Data Set. Utilization of the ARTVAL tool will enable planning-level
HCM arterial reliability analysis of corridors with a limited data requirement. The utilization of the analyses and tools
developed in 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.

17. Key Words 18. Distribution Statement

Avrterial, Travel Time Reliability, Arterial Modeling, No restrictions. This document is available through

Performance Measure the National Technical Information Service,
Springfield, VA 22161.

19. Security Classif. (of this report) 20. Security Classif. (of this page) | 21. No. of Pages | 22. Price

Unclassified Unclassified 41

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized




Analytical and Predictive Approaches for Quantifying Reliability Performance of Arterial Streets

DISCLAIMER

The contents of this report reflect the views of the author(s) and not necessarily the views of the
University. The author(s) are responsible for the facts and the accuracy of the data presented
herein. The contents do not necessarily reflect the official views or policies of either the North
Carolina Department of Transportation or the Federal Highway Administration at the time of
publication. This report does not constitute a standard, specification, or regulation.

ACKNOWLEDGEMENT

The research team acknowledges the North Carolina Department of Transportation for supporting
and funding this project. We extend our thanks to the project Steering and Implementation
Committee: Chair — Matthew Carlisle, Research Engineer — Curtis Bradley, Members — Jennifer
Portanova, Mohamed Deen, Zachary Clark, Joseph Geigle, Meredith McDiarmid, Michael Reese,
Kelly Wells



Analytical and Predictive Approaches for Quantifying Reliability Performance of Arterial Streets

EXECUTIVE SUMMARY

The state of North Carolina 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 traffic across
freeways and arterials continues to be of vital importance for the North Carolina Department of
Transportation (NCDOT). Specifically, identifying and addressing high-congested and low
reliability facilities will play an increasingly crucial role in addressing public concerns and
managing congestion levels across the state. Arterial streets are a critical location of travel delays
in urban transportation systems. Thus, the performance assessment of the arterial streets is
necessary and important.

This project focuses on the analytical and predictive approaches for quantifying reliability
performance of arterial streets. A series of analyses on the sources of arterial unreliability is
presented which also critically examines the differences in data sources available on North
Carolina arterials. Two NCDOT arterial analysis tools were updated to allow for planning-level
arterial reliability analysis and prioritization of traffic signal retiming in the state.

The analyses presented in this report may be repeated by NCDOT staff using a number of sources
and platforms available to NCDOT including NCDOT’s SPM tool and Retiming tool, RITIS Probe
Data Analytics, ClearGuide, and FHWA’s National Performance Management Data Research
Data Set. Utilization of the ARTVAL tool will enable planning-level HCM arterial reliability
analysis of corridors with a limited data requirement. The utilization of the analyses and tools
developed in 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 benefit greatly from the utilization of additional
traffic signal data which are planned to be available through NCDOT’s Advanced Traffic
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 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 traffic across
freeways and arterials continues to be of vital importance for the North Carolina Department of
Transportation (NCDOT). Specifically, identifying and addressing high-congested and low
reliability facilities will play an increasingly crucial role in addressing public concerns and
managing congestion levels across the state.

Arterial streets are a critical location of travel delays in urban transportation systems. Thus,
the performance assessment of the arterial streets is necessary and important. 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 important measure to evaluate the effectiveness of transportation
systems (2,3). Recently, both federal rulemaking agencies and public expectations are moving
away from traditional, traffic-engineering focused congestion measures towards more user-
experience based measures describing the reliability and variability of travel times (4,5). To date,
there have been considerable research efforts that leveraged the historic probe-based data for
evaluating the TTR on freeway systems (6,7) as well as predictive approaches for quantifying
reliability for future projects and improvements (8,9). 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 drastically affect the performance and reliability of
arterial streets (10). In addition, performance measures reported via probe-based data sources are
not fully validated for arterial streets. Earlier efforts have identified potential under-reporting of
delays at traffic signals, as probes that are stopped in a queue are less likely to be reflected in the
aggregate probe data set (11). To truly evaluate the reliability of arterial facilities, and before using
TTR to guide decision-making and policy, the quality of the probe-based data also needs to be
verified.

This report focuses on the analytical and predictive approaches for quantifying reliability
performance of arterial streets. By analyzing various potential reliability impacting factors, the
researchers found out that different data sources have isolated sensitivities to different dynamics
of the traffic. The study analyzed multiple potential factors that may impact the arterial reliability
by using probe-data. Two tool updates were performed on existing NCDOT tools used in the
analysis of arterial performance. ARTVAL is an HCM-based planning level arterial analysis tool
originally developed in Excel. This project developed a web-based platform and update the tool to
include additional user experience and default input improvements which allow for the planning-
level reliability analysis of arterials. NCDOT’s Signal Performance Measure tool was also updated
to include additional analysis types and new travel time data.

The report includes a detailed methodology used to analyze the arterial reliabilities is
introduced in the third chapter. Chapter four contains the development of NCDOT Signal
Performance Measure Tool update. The ARTVAL tool update is documented in Appendix A. The
conclusions, recommendations, and future research will be introduced in the last 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 incidents, work zones, adverse weather conditions,
that time of day, day of the week, and holidays on arterial 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 following a gamma
distribution, based on which, TTR measure could be estimated through regression modeling.
Taylor and Somenahalli (17) further discussed the potential issues with travel time variability
distribution pattens. Based on field data, the research found that there 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 needs to be taken into account when measuring TTR. Similarly, Yang et al. (18)
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 uninterrupted component 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 in arterial 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 coefficient of variation, instead of the commonly
used standard deviation, as a proxy for other reliability measures. Besides, the research
recommended using the median-based buffer index or the failure rate as TTR measures. Li et al.
(20) employed GPS speed profile data to study 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 extra buffer time to achieve the same on-time arrival probability. Zhang et al. (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 higher variation than that on
freeways, thus recommended using the coefficient of variation to assess TTR. Zheng et al. (22)
developed a network travel time distribution model based on to field travel time data, which
investigated the network-level TTR by using weighted standard deviation of travel time rates and
weighted skewness of travel time distributions. Glick and Figliozzi (23) employed transit GPS data
to estimate arterial travel speed percentiles and associated confidence interval, where time-space
speed profiles and heat maps were employed to visualize road segments and intersections that have
high travel time variability. Singh et al. (24) conducted a case study on the travel time variability
and reliability using travel time data collected by Wi-Fi sensors at an 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 Rilett (25) presented a validation study of the Highway Capacity Manual (HCM) urban
street TTR methodology based 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, the research
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 simulation-based research that employed microsimulation
modeling to investigate arterial TTR. Elefteriadou et al. (26) 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 validated via real-world 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 arterial TTR (27). Tottisi et al. (28) proposed
a methodology to estimate urban road network TTR using historical radar-detector 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 individual arterials,
small-scale and large-scale 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 arterial reliability
through theoretical analysis and engineering judgement. The initial candidate factors include:

e Severe weather

e Signal timing optimization

e Active traffic management

e New developments

e Seasonal demand fluctuation
e Arterial coordination

e Access management, and

e Incidents

These factors are considered as contributing to the recurring and/or non-recurring
congestions on arterials. To quantify the impacts of each factor on arterial reliability, each factor
was analyzed at isolated selected sites. Multiple data sources were used during the analysis to
avoid errors caused by a single data source and examine differences in data.

3.1.2 Data Sources

This research employed the following data sources for arterial reliability analysis: the
INRIX traffic data, the HERE.com traffic data, the National Performance Management Research
Data Set (NPMRDS), the Intelligence to Drive (i2D) in-vehicle tracker, and the National Oceanic
and Atmospheric Administration (NOAA) weather data.

Each data source has its own advantage on different analyzing perspectives. For instance,
INRIX and Here.com data could be used to analyze the arterial reliability by comparing arterial
travel time and speed. NPMRDS could provide additional necessary information for reliability
analysis. At the microscopic level, i2D contains high resolution trajectory data and provides
detailed vehicle kinematics data such as instantaneous speed, vehicle position, and acceleration for
each vehicle however it is only available in instrumented vehicles (29). NOAA data, as a
complementary data source, will help this research with analyzing the impact of non-recurrent
weather events on arterial traffic reliability.

3.1.3 Site Selection

In this section, we talk about sites that we can assess reliability impacting factors, and
potentially show some additional information such as data source for each site in a matrix format.
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Table 1 documents the selected sites for each analysis purpose. These sites are majorly
located in Raleigh, Cherokee, Asheville, Charlotte and Wilmington in North Carolina. Travel time
data collected from sites located in tourism cities such as Asheville, Cherokee, and Wilmington
were analyzed to investigate the impact of seasonal tourism traffic on arterial reliability. Urban
areas usually have major traffic generation and attraction facilities, such as universities,
supermarkets and business plazas, which are expected to create significant seasonal traffic (i.e.,
school and no-school seasons) and peak hour traffic patterns. Active Traffic Management (ATM)
strategies are often deployed in metropolitan areas to address traffic congestion and improve travel
time reliability. With these concerns, the sites used to analyze Seasonal Effects, Peak Pattern and
ATM strategies were selected from metropolitan (Raleigh and Charlotte). Sites used to analyze the
weather impact were selected from multiple cities. To minimize the influence from other potential
factors, all selected sites are away from trip generation and/or attraction facilities. Finally, sites
that contain both probe data and trajectory data were selected to analyze the reliability of probe
data.

Table 1 - Use Cases with Assigned Sites

Impact Factor Data Collection Site(s)

Peaking Pattern - Western Blvd, Raleigh (Site #1)

- US 19, Cherokee (Site #2)

- US 441, Cherokee (Site #3)

- US 421, Wilmington (Site #4)

- Hendersonville Rd, Asheville (Site #5)
- Leesville Rd, Raleigh (Site #6)

- Creedmoor Rd, Raleigh (Site #7)

- Six Forks Rd, Raleigh (Site #8)

- Hendersonville Rd, Asheville (Site #5)

Quantifying impacts of new - US 64, Raleigh (Site #9)
development - US 70 Business, Smithfield (Site #10)

- US 25 (North of 1-214), Asheville (Site #11)
- US 25 (Inside 1-214), Asheville (Site #12)
- US 70, Asheville (Site #13)
- NC 191, Asheville (Site #14)
- College Rd, Wilmington (Site #15)
- Military Cutoff Rd, Wilmington (Site #16)
Isolating effects of severe - US 17, Wilmington (Site #17)
weather - N. Garham St. Charlotte (Site #18)
- NC 16 Brookshire (North), Charlotte (Site #19)
- NC 16 Providence (South), Charlotte (Site #20)
- Capital Blvd, Raleigh (Site #21)
- Falls of Neuse Rd, Raleigh (Site #22)
- US 70 RDU (North), Raleigh (Site #23)
- US 70 Gamer (South), Raleigh (Site #24)
- Avent Ferry Road Site 1, Raleigh (Site #25)
- Glenwood Ave Site 1, Raleigh (Site #26)
- Tryon Rd Site 1-4, Raleigh (Site #27)
- Western Blvd Site 1-2, Raleigh (Site #28)

Seasonal Effects

ATM strategies

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

Probe-based data can provide aggregated speed and travel time for a certain period of time,
which could support various performance assessment methods. The Highway Capacity Manual
(HCM) indicates that the performance measurement is based on Planning Time Index (PTI), the
80" Travel Time Index, the Mean Travel Time Index, the Misery Index, and Reliability Rating.
The FHWA reliability performance measurement method, Level of Travel Time Reliability
(LOTTR), was also applied to this study. Additional graphical analyzing methods such as Net
Travel Time versus Interquartile Range (NTT/IQR) plot, Cumulative Distribution Function (CDF)
of Travel Time, Congestion Stack diagram, and NPMRDS outputs were also used to better
illustrate the changes of reliability. By analyzing travel time data aggregated over different periods
of time, the reliability during peak hour, the changes of reliability under different months or
different years could be revealed. In addition, weather-related reliabilities were analyzed by
comparing the speed-time diagrams under different weather conditions. Since one of the research
tasks is to test the reliability of probe data, this research used linear regression analysis to
investigate the correlation between probe-based speed data and aggregated trajectory speed data.

3.2 Data Collection

Table 2 summarizes the candidate sites for each identified factor and data availability from
each data source. It can be seen that for most of the sites, traffic performance data are available
from multiple data sources, which could minimize the potential error caused by a single data source.
The probe data that contain travel time and speed information can be acquired from the Regional
Integrated Transportation Information System (RITIS) website. The NOAA weather station data
under different weather categories will be obtained from NOAA website. For each weather
category, speed data will be aggregated to daily average speed.

Table 2 - 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 number refers to Table 1.
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3.3 Data Assessment

Table 3 details the methodologies used for assessing the impacts of each identified factor
on arterial reliability. Most sites are analyzed by multiple methods, which aims at comparing the
applicability of the selected method(s) for each impact factor. In practice, data analysis over a long
time period (such as 4-hour or 8-hour) tends to smooth the impacts of the factors on travel time
reliability, which cannot capture the most challenging situation. In this regard, this research
analyzed only traffic performance data collected from workday AM and PM peak periods. Detailed
descriptions of assessing data for different factor are presented at the following subsections.

Table 3 - Sites Categorized in Use Cases and Analyzing Methods

Reliability Assessment MOE
Monthly

::rgft%(:-t Average CDF of Reliability Speed Corridor by Speed vs.

TTI/IQR | 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 | nla 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 28
Vehicle
Trajectories

Note: arterial name refers to Table 1.

3.3.1 Peaking Patterns Over Time

The analyzed site is Western Boulevard in Raleigh, North Carolina. The peak period was
defined from 6:00 to 9:00 for AM peak and 16:00 to 18:00 for PM peak. Both traffic directions of
the arterial were selected. Figure 1 shows the location of the Western Boulevard case study arterial.
The study area starts from Avent Ferry Rd to Method Rd with a length of 3 miles. For each
direction, three TMC segments were observed on this arterial. Since the North Carolina State
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University is located in the vicinity of this study arterial, it is expected that the seasonal commuting
traffic will significantly impact the travel time reliability of the arterial.

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

Figure 1 - Western Boulevard Case Study Arterial

The monthly AM and PM traffic performance data between 2016 and 2017 were prepared
for data analysis. Figure 2 compares the average travel time during PM peak hours in 2017 when
the University is in and out of session for the eastbound traffic. Overall, travel times in the
Here.com dataset were significantly 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, both Here.com and INRIX
datasets indicate a significant impact to peak hour traffic due to the schedule of the University. To
further reveal the impact of seasonal commuting traffic on travel time, a cumulative distribution
function diagram of travel time was plotted, as illustrated in Figure 3. Similarly, results show that
travel time in no-school season was lower than travel time in school season.
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Western Blvd EB (School Impact-2017)
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Figure 2 - 2017 PM Travel Time Comparison

Western Blvd EB (School Impact-2017) (4pm to 6pm)
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Figure 3 - CDF of 2017 PM Travel Time Comparison

Table 4 shows the numerical comparisons of percentile travel time in 2017 between
different data sources. It was found that in general, school season has a higher travel time compared
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to non-school season; on average, travel time in school season is 18 percent higher than non-school
season when using HERE.com dataset (12 percent higher when using INRIX dataset). The impact
of school season on travel time reached its peak when using the 80" percentile travel time data,
which was 33 percent.

Table 4 — Reliability Analysis Result

Data Impact Factor Travel Time (min)

Source Average | 95th 80th 50th LOTTR

No School Season 1.65 2.62 181 1.50 1.21

Here.com School Season 1.94 3.16 241 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 to Level of Travel Time Reliability.

In addition, Figures 4 and 5 were plotted to illustrate year-level reliabilities. Both figures
show monthly average travel time index within the year as well as the standard deviation of the
index. For Eastbound traffic, AM peak hour travel time data (upper Figure 4) from two different
sources are close with a small standard deviation. PM peak hour travel time data (lower Figure 4)
show that both the travel time and the variability increased. In addition, it was found that school
season months (i.e., the highlighted areas in Figure 4) usually have larger travel time and standard
deviation of TTI than no school months. The same trend is also observed from the Westbound
traffic, as illustrated in Figure 5. This indicates that for the Western Blvd arterial, travel time
reliability of school season is lower than no school season, which is mainly due to the increased
traffic demand during school season; in addition, for both traffic directions, travel time reliability
under PM peak period tends to be lower than AM peak period.
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Figure 4 - Monthly Breakdown of Average TTI and StDev TTI for Eastbound Traffic

11




Analytical and Predictive Approaches for Quantifying Reliability Performance of Arterial Streets

Average TTI StDev TTI
1
- — = — AM HERE 201
1 o1e 5, 080
2.50
12 5 AM INRIX 2016 0.60
2.00 g
150 AM HERE 2017 1 0.40
11 - g 3 .
00 AM INRIX 2017
0.50
10 0.00 4 10 0.00 »
L=
4 Clegend | -
9 -— = 5 | egend I 9
- I School Month: 1
| |
8 6 I I 8
| |
7 I I 7
e — J
- - - — PM HERE 2016 1
1 0.80
2.50 PM INRIX 2016 12
12 2 0.60
2.00 PM HERE 2017 :
11 L 27 3 PM INRIX 2017 e 0.4
2 1.00 s =- =
070 ~
0.50 :
10 0.00 4 10 0.00
=7 _
-
9 : 5 5
8 6
8
7
7
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a reduction in lanes during this period.
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After analyzing monthly travel time reliability data, the yearly data is analyzed to reveal
the macroscopic trend of travel time reliability. Figure 6 shows the annual AM and PM IQR plot
from 2010 to 2018 based on INRIX data, and from 2015 to 2018 based on Here.com data. The
plots depict the historical trend of the study arterial. In addition, it was also found that the INRIX
data had a significant shift between 2013 and 2014. Potential causes include traffic growth in the
area as well as significant diversion possible from the parallel Hillsborough St corridor which had
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Figure 6 - IQR Analysis for AM and PM Yearly Data from INRIX and HERE.com

3.3.2 Seasonal Tourism Traffic Effects

The sites used for evaluating seasonal effects are located in Cherokee, Asheville, and
Wilmington. For the Wilmington site, AM & PM speed data during both weekdays and weekends
were analyzed to capture the impact seasonal effects on travel time reliability. The peak time was
also defined as 6:00 to 9:00 and 16:00 to 18:00 for AM and PM peaks, respectively. For the other
sites, traffic performance data during weekdays were analyzed only. For most sites, traffic
performance data are available from 2016 to 2017 and speed data were aggregated to 15-minute
average speed. Some of the sites used 2015 and 2016 data for comparison because the traffic
message channels (TMCs on those sites were not available in 2017. Figure 7 shows the US 19
arterial located in Cherokee, North Carolina. It contains 6 TMCs for each direction and the length
of the arterial is 17 miles. Figure 9 illustrates the US 441 arterial located in Cherokee, North
Carolina. It contains 5 TMCs each direction and the length of the arterial is 10 miles. This arterial
passes through the downtown Cherokee and connects Cherokee to the Great Smoky Mountains
National Park.

To better reveal the seasonal impact on arterial reliability, the percentile speed stack
diagrams were created. Figure 8 and Figure 10 show the example percentile speed diagram for US
19 Southbound and US 441 Southbound based on both INRIX and HERE.com Data. In both
figures, the vertical-axis is the name of each intersected street and TMC; the horizontal-axis is the
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month of the year. Of these graphs, only the US 441 sections shows significant seasonality with
more congestion (more orange region) in 2016 and 2017. Figure 11 presents the legend of the
speed percentile stack diagram, where Green color means a higher speed and Red color represents
a lower speed. The larger the color block is, the more percentages of the represented speed exist

in the specific month. In addition, the black blocks mean there is no available data from the TMC
in those months.

Blue Ridge
Phwy

Figure 7 — US 19 Cherokee Route

2016 Weekday US-19 SB (INRIX) 2016 Weekdays US-19 SB (HERE)

I e N o o
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2017 Weekday US-19 SB (INRIX) - 2017 Weekdays US-19 SB (HERE)
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5 Jan  Feb  Mar  Apr May June Juy Aug  Sept Ot MNov  Dec

Figure 8 - US 19 SB Here. com Speed Percentile Stack Diagram
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US-441-BR/SOCO Rd

Figure 9 — US 441 Route
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Figure 10 — US 441 SB INRIX Data Speed Percentile Stack Diagram
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Figure 11 - Speed Percentile Stack Diagram Legend

Results reveal that the speed distribution shows a significant deterioration after September
2016. This pattern can also be observed at other sites. One possible reason is Here.com changed
the algorithm for speed measurement in September 2016. Therefore, due to the unexplained shift
problem, INRIX data tends to be more sensitive to the seasonal changes of traffic demand.

3.3.3 ATM Strategy

The four sites selected for analyzing the impact of ATM strategies on travel time reliability
are located in Raleigh. Leesville Road arterial is from Norwood Road to Fairbanks Drive. The
Creedmoor Road route is from Norwood Road to Strickland Road. The Six Forks Road route is
from Durant Road to Strickland road. Falls of Neuse Road route is from Durant Road to Strickland
Road. Figure 12 illustrates the origin and destination of the four sites.

Norwood Rd

Durant Rd
Nowooc Ba Creedmoor Rd
530

B 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 strategy problem analyzed by this research is the potential spill-back effects onto
arterials from freeway on-ramp metering, which was applied at 4 ramps at 1-540 westbound in
September 2017. The ramp meters located on the on-ramp near the freeway gore queue traffic
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during the AM peak and do include queue detectors at the top of the ramp, however there is still
concern that the strategy may negatively impact adjacent arterials. After a one-month adaptation
period, it was assumed that drivers have adapted their behavior to ramp metering from October
2017. The deployment of the ramp meters, including construction and initial testing, may have
influenced driver route decisions so a burn-in period was established for the traffic responsive
comparison as well (i.e., until February 2018). Therefore, the majority of comparisons applied to
traffic data collected between October 2016 and October 2017 and between February 2017 and
February 2018.

Table 5 below documents the reliability analysis outputs. The 95 percentile travel time
has the most significant change compared to 80" percentile and 50" percentile travel time data.
Both Here.com and INRIX data show the same pattern. Figure 13 presents the AM Average Travel
time distribution for Falls of Neuse Southbound traffic. Results show that in general, travel time
decreased after the implementation of ATM strategy. Figure 14 compares the impacts of two
different ramp metering control methods (i.e., fixed time metering strategy and traffic responsive
metering strategy) on arterial reliability. It was found that travel time under ramp metering control
has a smaller variability and the maximum travel time (i.e., the worst case) also decreased in
comparison with no ramp metering control. A shift of peak period is also observed from the
Here.com data; both comparisons indicate an earlier peak travel time which may indicate peak
spreading due to the presence of ramp meters. This shift is more pronounced in the traffic
responsive period with a 30 minute earlier peak 15-minute travel time.

Table 5 — Travel Time Index (TTI) Reliability Analysis Output for ATM Strategy Sites

Scenario Route Here.com INRIX

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

z § A Leesville_NB -3% -1% 0% 4% 0% 0%
% > | A_Leesville_SB -4% -1% 1% 4% | -4% | 2%
25 B_Creedmoor_NB 0% 2% -1% -1% 2% 3%
2SS | B_Creedmoor_SB % | 2% | 2% | 1% | 1% | 2%
E g § C_Six Forks_NB 2% 0% 2% -3% 2% | -2%
53 C_Six Forks_SB 7% -4% 0% -3% 3% | -3%
g g D_Falls of Neuse_NB 1% 2% 4% 2% 1% 1%
EF D_Falls of Neuse_SB -13% | -13% | -33% 7% -8% -4%
» A_Leesville_NB -5% -3% -4% -4% -2% 0%

o 28 [ A Leesville_SB -3% -3% 0% 1% 0% 1%
£ 2 £ | B_Creedmoor_NB 4% 2% 0% 1% | 4% | 5%
E § € | B_Creedmoor_SB -7% 0% 1% -13% -7% -2%
52 E C_Six Forks_NB 1% 1% 1% -6% -2% 0%
22 & | C_SixForks_SB -13% -8% T% | -14% | 8% | -2%
- % é D_Falls of Neuse_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 Comparison of Different Ramp Meter Control

Overall, ramp metering strategies, which were found to significantly improve freeway
operation in previous NCDOT research (30), do not have clear negative impacts to the reliability
of the arterial that connects to the freeway. Maximum 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 origin-destination data would clarify if this was due to diversion or peak spreading of demand,
but this data was not available for the study.
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3.3.4 New Development

There are two sites used to analyze the influence of new developments on arterial
reliability. The first site is US 64 at Apex, North Carolina, where a new Costco shopping center
opened in March 2016 at a business plaza in the vicinity of US 64. In addition to this shopping
center, the plaza has been continuously developing since May 2016 with various firms start their
business. The new development of the plaza is considered contributing to the trip generation and
attraction on US 64. Therefore, by analyzing the changes of travel time on US 64, it is expected
that the impact of new development on arterial reliability could be revealed.

Table 6 - Reliability Analysis for PM US 64 Route

AM EB . wB . AM EB . WB .
INRIX 0 0 Here.com 0 0
( ) | 2016 | 2017 change | 2°%6 | 2017 | cpange ( ) | 2016 | 2017 Change | 206 | 2017 | cponge
95th 2.07 1.94 -6% 1.47 141 -4% 95th 2.00 2.11 6% 151 1.46 -3%
80th 161 1.48 -8% 1.37 1.30 -5% 80th 1.57 1.58 1% 144 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% 2.05 244 19%
80th 157 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 1.51 2% 1.48 1.53 3%

Table 6 presents the numerical result of reliability analysis. Note that since the INRIX
databased does not contain summer 2016 data and considering the Costco opened in 2016, some
of the 2016 data will also be impacted. Therefore, the significance of the change might be
weakened. Figure 15 and Figure 16 compare the Monthly trend of NTT/IQR based on INRIX data
and Here.com data. NPMRDS, as a tool to assess the data availability, is also used. Figure 17
shows the result from NPMRDS. Both probe sources showed increases in typical travel time and
worsening reliability 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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Figure 16 - Here.com Monthly Trend NTT/IQR Comparison

The second site is a three-mile section of US 70 Business located in Smithfield, North
Carolina. The analysis period contains AM Peak, Mid-day 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 methods to analyze the
reliability. The analysis results are shown in Figure 18 and Table 7. 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 two or more stops

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 US 70 Business

Table 7 - Numberical Comparison Result in US 70 Business

SE Direction Key Reliability PMs NW Direction Key Reliability PMs
50th 80th LOTTR 50th 80th LOTTR
2006 AMTT 1.30 1.37 1.05 2006 AMTT 1.23 1.37 111
2007AMTT 1.19 151 1.26 2007AMTT 1.29 151 1.18
% change -8.1% | 10.3% 20.0% % change 4.2% 10.1% 5.7%
2016 Mid TT 131 2.58 1.97 2016 Mid TT 1.35 2.64 1.96
2017 MidTT 1.35 1.44 1.06 2007 MidTT 1.50 1.63 1.08
% change 3.4% | -44.2% -46.0% % change 11.6% | -38.5% -44.9%
2016 PM TT 1.28 1.37 1.07 2016 PM TT 1.31 1.36 1.03
2017PMTT 1.34 1.67 1.24 2017PMTT 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 weakening. For instance,
when using the 50" percentile travel time index for comparison, it was found that the development
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slightly deteriorated travel time reliability. While when comparing the 80" percentile travel time
index data, result show that the new development resulted in adverse impacts on AM and PM
travel time reliability but significantly improved Mid-day reliability.

In summary, from US 64 case study, the arterial signals coordination played an important
role in reducing travel time and travel time variability during the AM peak despite development
and traffic growth. Also, the INRIX and Here data are found have different results in terms of the
amount of travel time reliability changes. For the US 70 Business site, the results show that signal
retiming could have a considerable impact on travel time reliability. However, signal re-timing or
other potential reliability impacting factors may alter and bias observations.

3.3.5 Severe Weather

There are 15 sites selected for analyzing the isolating effects of severe weather on travel
time reliability. In Asheville, US 25 (north of 1-240 Beltline), US 25 (Inside 1-240 Beltline), US
70 / Tunnel Road East of Asheville, and NC 191 South of Asheville were selected. College Road,
Military Cutoff Road and US 17 were selected as the routes in Wilmington. Charlotte contains
four sites which are N. Graham Street, NC 16 Brookshire (North), NC 16 Brookshire (South) and
Tryon Road. The final site was Capital Boulevard near 1-440 in Raleigh. Based on NOAA dataset,
each speed data point is assigned a weather condition. This research first plotted the speed profile
under normal weather condition (i.e., baseline scenario); then, for each weather condition, a speed
profile was plotted and compared to the baseline scenario. Figure 19 to Figure 22 illustrate the
comparison results for four of the identified sites with the top section showing travel times and the
bottom sections showing segment speeds. In addition, Table 8 numerically compares the
differences in travel time reliability between clear weather condition and various adverse weather
conditions in PM period in aggregate across all sites.
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Figure 19 - Weather Impact Analysis Outputs for US 25
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Wilmington: -140
Corridor Travel Time by Condition (Weekday)

™ —— Clear (440286)
18 Gl ¥ 4 Rain (7041)
\ Snow (0}

17 L ®  Low Vis (2640)
z
i 16
g
Eus
]
z
Zas

13

12

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)
50 50 —— Clear (440286) 50
Snow (0)

a5 45 45
) ) )
H E E
H 3 i
@ g H
g & g
@ 35 @ 35 @ 35

|
30 \ r{ E 0
—— Clear (440286) W — Clear (440286}
— Rain {7041) A —— Low Vis (2640)

5 bH 25
12:00am  4:10am  8:20am  12:30pm  440pm  8:50pm  1:00am 12:00am  410am  820am  12:30pm  440pm  B:50pm  1.00am 12:00am  410am  B:20am  12:30pm  440pm  8:50pm  1:00am
Time of Day Time of Day Time of Day

Figure 20 - Weather Impact Analysis Outputs for 1-140
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Figure 21 - Weather Impact Analysis Outputs for Tryon Rd
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Figure 22 - Weather Impact Analysis Outputs for Capital Boulevard

Table 8 — Travel Reliability Comparison between Special Weather Condition and Clear Weather Condition based on 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% | 68% | 41%

Results revealed that snow weather has the most significant overall impact on arterial
reliability. Prior research in the HCM identified different sections of TTI cumulative curve are
impacted differently by different weather conditions. Nevertheless, it is necessary to point out that
adverse weather events have the potential of changing traffic demand on the arterials, thus the
presented comparison results may not exactly reflect the actual impacts of adverse weather on
arterial reliability.

3.3.6 Probe-based Data Compared to High Resolution Vehicle Trajectories

To compare the travel time reliability generated by probe data and high-resolution vehicle
trajectory data, it is necessary to have the same trajectory-level traffic performance data collected
from both data sources. Table 9 provides the detailed number of drivers and number of trips in the
i2D data during 2014 to 2017. The high-resolution trajectory dataset is proved to have sufficient
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amount to compare with probe dataset, and the comparison is only done where data from both
sources are available. Figure 23 shows the location of the related sites that shown in Table 9.

Table 9 - 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 - Site 25 10 9 5 2 89 41 7 2
Avent Ferry Rd WB - Site 25 13 10 8 3 122 47 21 4
Glenwood Ave WB - Site 26 12 13 9 6 36 172 58 9
Tryon Rd EB - Site 27-1 9 11 4 3 27 68 10 5
Tryon Rd EB - Site 27-2 16 18 12 9 275 262 98 56
Tryon Rd EB - Site 27-3 8 10 6 4 37 61 42 16
Tryon Rd EB - Site 27-4 9 10 1 1 23 33 1 1
Tryon Rd WB - Site 27-1 8 8 2 1 27 28 2 1
Tryon Rd WB — Site 27-2 9 9 8 6 19 55 37 17
Tryon Rd WB - Site 27-3 18 14 13 13 298 270 110 61
Tryon Rd WB - Site 27-4 8 12 6 7 22 67 13 8
Western Blvd EB — Site 28-1 16 20 11 9 142 188 57 36
Western Blvd EB — Site 28-2 19 18 15 19 556 161 105 61
Western Blvd WB - Site 28-1 5 20 11 12 7 216 32 23
Western Blvd WB - Site 28-2 21 22 14 16 534 447 100 54
Glenwood Ave WB - Site 26 a
D
@ o ]
- e 2 [z219]
Western Blvd WB - Site 28-2 - @ f
. ek ia ate Western Blvd WB - Site 28-1

- K
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Figure 23 - Location of the Sites Selected for Probe Compared to High Resolution Data
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Figure 24 illustrates the comparison results of speed acquired from probe-based data and
i2D data at Tryon Road Site 27-3 and Western Boulevard Site 28-2. The horizontal axis is i2D
speed data and the vertical axis is probe-based speed data. 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 27-3 Western Blvd WB Site 28-2

@ INRIX @INRIX

@ HERE @HERE

Probe Based Data Source Speed
Probe Based Data Source Speed

i2D Speed
i2D Speed

Tryon Rd EB Site 27-3 Western Blvd EB Site 28-2

@ INRIX @INRIX

@O HERE @HERE

Probe Based Data Source Speed
Probe Based Data Source Speed

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0

i2D Speed 12D Speed

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

Figure 25 compares the speed between Here.com and INRIX, which aimed to figure out
the impact of different probe aggregation algorithms. Note that the x-axis is HERE.com speed data
and y-axis is INRIX data speed. The comparison is done for one-minute (blue) and five-minute
(black) speeds.
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Figure 25 - Here.com and INRIX Data Comparison

From the above comparisons, it was found that the probe data has lower variabilities than
i2D data, which is mainly due to the fact that the data range for i2D data is wider than probe data.
This might be caused by the fact that probe data is aggregated rather than individual speeds. The
probe data also contain fewer high-speed samples because the algorithm of the probe tends to
underestimate vehicle speed. The aggregation of data could also contribute to this bias. In terms
of data source comparison, INRIX dataset is found have a larger number of low speed samples and
a smaller number of high speed samples than HERE.com dataset.
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4. Lessons Learned from NCDOT Signal Prioritization Tool
4.1 Operation Platform and General Template Changes

In the previous version of NCDOT’s Retiming Prioritization Signal Performance Measure
(SPM) tool, the website was operated through Plotly 2 platform. The latest version of Plotly has
been upgraded to 4.0. The updated Plotly platform provides users with enhanced reliability and
new operational features. Plotly version 4.0 platform reduces the complexity of SPM tool in terms
of future system upgrade, and offers increased potential of in-depth website development and
multimedia demonstration of traffic performance data.

In addition to the upgrade of Plotly platform, interface of the new SPM tool is also changed,
as illustrated in Figure 26. The color of menu bar of the website is changed to “Wolfpack Red” to
keep consistency with NC State Brand Color. As shown in Figure 26 (bottom), the selected icon
(i.e., “Home” icon) in the menu bar is highlighted by bold font. In addition, in the homepage, the
logo of Highway Division of North Carolina Department of Transportation has been updated to its
latest version. The ITRE DatalLab logo is 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 Comparison (Top: SPM Tool 2, Bottom: SPM Tool 3)
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4.2 Trends Page

There are two major updates in SPM trends page: radar plots and system indicator map.
The radar plots of monthly traffic performance data aim to demonstrate the changes of travel time
reliability within an analysis period such as within the past 12 months. Four radar plots are added
to the website; each plot presented the travel time reliability in different time of the day. The travel
time reliability data are categorized by year. The datapoints in the same year are connected by the
same color line. Three colors lines are presented to display the travel time reliabilities of the past
three years. In this report, red, green and blue lines represent travel time reliability data of 2016,
2017 and 2018, respectively. A radar plot contains 12 spokes, where each spoke represents for a
month of the year. Users could easily access travel time reliability of each month and compare the
changes of reliability by month. Figure 27 below illustrates an example of the AM and Mid-day
Normalized Travel Time radar plot.

—— Year2016AM

AM:Nay’

AM:Oct 1

Ol
=N

AM:Sept AM:May

Figure 27 - AM and Mid-day NTT Radar Plots Example

Figure 28 shows the system indicator map, which is an aided tool designed for users to
visualize the location of the selected system and check if the system is selected correctly. This
aided tool has a built-in algorithm which could calculate the latitude and longitude coordinates of
the selected system and allows for zoom in and out of the map. In addition, it allows user to analyze
the adjacent facilities that potentially contribute to the changes of travel time reliability.

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
elected s or all fo
Select System
.
= hoskie
.

Yearly Trends for All Periods Monthly Trends for All Periods

Figure 28 - Trend Layout System Indicator Map (Shown in Red Box)
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4.3 TMC Page

Figure 29 demonstrates the new interface of TMC, which has been embedded in the Signal
Prioritization Tool. This interface displays the changes of reliability at the TMC level. The
interface has four dropdowns including: Division, System, Time of Day, and TMC. A key update
to system dropdown is it includes the option of selecting different division; for each selected
system dropdown, its corresponding TMC dropdown is also updated.

Below each dropdown, a TMC travel time reliability trend plot is generated and this plot
could automatically update the travel time reliability data according to the TMC selected by user.
The plot is NTT versus Reliability Ratio, which is the same as the one in trends layout. While the
trends layout focuses on system level reliability, the TMC reliability trend plot allows user to
access to TMC level reliability. Note that if an user does not select a single TMC from the previous
dropdown, the plot will output the reliabilities of all TMCs documented in the selected system.

In addition, a travel time analysis plot is added as a complementary tool for users to analyze
the travel time changes. Based on a metric dropdown that allows users to select time of day, users
could find the annual changes of NTT, IQR or LOTTR from 2016 to 2018 in certain time of day
period. The TMC dropdown options also enable users to plot the changes of travel time of either
a single TMC or an aggregation of multiple TMCs.

At last, a satellite map is integrated in the TMC interface, as shown in Figure 29. The 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 location of the 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

Figure 29 - TMC Layout Screen Shot
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5. Conclusions, Recommendations and Future Work

From the studies listed above, we observed a data “shift” problem occurring in the HERE
dataset. The distribution of the speed suddenly shifts higher or lower in a single month which is
maintained for the remainder of the dataset. In seasonal impact analysis, HERE shows a significant
shift pattern statewide after September 2016. In this case, the shift data may not reveal the demand
or reliability change properly. The data vendor discussed with NCDOT and the research team that
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.

The data sources were found to have different sensitivities to different dynamics of traffic.
In general, INRIX 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
changes. 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 that the probe data is capable for calibrating the recurring and non-
recurring sources of congestions in predictive tools, such as ARTVAL, Transmodeler, and Synchro.
But the analyst should be careful about the reliability impacting factors existed in the interested
arterial. For example, when we calibrating the weather impacted arterial, we could calibrate the
models by using probe data but as found in this study, weather may worsen the arterial reliability
as much as 6.3%. Utilizing all data including weather impacts for calibration of modeling tools
which do not account for weather will result in erroneous performance.

The analyses presented in this report may be repeated using a number of sources and
platforms available to NCDOT including NCDOT’s SPM tool and Retiming tool, RITIS Probe
Data Analytics, ClearGuide, and FHWA’s National Performance Management Data Research
Data Set. Utilization of the ARTVAL tool will enable planning-level HCM arterial reliability
analysis of corridors with a limited data requirement. The utilization of the analyses and tools
developed in 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 benefit greatly from the utilization of
additional traffic signal data which are planned to be available through NCDOT’s Advanced
Traffic 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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