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EXECUTIVE SUMMARY

The North Carolina Department of Transportation (NCDOT) sponsored research aimed at
enhancing the department’s ability to assess the effectiveness of traveler information tools. The
NCDOT has and will continue to make investments in Intelligent Transportation Systems (ITS)
that fall under the heading of Advanced Traveler Information Systems (ATIS). It is critically
important for the NCDOT to be able to assess the impacts, especialy the network performance
benefits, of candidate ATIS investments in order to make well-informed project decisions and set
funding priorities. This final report documents the project’s findings, conclusions, and
recommendations. This executive summary begins with a brief discussion of key highlights and
then continues with a high-level summary of the project outcomes.

Executive Highlights

The stated objective of the Effectiveness of Traveler Information Tools research project was
the development of usable methods for assessing the benefits of traveler information investments
by the NCDOT. The project has been completed, and this objective was achieved. In the course
of the project research, a case study of the I-40 pavement reconstruction project was undertaken.
The findings of this case study provide a clear picture of the significant value of traveler
information.

Traveler information can provide significant time savings. Detailed modeling of the I-40
work zone and the contiguous roadways (including the primary alternate route of 1-85 and NC-
147) showed that a comprehensive ATIS deployment would be expected to reduce the average
travel time for impacted vehicles from about 71 minutes to 36 minutes (a nearly 50% reduction)
when compared to a scenario with no ATIS. The “no ATIS" scenario assumes that no drivers
would change their route. For reference these travel times should be compared to a 21 minute

incident free travel time along 1-40. Even though the assumption that no drivers would change



their route in the absence of external information is extreme, the 71 minute travel timeisavalid
measure of worst case conditions, such as a random incident severely reducing the capacity of |-
40 or 1-85 for a significant length of time. The modeling also showed that the current ATIS
deployment (as the sole source of information) would be expected to provide a 15% reduction in
travel time (down to 60 minutes). The comprehensive ATIS deployment referred to above
includes additional detection and variable message signs placed to maximize the use of multiple
alternative routes. These additional devices would be most valuable in the event of a no notice,
random incident.

Coordinated public information campaigns are very effective for planned major work
zones. By all accounts, the efforts of NCDOT and media outlets coupled with the permanent and
temporary ATIS assets were very successful in minimizing delay during the 1-40 reconstruction.
As acase in point, detailed simulation modeling was conducted and actual archived speed data
was gathered for the work zone that was in place overnight from June 6 to June 7. Comparisons
showed that the simulations followed the observed initial speed drop reasonably well. However,
the observed speeds recovered much more rapidly than did the simulated conditions even with
the most extensive ATIS deployment scenario. Even though the simulation models are not field-
verified, it is reasonable to conclude that the observed rapid recovery is due largely to the
extensive and well-planned public information campaign conducted before and during the
reconstruction project. Theinstalled ATIS devices would of course be relied upon more heavily
in ano notice situation. Nevertheless, the value of getting the word out for planned incidents is
indisputable.

Traveler information usersrely on thisinformation to make travel decisions. Through

special questions added to the recent Triangle Travel Survey, it was learned that a strong
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majority of traveler information users consult the information 5 or more times per week.
Furthermore, nearly 80% of traveler information users have altered their travel plans based on
this information. In genera, the survey aso indicated that “higher end” information sources,
such as the internet, are more strongly correlated with a propensity to change travel plans.

Evaluation Tool Assessment

The first phase of the project included a detailed comparative assessment of available
evaluation tools based on a common set of ideal criteria. The mesoscopic network modeling and
dynamic traffic assignment tool, DYNASMART-P, and the macroscopic freeway system
analysis tool, FREEVAL, were identified as the most promising candidate models and selected
for the phase 2 case study evaluations. The FREEVAL tool was considered and evaluation
largely because of its successful application in the Incident Management Assistance Patrol
(IMAP) planning tool previously developed for the NCDOT.

General ATIS Evaluation

The project team took advantage of an unplanned opportunity to add a series of ATIS-related
guestions to the Triangle Travel Survey. The responses to these questions provided valuable
information on the use of traveler information in the Triangle Region and the types of decisions
that Triangle drivers make in response to this information. In addition to directly supporting the
modeling of driver response, the survey results point out that most traveler information users are
regular users.

Case Sudy Based Evaluation

In the project’ s second phase, the DY NASMART-P and FREEV AL tools were applied to the
evaluation of case study scenarios involving both planned work zones and incidents occurring

during peak commuting traffic conditions. The scenarios were set in a subnetwork of the
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Triangle Regional model centered on the 1-40/I-85/NC-147 freeway system between the
1-40/1-85 split west of the Research Triangle Park the interchange between 1-40 and NC-147 (the
Durham Freeway). The case studies demonstrated that both the DYNASMART-P and
FREEVAL tools were capable of providing reasonable evaluation results while highlighting the
comparative advantage of DY NASMART-P' s capability to 1) extract network and travel demand
data from existing travel demand models, 2) directly model driver response to traveler
information, and 3) perform dynamic traffic assignment of vehicles in the context of en-route
driver travel decisions. The case studies further illustrated the high value of traveler information
through an example benefit cost analysis based on the scenario modeling.
Evaluation Framework
The case study efforts provided the basis for developing an ATIS evaluation framework. The
framework provides a systematic procedure for organizing the necessary information, estimating
network performance measures, and comparatively evaluating ATIS deployment and/or
enhancement alternatives.
Recommendations for the NCDOT
The project team recommends that the NCDOT —
¢ Implement the recommended ATIS evaluation framework with DY NASMART-P serving
as the primary framework integration tool and FREEVAL serving a supporting role for
simple analysis of corridor specific deployment options.
e Support continued research into and pursue development of ongoing ATIS data collection
policies and procedures. The necessary data include traffic stream data and driver

behavior data.
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Recommendations for Future Research

The project team recommends that the broader transportation research community conduct

targeted research to increase our understanding of driver behavior and decision making

coupled with the applied research necessary to accurately represent and model driver

behavior within network traffic flow models. Along these lines, the project team

recommends specific research aimed at —

e Developing a realistic model of driver response to visual recognition of downstream
congestion. (Ideally with testing and implementation within DY NASMART-P.)

e Developing a redistic model of queue propagation that can be implemented in a
mesoscopic model such as DY NASMART-P

e Continued research to develop increasingly valid and accurate models of driver behavior.
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CHAPTER 1. INTRODUCTION

Travelers desire static and dynamic information in order to plan their trips and make more
informed decisions about whether to make a trip, what destinations to visit, which modes to use,
what routes to take, and where to park. In congested urban areas, people use dynamic
information to change their regular or selected options in response to unexpected events (e.g.,
incidents, road construction, and weather) that induce congestion.

Advanced Traveler Information Systems (ATIS) disseminate traveler information by various
ways such as Variable Message Signs (VMYS), Internet website, TV, Highway Advisory Radio
(HAR), phone service (511), and In-Vehicle Information System (1VIS). ATIS can benefit
individuals in terms of improved travel planning, knowledge of alternative modes and
destinations, avoiding delays, increased certainty in arrival times and lower travel stress and
anxiety.

The travelers respond to traveler information in diverse ways. ATIS users responses
resulting changes in travel patterns impacts on the traffic network performance. Lappin and
Bottom (2001) categorized various travelers’ responses into the two types. Responsesin the first
category effect on the trip making context. For example, adjustments to residential and/or
employment location decisions, adjustments to daily activity schedules, changes in habitual trip
making behavior, effects on non-travel activities, and trip-related stress or anxiety relief are
included in this category. Responses in the second category change trip making itself. The
decision to travel or not, the choice of destination, the choice of departure time, mode and route,
the re-routing decision in response to an incident, the driving behavior, and the choice of parking

location are involved in the second category.



The changes in travel patterns induce difference in travel time and traffic characteristics. In
other words, travel information can aso benefit the transportation system in terms of lower
incident-induced congestion (with accompanying increased safety and decreased travel delay),
higher accessibility to destinations and modes, lower fuel consumption and improved air quality.

In response to these known ATIS benefits to individuals and transportation system, the
NCDOT has deployed ATIS technologies across the state, and other states have followed a
similar pattern of early ATIS implementation. Although transportation agency experience and
customer satisfaction with ATIS deployments have generally been positive, methodologies for
quantifying the benefits and costs of ATIS are lagging behind. This fact has been brought into
keen focus by increasingly constrained transportation budgets.

Therefore, there was a pressing need to develop evaluation methodologies and tools to
guantify the costs and benefits of the various ATIS deployable technology options. This work
has begun in other states and transportation agencies. Therefore a centra element of this
research is a comprehensive survey and summary of the disparate ATIS benefit/cost efforts and a
synthesis of the results into aframework for North Carolina. The evaluation capabilities covered
technologies that have already been deployed in North Carolina as well as other available and
appropriate technologies.

The principal research objectives for the proposal project are:

1. Synthesizethe US state of the practicein ATIS/ITS deployment evaluation

2. Synthesize the relevant data and preliminary analysis that has been developed by

NCDOT ITS units
3. Assessthe applicability and accuracy of available ATIS evaluation tools

4. Develop an evaluation methodology based on an existing, enhanced or new tool (or tools)



5. Conduct general and case study based evaluations of ATIS deployment in NC
6. Develop recommendations for the establishment of arobust ATIS/ITS evaluation system
The project tasks were divided into the two phases that correspond to the first and second
project years. Primary work of Phase | is synthesis of literature, data and practice. Base on the
research results of Phase |, the direction of second year research was determined. During the
second project year, project team focused on the ATIS technology evaluation, case study
analysis, and evaluation procedure development. Brief descriptions of the project tasks as they
were given in the project proposal follow. The proposal task descriptions are followed by a brief
discussion of the opportunity that arose for the team to include questions in the Triangle Travel
Survey and the project steering and implementation committee’ s direction for the Phase |1 tasks.
1.1 Project Tasks
1.1.1 Phasel — Year 1: Synthesisof Literature, Data and Practice
e Task 1-Literaturereview
USDOT’s ITS Joint Program Office (JPO) provides a coordination and clearing
house function for research and assessment activities aimed at evaluating and quantifying
ITS benefits and costs. The primary focus of literature review task was the review of ITS
Benefits and Cost Database provided by ITS JPO. Also, research team reviewed the
literature related to ATIS/ITS deployments implementation experience and benefit/cost
evaluation case studies which applied simulation tools or used survey data.
Various ATIS evauation approaches including traffic flow simulation, field
observation, survey, driving simulation experiments, and economic assessment were

investigated in this task. In addition, other recent ATIS-related was reviewed, including



research regarding traveler response models, driver type differences, user needs,
information quality, and the value of ATIS.
Task 2 —Evaluation tool assessment

The evaluation tools found in Task 1 including DYNASMART-P, INTEGRATION,
IMAP, VISSIM and IDAS, were assessed on characteristics such as data requirements,
conceptual and methodological validity, analysis outputs (e.g., savings in travel time,
emissions, accidents, and increases in travel time reliability), simplicity, robustness, etc.
to establish their appropriateness for evaluating ATIS technologies and strategies.
Through this functional requirement evaluation, three tools (IDAS, DYNASMART-P,
and IMAP tool) were selected as candidates of ATIS evaluation tool for North Carolina.
Then, the simple case study was carried to test the functional capabilities and limitations
of these three candidates in application.
Task 3—Cost and evaluation data synthesis

The ITS Operations Unit has worked on quantifying the operations and maintenance
costs of NCDOT’s ITS program. We obtained the results and findings of this effort. We
identified the contexts in which ATIS are most appropriate and potentialy beneficial,
e.g., in locations which have higher travel time uncertainty and experience higher levels
of traffic congestion levels.

We determined what additional data are available within NCDOT that can help
quantify ATIS costs and benefits. For example, other NCDOT units have developed
databases on capital and user costs of ITS deployments. As a secondary focus, we

acquired readily available dataon ATIS deployments in other states.



Task 4 — Obtain information about planned and existing ATIS/ITS devices and
systems (e.g., CM S, HAR and 511) throughout North Carolina.

The project team cataloged ATIS deployments within the North Carolina. NCDOT
has North Carolina statewide ITS strategic plan which consists of 9 regional reports.
These reports described ATIS projects that are planned or in consideration. Existing and
future deployments found and cataloged from these reports will provide the base
information for case studiesin Phase 1.

Task 5—Definethe Phase |l project scope detail.

Based on the findings from Phase | Tasks 1-4, we coordinated with the NCDOT
project leadership to determine the best use of the project resources to satisfy NCDOT's
project goals.

Task 6 —Phase| Interim Report

Aninterim report will be completed early in project year 2 that documents the Phase |
findings.

1.1.2 Phase |l —Year 2: ATIS Technology Evaluation, Case Study Analysis, and Evaluation

Procedure Devel opment

Task 7 — Modify, extend or create a North Carolina appropriate ATIS evaluation
tool

The findings of Task 2 could range from identification of an evaluation tool that can
be applied “ off the shelf” at one extreme to the development of a completely new tool at
the other extreme. The off the shelf tool considered was IDAS. Other possibilities
include identification of an evaluation tool used elsewhere that could be adapted for use

in North Carolina, or extension of an existing evauation tool, such as the IMAP



evaluation tool developed for NCDOT under a previous research project. This tool can
quantify the effect of providing dynamic traffic information to travelers in incident
conditions.
Task 8 — General Evaluation of Specific ATIS Technologies

Using either an “off the shelf” evauation tool or the tool resulting from Task 7, the
project team will evaluate a selected set of ATIS technologies in specific *high-impact”
North Carolinalocations. ATIS technologies will be evaluated in the context of National
Architecture market packages as follows:

= Pretrip Information
o Internet
o 511
o Other telephone
o TV/Radio
o Kiosks
=  En-route Information
o 511
o Other telephone
o Radio
o In-vehicle Systems
= Tourism & Events
o Travel services
o Advanced parking
o Electronic payment

Task 9 — Case study based ATIS evaluation

Alternatively or in addition to the general technology evaluation, a comparative case
study can be used to assess the impact of presence or absence of complementary
technologies, such as incident management. Furthermore, the effectiveness of ATIS
deployments can be compared between the Triangle and Metrolina. This will require the

application of the selected tool to local data. The case study would alow assessment of



the effect of real time traffic data on the quality and resulting benefits of traveler
information.

e Task 10 — Development of a recommended framework for ongoing benefits
evaluation

The findings from Tasks 3 may reveal opportunities for improving the collection of
data to support ATIS evaluation and coordination among the responsible NCDOT units.
Based on these findings and in consultation with the project steering committee, the
project team could develop a recommended framework for collecting the necessary data,
identifying appropriate locations for ATIS and conducting ongoing evaluation of
ATIS/ITS effectiveness.

e Task 11 — Prepare final project report and prepare and deliver project
presentations.

In addition to the benefits-costs evaluation tool that will be developed under Task 4, a
final report will be prepared that documents project decisions, task efforts and findings.
Formal and informal presentations will also be prepared and delivered as needed to
communicate interim and final project results.

1.2 Triangle Travel Survey

During the performance period of this research project the Triangle Travel Survey was
conducted as a partnership between ITRE, NCDOT, TTA, CAMPO, and DCHC-MPO. The firm
NuStats surveyed over 5,000 households in the Greater Triangle Region from the following
counties: Wake, Durham, Orange, Chatham, Lee, Harnett, Johnston, Nash, Franklin, Person,

Vance, and Granville.



This survey was conducted to provide behavioral data for estimation of travel forecasting
models. Through ITRE’s involvement in the survey, the project team was able to add severa
guestions about user response to traveler information. From the survey data, calibration of
behavioral models, identification of trends, targeted messaging, insight into population, origin,
destination, and route choice, evauation of program benefit, and insight into the value of
collecting more targeted behavioral data will be possible. Furthermore, results from the survey
provided the foundation for the team’s efforts under task 8 — “General Evaluation of Specific
ATIS Technologies.”

1.3 Phase |l Scope Refinement

Based on review of the phase | results and considering immediate NCDOT concerns and data
availability, the project steering implementation committee directed the project team to conduct
two basic case study scenarios with both scenarios centered on the Research Triangle Park region
of western Wake County. The first basic scenario was designed to evaluate the effectiveness of
ATIS under recurring peak hour travel conditions and the occurrence of a lane closing traffic
incident. The second basic scenario was designed to evaluate the effectiveness of ATIS during
the major 1-40 resurfacing project that began during the phase 11 research work. The project
steering and implementation committee further directed the project team to use DY NASMART-
P and the traffic model from IMAP as the phase Il case student tools. These case studies are

presented in Chapter 7.



CHAPTER 2. LITERATURE REVIEW

Travelers desire accurate and up to date information in order to plan their trips and make
more informed decisions about whether to make a trip, what destinations to visit, what modes to
use, what routes to take, and where to park. ATIS technologies have been deployed to satisfy
this desire.

ITS User Services are presented in Appendix A. ATIS-related user services are —

- Pre-trip Travel Information,

- En-route Driver Information,

- Route Guidance,

- Ride Matching and Reservation, and

- Traveler Services Information.

ATIS have been deployed in many citiesin U.S. Gordon and Trombley (2004) reported on
four national ITS surveys. Ther data, summarized in Appendix B, show clear growth in
deployment of ITS from 1997 through 2005. They found deployment of freeway surveillance
and closed circuit television cameras advancing rapidly, along with technology to support transit,
public safety, arterial traffic management, and toll collection. However, there was less evident
emphasis on creating regionally integrated transportation management systems, which would
require real-time data transfer and greater coordination among agencies.

In congested urban areas, people use dynamic information to change their regular or selected
travel options in response to unexpected events (e.g., incidents, road construction, and weather)
that induce congestion. Better traveler information, disseminated through a variety of sources
(such as Changeable Message Signs—CMS, Highway Advisory Radio—HAR, and 511) can

benefit individuals in terms of improved travel planning, knowledge of aternative modes and



destinations, avoiding delays, increased certainty in arrival times, and lower travel stress and
anxiety. Travel information can aso benefit the transportation system in terms of lower
incident-induced congestion (with accompanying increased safety and decreased travel delay),
higher accessibility to destinations and modes, lower fuel consumption, and improved air quality.

Howeuver, it is not easy to define and document ATIS benefits, and quantifying ATIS benefits
is especialy difficult. Nonetheless, there have been many attempts to quantitatively and
gualitatively evaluate ATIS benefits. These previous evaluations involved gathering required
data from various sources such as surveys, field observations, and ssimulations. Also, various
approaches have been used for analysis and assessment.

The first part of this literature review presents the results of ATIS evauation from other
states. The results were extracted from recent evaluation research reports and the database
provided by ITS Joint Program Office website. The second part summarizes evaluation tool
research. In the fina part, other recent realted research is reviewed. Research projects are
classified according to traveler response models, specific driver type characteristics, user needs,
information quality, and value of ATIS.

2.1 The state of the practice

Related research and practice literature were thoroughly reviewed to establish the state of the
practice in evaluating the relative cost effectiveness of deployed ITS technologies. The
information about ATIS evaluation methods and effects of ATIS were gathered from the
experiences of other states and the ITS JPO within the USDOT. The ITS JPO updates and
provides ITS benefits and costs database through an organizational website. The database
provides ITS unit costs and system costs in excel spread sheet files or PDF files. For the benefits

data, the web site provides web links to relevant research summaries. The summarized data can
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be used for developing an ATIS evauation methodology or adjusting default values in
evaluation tools.

Appendix C shows that ATIS have benefits in capacity/throughput, cost/savings, customer
satisfaction, delay/time, energy/environment, and safety. The benefits of ATIS in capacity and
throughput are trivial in most studies, resulting from reduction in delay and the number of stops.
The benefits of ATIS in cost and savings however are measurable and significant. The Appendix
C benefits table summarizes the evaluation results from other states and ITS JPO benefit
database. Appendix D is the cost database provided from the ITS JPO. Unit costs are adjusted
value in 2004 dollars.

A simulation by Shah et al. (2003) found 40% of all ATIS users achieved an individual net
positive benefit of $60 or more per year. Khattak et a. (1994) found that the benefits of
incident-induced delay information could range from $124 to $324 per person (1992 dollars), for
40% of the commuters who expressed a willingness to divert to aternative routes in the San
Francisco Bay Area. A London Transport survey (1998) found that transit information changes
behavior and creates revenue up to 14.5 million pounds, including 1.3 million for bus companies,
1.2 million for underground companies, 1 million for railway companies, and 11 million in
societal benefits.

Most research on ATIS benefits investigated the level of customer satisfaction and user
acceptance. Generally, researchers found that traveler information is useful for making travel
decisions and that it reduces stress and travel time. However, research revealed low awareness
of ATIS. For example, only 9% of households were aware of Travinfo — a regional traveler
information system in California (Yim and Miller, 2000). Related studies showed that ATIS

significantly reduced the amount of time spent on arrivals in the peak periods, with most studies
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reporting reductions in number of stops, travel time, and vehicle travel miles. In addition, ATIS
has observable benefits in terms of environment, energy, and safety. Better traveler information
results in changes in routes and departure time—changes found to reduce vehicle emissions and
fuel consumption (Tech Environmental, Inc., 1993, Jensen et al., 2000, Jeannotte, 2001, and
Zimmerman et al., 2000), as well as fatalities (Jeannotte, 2001).

Taken in the aggregate, the major benefits of ATIS lie in reducing uncertainty and delay.
The key findings of a series of studies on ATIS include the effectiveness of personalized (route-
specific) traveler information compared to general radio advisories and the value of pre-trip
information, particularly in high congestion (Vasudevan et al., 2004). Individual ATIS users
enjoyed benefits year-round, particularly in the afternoon peak period (Shah et al., 2003). Most
benefit to travelers came not from shortened travel time, but from reduced incidence of early or
late arrival (Shah et al., 2003). Thus, users need not shorten their trips to feel satisfied with the
service, given other benefits, such as more precise travel planning and reduction of stress from
congestion and uncertainty. Other relevant studies are presented in Appendix C.

2.2 Evaluation methods

Generally, benefits are measured qualitatively, quantitatively, or both. Also some of these
benefits are transformed to monetary values. To evaluate the benefits of ATIS, several methods
have been developed and used. Data for the evaluation have also been collected from various
sources, such as simulated data, field data, and surveys.

Evaluation methods can be classified into three categories: field studies, smulations, and
surveys. Field studies involve the differences in travel times of drivers with and without ATIS
on acertain road section. Simulation studies show the potential benefits that could occur if ATIS

were used at a certain location(s). Lastly, survey studies poll ATIS users to determine what
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ATIS benefits they perceive. In this section, some of the methods and software tools recently
used are introduced briefly along with a summary of key research findings.

Simulation methods can be applied to evaluate future ATIS deployment plans while field
operational tests and survey studies can be conducted only for the locations that currently have
ATIS in operation. Recently, IDAS (ITS Deployment Analysis System), VISTA (Visua
Interactive System for Transport Algorithms), DYNASMART-P (DYnamic Network
Assignment-Simulation Model for Advanced Road Telematics-Planning), and DynaMIT have
been applied to ATIS evauation with some regularity. HOWLATE (Heuristic On-line Web-
Linked Arrival Time Estimation) and OTESP (Orlando Transportation Experimental Simulation
Program) are also well known ATIS evaluation methods. These two tools, however, differ
fundamentally from the simulation methods mentioned above. These tools require subject
drivers to interact with a simulated virtual network and then examine the drivers responses to
the ATIS using post experiment surveys. In contract, the former tools enable evaluation of ATIS
effects on large networks.

2.2.1 Field observation

Field observation methods have been used to evaluate the effectiveness of ATIS systems in
areas where the system was already in use. System operators gathered data using their own
detector systems and surveys for the assessment. Measuring ATIS benefits through field studies
is often done with yoked trails, in which two vehicle groups (one equipped with ATIS and one
not) travel between the same origin-destination (O-D) pair at the same time. The time it takes
these vehicles to travel between each O-D pair is then compared to determine whether the

vehicle group with ATIS experienced improved travel times compared to the other driver group.
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Schiesel and Demetsky (2000) attempted to determine the effect of a Dynamic Message Sign
(DMYS) system in the Hampton Roads area of Virginia Data were collected on the DMS system
and volume data was obtained using loop detectors, over a period from August 1998 to July
1999. Using this data the difference between the percentage of drivers turning towards the
Hampton Roads Bridge Tunnel when the DMS system was and was not in use was cal cul ated.
This difference was taken to indicate the diversion percentage. Harder et al. (2005) used afield
operational test method for their research. They had 117 participants drive along actual routes.
Pre-trip travel-time information was provided in the field experiment to half the participants.
Various data collection techniques were used including in-vehicle GPS units, pre- and post-
experiment surveys, and travel diaries.

In other research, the driver’s responses to traveler information have been inferred from the
field operational results of a deployed ATIS system. Yim and Y gnace (1996) reported drivers
response to rea-time traffic information under SIRIUS (Systeme d'Information Routiére
Intelligible aux Usagers). SIRIUS is the largest urban field operational test of advanced traveler
information and automated traffic management systems in Europe. In this case, the research
results have significant potential value compared to one time field test results because long term
effects were analyzed.

2.2.2 Simulation Methods

2.2.2.1 Dynamic Assignment Models

Dynamic assignment models attempts to model traveler’s behavior including route diversion,
mode change, and departure time change depending on market penetration rate and quality of
information. Because many of these models are still under development, developers usually test

their new algorithms using a small sample network. Gel et al. (2003) built the framework
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consisted of two-level mathematical program. The upper-level program maximizes the reserve
capacity multiplier subject to a link capacity constraint, and the lower-level program generates
user equilibrium flow patterns under the influence of traveler information. In the lower level,
they consider the dispersion parameter theta in the logit model as an indicator of the quality of
information provided by ATIS. Yin and Yang (2003) classified three classes of drivers on a
specific day: drivers without ATIS, drivers with ATIS but without compliance with ATIS advice,
drivers with ATIS and in compliance with ATIS advice. All three classes of drivers make route
choice in a stochastic manner, but with different degree of uncertainty of travel time on the
network. They provided the function of the market penetration of ATIS and the probability of
the ATIS compliance rate of equipped drivers. Lo and Szeto (2004) applied a stochastic
dynamic model based on the cell-transmission model. Two classes of drivers, those with ATIS
and those without were considered. Both classes were modeled to follow stochastic, dynamic
user optimal conditions, with the equipped drivers having a lower perception of the variation of
the network travel time due to the availability of better information. Srinivasan and Guo (2004)
developed a simulation-based framework to analyze day-to-day dynamics by integrating an
empiricaly calibrated model of route-choice decisions with a dynamic network assignment
model. Computational experiments are used to investigate the effect of certain experimental
factors—recurrent network congestion level, market penetration, nature of information, and
frequency of information updates—on network performance stability and reliability.

2.2.2.2 Numerical simulators

IDAS (ITS Deployment Analysis System) is a sketch planning tool created for the FHWA by
Cambridge Systematics (2000) to calculate the benefits and costs of implementing an ITS

technology within a transportation network. It has a postprocessor and extender to the travel
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demand model mode choice and assignment steps. Users can view and edit most of the model
defaults. The software uses imported data a travel demand model to recreate the model network
within the IDAS software. Then the user can build one or several ITS deployment alternatives to
evaluate. IDAS calculates the benefits and costs of deploying the specified ITS alternatives,
performs internal network assignment and analysis to estimate impacts of ITS, and reports
outputs in terms of the incremental change in performance measures and the annual benefit/costs.
The software can analyze over 60 types of ITS strategies, eleven of which are related to traveler
information. IDAS includes a database of system impacts and costs related to each type of
deployment based on national evaluations.

VISTA (Visua Interactive System for Transport Algorithms) was developed by
Ziliaskopoulos and Waller (2000). VISTA has asimulator, RouteSim, that uses cell transmission
rules. The VISTA website provides a program overview and tutorial. VISTA was applied to
Chicago’s six county-area network. VISTA'’s innovative network-enabled framework integrates
gpatio-temporal data and models for a wide range of transport applications: planning,
engineering and operational. The software can be accessed via a cross-platform Java client or a
web page. The client software provides all basic transportation GIS type operations, such as
zooming; displaying multiple layers; adding intersections, street segments, signal controls, ITS
devices, etc. The software also provides access the data warehouse and generates network
performance reports (mostly graphical, such as 2-D animations). The groundbreaking innovation
of VISTA is that it runs over the network on a cluster of UNIX machines. This makes it
universally accessible without worrying about available computational power of the client

machine to run sophisticated dynamic traffic assignment, control and simulation models.
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Mahmassani and Jayakrishnan (1991); Mahmassani and Peeta (1993) described the
DYNASMART (DYnamic Network Assignment-Simulation Model for Advanced Road
Telematics) Dynasmart simulation-assignment model developed at the University of Texas at
Austin.  DYNASMART-P is a mesoscopic traffic simulator, meaning that it simulates the
movement of individual vehicles moving through a network in accordance with macroscopic
flow rules (e.g., speed-density relationships.) It simulates severa different route choice rules
including dynamic system optimality, dynamic user optimality, and a bounded rationality rulein
which drivers receiving en-route information about path conditions will only switch paths if the
expected improvement exceeds a threshold amount. DY NASMART-P has been widely used for
investigations of route guidance.

DynaMIT (Dynamic Network Assignment for the Management of Information to Travelers)
is a mesoscopic traffic simulation model developed by Ben-Akiva et a. (1998). DynaMIT is
explicitly designed for route guidance applications and is a simulation-based real-time system
designed to estimate the current state of a transportation network, predict future traffic
conditions, and provide consistent and unbiased information to travelers. DynaMIT combines
real-time data from a surveillance system with historical travel time data in order to predict
future traffic conditions and provide travel information and guidance through an ATIS. Yang et
al. (2000) develop the microscopic MITSIMLab tool for testing and evaluation of dynamic
traffic management systems. Subsequently, Sundaram (2002) developed a methodological
framework for such applications and implemented this framework in DynaMIT. He modeled
traveler behavior and network performance, in response to special events and situations such as
incidents, weather emergencies, sport events etc. The resulting new planning tool DynaMIT-P

consists of a supply (network performance) simulator, a demand simulator and agorithms that
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capture their interactions. The supply simulator captures traffic dynamics in terms of evolution
and dissipation of queues, spill-backs etc. The demand simulator estimates OD flows that best
match current measurements of them in the network, and models travel behavior in terms of
route choice, departure time choice and response to information. DynaMIT-P is particularly
suited to evaluate Advanced Traffic Management Systems (ATMS) and Advanced Traveler
Information Systems (ATIS) at various levels of sophistication. Florian (2004) provides an
empirical study of the impact of ATIS on transportation network quality of service using an
application of DynaMIT in his thesis. An understanding of the relationship between
transportation system performance and ATIS market penetration provides important insights into
asustaining market structure for the ATIS industry.

INTEGRATION was conceived during the mid 1980's as an integrated microscopic traffic
simulation and traffic assignment model (Van Aerde, 1985; Van Aerde and Yagar, 1988a and b;
Van Aerde and Yagar, 1990). It models routing and assignment, thus allowing for the modeling
of traffic re-routing in response to real-time traffic information. It alows for the integrated
modeling of freeway and arterial systems. This capability alows for modeling of traffic
diversion between the freeway/arteria facilities. It has been utilized in the evaluation of the
TravTek route guidance system (Van Aerde and Rakha, 1995) and the Intelligent Transportation
Systems (ITS) architecture study.

Prepared by Khattak and Rouphail (2005) recently, IMAP is a decision support tool that
allows easy planning and operational assessment of existing and potential service patrol sitesin
North Carolina. IMAP uses FREEVAL as a traffic smulation tool. FREEVAL replicates the

freeway facility methodology in Chapter 22 of the Highway Capacity Manual 2000 (TRB, 2000).
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It can model the effects of incidents / work zones on traffic operations macroscopically and also
model route diversion effects by shifting diverted demand to alternative route.

VISSIM (Traffic In Towns: SlIMulation, PTV, http://www.ptvamerica.com/) is a

microscopic, behavior-based multi-purpose traffic ssmulation program. VISUM is another tool
provided by PTV. VISUM is for transportation planning, travel demand modeling and network
data management. VISSIM networks can be exported from VISUM. Therefore, after editing
large networks in VISUM, then users can export the data to VISSIM for simulation. It is able to
assess ATIS options such as VMS effects in network by applying dynamic assignment feature in
VISSIM.

2.2.2.3 Driving simulation experiments

Driving simulators represent an attractive alternative to field observation in terms of costs,
participant safety, and data collection difficulty. Fox and Boehm-Davis (1998) evauated driver
compliance with ATIS advice using a high-fidelity driving ssmulator. Participants drove through
a simulated with network the goa of avoiding congestion. A simulated ATIS made route
recommendations. They carried the experiments to test user compliance depending on accuracy
of information. Their results show that 40 percent accuracy would not support user trust and
compliance, but that 60 percent accuracy probably would. Liu and Mahmassani (1998) collected
data from laboratory experiments using a dynamic interactive traveler simulator that allows
actual commuters to simultaneously interact with each other within a smulated traffic corridor.
Given real-time information provided by the system, commuters determine their departure time
and route at the origin and select paths en-route at various decision nodes along the trip. Also,

Bogers et a. (2005) used interactive travel simulator to collect data for their model estimation.
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HOWLATE (Heuristic On-line Web-Linked Arrival Time Estimation, Jung at al, 2002) was
developed by Mitretek Systems. HOWLATE uses simulated yoked pairs traveling between
specified origin and destination (O-D) pairs, one of which has ATIS and one that does not. The
simulation extracts traffic data every 5 minutes from an Internet service provider that records
link travel times on various roadways. The first step of the simulation is to establish the routes
and departure times for the ATIS traveler and the non-ATIS traveler. Once the routes and
departure times have been chosen, the second step consists of using the archived data to
construct actual travel and arrival times in traffic conditions during the date and time used for
simulation. While many yoked-pair studies have drivers depart at the same place and time,
HOWLATE focuses on the destination and target arrival time of the yoked pairs. HOWLATE
allows conducting controlled experiments based on travel times for different driving trips at
different times on different days in the archive. In this smulated environment, one could
determine the effectiveness of ATIS for freeway trips across the region by comparing the
outcome of an ATIS user who may leave earlier or later or change route in response to real-time
traffic information and a "habitual” commuter who maintained the same time of departure and
route from day to day. Jung at a (2002), Toppen and Wunderlich (2003), Jung et al. (2003), and
Toppen et al. (2004) employed this simulation technique for estimating ATIS effects. Due to
high data collection costs, analysts are commonly faced with the problem of limited data in the
evaluation of ITS systems. Vasudevan et a. (2004) suggested and applied an analog of
statistical resampling (“experimental resampling”) to generate a larger sample based on actual
data

OTESP (Orlando Transportation Experimental Simulation Program, Abdel-aty, 2003) is a

powerful interactive computer simulation tool. It creates a simulated roadway environment and
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presents a human subject with several travel scenarios between trip origin and destination.
Abdel-aty (2003), and Abdel-aty and Abdalla (2004) used OTESP as data collection tools for
route choice modeling purposes under ATIS. A subject has the ability to move the vehicle on
different segments of network using the computer’s mouse. Different levels of information are
provided to the subjects, including transit and route information, pre-trip and en-route
information, and information with and without advice. Different travel congestion levels are also
provided. All the travel decisions are captured and coded to a database for analyses.
2.2.3 Survey Methods

Surveys are the most common methods for ATIS evaluation. Surveys conducted after
installing and operating an ATIS are designed to estimate user satisfaction and the effects of
ATIS operation. Appendix C shows benefit evaluation results from other states. Many of the
benefit evaluations used survey methods. Various kinds of collection methods such as
telephone, mailing, e-mail, and on-line surveys were used. Question selection depends on the
research objectives and the level of compliance desired. Pierce and Lappin (2002) investigated
the usage of Internet, radio, and television in Sesttle, Washington along with the users' response.
They found 3.2% of respondents consulted traveler information: in-vehicle radio 56%, pre-trip
radio 22%, TV news 13%, traffic websites 6%, and transit websites 6%. Also, the survey results
showed 37% of information users reported a change in travel plan (1.1% of tota trips) divided
among the following: changed departure time 13%, made a minor route change 11%, took a
whole different route 9%, delayed or cancelled trip 2%, and changed mode 1%. Appendix C

provides information on other survey research and results.
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2.2.4 Economic ATI S benefit cost assessment

Research reported in Levinson et a. (1999) and Levinson (2003) found that the effect of
traveler information is to shift both the supply and demand curves for travel. The researchers
attempted to estimate the monetary value of ATIS benefit and cost effects based on the supply
and demand curvesfor travel.

2.3 Other Recent Research

ATIS provide both static and dynamic information before and during atrip to support pre-trip
and en-route decisions. By dynamically adjusting schedules, modes and routes, travelers can
respond to travel information. In this chapter, various areas of research related to traveler
response to ATIS information are presented. This research is classified into the following
categories: traveler response models, driver type differences, user needs, information quality, and
thevalue of ATIS.

2.3.1 Traveler Response Models

An understanding of how information affects travelers' decisions can help in evaluating
benefits. Traveler's responses data on ATIS usually gathered using survey and simulation, and
then various statistical methods were applied for analyzing the survey result and modeling
traveler’s behavior.

Khattak et al. (1996), Khattak and Khattak (1998), and Khattak et al. (1999) modeled traveler
responses to ATIS using the multinomial logit formulation, a maximum likelihood nested logit
model, and a probit model. Viswanathan et al. (2000) used a multivariate probit model for
traveler’ s decision making when they have traveler information.

Recently, Abdel-Aty and Abdalla (2004) modeled correlated multinomial route choice data

under ATIS. The Multinomial Generalized Estimating Equations (MGEEs) methodology was
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applied with generalized polytomous function and exchangeable correlation structure. The
researchers goal was to gain a better understanding of which factors influence driver’'s
decisions.

In order to estimate traveler response behaviors realistically, Ettema and Timmermans (1996)
introduced a model of activity scheduling, SMASH (Simulation Model of Activity Scheduling
Heuristics). SMASH has aspects of discrete-choice modeling and CPMs (computational process
models). CPMs enable realistic traveler responsive modeling due to their ability to perform
heuristic search through suboptimal reasoning processes.

Similar research was conducted in Taiwan. Jou et al. (1997) conducted an extensive home
interview survey in the Taichung metropolitan area. A binary logit model was applied to
estimate whether or not a traveler switches departure time, route, mode, or any combinations of
the three after receiving traffic information.

2.3.2 Focused Research by Driver Type

Traveler responses and their needs are likely to vary across different driver types. The
following research efforts focused on a specific driver groups and usually use survey data. Ng
and Mannering (1998) analyzed private and commercia drivers information requirements for an
ATIS. Their results show that significant differences in trip behavior and socioeconomic
characteristics exist among the observed two groups. Khattak et a. (1999) studied the
behavioral responses of automobile and transit commuters as well as non-commuters. They
found non-commuters have a high receptivity to cancel their trips in response to travel
information. Henk and Kuhn (2000) examined departure time choice for non-work trips. Kraan

et a. (2000) studied travel decisions of trip makers for non-commuting, recreational, and
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shopping trips. Peeta et al. (2000) found differences in the response attitudes of motor carrier
drivers compared to other travelers.
2.3.3 User Needs Assessment

Knowing user's needs and relative satisfaction is helpful when planning a new ATIS or
planning improvements to a current ATIS. Various survey methods were used to assess the
ATIS needs and user’ s satisfaction.

Hobeika et al. (1996) assessed the ATIS needs of 1-95 corridor users. Users ranked roadway
safety, personal security, and traffic information high in importance. Wells and Horan (1999)
developed a survey to assess public attitudes toward ITS. Mehndiratta et a. (2000) found user
interest in traveler information systems to be a function of complex travel behavior,
demographics, and factors related to attitudinal and technology interest based on research in the
Seattle metropolitan region.

The following research efforts were designed to assess user needs for a specific system,
driver group, or area types. Mehndiratta et al. (1999) researched user preferences for dynamic
in-vehicle navigation (IVN) units. Kim and Vandebona, (1999) conducted a survey to derive the
commuter’ s needs and preferencesin Sydney, Australia. Pagan et al. (2000) conducted research
to define user desires and preferences for information when traveling in unfamiliar aress.

2.3.4 Information Quality

Previous research has investigated different traveler compliance depending on the quality of
ATIS. Fox and Boehm-Davis (1998) use a driving simulator to simulate driver compliance as a
function of ATIS accuracy. Participants drove through four trials of ten intersections each. Each
trial has different level of information accuracy. Chen et a. (1999) aso investigated the

compliance behavior of commuters under different ATIS information strategies. They conducted
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their simulation using an interactive, dynamic, multiuser, computer-based simulator. Toppen et
a. (2004) evaluated the effects of ATIS accuracy and the extent of ATIS roadway

instrumentation using HOWLATE.

2.3.5Valueof ATIS

The monetary value of ATIS benefits is hard to estimate. Investigating user willingness to
pay is a promising method for estimating the value of ATIS. Recent research efforts that have
investigated willingness to pay include Polydoropoulou et al. (1997), Kim and Vandebona
(1999), Wolinetz et al. (2001), and Harder et al. (2005). Each of these investigations attempted
to quantify travelers willingness to pay for ATIS information. Results from this body of
research reveal varying values levels for traveler information. The values imputed to traveler
information depend on travel purpose, general user attitude toward traveler information, and

prevailing traffic conditions.
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CHAPTER 3. EVALUATION TOOL ASSESSMENT

3.1 Functional Requirement Evaluation for ATIS evaluation Tools
3.1.1 ATIS Tools evaluated

Recent ATIS evaluation tools were reviewed in the literature review task. IDAS s a popular
evaluation tool for ATIS sketch planning and has been used in several states. DYNASMART-P
and DynaMIT both have capabilities to simulate various situations including recurring and non-
recurring congestion and to evaluate the network effects of various ATIS options under the
simulated traffic condition by virtue of their embedded dynamic assignment and traffic
simulation models. However, DYNASMART-P is more readily deployable than DynaMIT
because DYNASMART-P is implemented in the Microsoft Windows environment while
DynaMIT is implemented in the UNIX operating system. The INTEGRATION mesoscopic
simulation program has also been used as an ATIS evaluation tool. Recently driving simulation
tools including HOWLATE and OTESP have been introduced as a substitute method of field
operation tests. However these implementations were site specific and not adaptable to the
current research.

Accordingly, IDAS, DYNASMART-P, and INTEGRATION were selected as the candidate
ATIS evauation tools for the current research. In addition, the IMAP evaluation tool (more
specifically, the FREEVAL freeway facility modeling tool) previously developed for NCDOT
and the VISSIM microsimulation program were also included in the candidates list of ATIS
evaluation tools. The IMAP evaluation tool was developed as an incident management planning
tool for North Carolina using the FREEVAL tool to provide network flow modeling. FREEVAL
has potential capabilities as an ATIS evauation tool. VISSIM is a popular microsimulation

program that can be used to assess ATIS options in network models by applying its dynamic
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assignment feature in conjunction with a scripting tool to define the functionality of simple ATIS
implementations.
3.1.2 Evaluation Criteria

Evaluation criteria were defined in terms of ATIS functional requirements. Sixteen primary
criteria plus sub criteria are shown in Table 3-1. Criteria 1 through 8 assess the tools functional
capabilities. Criteria 9 to 11 relate to data acquisition and use. Criteria 12 to 15 evaluate the
tools ease of use. Finally Criteria 16 evaluates each tools' robustness.

The evaluation grading scaleis zero (0) to four (4) asfollows:

0: tool does not meet criterion
4: tool fully meets the criterion
1, 2 or 3: degree to which tool meets criterion

The total score for each tool is shown in the last row of Table 3-1. The scores for each
criterion and sub-criterion were smply added together. Specific weighting factors were not
assigned. Therefore, each sub-criterion carried equal weight.

3.1.3 Evaluation Results (ratings by team members)

As shown in Table 3-1., DYNASMART-P received the highest grade (77), and Integration
(58), IDAS (53) were second and third, respectively. IMAP (FREEVAL) and VISSIM received
two grades, one for current or off-the-shelf capabilities and one for extended capabilities. IMAP
received a total score of 43 for current capabilities and 80 for extended capabilities after
anticipated program extensions. VISSIM received a score of 36 for its off-the-shelf capabilities
and 61 for extended capabilities through API programming.

According to functional requirement evaluation, DYNASMART-P, IDAS, and extended

IMAP were judged to be the appropriate ATIS candidate evaluation tools for further
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consideration. As mentioned above, DY NASMART-P was the highest scoring alternative as an
ATIS evaluation tool. It hasrobust ATIS evaluation capabilities and is also relatively easy to use
by virtue of the ability to transfer network model input data from other programs, such as
TransCAD. IDAS provides sketch planning evaluation for various ATIS options but it does not
have capability to model ATIS-induced traveler responses, such as route diversion, mode shift,
departure time shift, and destination choice shift. Although the current version of IMAP does
not include ATIS evaluation capabilities, the project team recognized the ability to provide this
functionality through program modification and extension via the FREEVAL freeway facilities

model.
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3.2 Preliminary Case Study for Assessment of ATIS Evaluation Tool

The purpose of the simple case study was to investigate the functional capabilities and
limitations of candidate ATIS evaluation tools under a realistic evaluation for an actual network.
As detailed above IDAS, DYNASMART-P, and NCDOT's IMAP tool were selected as
candidate evaluation tools based on the literature review (Chapter 2) and functional requirements
evaluation (section 3.1).

Identical traffic network data were assembled for the three tools. DYNASMART-P and
IDAS have the capability to import network data; IMAP does not. The extracted dua route
network (main road and diversion route) were used for building the IMAP network.

It was difficult to evaluate the same ATIS options in the same situation because the three
tools have very different ATIS evauation capabilities. For example, DYNASMART-P and
IMAP can estimate ATIS impacts under specific incident situations while IDAS cannot.
Therefore, the case study analysis is focused on the functional capabilities and limitations of
each tool.

3.2.1 Study Area

Through ITRE, the project team has access to the Triangle Area travel demand model. The
model is developed in TransCAD. The model includes a large network with approximately
3,000 zones. DYNASMART-P is not recommended for application to a network this large
because of memory and computational time requirements. Therefore, a sub-network area was
defined. The sub-network area data were extracted directly from the overall network data. The
sub-network for the preliminary case study consists of 758 zones, 3460 nodes, and 8562 links.

Four-hour AM peak origin-destination demands were used for the analysis.
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The dotted rectangle in Figure 3.1 illustrates the sub-network area extracted from the
Triangle Area model. This sub-network was selected because 1-40 and 1-85 represent viable,
complementary alternative routes for each other. If one of the routes has a serious incident or
congestion, drivers may choose the other route to traverse the study area. Therefore, a goal of
ATIS in the study area would be to facilitate near optima diversion behavior under incident
conditions.

The work to extract the sub-network encountered challenges in data transfer from
TransCAD. Specificaly, the IDAS program requires a continuous zona centroid numbering
system, and DYNASMART-P requires manually changing external node generated by the
extraction procedure into an appropriate zone number for properly modeling the origin-

destination flows.
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Figure3.1 Study Area

3.2.2 IDAS Case study

3.2.2.11DAS

IDAS is an assessment tool for ITS benefit and cost impacts. It provides an evaluation
method for most of the ITS deployment options defined in the National ITS Architecture. IDAS
includes a cost database for ITS deployments provided by the ITS JPO. The ITS JPO provides
ongoing updates to the cost database, and the IDAS program can easily upload the database
updates. However, the IDAS analysis methods are at a sketch planning level and are based on an
IDAS does not

extensive list of assumptions, especially for the ATIS deployment options.

measure actual ATIS effects on the rea network. Rather, it uses simple multiplicative
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relationships to estimate ATIS benefits. For that reason, although IDAS may be quite
appropriate for sketch planning, it is not appropriate for project level analysis where detailed
modeling of network operations are desired or required.

Figure 3.2 shows the overall structure of IDAS. Node, zone, network, and demand data are
mandatory input data for IDAS. User can make input data by manually in certain spread sheet
program but usually, traditional travel demand model output become major source for preparing
IDAS input data. After building a baseline network through the input data, alternatives which
have different ITS deployment plans are defined at I TS option panel in IDAS.

IDAS has internal mode choice and traffic assignment steps. IDAS runs these two steps for
all aternatives, including a control alternative (baseline network) and then generates
comparisons between the aternatives. The differences in network performance such as link
speed and volume are used for benefit caculation in terms of travel time/mobility,
emissions/fuel, accidents, or travel timereliability.

Costs for the alternatives are calculated based on required equipment costs, capital and
operations and maintenance (O & M) costs, and life-cycle costs. As mentioned above, the cost
database is stored in IDAS and is easily updated. Furthermore, users can make specific
maodifications to the database according to local project needs and conditions.

The final step in an IDAS analysis (alternatives comparison) gives the annual benefit, B/C
ratio, and net benefit for each aternative. Additionally, this step provides estimates of
incremental performance impacts, risk analysis, and performance summary reports. User can use

these reports for decision support including sensitivity analysis.
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Figure 3.2 Overall structure of IDAS

IDAS can evaluate eleven ATIS types:

=

Highway Advisory Radio;

2. Freeway Dynamic Message Sign;

3. Transit Dynamic Message Sign;

4. Telephone-Based Multimodal Traveler Information System;

5. Web/Internet-Based Multimodal Traveler Information System;
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8.

0.

Kiosk with Transit-only Traveler Information;
Kiosk with Multimodal Traveler Information;
Handheld Personal Device— Traveler Information Only;

Handheld Personal Device — Traveler Information with Centralized Route Guidance;

10. In-Vehicle— Traveler Information Only; and

11. In-Vehicle — Traveler Information with Centralized Route Guidance.

The benefit calculation step for ATIS options is different than it is for the other ITS options.

According to the IDAS overal framework, benefits are estimated from the differences in

network performance after running the mode choice and traffic assignment steps (IDAS

Postprocessor). However, deployment of ATIS options does not result in differences in network

performance because travelers do not change their original travel plans even in the presence of

traveler information. Therefore, IDAS estimates general ATIS benefits on network by using

simple factors without modeling the network impacts.

IDAS includes a database of system impacts and costs related to each type of deployment.

The database provides default values collected from other research. Users can view and edit

most of the default values if better local information is available. Important default parameters

for ATIS options are —

o

Penetration rate (usage rate)

Percent vehicle getting information that save time
Percent time that extreme traffic conditions are occurring
Average time savings of the vehicle has information

Advantages and disadvantages of IDAS are discussed in severa published assessments.

Kristof and et al. (2005) suggested IDAS as the best aternative of ATIS evaluation tool for

Washington State, specifically citing the following advantages —

36



o Sponsored by USDOT —Consequently, research and development is assured to continue.
The definitions and concepts found in IDAS conform to the National ITS Architecture,
and the output meets the requirements of the U.S. DOT’ s ITS Evaluation Guidelines and
other federal requirements, such as those of the Environmental Protection Agency.

o Progressive software— The IDAS program will continue to advance through the release
of updated versions, and the methodol ogies are sure to be improved according to the
latest research. The development of IDAS is supported by the ITS Benefits and Costs
Database, which is maintained by the ITS Joint Program Office.

o Inexpensive software— Thelatest version of IDAS can be purchased from McTrans
Software Center at the University of Floridafor $795.

o User friendly —IDAS runsin a Windows environment with click and drag capabilities.
The various application modules are straightforward and easily managed.

o Usesdatathat arereadily available—Theinput for IDAS are travel demand data
(including alink-node network), ITS deployment data, and a set of assumptions for the
evaluation. (Default values are given for all the assumptions, but the software devel opers
recommend the use of values based on local conditions.)

o Compatiblewith theleading travel demand forecasting models— IDAS operates as a
post-processor to atravel demand forecasting model. It isreadily compatible with
TRANPLAN, EMME/2, MINUTP, TransCAD and other packages.

o Evaluatesother ITS components—IDAS can analyze the benefits of 69 ITS treatments,
11 of which are information-based components. It can also analyze a user-defined
“generic’ component.

Cheng and Demetsky (2001) also mentioned similar advantages to those mentioned above
and concluded IDAS is an inexpensive but efficient tool to help planners get a general idea of the
performance of each alternative as a sketch planning tool.

However, the research of Yun and Park (2003) discovered the disadvantage of IDAS. They
pointed out following needs of IDAS —

o Elaborating ITS impact methodologies,
o Upgrading default values in the cost and benefit modules, and
o Incorporating emission factors based on MOBILE 6.
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Furthermore, relying on case studies of Hampton Roads area and a simple network with six

popular ITS options, they identified the following three issues —

o Overestimation of ITS option benefits when the benefits are estimated from travel time

savings,

o Incorrect interpolation on travel time reliability rates for non-integer V/C ratios, and

o Insensitive cost savings for combined ITS options

3.2.2.2 Network Data Preparation

IDAS uses the data imported from other traffic demand models. IDAS requires specific

formats for the input data. After generating the original data file using data export feature in

TransCAD, additional editing work is required and can be carried out using Microsoft Excel.

The input data are —

= Anaysis network — extracted from atravel demand model if possible

o

o

o

o

o

Node coordinates

Link characteristics

Turn prohibitor (optional)
Origin-destination (O-D) number of trips

Zone-to-zone travel times (optional for in-vehicle auto trips)

= User modifications to default parameters, impacts, and costs — No changes were made for

the preliminary case study.

o

o

Speed-flow curves

Rates (related to emissions, fuel, and safety)
Impacts of ITS options

Dollar values of benefits

Unit costs of equipments
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3.2.2.3 ITS Option Deployment

IDAS can evaluate 11 ATIS options. The user’s guide explainsin detail how IDAS estimates
the benefits of these options. The ATIS options have a similar methodology for calculating
benefits. ATIS options do not change the traffic network performance. ATIS benefits are
estimated based on simple multiplicative factors. In this case study, all default parameters in
IDAS were left unchanged.

Two ATIS options were selected for testing:

= Casel: OneVMSisdeployedin I-40 (shown in Figure 3.3), the link from node 2869 to

node 2945 in IDAS.

= Case2: OneHAR isdeployed in samelocation with VM S

The link chosen for installing VMS or HAR is the same as was chosen for the DY NASMART-P

case study.
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Figure Source: 1TS option panel in IDAS

Figure 3.3 Thelocation for ATIS options

3.2.2.4 Vdidation

IDAS has own postprocessor (mode choice and traffic assignment module). [IDAS
assignment results should be similar to the assignment results for the corresponding travel
demand model. The IDAS developers suggest that users validate the network assignment results
before using the benefit estimation results.

Performance summaries and link flow data are useful information for validating the IDAS
assignment results. As Table 3-2 shows, IDAS did provide similar assignment results when

compared to the TransCAD assignment for this case study.
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Table 3-2 Comparison of performance summary

Input data (TransCAD) IDAS
Total Vehicle Miles of Travel (VMT) 3,495,140 3,667,654
Total Vehicle Hours of Travel (VHT) 102,646 111,004
Average Speed (mph) 29.85 33

3.2.2.5 Benefit/Cost analysis results
Casel. VMSingtallation in 2869 to 2945 link
The VMS Benefit estimation method presented in IDAS user guideis:

Travel time savings (person-hours) = [Traffic volume in DMS-equipped link] x
[percent time sign is turned on] x [percent vehicles passing sign that save time] x
[average amount of time savings in hours]

Benefits = Travel time savings x 3 x the standard value of timein IDAS x Number of
periods per year

(The reason given for multiplying by 3 is that DM Ss are most effective under non-
recurring congestion conditions and any delay incurred under such conditions is
unexpected and, thus, more “expensive’ than normal traffic delay.)

The assigned traffic volume on the link from node 2869 to 2945 was 12,248. IDAS default
values were applied for the other variables. Therefore, the benefit of VMS in this link can be

calculated as shown in below, and the manually calculated result is very close to the IDAS

results shown in Figure 3.4.
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Travel time savings (per unit time)=12,248 x 0.1 x 0.28 x 11/60=62.87 person-hours
Annual benefits = 62.87 x 3 x$ 9.63 x 247=$ 448,651

cf. 247: number of periods per year

£ Alternative Comparison Module
Fatality i~ [BenefitiCost Summary B
Injury Project: NewSubNetwork
Property Damage Only Benefits are reported in 1995 dollars Altl Altl
""" Moige Damage Costs Annual Benefits Weight Control Alternative VMS
""" Other Mileage Based Costs Changs in User Mokilty 100§ o s[aas,329]
----- Other Mon-Mileage Based Costs Change In User Travel Time
Risk Analysis . In-vehicle Travel Time 100 % 0% o
: Select Ranges Out-of-ehicle Travel Time 100§ 0% o
Run Analysis Travel Time Reliahility 100 % a3 u]
Yiew Results Change in Costs Paid by Users
Yiew Outputs Fuel Costs 1.00 5 0% [}
Benefit/Cost Summary Mon-fuel Operating Costs 1.00 5 0% u]
FPerdormance Summary Accident Costs (Internal COnly) 1.00 il 0% u]
b by Market Sactar Change in External Costs
i by Facility Type Accident Costs (External Only) 100 % 0% u]
by District - it
™ HCROG 100§ 0% i}
MG 1.00 ki 0% o
Daone co 100§ 0% 0
P10 1.00 ki 0% o
co2 1.00 k3 0% a
S02 1.00 ki 0% u]
Global Vyarming 000 § 0% a]
Moise 100 & a3 u]
Cther Mileage-Based External Costs 100§ 0% o]
Cther Trip-Baszed External Costs 100 & 0% a
Change in Public Agencies Costs (Etficiency Induced) 100 & 0% a
Cther Calculated Benefits 100 § 0% u] -
4 | v

Figure 3.4 Benefit/cost summary of VMS

Case2. HARin 2869 to 2945 link
The HAR benefit estimation method is also presented in IDAS user guide, and it is very
similar to the DM S method.
Travel time savings (person-hours) = [Traffic volume in HAR-equipped link] x
[HAR usage percentage] x [percent time that extreme conditions are occurring] x [HAR
usefulness percent] x [average amount of time savings in hours]
Benefits = Travel time savings x 3 x the standard value of time in IDASx Number of

periods per year
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If traffic volume in the link and the IDAS default values are substituted into the formula
above, the benefit of HAR in this link can be calculated as shown below, and once again, the
manually calculated result is very close to the IDAS results shown in Figure 3.5.

Travel time savings=12248 x 0.05 x 0.1 x 0.25 x 4/60=1.0206 person—hours

Annual benefits=1.0206 x 3 x $9.63 x 247=$ 7283.30

E# Alternative Comparison Module

oo Fatality BenefitiCost Summary ]
= Injury Project: NewSubNetwork
e Property Damage Only Benefits are reported in 1995 dollars Alt1 Altl
""" Moise Damage Costs Annual Benefits Weight  Control Alternative HAR
""" Other Mileage Based Costs Change in Ussr Mokility 100 % o 5] 7,246]
----- Other Nan-Mileage Based Costs Change In Uszer Travel Time
B+ Risk Analysis In-Yehicle Travel Time 100§ 0% u}
Select Ranges Out-of-Yehicle Travel Time 1.00 F 0% u]
; Fun Analysis Travel Time Reliakbilty 1.00 ¥ 0% o
b YWiew Results Change in Costs Paid by Users
B Wiew Outputs Fuel Costs 100 % 0% a
..... Benefit/Cost Summary Mon-fuel Operating Costs 1.00 ¥ 0% u]
i Performance Summary Accident Costs (Internal Only) 1.00 ¥ 0% o
i hy Market Sector Change in External Costz
hy Facility Type Accident Costs (External Only) 1.00 ki () u]
by District el
¥ HCROG 1.00 ¥ 0% u]
P 100§ 03 o
Done (s} 100§ 0% u]
Ph10 1.00 ki 0§ u]
co2 1.00 k1 0§ u]
S02 100 % 0% u]
Global VWarming 0.00 F O% u]
Moise 1.00 F 0% u]
Cther Mileage-Based External Costs 1.00 k] 0% [}
Cther Trip-Based External Costs 1.00 % 0% o
Change in Public Agencies Costs (Efficiency Induced) 1.00 ki 0§ u]
Cther Calculated Benefits 1.00 k] 0% ] -
o o[

3.2.2.6 Results

Figure 3.5 Benefit/cost summary of HAR

IDAS can evaluate most of ITS options described in National ITS Architecture. The benefits

of 11 ATIS options are included in the IDAS evaluation option. Additionaly, the required

network preparation and assignment validation are not especially difficult.
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Furthermore, IDAS produces B/C ratios and net benefits in a benefit/cost summary report.
However, previous research has indicated that the benefit can be overestimated. However, the
primary limitation of ATIS benefit estimation is that the method does not model the traveler’s
response to ATIS (e.g., route diversion, or departure time shift). IDAS estimates ATIS benefits
based on simple formulas. In fact, the ATIS benefit estimation function in IDAS is essentially
identical to the estimation carried out by the SCRITS spreadsheet eval uation tool.

3.2.3 DYNASMART-P Case Study

3.2.3.1 DYNASMART-P

DYNASMART-P (Dynamic Network Assignment Simulation Model for Advanced Road
Telematics for Planning Applications) integrates two classes of tools. network assignment
models and traffic simulation models. Through these two models, DY NASMART-P can be used
to model and evaluate problems which have traffic operation and transportation planning
characteristics. Therefore, DYNASMART-P istheright tool for an areaif:

e Planning decisions require realistic traffic representation

e Planning decisions encompass measures that have an operational element, e.g. work

zone management, or ITS deployment, such as VMS locations, evaluation of information
strategies, HOV/HOT deployment

e Need closer interaction between traffic engineers and planners, and more efficient sharing

of both planning and traffic data

e Need to consider corridor and network effects in evaluating traffic improvements

Therefore, DYNASMART-P can be widely applied to various network operations and
planning decisions, including:

e Assessing infrastructure investments (signals, HOV/HOT lanes, etc...)



Determining network congestion pricing schemes

Evaluating ITS deployment alternatives and their geographic coverage (VMS locations,

information strategies, etc...)

Verifying incentive strategies (increase night and weekend work shift) for work zone

management

Planning transit/bus routes or services

Air quality conformity analysis

Figure 3.6 shows the framework of DYNASMART-P. The required input data are time-

dependent OD matrices and network data. DYNASMART-P consists of traffic smulator, path

processing, and user decisions components.

Time-
varying
OD demand

TRAFFIC SIMULATOR

Link
Moving

Node
Moving

Link densities, travel times

PATH PROCESSING

COMPONENT

Path selection

USER DECISIONS

COMPONENT

Figure 3.6 Basic Framework of DYNASMART-P Model
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DYNASMART-P applies an efficient hybrid traffic ssimulation approach, which models
individual vehicles according to robust macroscopic traffic flow relations (mesoscopic).
Through the traffic simulation models, DY NASMART-P can capture traffic flow phenomena
such as congestion build-up and dissipation. The traffic ssmulation component has two major
modules: link movement and node transfer. Network’s links are subdivided into smaller sections
for simulation purposes. The link movement module calculates inflow, outflow, the vehicle
concentration from the solution of the finite difference form of the continuum model, and
estimate speed according to a speed-density relationship. The node transfer module performs the
link to link transfer of vehicles at each node. It determines the number of vehicles that are
traversing each intersection in the network at each simulation time step as well as the number of
vehicles entering and exiting the network according to the control strategy at the node. It
represents traffic processes at signalized junctions, under a variety of operational controls
(critical for urban congestion and ITS).

The path processing component determines the route-level attributes (e.g. travel time) for use
in the user behavior component from the given the link-level attributes obtained from the
simulator. A multiple user class K-shortest path algorithm model is used for calculated K
different paths for every origin-destination pair.

The user behavior component models traveler’s route-choice decision. It applies micro-
simulation of individua trip-maker decisions, particularly route, departure time and mode,
including user responses to varying types of information. lterative algorithms are used for the
computation of mutually consistent flow patterns and user decisions, e.g. time varying user

equilibrium where applicable.
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DYNASMART-P represents multiple user classes in terms of (1) operational performance
(e.g. trucks, buses, and passenger cars), (2) information availability and type, and (3) user
behavior rules and response to information. The capability selection panel in Figure 3.7 allows
users to define a combination of user classes.

Multiple user information classes in DY NASMART-P are defined broadly into three groups
for ATIS application. The unresponsive user class can be further divided into two groups,
distinguishing between who has pre-trip information or not traveler information. This
characteristic determines whether the users use the path file or not when they select their travel
route. Vehicles that receive real-time en-route information via in-vehicle equipment are alowed
to reroute at any intersection. Re-routing is based on the boundedly rational behavior
mechanism, namely the fraction of travel time improvement and the time improvement (in
minutes) are criteriafor route switching decisions. When either of these two criteria exceeds the
threshold, the user will switch routes at the next intersection. There are three types of VMS:
congestion warning VMS, optional detour VMS, and mandatory detour VMS. The traveler's
response rule to VMS is defined based on the selected VM S types. The user classes modeled in
DYNASMART-P can be summarized as the following.

e Unresponsive

o Historica travel info
o PretripInfo
e In-VehicleInfo
o Update path at each intersection based on prevailing shortest paths
o No prediction

e VMS Responsive (Could be applied to all users)
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o Congestion Warning VMS (multiple routes): derts travelers of potential
downstream congestion, allows the user to switch to better (faster) paths, and
provides multiple route switching possibilities

o Optional Detour VMS (two routes): advises travelers of lane closures, and alows
al travelers to either keep their original path (through detoured link) or follow
pre-specified detour

o Mandatory Detour VMS (single route): advises travelers of lane closures, and

mandates all travelersto follow a (user-specified) detour
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Figure 3.7 Capability selection panel in DYNASMART-P
Network data for DY NASMART-P can be prepared by converting an existing network from

TransCAD or CORSIM formats, or by building a new network using the DY NASMART-PED
program. Additional network information includes time-dependent O-D demand, signal timing
plans, and supplemental link/intersection geometric data. Final inputs include defined ATIS
strategy scenarios to be evaluated, user segmentation of different information types, VMS

activation times and locations, and non-recurring congestion scenarios (e.g. incident, work zone).
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The following output information is generated from a fully specified DYNASMART-P
simulation run.

o Facility-level performance measures. Speeds, densities, volumes, occupancies, in/out

flows, etc....

e Network-level performance measures (average/total): Trip hours, delay hours, vehicle

miles, etc.

e Economic benefit measures. Estimated user operating cost, safety, the environment,

energy consumption and noise, etc...

e Alternative evaluation suggestions: Priorities, trade-offs

3.2.3.2 Case Study Set Up

The network used in the DYNASMART-P case study was the same as the one used in the
IDAS case study, including the same network zone, node, link, and demand data. 192,000
vehicles were generated during demand horizon of 90 minutes, and total ssmulation duration was
set 4 hours to discharge all vehicles entering the network.

DYNASMART-P offers awide range of distinct functions compared to IDAS. A key feature
is that DYNASMART-P can emulate incidents and evaluate the effect of ATIS under the
incident condition. This case study considers an incident that occurs on eastbound 1-40. Figure
3.8 illustrates the incident location. A variable message sign (VMS) was located at the split
point 1-40 with -85 in order to provide congestion information to travelers before they choose
one of two routes. Figure 3.9 shows the incident location and the VMS location defined in
DYNASMART-P. The capacity reduction was set at 90% resulting from an incident lasting 45

minutes and beginning 20 minutes after the simulation start time.
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Figure 3.8 Incident location in DYNASMART-P case study

51



Figure 3.9 VM Slocation and incident location in DY NASM ART-P case study
3.2.3.3 Network Data Preparation

DYNASMART-P requires a large set of input files. However, several tools are provided to
help with the preparation of these input files. Because the preliminary cast study network datais
available in TransCAD format, DYNABUILDER, a software package for converting networks
from GIS network or CORSIM network into DYNASMART-P, offers the best option for
preparing the input files.

It should be noted that DY NABUILDER does not import GIS format data directly. For the
case study, TransCAD network data was exported to Microsoft Excel format (alternately, users
could choose Microsoft Access format). Three tables of TransCAD network data are exported
for DYNASMART-P input: the node table, link table, and OD matrix. Figure 3.10 depicted the
steps of generating DY NASMART-P input files. After the exporting work is complete, the

fields in excel files need to be edited according to the defined order and formats of
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DYNABUILDER. After preparing node, link, and zone information, DYNABUILDER

generates the input filesfor DYNASMART-P.

TransCAD node and DYNABUILDER
link table -
SR R A RS e Eonvert GIS Metwork =]
| Import Hodelnfo I
‘ Excel tables ‘
g = Irmport Linklnfo |
g é Import Zonel nfo |
g E Geograpl’“c Import ModelGeo [optional] |

files (optional)

Irnport Link Geo [optional] |

Irport ZoneGeo [optional] |

: ,E It ‘ Demand teXt flle ‘ Import Diemand kA atrix |
] Output DataS et | ‘

DSP files

Ok Cancel |

Figure 3.10 Generate DYNASMART-P Input Files

3.2.3.4 ATIS option deployment and effects

The locations of the incident and the VMS were described in section 3.2.3.3. The incident
link has 2 lanes and a 90% capacity reduction rate is selected. The 90% capacity reduction
means that only 10% link capacity can be used during the incident period. The effect of VMS

and in-vehicle information system (IV1S) were examined through the simulation runs.

Experiments of VMS effect
To investigate the impact of VMS on the network performance, six different VMS response

rates (0, 10, 15, 25, 30, and 40%) were set and tested. DYNASMART-P provides MOEs
(measures of effectiveness) for network-wide and impacted vehicles which pass through incident

link (this case study has 3791 impacted vehicles over 90 min). Average travel timein minuteis
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selected as the network-wide MOE. Table 3-3, Figure 3.11, and Figure 3.12 show the summary
results as a function of various VMS response rates. Average travel time in terms of overall
network is not dramatically changed depending on the underlying VMS response rates. Average
travel time of impacted vehicles, on the other hand, is significantly decreased when the VM S
response rate is greater than 15%, but remains quite stable for further increased VMS response
rates. The results illustrate that the VMS effects are growing until the VMS usage reaches a
certain market penetration rate, however, and from that point, increasing market penetration only
generates marginal benefits.

Table3-3 Average Travel Time (min) in various VM Sresponserate

VMS _ Impacted vehicle
Network wide
response rate subtotal Non-diverted Diverted
0% 11.7975 37.534 37.534 -

10% 12.5559 37.081 37.404 20.225
15% 11.6043 29.316 29.316 27.164
25% 11.596 29.324 29.347 28.117
30% 11.596 29.347 29.347 28.117
40% 11.4442 28.311 28.346 25.755
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Effect of combined information (VMSand In-Vehicle Information)
The traveler information is usually provided by severa channels a the same time. In this

case, information is disseminated through VMS and IVIS to network traveler. To test how
DYNASMART-P estimates the effect of combined information, two groups of travelers are
considered. The first experiment group has various VMS response rates (0, 10, and 20%) and
fixed IVIS (5%). The second experiment group has various IVIS service rate (0, 5, 10, and 15%)
and fixed VMS response rate (10%). The first group represents network effects by increasing
VMS penetration under a same VIS service rate. The second group shows the difference in
network by various IVIS service rate under a certain VMS response rate. The result for the first
set of experiments is summarized in Table 3-4 and Figure 3.13. Table 3-5 and Figure 3.14
present the result of second group. Average travel time of overal network, with IVIS, and
without VIS are shown in summary tables. The results from do not revea the VMS effects
clearly because the effect of a VMS depends heavily on the location of the VMS and on the
underlying vehicular route flow structure. Nonetheless, the experimental results demonstrate
that the travelers with IVIS have alower average travel time than those without V1S,

In addition, as shown in Figure 3.15, the vehicular paths used by different user classes from
different OD pairs at different departure time intervals can be displayed in DYNASMART-P, in
conjunction with the corresponding average travel time and travel time variability.

Table 3-4 Average Travel Timein various VM Sresponse rate with 5% 1VIS.

Information Overall with IVIS without IVIS
No information 11.7975 - 11.7975
No VMSwith 5% IVIS 11.0463 9.5266 11.1263
10% VM S with 5% IVIS 10.9676 9.4866 11.0456
20% VM S with 5% IVIS 10.4735 9.5287 10.5232
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Figure 3.13 Averagetravel timeof in various VM S responserate with 5%

Table3-5 Averagetravel timein various|VISwith 10% VM Sresponserate.

Information Overall with IVIS without IVIS
Incident+No information 11.7975 11.7975 -
Incident+0% IV IS with

109% VMS 11.6263 - -
Incident+5% IV IS with

10% VMS 10.8723 9.6344 10.9375
Incident+10% IVIS with

109% VMS 14.0388 10.2231 14.4645
Incidertt+15% IVIS with 11.3837 9.0596 11.7954

10% VMS
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Figure 3.14 Averagetravel timeof in various|VISwith 10% VM Sresponserate.
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3.2.3.5 Summary

DYNASMART-P network data sets can be constructed from TransCAD or CORSIM files.
In this case study, a TransCAD network data set was used for network Dbuilding.
DYNASMART-P simulation is computationally burdensome for large networks. In a large
network it is hard to isolate the network impact of traveler information clearly because effects of
all information sources are absorbed into the network. However, DY NASMART-P offers rich
capabilities for emulating ATIS effects. For example, DY NASMART-P can simulate impacts of
several types of ATIS (including VMS, Internet, 511, HAR, and IVIS systems) individually or in
combination deployment under detailed scenarios defined by service location, service duration,
incident severity, incident duration, and incident location.

DYNASMART-P provides summary statistics for the overall network, impacted vehicles,
and in-vehicle information types (with or without). Also, traffic characteristics such as density,
flow rate, speed, and queue length can be extracted for specific links at specific times. However,
DYNASMART-P does not provide benefit in monetary value and cannot estimate safety and
environmental effects. Follow on estimation steps based on the simulation results are required
for assessing these benefits.

3.2.4 IMAP Case Study

3.2.4.1 Summary of Incident Management Assistance Patrol (IMAP) Tool

Prepared by Khattak and Rouphail (2005) recently, IMAP is a decision support tool that
allows easy planning and operational assessment of existing and potential service patrol sitesin
North Carolina. Analysis of three incident/crash indices was combined in the tool with spatia
analysis, incident type distributions, average hourly freeway traffic volumes, and incident delay

estimations to identify, evaluate, and compare IMAP expansion candidate facilities. By
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comparing performance values between sites, modeling the effect of IMAPS, and estimating their
key potential benefits and costs, decision-makers can quickly assess the needs of different
facilities to make an informed, cost-effective decision to determine the most beneficial locations
for implementing the next service patrol.

Figure 3.16 shows the conceptual model of the proposed IMAP tool. Two levels of analysis
are performed in the IMAP tool to determine the suitability of different facilities for IMAP
deployment. The planning level consists of comparing the candidate sites in terms of crashes per
100 million vehicle miles, crashes per mile per year, and average annual daily traffic per lane to
statewide statistics. The operational level consists of calculating delay savings at the selected
facilities with and without IMAPS, where the FREEVAL model is used to estimate the effects of
gueuing and vehicle delay for traffic flow, including under incident conditions. FREEVAL
replicates the freeway facility methodology in Chapter 22 of the Highway Capacity Manua 2000
(TRB, 2000), which enables modeling of the effect of incidents on traffic operations
macroscopically.

The tool showed that present IMAPsin NC are located in the areas of greatest need. And the
analysis identified sites near Asheville and the Raeigh beltway as having good IMAP
deployment potential. The decision support tool is flexible and supports more informed IMAP
implementation decisions while maximizing their impacts. Ultimately, by expanding IMAPs
properly, it can offer benefits in terms of ameliorating traffic congestion, improving network
performance, and enhancing travel safety, thus providing economic and environmental

advantages.
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Figure 3.16 Conceptual Model of IMAP

3.2.4.2 Modifications for Advanced Traveler Information System (ATIS) Evaluation

While IMAPs can reduce incident duration and the associated delay costs, disseminating
real-time information about incidents can reduce the network demand through behavioral
changes (diversions in routes and departure times) and in this way reduce the associated delay
costs. Therefore, applying the tool in the context of advanced traveler information systems is
beneficial. With regard to the application for ATIS evaluation purpose the IMAP decision
support tool needs modifications. Specificaly, instead of only considering one freeway to
estimate the effects of queuing and vehicle delay for traffic flow, IMAP should add at least one
alternate route to calculate the network performance as a result of providing dynamic

information.
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3.2.4.3 Road Network
A simple road network was defined with two routes but a single origin (point A) and asingle
destination (point B) for the case study, as shown in Figure 3.17. Route 1 is a freeway (I1-40)

with capacity , and free-flow travel time T,, and Route 2 is an alternative route (I-85) with
capacity u, and free-flow travel time T,, where u, > y,and T, <T,. Incidents are modeled to

occur on route 1 at atime when the traffic conditions are unsaturated.

Incident Route 1 (1-40)

90 B

Route 2 (1-85)

Figure 3.17 Simple Network for Case Study

The road network and incident parameters used in the tool are:

e Freeflow travel timesin Route 1 and 2 are 18.4 and 19.4 minutes, respectively;

e Routelength of Route 1 and 2 are 18.4 and 19.4 miles, respectively;

e Freeflow speed for each route is set to 70 miles per hour;

e |nitia traffic flowsin each route in fixed to 2600 vehicles per hour;

e |Incident duration is 60 minutes,

e There are severa kinds of scenario with different incident severities are modeled, i.e.,
case 1 — no incident, case 2 — with incident (80% of capacity remains), case 3 — with
incident (60% of capacity remains), case 4 — with incident (60% of capacity remains and
10% drivers divert), case 5 — with incident (60% of capacity remains and 25% drivers
divert), case 6 — with incident (60% of capacity remains and 40% drivers divert).

These settings are for demonstration purposes, and are realistic for an urban area, with

alternate routes and ATIS availability. These values can be changed in the tool in order to also
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evaluate the benefits of ATIS expansions, e.g., requiring a distribution of annual incidents in the
network.

3.2.4.4 Performance Measures

Three performance measures are used for the proposed ATIS evaluation process, i.e., Total
Travel Time (in hours), Average Travel Time (in minutes), and Total Delay (in hours). These
measures directly represent the benefit of ATIS (but do not capture additional benefits e.g.,
lowering fuel and pollution costs).

3.2.4.5 Results

As shown in Figure 3.18, the overall trend of changes in network total travel time is that it
will be increased when incident happens and when incident becomes more severe, which is as
expected. However, there is a decrease in network total travel time with the increased
percentage of diversion. The effect of diversion, as opposed to the situation where nobody
diverts to alternate route, shows the benefits of providing ATIS to travelers. For example,
having 40% travelers diverting to alternate route (assuming that the aternate route has the
additional capacity to accommodate the traffic) could improve the network performance by

15.2% in terms of total travel time.
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Figure 3.18 Comparison of Total Travel Time

In terms of network average travel time, the increased incident severity still is associated
with an increase in network average travel time, as shown in Figure 3.19. The trend of declining
network average travel time with an increasing percentage of diversion also remains as expected.
These results indicate that, under incident situation (for severe incidents), guiding travelers to

divert to alternate route with ATIS brings noticeable benefits in network performance.
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Figure 3.19 Comparison of Average Travel Time

Analysis of network total delay is illustrated in Figure 3.20, which shows the differences
among different scenarios. Again, an increase in total delay is found when incident occurs and
when it has higher severity. The declining trend of network total delay with an increasing
percentage of diversion still remains as expected. However, compared to the other two
performance measures, the figure shows remarkable benefits in total delay of encouraging
travelers to divert to aternate route with ATIS. The amount of savings in total delay is rather
large. For example, given incident severity with 60% capacity remaining, diverting 10%
travelers to the aternate route could improve the network performance by 53.3% in terms of total
delay, while having 40% travelers diverting to alternate route can reduce total delay by 83.1%,
given sufficient capacity on the alternate route. Based on the study results as well as existing
literature, the benefits of ATIS, under incident-induced traffic congestion situation, are

significant.
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These results represent the upper bounds of benefits that can be obtained from providing
information. In real-life situations, people can often observe congestion and may divert to
alternate routes, even if eectronic information is not available. This clearly will reduce the
actual benefits obtained from disseminating information. Overall, in addition to using IMAPS,

there is potential to divert traffic to alternate routes and reap substantial additional network

benefitsin incident situations.
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Figure 3.20 Comparison of Total Delay

3.2.4.6 Strengths and Weaknesses

Having changed the IMAP tool to accommodate ATIS can be helpful in estimating benefits.
IMAP could act as a convenient but effective tool for ATIS evaluation (CMS/HAR options). On
the one hand, it has a very simple interface to implement ATIS evaluation which only needs a

few basic road network, traffic flow, and incident information. On the other hand, it can provide
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network performance measures that directly represent the benefit of ATIS, i.e,, total travel time,
average travel time, and total delay. For example, it can produce estimates such as delay, travel
time, and benefit-cost ratios for situations with and without CMS/HAR.

There are a so some weaknesses for the proposed IMAP tool. Firstly, it can be only used in a
simple network because it is a facility based modeling tool. Secondly, other performance
measures that include late arrival at destination, vehicle costs, and emissions should be
considered. ATIS can also benefit commercia usersin terms of reducing | ate incoming/outgoing
deliveries or shipments, and the costs of keeping additional inventory by businesses. Finally, it
is important to understand particular ATIS needs and benefits to various users, e.g., business
userg/truck drivers since they usually have a higher value of travel time (VOT) than normal
motorists.

3.2.4.7 IMAP with Traveler Behavior Model

The IMAP tool was modified to include a traveler behavior model. The simulation results
that would be possible after adding a traveler behavior model which reflects drivers actual
response to traffic congestion information is considered. Such a model will be useful for testing
differences in effects of traveler information due to different road user/vehicle characteristics,
since different types of road users and vehicles may have distinct traveler behaviors. A
behavioral model was chosen based on a survey of travelers (Kattack, 1991). The proposed
binary logit model of route choice was estimated using the responses of those who knew about
the traffic delays either by observing them or through traffic information. The model parameters
can be changed to reflect the local conditions, if behavioral data are available.

Driver attributes such as age and gender were not included in this study, in order to focus on

the information effect and ssimplify the analysis process. The dependent variable (Y) was the
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decision of staying on the usua route or diverting to an aternate route. The independent
variables were information source ( X,=1 if delay information received electronicaly, =0 if
delay received via observation) and travel time difference (in minutes) between origina and
aternate routes ( X,). Table 3-6 presents S coefficients of the model as well as a sensitivity
analysis of parameters. The constant term, ﬂo, is the log odds ratio of the diversion probability

given that the other two f'sare zero. Itsvalueis negative and statistically significant, indicating

that travelers prefer to stay on their usual route in unexpected delay situations, all else being
equal. Thisispossibly dueto their inertial tendencies (3). The 90% confidence interval for each

B iscaculated. For each beta, the diversion probabilities are computed for the four scenarios at
its lower and upper interval bound, given that the other two betas are fixed. The four scenarios
are represented by the four combinations of different values of X;and X, . It turns out that the
probability of diversion is quite sensitive to changesin f's, especialy ﬂo and 3. 1t also can be
shown that the probability of diversion increases with £i given all other S sfixed.

Table 3-6 Travel Behavior Model and its Parameter Analysis

. t- 90% Confidence : Probability of
Variable P statistics Interval Scenario diversion
X1=0;X,=0 [0.27, 0.39]
B,=- X1=0;X2=10 [0.32, 0.45]
Constant 0717 4.27 [-0.993, -0.441] X1=1:X,=0 [0.36, 0.49]
X1=1;X,=10 [0.41, 0.55]
X1=0;X,=0 [0.33, 0.33]
Electronic _ X1=0;X,=10 [0.38, 0.38]
Information B=o0407 188 [0.051, 0.763] X1=1;X,=0 [0.34, 0.51]
X1=1;X,=10 [0.39, 0.57]
X1=0;X,=0 [0.33, 0.33]
Travel time _ X1=0;X2=10 [0.35, 0.40]
difference P2=0022 348 [0012,0032] "y 1x,=0  [0.42,042]
X1=1;X,=10 [0.45, 0.50]

Note: Summary statistics — Initial log-likelihood L(0) = -257.85, Convergence log-likelihood L ( ,B ) =-246.71, N=372.
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These coefficients are used in the study for illustration. In the experiments carried out |ater,

two different situations were studied: in the first, commercial carriers behave similarly to

motorists (equal diversion probability), while in the second the diversion probability of

commercia carriersis assumed to be half that of motorists. Based on the travel behavior model,

the probability of person n choosing aternate route P, (alternate) could be calculated, where the

probability of person n choosing original route P, (original)= 1 —P, (alternate). Then, arandom

number z is generated between O and 1. If 7z isnot greater than P, (alternate) , then this person is

assigned to the alternate route; otherwise this person is assigned to the original route.

A simple incident scenario is used to demonstrate the workings of the tool and how various

assumptions can be changed to suit local conditions. The important and interesting findings are:

Substantial network performance benefits can be obtained from disseminating travel
information. Network average travel time and total travel cost can be reduced (up to
about 10%) by increasing the percentage of traffic information provided, which shows
the benefits of providing travelers traffic information on incident-induced congestion.
Average travel time and total travel cost increase with an increased percentage of truck
flow, because truck traffic usualy has a greater impact on traffic flow than passenger
cars. There is a demand for broadcasting real-time traffic information under incident-
induced congestion situations, as both individual travelers and commercia users benefit.
The benefits of electronic information are lower if travelers can observe the incident-
induced congestion.

The V/C ratio on alternate routes quickly increases with an increase in traffic information
provided to travelers. This indicates the need for providing and updating dynamic traffic

information for the transportation system, including traffic conditions on aternate routes.
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CHAPTER 4. COST AND EVALUATION DATA SYNTHESIS

4.1 1TSJPO (Joint Program Office) Database

ITS JPO collected and managed the database of ITS benefits and costs. This information is
provided to the public through an Internet website. The benefits and costs database provides
access to benefit summaries from specific research projects. The benefits database includes the
ITS effects from the research in USA and other countries. Some of the research results are from
post-deployment field operational tests or surveys. Others are based on simulation results using
avariety ssmulation tools.

The project team gathered and summarized the ATIS benefits in the literature review task.
The benefit data from the ITS JPO isincluded in summary table of ATIS benefits, Appendix C.

ITS JPO also managed costs database. Cost database include ITS unit costs and system
costs. The file formats provided are Excel spread sheet files or PDF files. It has two types of
data, adjusted cost values and not adjusted cost value. The data collection times of each ITS
costs can be different, so adjustments are required to be used for evaluation at certain year. The
cost database adjusted for 2004 are included in Appendix D.
4.2 NCDOT Cost Data

Cost data was provided by the Intelligent Transportation Systems Operations Unit and
Intelligent Transportation Systems Section. The most significant ATIS investments by the
NCDOT to date have involved changeable or dynamic message signs. Therefore the cost data

provided is focused on message sign installation and maintenance.
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4.2.1 Planning and I nstallation Costs

Engineer’s estimate cost items for message sign installation were provided by the Intelligent

Transportation Systems Section. These cost data, presented in Table 4-1 below, are used for

developing planning estimates for new installations and replacements.

Table4-11TSImplementation Preliminary Engineer's Estimate
Using Fiber Optic and/or Wireless Communication

Item Description  Unit Unit Price Notes/Assumptions

One 1-1/4 Inch LF $5.25 1 conduit trenched or plowed; assumed 15% directional drill

Conduit at $13/ft

Fiber Optic LF $2.25 Includes 100" spare cable in every junction box

Cable

Junction Box EA $650.00 1 over-sized junction box every 2,000 ft; included 1
delineator marker per junction box at $75.00/each

Detector Station EA $8,500.00 1 every 2 mile (Average) - Rural Areas every 3 miles, Metro
Areas every 1 mile

CcCtv EA $10,000.00 1 every 3 miles; cost includes assembly, wood poles,
transceivers, etc

Tracer Wire LF $0.45

Power EA $1,500.00 Per device location

DMS EA $150,000.00 Includes sign, assembly, and dialup communications

Hub Building EA $20,000.00 Includes, hub building, power, misc. equip

Wind Speed EA $20,000.00

Sensor

Wireless EA $7,500.00

Communication

Notes: Cost Figures are from Recent 2006 Bid Averages
Preliminary Engineering Cost range from 8% to 10%

4.2.2 Operation and Maintenance Costs

Operations and maintenance costs were provided by the Intelligent Transportation System

Operations Unit. The majority of the compiled maintenance costs are presented in Table 4-2.
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Table4-2 I TS Device Maintenance Costs

ltem $ per $ per Replacement Life Expectancy (Y ears)
Y ear Month

Portable CMS or HAR $500 $42 $18,000 CMS-9; HAR-6
Permanent DM S $5,000 $417 $80,000 12

CCTV $2,000 $167 $5,000 7
Permanent HAR $700 $58 $3,000 Not provided
“Tuneto” Sign $250 $21 $25,000 Not provided
Weather Station $500 $42  Not provided Not provided
Reversible Lane Gantry ~ $4,000 $333  Not provided Not provided
Detector Station $200 $17 Not provided Not provided
Truck Mounted CMS $250 $21 $11,000 Not provided

The ITS Operations Unit provided the following additiona summary information and
comments regarding device maintenance —

e Lightning isamajor maintenance cost driver

Maintenance costs are not constant over life cycle. Older devices need more maintenance
e Fiber optic communications maintenance is handled by the divisions
e Permanent DMS sign maintenance can be contracted for $6,700 per sign per year not
including parts (As an example, replacement fiber modems are $1,500)
e The Charlotte area spends $100,000 per year for gantry maintenance
In terms of device operations, average power costs are $30 per month and diaup
communications costs are $40 per month. The Speedinfo speed detection devices installed in the

Triangle area have a monthly combined operations and maintenance cost of $100 per sensor.
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CHAPTER 5. CATALOG CURRENT AND PLANNED ATISDEPLOYMENTSIN NC

5.1 Statewide I TS Strategic Deployment Plan
The NCDOT has developed the Statewide ITS Strategic Deployment plan

(http://www.ncdot.org/doh/operations/dp chief eng/its/strategic/plandocuments.html). The

purpose of this plan is to enable a structured implementation of ITS projects by addressing the
short-term and long-term transportation needs of the state.

NCDOT defined 10 ITS regions according to the ITS needs for North Carolina. Figure 5.1
highlights the 10 ITS regions of NC: Asheville, Eastern (Coastal Rural), Fayetteville, Metrolina,
Piedmont, Triad, Triangle, Western (Mountains Rural), Wilmington, and the 1-95 Corridor. All
these ITS regions except for the 1-95 Corridor have their own regional ITS plan. All of the
regiona plans will be combined to develop a Statewide ITS Deployment Plan that will guide
each of the agencies involved as well as the NCDOT in the deployment of ITS in the coming
years. The [-95 Corridor will be included in the Statewide Report in the interstate system. All
nine regional ITS plan reports are open to public through the NCDOT website.

These regiona ITS reports have similar contents. These reports lay out a vision for the
development of the regiona ITS. The development process of each region follows the
requirements and direction of the National ITS Architecture (NIA), a framework that describes
ITS components by their functionality and defines how these components are to work together as
a system. Each regiona report includes a regional overview, description of existing ITS,
transportation needs or issues, recommended projects and technologies (short-term projects and
long-term projects), and project summary (project outline and expected costs).

Existing ATIS deployments are summarized in Table 5-1. Metrolina, Triad and Triangle

have been providing traveler information through various ATIS option and have a TMC
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(Transportation Management Center). On the other hand, the Asheville and Western regions
have few existing ATIS facilities. The Eastern and Wilmington regions have a proposed ITS
deployment plan that includes consideration for coastal evacuation. Table 5-2 summarizes the
recommended projects for the nine regions. A thorough overview for these projects along with

expected project costs are provided in Appendix E.
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Table 5-1 Summary of existing ATIS deployments

Region ATIS deployments
e Hurricane Evacuation Plan (DMS, HAR, CCTV, count stations, wind gauges,
astern information kiosks, and traffic signal improvements)
Fayettevill HAR
] TMC Web page
Metrolina . L )
Charlotte network television station linked to 7 CCTV in the Charlotte CBD
Piedmont HAR
iad Various media source
Tria Cable channel
Internet Web Sites
WRAL-TV online
) | Cdl-in Telephone
Triangle Cooperative Agreements for use of live video images- NCSHP, WRAL- TV,
WTVD =TV, NBC-17, Time-Warner, and Curtis Media Group
Kiosks
Wilmingto Hurricane Evacuation Plan (DMS, HAR, CCTV, count stations, wind gauges,

information kiosks, and traffic signal improvements)
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Table 5-2 Summary of recommended ATI S projects and technologies

Region Short term plan (2000~2006) Long term plan (2006~2011)
Asheville HAR DMS
Website Kiosks
ATIS Enhancements
511 Traveler Information
Eastern Portable Dynamic Message Signs Internet Traveler Information System
Road Weather Information Systems Commercial Vehicle Information
Traveler Information Kiosks Systems and Networks
Internet Traveler Information
CCTV Linksto Web
Fayetteville HAR DMS
Website Kiosks
ATIS Enhancements
Metrolina  Web-based mapping and route Advanced traveler information
identification En-Route access to traffic information
Broadcast video and data Additional deployments of DM S and
Web-based data and video CCTV
Traveler information kiosks
Portable DMS
Piedmont Traveler information kiosks En-Route access to traffic information
Web based mapping and route Additional deployments of DM S and
identification CCTV
Web based data, video, and CCTV
Portable DMS
Triad Web-based mapping and route Advanced traveler information
identification En-route access to traffic information
Broadcast video and data Additional deployments of DM S and
Web-based data and video CCTV
Traveler information kiosks
Portable DMS
Triangle Website Kiosk
Western Traveler information kiosks Internet travel information system
Web-based mapping and route enhancements
identification
Broadcast video and data Internet
travel information system
enhancements for region
Portable changeable message signs
Road weather information systems
(RWIS)
Wilmington HAR DMS
Website Kiosks

ATIS Enhancements
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CHAPTER 6. GENERAL ATISEVALUATION

Travel information received from public and private traveler information sources can help
travelers make more informed decisions and shorten time spent in congestion. The objective of
the general ATIS evaluation was to analyze behavioral response to travel information in the
context of the Research Triangle Park areain North Carolina. Several questions related to travel
information were asked of the respondents to the 2006 Greater Triangle Household Travel
Survey (NuStats, 2006). Using the data from this survey, a statistical analysis was conducted to

explore:

e Whether or not travel decision changes (e.g., changesin route, time, mode, or cancel trip)
are associated with frequency of electronic travel information use, and various
information sources?

e What information technologies are most likely to help people adjust their travel patterns?
The information technologies analyzed include the Internet, Commercia radio,
Television, VMS (Variable Message Signs), HAR (Highway Advisory Radio), and 511
(Traveler Information Hotline).

e What socio-economic factors are associated with greater traffic information use? What
market segments can be targeted to increase awareness of electronic travel information

availableto general public?
e What are the key reasons for not acquiring electronic travel information?
Descriptive statistics, logit model development, and cross classification analysis were used to
seek answers for these questions.
6.1 Survey Design
The 2006 Greater Triangle household travel survey was conducted using state-of-the-art
travel survey methods and computer-aided telephone interviewing (CATI) technology. The

survey data include demographic and travel behavior characteristics of regional travelersin order
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to update the current regional model and to develop a new, more robust travel demand model for
the 12-county region in North Carolina Durham, Orange, Wake, Chatham, Lee, Harnett,
Johnston, Nash, Franklin, Vance, Granville, and Person. In total, 7,300 households were
recruited to participate in the study but only 5,107 provided al details required for inclusion in
thefinal dataset. The 5,107 surveyed households represent the 548,539 regional households.
Questions designed to gather ATIS user response data were included in the survey
questionnaire. The four additional questions sought information on the type and frequency of
use of available traveler information sources and the impact of this information on travel

decisions. Table 6-1 presents questions for this ATIS research.
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Table 6-1 Key questionsfor stated preference study about traffic infor mation

Variable Name Question asked in survey
Frequency of traffic ~ S6. How often do you and othersin your household seek
information use information about traffic and general travel conditionsin the
(n=5107) region?

1. never

2. Atleast once aweek
3. 2-4times per week
4. 5+ times per week

Information Sources  S7. Where do you go to get thisinformation? (multiple
(n=2584) response)

Internet

Commercial radio

Television

V ariable message signs (signs on the side of the road)
Highway advisory radio

Traveler information hotline (511)

. Others (specify)

NogkrwdrE

Travel decision S8. Have you ever changed your travel plans based on the
changes (Y es/No) information you got?
(n=2584) 1. Yes

2. No

9. DK/RF

Type of travel S8a. If YES: How? (multiple response)

decision changes 1. Changed route of travel

(n=2584) 2. Changed Timethat you started trip (departure time)
3. Changed mode of travel
4. Cancelled trip

Source: The 2006 Greater Triangle Household Travel Survey
6.2 Descriptive analysis

A total of 5,107 households participated in the 2006 Greater Triangle Household Travel
Survey, which contains 11,953 household members, as well as 10,245 automobiles in the
survey sample. The average household size is 2.34 persons, while household auto
ownership is 2.01 vehicles. Median household income was in the category of $50,000 to
$74,999 per year. Morethan 40% respondents stated that they have a bachelors or higher
degree. All these descriptive statistics indicate that the population of the Greater Triangle
region has relatively higher income and education levels than the general population as a
whole. A summary of demographic information isprovided in

Table 6-2.
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Table 6-2 Descriptive Statistics of Selected Variables

) Case . Std.

Selected variables number Median Mean Dev. Range
Household size 5,107 2.00 234 1.19 1-8
Number of HH 5107 200 201 102 0-8
Vehicles

. 1.0-
Travel time-commute 8,863 15.0 221 304 1.224.0
Travel time-non- 1.0-
commute 40,678 14.0 179 228 7910

Asshownin

Table 6-3 about one-half of the respondents (49%) reported that they did not acquire travel

information from different types of electronic sources and never seek regional travel information

at all (N=5107). The median of peoples frequency of travel information usage is at least once

per week. And the median of people’s reported acquisition from different types of information

sources is 1 type of travel information source.

In addition, for those who acquire traffic

information (2,584), 78.37% of the respondents changed their travel decisions based on

information received (i.e., 39.65% of total respondents).

Moreover, with travel information,

34.66% of the total survey respondents (1,770 out of 5,107) had changed their travel route.
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Table 6-3 Frequencies and Descriptive Statistics

Selected Categories Frequency Percentage
Variables (%)
Frequency of Never 2,523 49.40
travel At least once per week 504 9.87
information use  2-4 times per week 438 8.58
(n=5,107) 5 or more times per week 1,642 32.15

Sum 5,107 100.00
Specific Internet 607 23.49
information Commercial radio 1,245 48.18
technologies Television 1,762 68.19
(n=2,584) Variable message signs 153 5.92

Highway advisory radio 52 2.01

Traveler information hotline 0 0.00

(511)

Others 39 1.51

Sum 3,858 149.30*
Number of None 2,523 49.40
information 1 1,613 31.58
sources accessed 2 732 14.33
(n=5,107) 3 180 3.52

4 54 1.06

5 or more 5 0.10

Sum 5,107 100.00

Note: * Percentages exceed 100% because multiple responses were permitted.
Source: The 2006 Greater Triangle Household Travel Survey.

In terms of specific information technologies, people are more likely to access travel

information through Television, and then by Commer cial radio, and Internet (see
Table 6-3 for detail). For example, 34.5% of total respondents have used TV for traffic

information acquisition, followed by 24.38%, and 11.89% using Commercia radio and the

Internet, respectively. Indeed NCDOT disseminates travel information via the Internet, as shown

in the figure below (Figure 6.1). The reported acquisition from some of the public information

sources that include VM S, HAR, and 511 isrelatively low (about 4%).
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Figure 6.1 Traveler information management system (TIMS) by NCDOT.

6.3 Statistic analysis
6.3.1 ATI S effects on travel decision

Two logit models were estimated, one for travel decision changes and the other for whether
or not the respondent changed travel route. The logit model formulation is shown below, with Y
indicating the dependent variable, X the independent variables, and £ the estimated parameter
coefficients. Independent variables in both models are frequency of information usage (X1), and
level of information acquisition (X;). The dependent variable for model 1 (Y3) is whether

travelers change their travel decision (1 = yes, 0 = no). The dependent variable for model 2 (Y )

iswhether travelers change their travel route (1 = yes, 0 = no).
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P(Y =1
Y = Ln(ﬁ]:ﬁo+ﬁ1X1+,B2X2+...+ﬁan (6.1)

Table 6-4 shows the model results for the entire sample of respondents (N=5107). Statistical
software STATA was used for model estimation. The goodness of fit, indicated by Pseudo-R? is
reasonably high for logit models applied in the traveler behavior field. The goodness of fit for

these modelsis calculated as

p° or Pseudo-R? = 1 — [LL(B)/LL(0)]

(6.2)

The measure is the fraction of the initial log-likelihood, LL(0), explained by the model.
LL(p) is the log-likelihood at convergence. For binary choice models the value of Pseudo-R?
lies between O and 1.

Both models show similar results. The constant term is negative indicating that on average
people are unwilling to change their travel choices (this is also consistent with the literature).
Furthermore, information acquisition from more information devices and greater frequency of
information use increases the chances of diversions, as expected. The model parameters cannot
be interpreted directly in terms of changes in the dependent variable. The odds ratio and

marginal effects are needed for this purpose and are discussed below.

Table 6-4 shows the “odds ratio” which are e’ and represent the odds of “success’” (changes
travel decisions) relative to the odds of “failure” (does not change travel decisions), with a unit
change in the independent variable. For example, if frequency of travel information usage

increases by 1 time per week, then the odds of changing travel decisionsis 1.67 times the odds of
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not changing (holding all other variables constant) Odds ratios are also difficult to interpret, so it
is often clearer to interpret the effects of independent variables in terms of probabilities as shown

below.

Table 6-4 Statistical resultsfor two L ogit models of travel behavior changes

Mode 1
Travel decision changes Model 2
(change time, mode, route or Route change only
cancel trip)
Coefficients Oddsratio Coefficients Oddsratio
Constant -3.09** -- -3.12** --
Frequency of information 0.51%* 167+ 0.47%% 1.60%*
usage
Information acquisition 1.74% 5.70%* 1.40%* 4.06**
from electronic sources
Pseudo-R? 0.53** 0.44%*

Notes:
Case number = 5107
** - P-value<=0.01
Odds ratio = exp (coefficient)
The variable traffic information acquisition (X5), is coded as O if respondents stated that they
never used electronic traffic information before.

Table 6-5 showstheresults of the same model specification as
Table 6-4, without the respondents who never seek information about traffic and general

travel conditions in the region (N=2584). In this model, the Pseudo-R? declines considerably,
reflecting that the explanatory variables are not fitting the data when the non-information seekers
aer ignored and the models to explain the conditional distribution only are used. Furthermore,
the effects of independent variables decrease, given that these are travel information seekers who
are pre-disposed to changing their travel behavior. Thisis partly reflected in the constant which
isnow statistically insignificant, but positive. The effects of frequency of information usage and

information acquisition decline substantially, as indicated by the magnitudes of the coefficients.
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Table 6-5 Statistical resultsfor two L ogit models of travel behavior changes

Moded 1
Travel decision changes Model 2
(change time, mode, route or Route change only
cancel trip)
Coefficients Oddsratio Coefficients Oddsratio
Constant 0.14 -- -0.46** --
Frequency of information 0.16+* 1.17%* 0.15+* 116+
usage
ooy 0W 1m0t s
Pseudo-R? 0.02** 0.03**

Notes: Case number = 2584; ** - P-value <= 0.01; Odds ratio = exp (coefficient)

Focusing on route change only (which isbased on Model 2in
Table 6-4), the margina effects suggest that the chance of changing route decisions increases

with higher frequency of information usage. Figure 6.2 illustrates the relationship between travel
decision changes and frequency of information usage, while the other independent variable (level
of traffic information acquisition) changes from its median value of 1 type information source to
a maximum of 5 or more. These results show that the chances of route changes increase more

rapidly when respondents use fewer travel information sources.
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Figure 6.2 Marginal effectsfor frequency of travel information usage (N=5107)

Similarly, based on Model 2 in Table 6-6 for those who seek information (with the “never”
category removed), the marginal effects suggest that the chance of changing route decisions
increases with higher frequency of information usage. Figure 6.3 shows that the chances of route
diversion are much higher if only respondents who are pre-disposed to changing their decisions
are considered. For instance, the chances of route diversion go up from nearly 22% to 52%,
when information seekers only are considered (as opposed to considering the entire sample of

respondents).
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Figure 6.3 Marginal effectsfor frequency of travel infor mation usage (N=2584)

Marginal effects are calculated by using the following formula:

(-3.12+0.47x X, +1.40x X )

P(ChangeRoute) = 1+ o(-312+047xX; +140xX;) (6.3)

(X1 =frequency of information usage; X, = level of travel information acquisition)

Figure 6.4 shows the relationship between travel route changes and acquisition from various
types of information sources, for different values of the other independent variable (frequency of
information usage). The marginal effects suggest that the chance of changing route decision will
significantly increase when people acquire information from several devices, i.e., Internet, radio,
VMS, TV. Also, the jump in probability of change is considerable when travelers go from using

one source to two sources of information. Figure 6.5 shows the same results for people who are
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information seekers. Clearly, their chances of route changes are higher than when all

respondents are considered together.
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Figure 6.4 Marginal effectsfor level of traffic infor mation acquisition (N=5107).
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Figure 6.5 Marginal effectsfor level of traffic information acquisition (N=2584).

Respondents’ daily travel time was added as a key control variable, with the expectation that
those experiencing longer travel times will be more likely to divert. The variables in the models

are further separated by work-related and non-work-related travel time.
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Table6-6 Statistical resultsfor two L ogit models of travel behavior changes

Mode 1 Model 2
Travel decision changes Route change only
(change time, mode, route or
cancel trip)
Coefficients Oddsratio Coefficients Odds ratio
Constant -3.237*** -- -3.272%** --
Frequency of information 0.509* ** 1.664*** 0.467*** 1.596***
usage
Information acquisition 1.735%** 5.666* ** 1.397*** 4.042* **
from electronic sources
Work-related travel time 0.003** 1.003** 0.004*** 1.004***
(mins)
Non-work-related travel 0.001* 1.001* 0.001* 1.001*
time (mins)
Pseudo-R* 0.53*** 0.45**

Notes:

Case number = 5107

*** - P-value<=0.01; ** - P-value<=0.05; * - P-vadue<=0.1

Odds ratio = exp (coefficient)

The variable traffic information acquisition (X>), is coded as O if respondents stated that they
never used traffic information before.

Table 6-6 shows the model results including travel time as an explanatory variable. It
provides similar resultsto thosein
Table 6-4, in terms of their Pseudo-R? sign and magnitudes of independent variables.

Furthermore, work-related travel time has a statistically significant effect on people’s probability
of changing travel decisions (5% level), whereas the effect of non-work-related travel time is
only marginally significant at the 10% level. Longer work related travel time has a stronger
effect compared with non-work-related travel time. The odds ratios indicate that a 10 minute
increase in work travel time increases the chances of diversion by 3% (4% for route diversion).
Similarly, a 10 minute increase in non-work-related travel time increases the chances of change
by 1%. The results confirm that expectations that with longer travel times, especially commute

times, people are more likely change their travel decisions.
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6.3.2 ATI S technology effects on travel decision

Table 6-7, Table 6-10 and Table 6-13 provide insights regarding impacts of various
information technologies for the entire set of respondents (N=5107). Among information
technologies, the Internet is associated with a higher propensity to change travel decisions,
followed by the radio and television (as indicated by the magnitude of the coefficients and odds
ratios). Presently, the Internet is generally available during the pre-trip stage and hence it seems
to influence travel changes relatively more than en-route changes. The radio has greater
influence on route changes, owing to its ubiquitous presence in passenger cars.

These results are consistent with the literature and point to potentially greater investments by
NCODT in enhancing the Internet-based travel information, e.g., by allowing customization of
information to individuals and expanded coverage of traffic through video cameras.

Presently, Variable Message Signs (VMS) and Highway Advisory Radio (HAR) are not
statistically significantly associated with travel decision changes, perhaps due to their low levels
of deployment. Note that there were a total of 182 observations in this category, with some
overlaps between VM S and HAR.

Table 6-8, Table 6-11, and Table 6-14 provide further insights regarding impacts of various
information technologies for the entire set of respondents (N=2584). The goodness of fit
(Pseudo-R2) for these models declines considerably. The effects of independent variables
decrease and the signs of constants change direction, indicating that on average people interested
in using traffic information are willing to change their travel choices.

Among information technologies, the Internet is still associated with a higher propensity to
change travel decisions (among information seekers), followed by the radio and television. Also,

“acquire info from TV or not” is not statistically significant any longer. Again, VMS and HAR
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are not statistically significantly associated with travel decision changes, even for information

seekers.

Table 6-9, Table 6-12, and Table 6-15 provide results with travel time as a key control

variable, keeping the sample size at 5107. The results are largely similar to the equivalent

models. It was found that travel time has significant positive effect on people’s travel decision

changes; work-related travels have a stronger effect than non-work-related travel time.

Table 6-7 Statistical resultsfor Logit models (without level of information acquisition)

Model 1
Travel decision changes
(change time, mode, route or

Model 2
Route change only

cancel trip)
Coefficients Oddsratio Coefficients Oddsratio
Constant -2.26%* -- -2.40** --
Frequency of information 0.85+* 0 33k 0.74%* 2 09+ *
usage
Pseudo-R? 0.43** 0.36%*

Notes: Case number = 5107; ** - P-value <= 0.01; Odds ratio = exp (coefficient)
Variables are coded as O if respondents stated that they never used traffic information

before.

Table 6-8 Statistical resultsfor Logit models (without level of information acquisition)

Model 1
Travel decision changes
(change time, mode, route or

Model 2
Route change only

cancel trip)
Coefficients Oddsratio Coefficients Oddsratio
Constant 0.69** -- 0.20* --
Frequency of information 0.16+* 1.17%* 0.15+* 1.16%*
usage
Pseudo-R? 0.01** 0.01**

Notes: Case number = 2584; ** - P-value <= 0.01; * - P-value <= 0.1; Oddsratio = exp

(coefficient)
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Table 6-9 Statistical resultsfor Logit models (without level of information acquisition)

Mode 1 Model 2
Travel decision changes Route change only
(change time, mode, route or
cancel trip)
Coefficients Odds ratio Coefficients Odds ratio
Constant -2.444** -- -2.502** --
Frequency of information 0.841** 2.319** 0.731** 2.077**
usage
Work-related travel time 0.003** 1.003** 0.004** 1.004**
(mins)
Non-work-related travel 0.002** 1.002** 0.002** 1.002**
time (mins)
Pseudo-R* 0.43** 0.36**

Notes: Case number = 5107; ** - P-value <= 0.01; Odds ratio = exp (coefficient)
Variables are coded as O if respondents stated that they never used traffic information
before.
Table 6-10 Statistical results for information acquisition technologies using Logit

models (with three types of information acquisition technologies)

Model 1
Travel decision changes Model 2
(change time, mode, route or Route change only
cancel trip)
Coefficients Oddsratio  Coefficients Odds ratio
Constant -3.16** -- -3.15%* --
Frequency of information 0.54%* 1.71%* 0.49+* 163+
usage
Acquire info from Internet o Bpxk 12 4%+ 167+ 5 33¢*
or not
Acquireinfo from radi ong; 1.93** 6.89%* 1.95%* 7.06**
Acquire info from Tvng: 1.56** 4.76%* 1.08** 2.96**
Pseudo-R? 0.54** 0.46%**

Notes: Case number = 5107; ** - P-value <= 0.01; Odds ratio = exp (coefficient)
Variables are coded as 0 if respondents stated that they never used traffic information
before.
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Table 6-11 Statistical results for information acquisition technologies using Logit

models (with threetypes of information acquisition technologies)

Model 1

Travel decision changes

(change time, mode, route or

Model 2

Route change only

cancel trip)

Coefficients Oddsratio  Coefficients Odds ratio

Constant 0.16 -- -0.34* --

Frequency of information 0.19** 1.21** 0.17** 1.18**
usage

Acquire info from Internet 0.84** 2.31** 0.48** 1.62**
or not

Acquireinfo from radio or 0.61** 1.83** 0.97** 2.64**
not

Acquireinfofrom TV or -0.04 0.96 -0.08 0.92
not

Pseudo-R? 0.04** 0.05**

Notes. Case number = 2584; ** - P-value <= 0.01; * - P-value <= 0.1; Odds ratio = exp

(coefficient)
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Table 6-12 Statistical results for information acquisition technologies using Logit

models (with threetypes of information acquisition technologies)

Model 1
Travel decision changes
(change time, mode, route or

Model 2

Route change only

cancel trip)

Coefficients Oddsratio  Coefficients Odds ratio

Constant -3.309*** -- -3.287*** --

Frequency of information 0.532*** 1.703*** 0.484* ** 1.622%**
usage

Acquire info from Internet 2.538*** 12.654*** 1.675%** 5.338***
or not

Acquireinfo from radio or 1.905*** 6.723*** 1.931*** 6.895* **
not

Acquireinfo from TV or 1.572%** 4.817*** 1.098*** 2.999* **
not

Work-related travel time 0.003** 1.003** 0.003** 1.003**
(mins)

Non-work-related travel 0.001* 1.001* 0.001* 1.001*
time (mins)

Pseudo-R* 0.54*** 0.46***

Notes: Case number = 5107; *** - P-value <= 0.01; ** - P-value <= 0.05; * - P-value<=0.1;

Odds ratio = exp (coefficient)

Variables are coded as O if respondents stated that they never used traffic information

before.
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Table 6-13 Statistical results for information acquisition technologies using Logit

models (with four types of infor mation acquisition technologies)

Model 1
Travel decision changes
(change time, mode, route or

Model 2

Route change only

cancel trip)

Coefficients Oddsratio  Coefficients Odds ratio

Constant -3.16** -- -3.15%* --

Frequency of information 0.53** 1.70** 0.49** 1.63**
usage

Acquire info from Internet 2.55** 12.76** 1.67** 5.34**
or not

Acquireinfo from radio or 1.95%* 7.02%* 1.96** 7.07%*
not

Acquireinfofrom TV or 1.57*%* 4.82** 1.09** 2.96**
not

Acquireinfo from -0.25 0.78 -0.02 0.98
VMSHAR or not

Pseudo-R* 0.54** 0.46**

Notes: Case number = 5107; ** - P-value <= 0.01; Odds ratio = exp (coefficient)

Variables are coded as 0 if respondents stated that they never used traffic information

before.
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Table 6-14 Statistical results for information acquisition technologies using Logit

models (with four types of infor mation acquisition technologies)

Model 1

Travel decision changes

(change time, mode, route or

Model 2

Route change only

cancel trip)

Coefficients Oddsratio  Coefficients Odds ratio

Constant 0.15 -- -0.34* --

Frequency of information 0.19** 1.21** 0.17** 1.18**
usage

Acquire info from Internet 0.85** 2.33** 0.47** 1.61**
or not

Acquireinfo from radio or 0.62** 1.86** 0.97** 2.63**
not

Acquireinfofrom TV or -0.03 0.97 -0.09 0.92
not

Acquireinfo from -0.14 0.87 0.07 1.07
VMSHAR or not

Pseudo-R* 0.04** 0.05**

Notes. Case number = 2584; ** - P-value <= 0.01; * - P-value <= 0.1; Odds ratio = exp

(coefficient)
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Table 6-15 Statistical results for information acquisition technologies using Logit

models (with four types of infor mation acquisition technologies)

Model 1 Model 2
Travel decision changes Route change only
(change time, mode, route or
cancel trip)

Coefficients Oddsratio  Coefficients Odds ratio

Constant -3.310*** -- -3.288*** --

Frequency of information 0.531*** 1.701*** 0.484* ** 1.622%* *
usage

Acquire info from Internet 2.548*** 12.784*** 1.676*** 5.345%* *
or not

Acquireinfo from radio or 1.924*** 6.849* ** 1.933*** 6.911***
not

Acquireinfo from TV or 1.585%** 4.881*** 1.100*** 3.003***
not

Acquireinfo from -0.259 0.772 -0.028 0.972
VMSHAR or not

Work-related travel time 0.003** 1.003** 0.003** 1.003**
(mins)

Non-work-related travel 0.001* 1.001* 0.001* 1.001*
time (mins)

Pseudo-R* 0.54*** 0.46***

Notes: Case number = 5107; *** - P-value <= 0.01; ** - P-value <= 0.05; * - P-value<=0.1,
Odds ratio = exp (coefficient)
Variables are coded as O if respondents stated that they never used traffic information
before.
Sample selection models may be estimated that will be able to fully account for the
conditionality that exists between information acquisition and travel decision changes based on

travel information.

6.3.3 Socio-economic factorswith ATIS

Table 6-16 shows the socioeconomic characteristics of the sample. About 60.1% of the
respondents were females. The distribution of respondents in terms of age groups was mostly

even, except for the less than 20 and greater then 65 age groups. Almost 80 percent had at |east
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some college experience. About 66.6% have ajob. 42.9% have lived in current area more then

10 years.

Table6-16 Socioeconomic Characteristics

Attribute Range Counts %
Gender Male 2035 39.9
Female 3071 60.1
Age <20 13 0.3
20~ 29 376 7.4
30~ 39 851 16.7
40 ~ 49 1093 21.4
50 ~ 64 1674 32.8
>65 1100 21.5
Education < High school 226 4.4
High school graduate 784 154
Some college 712 14.0
Associate or technical school degree 476 9.3
Bachelor 1532 30.0
Graduate 1370 26.9
Employment Full time 2837 55.6
Part time 562 11.0
Not Employed 1708 33.4
Household <$15,000 314 6.5
Income
$15,000 ~ $24,999 370 7.7
$25,000 ~ $34,999 406 8.4
$35,000 ~ $49,999 743 154
$50,000 ~ $74,999 1000 20.7
$75,000 ~ $99,999 785 16.3
$100,000 or more 1204 25.0
Length lived <1 year 432 8.5
1~2years 414 8.1
2~5years 1032 20.2
5~ 10 years 1039 20.3
More than 10 years 2189 42.9

Travelers can get information from various sources such as TV, commercial radio, Internet,
VMS, HAR, 511 and others. Users socio-economic characteristics would be important factors

for their preference on the selecting information sources and travel decision changes. From the
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survey data, demographic variables including gender, age, education level, employment, income,
and length lived in current address were investigated. Cross classification tables were made to
see the relationship of each demographic variable with: frequency of information seeking,
selection of information source, and travel decision change.

Traveler who got traveler information makes his/her travel decision base on the information.
Users' travel decision change could be effected by the types of information sources. The types
of information sources are chosen depending on the time when users seek information or the
information quality which they want. If drivers who need to arrive work place on time may seek
more detail traffic information from more active way. Also, their travel decision might be
aggressive. To investigate specific ATIS technologies effects on travelers decision, cross
classification tables were made.

Figure 6.6 shows the relationship between demographic variables and frequency of
information seeking. Graphs present higher frequency by higher education, full time worker and
higher income. Gender or length lived do not seem to have different on frequency of
information seeking. Figure 6.7 depicts the demographic effects on the selection of information
source. It shows female, old, lower education, non-worker and low income group prefer TV.
Figure 6.8 presents the relationship between demographic variables and travel decision change
options. The graphs tell male, ages 30 to 50, lower education, full time worker, low income
group prefer to change route. One can guess that the working group prefers to change their route

because they have pressure to arrive at their work place on time.
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Figure 6.8 Travel decision change

Statistical results shown in Table 6-17,Table 6-18,Table 6-19, and Table 6-20 indicate socio-

economic characteristics associated with whether people choose to acquire electronic travel
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information. Table 6-19 and Table 6-20 test for non-linear effects of income and age on peoples
decisions to acquire electronic information.

In terms of data, note that most of the socio-economic characteristics were in the person file,
while the travel information data were contained in the household file. (Clearly, each household
will have one or more people.) The individuals in the person file who filled out the household
survey questions were first identified. Then their socio-economic characteristics are linked with
the corresponding information-related data. Therefore, employment status, number of jobs held,
work location, and education level are al for the person who filled the household survey
questions (most likely the household head). Some of the other variables are at the household
level, including income, household size, and automobile ownership. Education is measured as
follows: 1=<high school, 2=high school graduate, 3=some college, 4= associate or technical
school degree, 5=bachelor, 6=graduate. These were not recoded and are treated as interval
variables in this analysis. Household income was recoded as the median value of the
corresponding category intervals, which was treated as interval data. The unit of analysis is a
person.

The model in Table 6-17 is statistically significant overall, although the model goodness of
fit is on the lower side. The negative constant indicates that on average survey respondents in
the Research Triangle area are unwilling to acquire electronic travel information despite the
availability of severa electronic information sources/devices. Higher propensity to acquire
travel information is associated with larger households, higher income levels and automobile
ownership, and employment, especially outside the home. In addition, females and younger

adults are more likely to acquire travel information.
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Table 6-17 Statistical resultsfor the L ogit model of socio-economic characteristics

Frequency of travel

information usage (yes=1,

no=0)

Coefficients  Odds ratio

Constant -0.346* --

Household size 0.063** 1.06**

Household vehicle number 0.093*** 1.10***

Length lived (years) 0.001 1.00

Household income ($1000) 0.006*** 1.01***

Gender (male=1, female=0) -0.205*** 0.81***

Age (years) -0.008* ** 0.99* **

Employed (yes=1, no=0) 0.216** 1.24**

Number of jobs 0.033 1.03

Work Location (outside ho_me:l, 0.173%* 1.19%*
otherwise=0)

Education (level) -0.036* 0.96*

Pseudo-R? 0.03***

Notes: Case number N = 4754;

*** _ P.yaglue <= 0.01; ** - P-value <= 0.05; * - P-value<=0.1;

Odds ratio = exp (coefficient)

When variable "Employed" is no (1,289 cases), then "Work Location" was not specified.

In this case, the Work L ocation was coded as zero.

Table 6-18 shows us the model results when considering travel time as one of the important
predictors on people’'s travel information acquirement. The results are very similar to those in
Table 6-17, athough respondents employment status and education are not statistically
significant any more. As expected, travel times are statistically significant, indicating that people
who spend more time traveling, especially for work purposes, are more likely to access

information.
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Table 6-18 Statistical resultsfor the L ogit model of socio-economic characteristics

Frequency of travel information

usage (yes=1, no=0)

Coefficients Odds ratio

Constant -0.346* --

Household size 0.065** 1.067**

Household vehicle number 0.085** 1.089**

Length lived (years) 0.001 1.001

Household income ($1000) 0.006* ** 1.006***

Gender (male=1, female=0) -0.233*** 0.792***

Age (years) -0.007*** 0.993***

Employed (yes=1, no=0) 0.148 1.160

Number of jobs 0.017 1.018

Work Location (outside home=1, 0.184** 1.202**
otherwise=0)

Education (level) -0.033 0.967

Work-related travel time (mins) 0.004* ** 1.004***

Non-work-related travel time (mins) 0.002*** 1.002***

Pseudo-R? 0.04***

Notes: Case number = 4754;

*** _ P.yglue <= 0.01; ** - P-value<=0.05; * - P-value<=0.1;

Odds ratio = exp (coefficient)

Table 6-19 tests for non-linear effects by adding squared terms for household income and age

to the model specification. Note that income squared is not statistically significant, so the non-

linearity hypothesis is not confirmed for in the case of income. However, age effects are non-

linear. Very young adults and older people are relatively less likely to acquire electronic travel

information compared with those faling in the middle categories. The chances of travel

information acquisition (Y -axis) versus age (X-axis) can be represented by an inverted U-shape.
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Table 6-19 Statistical resultsfor the L ogit model of socio-economic characteristics

Frequency of travel information
usage (yes=1, no=0)

Coefficients Oddsratio

Constant -1.285*** --

Household size 0.058** 1.06**

Household vehicle number 0.082** 1.09**

Length lived (years) -0.004 1.00

Household income ($1000) 0.013*** 1.01x**

Household income-squared -0.00006 1.00

Gender (male=1, female=0) -0.195*** 0.82%**

Age (years) 0.032** 1.03**

Age-sguared -0.0004* ** 0.9996* **

Employed (yes=1, no=0) 0.147 1.16

Number of jobs 0.032 1.03

Work Location (outside home=1, 0.181** 1.20**
otherwise=0)

Education (level) -0.038* 0.96*

Pseudo-R? 0.03***

Notes: Case number = 4754;
*** - P-value<=0.01; ** - P-value <= 0.05; * - P-value<=0.1;
Odds ratio = exp (coefficient)
Table 6-20 provides model results when taking account of the effect of travel time on
respondents’ travel information acquirement. One the one hand, it shows largely similar results
to the equivalent model (Table 6-19). On the other hand, travel time is found to be positively

associated with people's travel information acquisition, where work-related travel time has a

dightly stronger effect than non-work-related work travels.
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Table 6-20 Statistical resultsfor the L ogit model of socio-economic characteristics

Frequency of travel
information usage (yes=1,

no=0)

Coefficients Odds ratio

Constant -1.435%** --

Household size 0.060* * 1.062**

Household vehicle number 0.075** 1.078**

Length lived (years) -0.003 0.997

Household income ($1000) 0.012** 1.012**

Household income-squared -0.00005 0.99994

Gender (male=1, female=0) -0.222* ** 0.801***

Age (years) 0.031** 1.031**

Age-squared -0.0004* ** 0.9996* **

Employed (yes=1, no=0) 0.084 1.088

Number of jobs 0.017 1.017

Work Location (outside home=1, 0.193** 1.212**
otherwise=0)

Education (level) -0.036* 0.965*

Work-related travel time (mins) 0.004* ** 1.004***

Non-work-related travel time (mins) 0.002*** 1.002***

Pseudo-R? 0.04%**

Notes: Case number = 4754;

*** _ P.yglue<=0.01; ** - P-value<=0.05; * - P-value<=0.1;

Odds ratio = exp (coefficient)

These results help identify market segments that can be targeted to increase people’s
awareness of available travel information sources/devices. For example, informing males and
older adults about the availability of travel information may increase the awareness of traveler
information services.

6.3.4 Why do people not acquire electronic travel information?

Although a relatively large portion of the respondents to the Research Triangle survey

reported not acquiring electronic travel information, the Triangle survey did not ask questions

about why people do not acquire information. However, the literature shows that answers to this
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guestion exist in other contexts. Specifically, there were two behavioral surveys conducted in
the Bay Area, as part of the Travinfo field operational test (Yim 2001). Both had sample sizes of
1000 each and were conducted in 1995 and 1998. Approximately one third of the survey
participants were classified as non-users of information in the 1998 survey.

The key reasons for not listening to traffic reports were the unavailability of alternate routes
and inadequate geographic coverage. Table 17 in the Yim (2001) study, reproduced below
(Table 7.21), shows further details of the responses to the surveys. The two surveys were done
randomly and independently so they do not represent the same individuals. The Table shows
that nearly 60% in the 1995 survey and 50% in the 1998 survey said that the key reason is that
traffic reports rarely cover their routes. Other reasons included “not being able to understand
traffic reports” and “do not usually listen to the radio or television.”

In the Bay Area, this was a time when traffic information was rapidly becoming available
through several sources. Potentialy useful information from these results is that over time,
respondents seem to have become more adept at acquiring and using travel information, they
seem to have learned about alternate route availability and travel information coverage seems to
have improved (as has refusal to answer this question).

A key lesson from the surveys was that in order to attract those who currently do not acquire
traffic information, the following strategies should be considered:

e Providing personalized traffic information services (such as telephone services and

Information Service Providers)
e Expanded geographic coverage of travel information (including surface streets)

e Providing both static and real time traffic information.
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Table 6-21 Reasons for not acquiring traffic infor mation.

Question: Why do not you get traffic or travel reports from radio, television, or over the
telephone? (Asked as an open-ended question)

1995 Survey 1998 Survey

Commuters/non- Commuters/non-

Reasons commuters & personal commuters & personal

vehicle/trangit users vehicle/trangit users

(n=269) (n=342)

Do not usua! ly listen to _the 17.7% 18.4%
radio or television

Traffic report rarely cover the 54.4% 47 4%
routes | take

No alternate routes available 5.4% 16.7%

Traffic reports are unreliable 1.9% 7.6%

Cannot understand the traffic 2 3% 190
report

Not sure/DK 5.0% 8.2%

Refused/NA 13.1% 0.6%

Source: Table 17 (Yim, 2001).

6.4 Conclusion

Based on the 2006 Triangle survey, the behavioral anaysis has provided insights and

answers to questions raised in the study. Specific findings include:

e Travel decision changes (change route, time, mode, or cancel trip) are statisticaly
significantly associated with the frequency of traffic information use, and the quantity of
information sources used, after controlling for travel times.

e Among information technologies, the Internet is associated with a higher propensity to
change travel decisions, followed by radio and television. Presently, Variable Message
Signs (VMS) and Highway Advisory Radio are not associated with travel decision
changes, perhaps due to their low levels of deployment. The important lesson for
NCDOT is that enhancing the SMARTLINK website should receive high priority, e.g., it

can be enhanced by providing travelers with personalized traffic information services,
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expanded geographic coverage (such as installing video cameras on 1-440 in Raleigh),
and providing both static and real time traffic information.

Interestingly, the radio exercises a greater influence on route changes than the Internet
does, owing to the ubiquitous presence of the radio in passenger vehicles. Clearly, better
provision of (commercial and public sector) radio traffic information can be helpful to
usersin their navigation decision making.

Greater traffic information acquisition is associated with females, middle aged adults, and
higher income, people who are employed and work outside their home, own more
automobiles and live in larger households. The converse of these market segments can
be targeted to increase their awareness of electronic travel information available to
genera public. Based on the literature, the key reasons for not listening to traffic reports
were the unavailability of alternate routes and inadequate geographic coverage, indicating

that NCDOT might want to review travel information coverage and consider expansion.
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CHAPTER 7. CASE STUDY BASED ATISEVALUATION

In Task 9, the effects of several ATIS deployments were evaluated for a selected real world
study area using the two ATIS evaluation tools, DY NASMART-P and FREEVAL. This chapter
described the scenarios analyzed and the evaluation results.

7.1 Case study scenarios
7.1.1 Tools Evaluated

DYNASMART-P and IMAP (FREEVAL) emerged as promising ATIS evaluation tools from
Task 2. Four incident and two work zone cases were simulated using the two tools.

DYNASMART-P has a dynamic traffic assignment model and a mesoscopic traffic ssmulator,
meaning that it assigns traffic with time varying origin destination (OD) demand and simulates
the movement of individual vehicles moving through a network in accordance with macroscopic
flow rules (e.g., speed-density relationships). It has several route choice rules including dynamic
system optimality, dynamic user optimality, and a bounded rationality rule. The last rule is
designed for modeling traveler response to en-route information. Under this rule, drivers
receiving en-route information about path conditions will only switch paths if the expected
improvement exceeds a threshold amount. The effects of several ATIS alternatives can be
estimated by comparing the diversion rates and network performances under the aternatives.

Figure 7.1 shows the basic inputs and main outputs of DY NASMART-P.
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BASIC INPUTS
- Node: coordinates and
control type

- Link: from node, to node,
length, type, number of
lane, free flow speed, etc.

- Zone

- OD demand

- Modeling parameters:
simulation duration,
capacity reduction (links,
severity and duration),
combination of user class,
ATISlevels (VMS locations
and response rate), etc.

A 4

nSP

MAIN OUTPUTS

- Link performance:
densities, queues, volumes,
delay, etc.

- Network performance:
total and average trip times,
stop time, trip distance, and
entry queue

- Impacted vehicle analysis:
diversion rate, average
travel time

- Visualization: animation
of the vehicle movement,
queue buildup and
dissipation, and path change

Figure 7.1 DYNASMART-P Inputs and Outputs

FREEVAL replicates the freeway facility methodology in Chapter 22 of the Highway
Capacity Manual 2000 (TRB, 2000). It can model the effects of incidents / work zones on traffic
operations macroscopically. One can model route diversion effects by shifting diverted demand
to alternative route. Figure 7.2 shows the basic inputs that FREEVAL requires as well as the
major outputs it provides. In this study, special focus was given to selected output performance

measures such as total travel time and total delay.
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BASIC INPUTS MAIN OUTPUTS

- Geometry parameters: - Mainline vehicle miles
location (urban or rural), traveled

terrain, type of segments, - Mainline vehicle-hours travel
length, number of lanes time

- Network parameters: - System vehicle-hours delay
segment demand, on-ramp and » - Mainline speed

off-ramp demand, free flow - Average mainline travel time
speed, truck percentage - Segment V/C ratio

- Modeling parameters: - Segment level of service
interval duration, number of - Graphsfor V/C ratio, speed,
intervals, number of segments, FREEVAL and density

capacity adjustment factor Hcéfl 22300’

Figure 7.2 FREEVAL Inputsand Outputs

7.1.2 Location of the study network

Figure 7.3 shows the location of the study area, highlighted by the dotted rectangle. 1-40,
1-85, and NC-147 carry heavy through traffic and commuters in the Triangle region. Raleigh,
Durham, and Chapel Hill are the major cities in the study area. The RTP (Research Triangle
Park) in the study area is a maor source of trip production especially during the AM and PM
peak hours. The NCDOT has invested extensive effort to manage traffic in this area. These
efforts include the installation of CCTVs and speed detectors to collect information. The

NCDOT also provides traveler information through the Internet, 511, HAR, and VMS.
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Figure 7.3 Case Study Area

The selected area is an appropriate location for evaluating the effect of ATIS. A key reason
is that route diversion behavior and the effects of the diversion can be measured explicitly
because 1-40 and -85 are the best alternative routes for each other. Another reason is that a
major repaving project on 1-40 was underway during the case study phase of the project. This
situation provided a real world work zone case study and enabled a simple speed-based
validation of the ATIS evaluation models.

7.1.3 Case study scenarios
Four incidents and two work zones were chosen for the case study. Figure 7.4 shows the

locations of the incidents and the work zones in the simplified network of the study area.
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1-85/1-40

Incident Casesl!| & IV
(1-85 SB)

Work-Zone Case |
(1-40 WB)

Incident Cases| & 11
(1-40 WB)

Work-Zone Case |
(1-40 EB)

1-40

Figure 7.4 Smplified Network (1-40, -85, NC-147) and Case L ocations

Table 7-1 presents the incident parameters used in the case studies. The incident cases were
studied during the morning peak hour (7 AM ~ 8 AM) to simulate the most severe impact of an
incident. To understand the sensitivity of different levels of ATIS deployment, incident cases
with different severities and durations were modeled. Note that Incident | and Il affect traffic
headed from the southeast to the northwest. Incident 111 and 1V affect traffic headed from the

northwest to southeast.
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Table 7-1 Incident parametersused in the case studies

Case No. Time Location Severity Incident
Duration

Incident]  AM peak WB [-40, East of US 0.40 (60% capacity 30
time 15/501 remaining) minutes

Incident (7 am-8 am) 0.75 (25% capacity 45
1 remaining) minutes

Incident EB 1-85, West of 1-40 0.50 (50% capacity 30
[l split remaining) minutes

Incident 0.75 (25% capacity 45
\Y remaining) minutes

Severity means capacity reduction ratio due to an incident. The meanings of the severity

levels used in the incident studies are as follows;

e Severity 0.40: one of the two lanesis closed, 60% of normal capacity remains
e Severity 0.50: one of the two lanesis closed, 50% of normal capacity remains
e Severity 0.75: two of the three lanes are closed, 25% of normal capacity remains

The location and the major diversion routes of Incident | and Il are shown in Figure 7.5.

Incident | and Il have the same incident location but different incident severities. The location of

Incident | and Il is on 1-40 westbound between Exit 274 and 273. The severities of Incident |

and Il are set to be 0.40 and 0.75, respectively. As shown in Figure 7.5, drivers before the

[-40/NC-147 split on 1-40 WB can take NC-147 NB and then take -85 WB or US-15/501 SB to

get back to 1-40 WB, or if they get the incident information before they reach the 1-40/1-540

junction, they can choose to divert to 1-540 and take US-70.
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Figure 7.5 Location and Detoursof Incident | and 11

Figure 7.6 depicts the location and detours of Incident 111 and IV. The location is near Exit
170 on 1-85 eastbound. Incident severities are 0.50 and 0.75 for Incident I11 and IV, respectively.
Drivers who are traveling on 1-85 EB, i.e.,, toward Durham can divert their travel routes based on
traveler information. For example, if they get the incident information before they arrive at the
[-85/1-40 split, they can take 1-40 EB instead of 1-85 EB and then take US15/501 to get back to

[-85 or to take NC-147 to get to their destinations.
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Figure 7.6 Location and Detoursof Incident |11 and 1V

For the work zone case studies, the 1-40 resurfacing work was selected. The 1-40 segment on
which the resurfacing work was planned was from just east of the Orange/Durham County Line
to just west of NC-147. Dotted linesin Figure 7.7 represent the work zone area. 1-85, NC-147,
and US-15/501 were used as main detours. Closing parts of lanes or narrowing a lane width was
required for the resurfacing work. To avoid serious congestions and to reduce the effects of
work on daytime travel, lane closure was limited to the time after 8:00 pm and before 6:00 am on
weekday, after 8:00 pm and before 8:00am on Saturday, and after 8:00 pm and before 8:00 am

on Sunday.
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Figure7.7 Work Zone Area

The construction work was performed in each direction separately and one lane of the three
lanes remained open to traffic. Asaresult of the closure of two of the three lanes, the work zone
section lost 75% of its capacity. Table 7-2 shows work zone parameters used in the work zone
case studies. The two work zone cases were assumed to have the same capacity reduction and
duration, but opposite in directions on 1-40. Because weekdays have heavier traffic than
weekend days, weekday construction was chosen to model more severe impacts of a construction

work on traffic.
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Table 7-2 Work zone parametersused in the case studies

Case No. Effective Location Severity Duration
Time
Work Zone  Weekdays WB [-40, just E of 0.75 (25% capacity 10 hours
I 8 pm-6 am NC-147 remaining)
Work Zone EB 1-40, just W of 0.75 (25% capacity
1 NC-147 remaining)

Figure 7.8 depicts the location and major diversion routes of Work zone I. Drivers who do
not arrive the 1-40/NC-147 split can take NC-147 NB and then take I-85 WB or US-15/501 SB to
get back to 1-40 WB. Drivers who have not arrived at the 1-40/1-540 junction can divert to 1-540

and then take US-70 in case of more severe congestion.
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Figure 7.8 Location and Detoursof Work Zonel

The location and major diversion routes of Work Zone |l are presented in Figure 7.9. As

seen in Figure 7.9, drivers who have not passed the 1-85/1-40 split can take 1-85 NB and then
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NC-147 SB to get back to 1-40 EB. If they have already passed the 1-85/1-40 split traveling on

[-40 EB, they could take US-15/501 NB and then NC-147 SB to get back to 1-40 EB.
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7.1.4 ATIS Levels Modeled in the Study

Each of the six cases has five scenarios. One of them is ‘no incident or work zone' scenario
which does not have incident nor work zone in network. Each case has four ATIS level
scenarios, i.e., No ATIS (no path change), Existing ATIS, Planned ATIS Alternative |, and
Planned ATIS Alternative 1.

The “No ATIS’ scenario refers to a situation that there is incident / work zone on the study

network without ATIS deployment. Although travelers might identify incident-induced queues
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by themselves and take the diversion route if they were familiar with the regional network, the
models assume that thereis no diversion if thereis no ATIS service provided.

According to the literature on some existing ATIS project/deployment, a wide range of
diversion rates are associated with incident / work zone scenarios. For example, Khattak (1991)
found that the diversion rate for delays of 10 minutes or more was about 30% for Chicago
commuters. Pesti et al. (2004) reported that traffic condition information displayed on
Changeable Message Signs (CM Ss) only accounted for 4% diversion of mainline traffic from I-
80 in Nebraska to avoid delays in a work zone. Horowitz et a. (2003) showed that the
alternative-route selection rates ranged from 7% to 10% of the freeway traffic, depending on the
location and the day of the week. Additionally, an automated work zone information system
(AWIS), deployed near Los Angeles, California, showed the diversion rates were between 5.3
and 20.2%. (Kim et al. 2005). Generally, higher route diversion rates are observed when the
delay on the main route is longer, the alternate route is available and shorter, and information is
obtained from electronic sources. The diversion rate for work zone cases and incident cases are
actually similar to each other based on the literature review, although one may intuitively expect
the diversion rates at work zones to be higher than for incident cases. Therefore, in this study,
the same diversion rates were set for incident and work zone scenarios with existing ATIS
service, aswell as scenarios with different planned ATIS alternatives.

For the scenario with existing ATIS service, the effect of existing ATIS within the study area
provided either by the private sector (commercial radios, TV channels, Internet etc.) or by the
public sector (SMARTLINK, VMS, HAR, 511 etc.) were modeled. According to the General
ATIS evaluation in Task 8, about 30% of the respondents in the 2006 Triangle Travel Survey

were willing to change their travel routes based on the traveler information they received. Since
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the rate of 30% is the upper-bound of the effect of the existing traveler information resources,
each case-based diversion rate might be much lower than that upper-bound. Therefore, in this
study, a 10% diversion rate was used to conservatively represent the effect of existing ATIS
service. For scenarios with different planned ATIS alternatives, 20% and 30% diversion rates
were assumed for Alternative | and 11, respectively.
7.2 Case study using DYNASMART-P
7.2.1 Network preparation

The TRM (Triangle Regional Model) provides network data such as nodes, links, zones
information, and OD demands for building a DY NASMART-P network. Figure 7.10 depicts the
TRM network. It has 11,218 nodes, 15,078 links, and 2,389 zones. TRM has three OD matrices:
AM peak 4 hours, PM peak 4 hours, and off peak 16 hours. Each OD matrix includes the
demand by three vehicle types, i.e., HOV (High Occupancy Vehicle), SOV (Single Occupancy

Vehicle), and CV (Commercia Vehicle).

125



Case study area R

.

Figure7.10 TRM Network

The TRM network is developed in TransCAD. TransCAD network data can be transferred to
DYNASMART-P network through the DY NASMART-P network preparation steps described in
Figure 7.11. Before transferring TRM network data, the study network was carved out using the
sub area analysis feature in TransCAD. The study area is a fully contained subset of the TRM
network as shown in Figure 7.10. Next, sub-network data were exported from TransCAD to
Microsoft Excel files or text files. A spreadsheet program such as Excel and a text editor
program were used to edit these files to create the input file for DynaBuilder. The
DYNASMART-P input files were generated using DynaBuilder. Next, some errors needed to be
corrected. Thiswas done using the DY NASMART-PED which is avery useful tool for creating

DYNASMART-P networks. Detailed explanations about how to use sub area analysis feature of
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TransCAD, how to prepare DynaBuilder input data, and severa tips to correct errors are

described in Appendix F.

TransCAD: Sub area analysis

TRM (Triangle Regional Model)

v
v

Export data (node, link, zone, and
demand data)

Sub-network

v DYNASMART-P

Database program or Text editors
> Input data
Handle exported TransCAD data v
for DynaBuilder input Set parameters
v
l > Run Simulation BB
DynaBuilder v
Output (Network performance)

Prepare input data for Dynasmart-P

\ 4

DSPEd

Edit input datafor Dynasmart-P

)
[

Figure7.11 DYNASMART-P Network Preparation

7.2.1.1 Network characteristics

The sub-network consists of 806 zones, 3,985 nodes, and 9,508 links. Figure 7.12 shows this
sub-network. Two time periods of demand profile were prepared: AM peak demand for the
incident cases and off peak demand for the work zone cases. Two vehicle types of OD matrix

were prepared. Passenger car demand was the sum of HOV and SOV demand and truck demand

was identical with CV demand.
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Figure7.12 DYNASMART-P Network

DYNASMART-P allows user to input detail node and link data. If users have access to
actual traffic control plans and link characteristics, the DY NASMART-P network can be coded
to reflect more redistic traffic control and flow. However, the larger a network is, the more
difficult it isto collect and code the detailed network data.

In the case studies, some network data assumptions were required. Traffic control types of
intersections were decided based on the “control density” field in the TRM TransCAD network
data. If nodes were centroids or were nodes on freeway links or centroid connectors, the traffic
controllers for these intersections were deleted. Among 3,985 nodes, 534 nodes were signalized

and 3,451 nodes were unsignalized intersections. Because detailed information on the traffic
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control plan data were not acquired for each intersection, the 534 signalized intersections were
set as actuated traffic signals. DynaBuilder generated traffic signal plans for al the signalized
intersections. The default values given by DynaBuilder, 100 seconds of Maximum green, 10
seconds of Minimum green, and 5 seconds of Amber, were used. DynaBuilder originally set all
signal phase plans to use permissive left turn control. When the demand level was not so high,
this phasing created no problems. However, when the demand level was high, or when vehicles
were generated using the vehicle file and path file, heavy conflicting flow resulted in insufficient
left turn capacity. In these cases, queued left turn vehicles eventually blocked the all other
movements. To solve this problem, all permissive left turn phasing was changed to protected | eft
turn phasing. As another solution, one could try increasing the minimum left turn capacity for
permissive left turns.

Properties of links and geometric configurations are important factors for the traffic
simulation module in DYNASMART-P. All 9,508 links in the study network were divided into
freeway links or arterial links according to the posted speed limits. If the posted speed limit of a
link is equal or greater than 55mph, this link was classified as a freeway link while a link having
posted speed limit of less than 55mph was classified as an arterial link. The number of the two

link types and the settings for those are as follows:

B 973 Freeway links (posted speed limit >=55)

O Maximum service flow rate: 2000 pcphpl
O Saturation flow rate: 2200 vphpl
O Speed limit 65 (+5) mph

B 8, 535 arterial links (posted speed limit <55)

O Maximum service flow rate: 2000 vphpl
O Saturation flow rate: 1800 vphpl
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O Speed limit 45 (+5) mph

The maximum service flow rate was the maximum capacity of a given lane providing the
upper limit of the flow rate through a section under any conditions. The saturation flow rate
applied to downstream vehicles discharging from a queue. Actua free-flow speeds were
assumed base on the posted speed limits; in this study, the free flow speeds of the freeway and
arterial links were set to be 70 mph and 50 mph, respectively.

Some geometric configurations were a so assumed as follows,

- dl links allow u-turn movements
- al links have one left turn bay and no right turn bay, and
- dl links have 0% grade.

To increase the capacity of the generation or destination links, the number of lanes of the
centroid connectors was set to be nine.

7.2.1.2 Preparing Origin Destination Demand

DYNASMART-P has two vehicle generation methods. The first method generates vehicles
based on OD demand matrix. This method is used at the first simulation run which produces a
vehicle and a path file as outputs. The second method uses these two files for another simulation
run with the same vehicles and paths but for a different network condition like incidents, work
zones, or different ATIS' s. In other words, this method uses these two files to generate the same
vehicles generated in the first run and to have these vehicles use the same paths they used in the
first run. This method, therefore, can be used to evaluate ATIS strategies. More specifically, in
a second simulation run, if the same drivers began their travels at the same times and used the
same paths as they did in the first run, DYNASMART-P can tells us how much a traffic event

such as an incident or an ATIS affects their initial trip. For an ATIS scenario run, the second

130



vehicle generation method was used, and the user groups which tell what information they used
can be specified. If an unresponsive group is created who use the initial path without any route
diversion and other user groups who have a choice to change their path based on traveler
information (pre-trip information, VMS, or IVIS), then ATIS users route change behavior can
be model ed.

The two time periods (AM peak and off peak time) and two vehicle types (passenger car and
truck). Thus, four OD demand matrices were developed.

- AM peak time demand for passenger cars,

- AM pesk time demand for trucks,

- weekday night time (off peak demand) for passenger cars, and
- weekday night time (off peak demand) for trucks.

The AM peak period demand profile has three OD matrices each of which was made by
multiplying hourly distribution factor to the TRM four hours AM peak demand matrix. The
Hourly distribute ratios were derived from the traffic count data from the 1-85 ATR station
A3101.

Table 7-3 and Figure 7.13 explain how the AM peak period demand profile was devel oped.
An incident was set to occur during the most congested time period, i.e., between 7:00 AM to
8:00 AM. To measure the exact incident and ATIS policy affects, vehicles were generated one
hour before the incident time and one hour after incident period ended. The first period
generated vehicles for filling the network. The second period had incidents and generated
vehicles by the highest demand level among the four periods. The third period generated

vehicles for preventing incident effect disappearing due to zero demand. The fourth period did
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not generate any vehicles. This period was for waiting until all generated vehicle finished their

travel.

Table 7-3 Demand profilefor theincident cases

Peiod  Time  Hourly - Smulation ) ey Others
ratio Time
1 6:00~7:00 0.175 0~ 60 min 0.175 For filling network

Incident | (60~90 min)

7:00~8:00 0.295 60~120 min 0.295 Incident 11 (60~105 min)

2
3 8:00~9:00 0.268 120~180 min 0.268
4 9:00~ 0 180~300 min 0 For clearing network

0.295 0.268

0.175

| Incident |

0 min 60 min 120 min 180 min

Figure 7.13 Demand Profilefor the Incident Cases

The demand profile for the work zone cases was prepared using in a similar way as that for
the demand profile of the incident case study. Weekday night time demand profile had four OD
matrices; each matrix was made by multiplying hourly distribution factor to the TRM 16 hour off
peak demand matrix. The hourly distribute volume distributions were derived from traffic count
data from the 1-85 ATR Station 3101.

Table 7-4 and Figure 7.14explain how the off peak period demand profile looks like.
Construction work was scheduled to be active between 8:00 PM to 6:00 AM. Vehicles were
generated for one hour before construction work begins. The second, third, and fourth periods
were work zone period, which had aggregated demand level for two hours (8:00 pm to 10:00
pm), another two hours (10:00 pm to 12:00 am), and six hours (12:00 am to 6:00 am),

respectively. Figure 8.14 shows average hourly demand level. For example, the multiplier of
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the second period was 0.143 for two hours, which meant that the hourly demand level of this
period was 0.0715. In the work zone case, additional vehicle generation periods were not
required. Since from midnight on the demand was very low, work zone impacts were not
supposed to transfer to the next time period. The fifth period did not generate any vehicles. This

period was designed to clear the network.

Table 7-4 Demand profile for the work zone case

Period | Time Hourly Simulation Multiplier | Others
ratio Time
1 19:00~20:00 | 0.094 0~ 60 min 0.094 For filling network
2 20:00~21:00 | 0.077 60~180 min | 0.143 Construction
21:00~22:00 | 0.066 (60~660 min)
3 22:00~23:00 | 0.050 180~300 0.091
23:00~24:00 | 0.041 min
4 00:00~06:00 | 0.140* 300~660 0.140
min
5 06:00~ 0 660~800 0 For clearing network
min

*: Sum of hourly ratio for six hours = 0.028+0.019+0.018+0.019+0.022+0.034 =0.140

0.094
0.0715

0.0455 0.0233
Construction WGrk
0 min 60 min 180 min 300 min 660 min

Figure 7.14 Demand Profilefor the Work Zone Study

7.2.1.3 Calibration of demand levels

There are several cadlibration elements of DYNASMART-P.  The network links
characteristics and traffic controls at intersections were calibrated during the network preparation
step. Errors were fixed and some calibration parameters adjusted according to the results of the

trial runs. Calibration of traffic flow model was a magjor calibration factor. In this study,
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however, the default traffic flow model was used. If speed and density data are available from
detectors, appropriate traffic flow models for each links could be estimated, and more realistic
simulation results may be possible.

In this study, the project team focused on calibrating the demand level by comparing the
estimated traffic volumes from DY NASMART-P run with the observed traffic volumes. The
observed volume was used as the input traffic volume in the ATIS evaluation study using IMAP
(FREEVAL run). The traffic counts of 28 links on 1-85 and [-40 were estimated based on 2005
ADT dataand ATR data on 1-85. How to get observed volumes is shown in Appendix G.

The following criteria were used to decide which demand level is most desirable;

RM SE (Root mean squared error)
The mean-squared error is one of the most commonly used measures of success for numeric

prediction. This value is computed by taking the average of the squared differences between
each computed value (¢ ) and its corresponding correct value (& ). The root mean-squared error
is simply the square root of the mean-squared-error. The root mean-sgquared error gives the error
value the same dimensionality as the actua and predicted values. This value can be calculated

by the following equation:

RMSE = \/(ai‘cl)er(az—C;)2+...+(&1—cn)2 -

MAE (Mean absoluteerror)
Mean absolute error is the average of the difference between predicted and actual value in all

test cases; it is the average prediction error. This value can be calculated by the following

equation:
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|al_cl|+|a2_c’;|+'“+|aﬂ_cn| (7.2)

MAE =

Mean % Absolute Deviation

Percent deviation is commonly used to assess accuracy, which is the measure of how close a
measured value is to the true or expected value. This value can be calculated by the following

eguation:

- —c|/a +
Mean % Absolute Deviation = |61 Cl| !

a, —c2|r/]a2 +...+|a,—c,|/a, 100 (73)

DYNASMART-P alowed us to handle demand level by adjusting the multiplication factor in
“demand.dat” and “demand_truck.dat” filee. DYNASMART-P magnified the OD demand
matrices with this factor.

For the incident cases, the project team simulated the scenarios under no incident and no
information with various multiplication factors from 1.0 to 1.4. Asshown in Table 7-5, when the
demand level was increased, the criteria were improved through some point from which the
criteria became worse back. The multiplication factor 1.3 was optimal value based on this result.
This demand level had no unexpected congestion based on the queue display. Any of link
volume didn’t exceed the maximum capacity.

For work zone case, the project team simulated no work zone scenario with various
multiplication factors from 1.1 to 1.5. Table 7-6 shows the calibration criteria of the work zone
cases which have similar pattern as that shown in Table 7-5. Multiplication factor 1.4 was
considered as the best value according to this result. This demand level had no unexpected
congestion based on the queue display. Any of the link volumes didn’'t exceed the maximum

capacity of the link.
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Table7-5 Calibration criteria of theincident cases

Multiplication MAE RMSE Mean %_A_bsolute
factors Deviation
1.0 301.67 342.65 30%
1.1 257.24 304.58 26%
1.2 225.48 274.16 23%
1.3 214.34 268.27 22%
1.4 223.88 274.45 23%

Table 7-6 Calibration criteria of the work zone cases

Multiplication MAE RMSE Mean % Absolute
factors Deviation
1.1 103.5 123.28 30%
12 88.54 110.77 26%
1.3 77.91 105.18 23%
14 75.18 108.04 22%
15 78.28 117.85 22%

7.2.1.4 Modeling incident/work zone and ATIS deployments

Four incident cases and two work zone cases were designed for this study. Each case had 5

scenarios. Thefive runs for these scenarios using DY NASMART-P were as follows,

Thefirst run: no incident/no work zone,

The second run: incident/work zone without ATIS (no path change),

The third run: incident/work zone with existing ATIS (max 10% diversion),

The fourth run: incident/work zone with planned ATIS (max 20% diversion), and

Thefifth run: incident/work zone with planned ATIS (max 30% diversion).

Figure 7.15 presents how to set these five scenarios in DYNASMART-P. There were two

possible options to do traffic assignment.

Iterative consistent assignment (equilibrium) might

give us better results than those of one-shot simulation assignment. In this case study, however,

the network size was too large to run the former option because it required a huge amount of
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memory. One-shot simulation assignment, therefore, was the recommended option for ITS

evaluation by DY NASMART-P.

Prepare input files

v

1% run. No incident/work-zone scenario

Parameter setting
*One-shot simulation assignment
(or Iterative consistent assignment)

*Copy output_vehiclefileto vehiclefile
*Redistribute the user classes
- Unresponsive (Historic info.)

*Demand: OD matrix

100 % Unresponsive user class

(Set user class percentage at |ater step)
*Capacity reduction: small number (0.01)

A 4

«Copy output_vehiclefileto vehiclefile
*Do not redistribute the user classes
*Copy output_path file to path file

A 4

2" run. No ATIS (no path change)

Parameter setting
*One-shot simulation assignment
*Demand: Activity chain
(with path file)
100 % Unresponsive use class

*Capacity reduction: Set severity

A\ 4

- VMS responsive (VMS + Pre-trip info)
*Copy output_path file to path file

v

39 run. Existing ATIS (10% max. diversion)

Parameter setting
*One-shot simulation assignment
*Demand: Activity chain

(with partia path file)
- Check VM S group
*Capacity reduction: Set severity
*Add/change traffic management strategy
(VMS)
*VMS responsive rate for congestion
warning VMS : VMS/(VMS +Pretrip
info) %

v

Preparefilesfor Alternatives

*Copy all filesto new folders
*Redistribute the user classes

\ 4

*Add/change traffic management strategy
(VMS) for each dternative

V

4™ run. Planned ATIS 1 (20% max diversion)

"5th run. Planned ATIS 2 (30% max diversion)

Figure7.15 DYNASMART-P Simulation Steps

The first run was made assuming the original vehicle path with incident or work zone.

To extract the impacted vehicle analysis results, however, a very small capacity reduction
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was input on the locations which were planned for incident/work zonein other runs. In the
third, fourth, and fifth run, the project team included incidents and work zones as shown
in

Table 7-1 and Table 7-2.

In the first and second run, all of vehicles were classified into an unresponsive user group.
This group didn’'t have ATIS or didn’t comply with the information. It was assumed that no
vehicle would change their path in the second run. From the third run, some vehicles were
assumed to have ATIS and respond to it. In this study, the project team used a 10% diversion
rate to conservatively represent the effects of the existing ATIS service. Diversion rates of 20%
and 30% were assumed for ATIS alternative | and Il, respectively. However, diversion rates
cannot be directly handled in DYNASMART-P. It followed the user’s path change rule and
route diversion was decided by network condition. Assumed diversion rates were modeled by
adjusting the combination of information user group and VMS response rate. This diversion rate
is not an actual diversion rate but can be considered as the rate of willingness to divert. The
various information sources were classified into two groups; pre-trip information and VMS. The
percentages of the user groups were set as 10% (8% pre-trip and 2% VMYS), 20% (15% pre-trip
and 5% VMS), and 30% (15% pre-trip and 15% VMYS) for existing ATIS, planned ATIS |, and
planned ATIS 11, respectively. Existing VMS locations shown in Figure 7.16 were inputted into

the DY NAMSART-P network.
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Figure7.16 VM Ssin Case Study Network

In the first run, vehicles were generated according to the OD demand matrix. After vehicle
file and vehicle path file were generated from the first run, the activity chain option can be used.
This option generated vehicles using the vehicle and path file generated from the first run. The
vehiclefile contained the start time and the vehicle characteristics including information class for
every vehicle. The path file had each vehicle s path. In the second run, the activity chain option
with path file is used. It made every vehicle hold to their original path generated at the first run.
From the third to the fifth run, the activity chain with partial path file was used and checked only
the VMS group as a group acquired path from simulator. Other groups including unresponsive
group got their path from the copied “outpath.dat” file from the first run. In other words, VM S

group got a new path based on network condition when they began to travel and aso VMS
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groups could get a new path where VMS was installed and part of them responded to VMS
information. From the second to the fifth run, the vehicle and the path file were copied from the
first run output. DYNASMART-P provided a chance to redistribute the combination of
information user group in step for copying “output_vehicle” file. For example, to model 8% pre-
trip information group and 2% VMS information group, 100% unresponsive group was
redistributed to 90% unresponsive group and 10% VMS group. When 20% VMS response rate
was inputted, 2% of all vehicles were supposed to response to VMS information. Table 7-7
shows the information group setting parameters for scenarios.

Table 7-7 Networ k-wide M OEs of Incident |

Scenarios No incident Incident/work zone  Existing ATIS Planned ATIS | Planned ATIS I
Info group settin o thciden (Nodiversion)  (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
Unresponsive group 100% 100% 90% 80% 70%
VMS group (Pre-trip +VMS) 0% 0% 10% 20% 30%
VMS responsive rate N/A N/A 20% 25% 50%
7.2.2 Results

The results of DY NASMART-P simulation are reported in four aspects, namely, (a) behavior
of the impacted vehicles, (b) link performances of the two major facilities (1-40 and 1-85), (c)
overall network, and (d) travel time saving benefits.

First, the project team examined the effects of ATIS on the impacted vehicles generated
during the statistics collection period. The impacted vehicles were defined as those vehicles that
have paths passing through any incident or work zone link. For the comparison purposes, a very
small capacity reduction (0.01 or less) was set for no incident or no work zone scenarios in the
same location as each of the scenarios. DSPEd has an “impacted vehicle analysis tool” which
identifies the impacted vehicles and reports their paths and travel times. The improvements on

the impacted links were estimated by comparing the number of the impacted vehicles and their

140



travel times in each scenario. Another major function of the tool is to report the route diversion
behavior of the initial impacted vehicles that traveled along the impacted links in the first run.
Some of the impacted vehicles had traveler information and therefore changed their route to a
new optimal path. Vehicles with no information followed their original path. Therefore, this
function isolates the ATIS effects on the impacted vehicles' route diversion and travel time
savings.

Next, link performances on the two major roads, 1-40 and 1-85 (NC-147) were investigated.
These statistics were used for comparing the DYNASMART-P results with the FREEVAL
results. The FREEVAL network contained only these two major routes, and the directions along
the routes were modeled separately. Also, the analysis duration was focused on the time of the
most severe conditions, i.e., 7 am to 8 am for the incident cases and 8 pm to 12 am for the work
zone cases. Link performances of these routes were extracted using “export link performance
tool” in DYNASMART-PED. VMT (Vehicle Mile Traveled), VHT (Vehicle Hour Traveled),

and average travel time were calculated using the following equations:

VMT (miles) = ) v, (7.4)

VHT (hours) :Zvi;—i (7.5
_wur

Space mean speed (mph) = VHT (7.6)

Average travel time (minutes) = 2\ 60 (7.7)

X
spacemean speed

where,

v, = volume of link i

[, = link length of link i
S = speed of link i
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The equations above were also used to calculate the average travel time for the individual

links. The following equation was used to find the overall average travel times for the two major

routes:
vMT, X ATT, + VMT, X ATT,
N )
ATT for two freeway facilities= VMIT, +VMT2
Lo L (7.8)

Where,

VMT = Vehicle Miles Traveled for the facility

L = Length of facility

ATT = Average Travel Time reported for the facility.
This equation was also used to calculate the combined space mean speed for the two facilities.

Third, the effects of the various ATIS aternatives on the entire network during the analysis

period were compared. The ‘Summarystat.dat’ file includes simulation statistics for all vehicles
generated during data collection period. The time period for filling the network was excluded
from the data collection period. Average travel time, stop time, and average trip distance were
chosen as MOEs for evaluating network performance.

Finally, the benefits of ATIS were estimated. In this case study, travel time savings were

calculated using the following equation:

Travel timesavings= N x At xW (7.9)

Where,

N: the number of vehiclesin network
At : travel time reduction per vehicle
W: average hourly wages
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The average hourly wage for North Carolina was available from U.S. Department of Labor
(Bureau of Labor Statistics) website *http://www.bls.gov/’. Examples of the mean hourly
earnings in the Triangle region of North Carolina are:

- Raleigh - Durham - Chapel Hill, NC, March 2004: $21.74/hr
- Raleigh - Durham - Chapel Hill, NC, March 2003: $21.07/hr

The most recent available data was selected for the benefit estimation.

In the following sections, the results of DYNASMART-P simulation study for the four
incident cases and the two work zone cases are described.

7.2.2.1 Incident case |

Incident | had relatively small capacity reduction, and the direction of the incident was
opposite to the peak direction. As shown in Table 7-8, the number of impacted vehicles for the
scenario ‘incident (no diversion)’ was decreased due to the capacity reduction, but the reduction
amount was very small. Also, as shown in Table 7-9, the average travel times of the scenarios
shows the fact that Incident | did not cause any congestion. Therefore, the initial impacted
vehicles might not feel any needs to change their initial paths. A very small diversion rate can be
seen in the ATIS scenarios. The average travel times of the diverted and non-divert vehicles

were almost same.
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Table 7-8 Impacted link analysisresultsfor Incident |

eS| ey Incident Existing ATIS ~ Planed ATIS|  Planned ATIS I
MOEs (Nodiversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
# of impacted vehicles 859 855 859 865 903
pee ) ] . 4 10 48
et " . . 0% 1% 6%
o i iy 22.1 22.29 22.32 22.36 2221

Table 7-9 Impacted vehicle analysisresultsfor Incident |

Scenarios No incident Incident Exising ATIS ~ Planned ATIS|  Planned ATIS I

MOEs (No diversion)  (Pre 8%, VMS2%) (Pre 15%, VM S5%) (Pre 15%, VM S15%)
Number of vehicle

Total Impacted vehicles 859 859 859 859 859
Non-diverted vehicles . 859 859 848 851
Diverted vehicles . 0 0 11 8
Diversion rate . 0.0% 0.0% 1.3% 0.9%
Average Travel Time (min)

Total Impacted vehicles 22.1 22.29 22.29 22.47 22.4
Non-diverted vehicles " 22.29 22.29 22.49 22.45
Diverted vehicles . . . 21.11 17.59

As shown in Table 7-10, MOESs for the two major routes did not show significant differences
between the five scenarios. Nevertheless, the planned ATIS Il scenario is the best alternative
based on these results. It had the highest VMT, the highest average speed, and the smallest
average travel time among the five scenarios including the no incident case. One could guess
that the VMS responsive group which made up 15% of all users could choose better routes,

which made resulted in a small enhancement in the network (the two major routes) performance.
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Table 7-10 MOEsfor thel-40 and -85 for Incident |

Scenarios No incident Incident ExitingATIS  Planned ATIS|  Planned ATIS I
MOEs (Nodiversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
VMT (Volumes) 80,358.20 80,903.63 80,447.63 80,875.12 81,076.86
VHT (hours) 1,157.25 1,159.98 1,154.81 1,164.22 1,162.30
Average Speed (mile/hour) 69.44 69.75 69.66 69.47 69.76
Average Travel Time (min) 21.07 20.98 21.01 21.06 20.95

Table 7-11 shows the network-wide MOEs for the Incident | case. It reveals asimilar pattern
to Table 7-10. The network wide MOEs for the *incident (no diversion)’ scenario were not much
different from those for ‘no incident’ scenario. The estimated travel time savings are presented

in Table 7-12.

Table 7-11 Networ k-wide MOEs for Incident |

Scenarios No incident Incident Exiting ATIS  Planned ATIS|  Planned ATIS I
MOES otnadent  No diversion)  (Pre 8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VMS15%)
Average Travel Time (min) 14.32 14.59 14.39 14.05 13.89
Stop time (min) 3.20 3.34 3.29 3.04 2.99
Average trip distance (mile) 8.52 8.52 8.52 8.52 8.51

Total generate vehicle: 343,331, Tagged vehicle: 262,080 (8:00pm ~6:00am)

Table 7-12 ATIS benefitsfor Incident |

Scenarios

No incident Incident Existing ATIS Planned ATIS| Planned ATIS I
Travel time savin (Nodiversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
gs

Total vehicle number 262,080 262,080 262,080 262,080 262,080
Average Travel Time (min) 14.32 14.59 14.39 14.05 13.89
Travel ti i

véli;/ cl etl(rr?:i?n;ﬂvI "% ?er 0.20 0.54 0.70
(e yrave time savings 88845 234867  3,067.65
Total travel time savings ($) 19,314.93 51,060.16 66,690.63
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7.2.2.2 Incident case 1

Incident 11 had alarger capacity reduction and alonger incident duration than Incident I. The
number of impacted vehicles was higher (859 in Incident | versus 1422 in Incident I1). Table
7-13 indicates a capacity reduction for Incident 11 of 760 vehicles (53%) of the throughput for the
incident links and an increase in average travel time. Congestion due to the incident was not
mitigated very much in the ATIS scenarios because the throughput of impacted vehicle and
averagetravel time of ATIS scenarios was still very close to the incident (no diversion) scenario.

As presented in Table 7-14, the diversion rate was increased when the percentage of vehicles
belonging to the ATIS group was increased. Diverted vehicles reduced their travel time by
selecting the detour. However, in Planned ATIS Il (Pre 15%, VM S15%), diverted vehicles had a
longer travel time. In this case, the alternate route became congested because of the increased
demand from the diverted vehicles. In contrast, the non-diverted vehicle's average travel time

was decreased.

Table 7-13 Impacted link analysisresultsfor Incident I1

Scenarios No incident Incident Exising ATIS ~ Planned ATIS|  Planned ATIS I
MOEs (Nodiversion) (Pre 8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
# of impacted vehicles 1,422 662 676 673 689
e " . . 14 11 27
e e o " . . 2% 2% 4%
e e 23 36.74 36.69 36.54 36.57

* Datacollection period: 7:00 ~9:00 am
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Table 7-14 Impacted vehicle analysisresultsfor Incident |1

Scenarios No incident Incident Existing ATIS ~ Planned ATIS|  Planned ATIS I

MOEs (Nodiversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
Number of vehicle

Total Impacted vehicles 1,422 1,422 1,422 1,422 1,422
Non-diverted vehicles . 1,422 1,331 1,224 1,112
Diverted vehicles . 0 91 198 310
Diversion rate " 0% 6.4% 13.9% 21.8%
Average Travel Time (min)

Total Impacted vehicles 23 39.85 37.97 36.32 38.15
Non-diverted vehicles . 39.85 38.59 37.59 36.81
Diverted vehicles . 28.94 28.52 42.94

* Data collection period: 7:00 ~9:00 am

In Table 7-15, the Planned ATIS Il scenario was the best alternative from the standpoint of
[-40 and 1-85. It had the highest VMT, the highest average speed, and the lowest average travel
time among the five scenarios. However, Table 7-16 shows that the Planned ATIS Il was the
worst alternative from a network-wide perspective. The high diversion rate resulted in a network
performance worse than for planned ATIS |. These results point out the potential pitfalls of
diverting high percentages of freeway vehicles to surface routes. Conditions on surface routes
can deteriorate rapidly and recover sowly. It should be noted however, that actual drivers often
have a stronger reluctance to divert to surface street routes than is reflected in the ssmulation

model. Estimated travel time savings areincluded in Table 7-17.

Table 7-15 MOEsfor thel-40 and 1-85 for Incident 11

Scenarios No incident Incident ExitingATIS  Planned ATIS|  Planned ATIS I
MOEs (Nodiversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
VMT (Volumes) 76,674.31 72,883.49 73,606.05 73,657.62 73,694.73
VHT (hours) 1,107.78 1,117.55 1,123.03 1,121.98 1,117.34
Average Speed (mile/hour) 69.21 65.22 65.54 65.65 65.96
Average Travel Time (min) 21.20 22.42 22.30 22.26 22.13

* Datacollection period: 7:00 ~8:00 am
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Table 7-16 Networ k-wide MOEs for Incident 11

Scenarios No incident Incident Exising ATIS ~ Planned ATIS|  Planned ATIS I
MOES (Nodiversion) (Pre 8%, VMS2%) (Pre 15%, VM S5%) (Pre 15%, VM S15%)
Average Travel Time (min) 14.32 14.94 14.45 14.28 14.90
Stop time (min) 3.24 3.61 3.25 3.17 3.77
Average trip distance (mile) 8.52 8.52 8.52 8.52 8.52

* Data collection period: 7:00 ~9:00 am

Table7-17 ATIS benefitsfor Incident 11

Scenarios - id Incident Exising ATIS ~ Planned ATIS|  Planned ATIS I
Travel ti ) Noindident o diversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
ravel time savings

Total vehicle number 261,874

Average Travel Time(min) | 1432 14.94 14.45 14.28 14.90
Travel ti i

ey 0.48 0.66 003
ey Vet time savings 2112.89  2,879.30 150.58
Total travel time savings ($) 45,934.16 62,596.08 3,273.56

* Data collection period: 7:00 ~9:00 am

7.2.2.3 Incident case |1

In Table 7-18, the number of impacted vehicle for the incident (no diversion) scenario was
not decreased. So, it appears that the capacity reduction did not affect throughput for the
incident link under incident case Il1l. As the ATIS usage percentage went up, route diversion
resulted in a decrease in the throughput of the incident link. However, the congestion due to the
incident was still in place at can be seen by looking at average travel time, which did not
improve as diversion increased. As shown in Table 7-19, the diversion rate increased as the
percentage of vehicles in the ATIS group increased. However, there was a relatively small
diversion rate for the ATIS scenarios. A key question was why the diversion rate was relatively

small, even though impacted vehicles could have saved travel time by changing their route. The
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answer is that in this case many of the impacted vehicles needed to continue through on the

impacted link in order to reach their destination.

Table 7-18 Impacted link analysisresultsfor Incident |11

Scenarios No incident Incident Exising ATIS  Planned ATISI  Planned ATIS I
MOEs (Nodiversion) (Pre 8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
# of impacted vehicles 1,134 1,134 1,126 1,117 1,096
mpera k) . - -8 -17 -38
mptet ke o) . . -1% -1% -3%
e e 23.01 48.10 49.05 48.88 49.55

* Datacollection period: 7:00 ~9:00 am

Table 7-19 Impacted vehicle analysisresultsfor Incident |11

Scenarios No incident Incident Exising ATIS ~ Planned ATIS|  Planned ATIS I

MOEs (Nodiversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
Number of vehicle

Total Impacted vehicles 1,134 1,134 1,134 1,134 1,134
Non-diverted vehicles . 1,134 1,109 1,075 1,033
Diverted vehicles " 0 25 59 101
Diversion rate . 0% 2.2% 5.2% 8.9%
Average Travel Time (min)

Total Impacted vehicles 23.01 48.08 48.34 47.32 46.82
Non-diverted vehicles y 48.08 48.89 48.46 48.91
Diverted vehicles . 24.07 26.58 25.46

* Data collection period: 7:00 ~9:00 am

In

Table 7-20, the Planned ATIS | scenario was the best alternative for the 1-40 and 1-85 routes.
It had the highest VMT, the highest average speed, and the smallest average travel time among
the five scenarios. However, Table 7-21 shows that the Planned ATIS | scenario was worst
dternative from a network perspective. In Planned ATIS I, route diversion was created

congestion on the non-freeway links. This impact was not included in two major road statistics.
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When the usage rate of VM S was increased under Planned ATIS I, this congestion disappeared.
o, in terms of network wide performance, Planned ATIS Il scenario is the best scenario. Travel

time savings are estimated and presented in Table 7-22.

Table 7-20 MOEsfor thel-40 and -85 for Incident |11

Scenarios

No incident In(_:iden_t Existing ATIS Planned ATIS | Planned ATIS I
MOES (No diversion)  (Pre 8%, VMS2%) (Pre 15%, VM S5%) (Pre 15%, VM S15%)
VMT (Volumes) 131,909.53 121,156.62 121,202.74 121,354.39 122,171.96
VHT (hours) 191745 2,046.28 2,047.73 2,049.63 2,065.76
Average Speed (mile/hour) 68.79 59.21 59.19 59.21 59.14
Average Travel Time (min) 21.19 24.85 24.86 24.84 24.87

* Data collection period: 7:00 ~8:00 am

Table 7-21 Networ k-wide M OEsfor Incident 111

Scenarios No incident Incident Existing ATIS  Planned ATIS|  Planned ATIS I
MOES oIncident  (No diversion)  (Pre 8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
Average Travel Time (min) 13.83 14.93 14.61 16.17 14.20
Stop time (min) 2.93 3.16 2.93 4.39 2.84
Average trip distance (mile) 8.50 8.50 8.50 8.50 8.50

* Datacollection period: 7:00 ~9:00 am

Table 7-22 ATI S benefits for Incident 111

Scenarios No incident Incident Existing ATIS  Planned ATISI Planned ATIS I
Travel time sauin o1Inclgent o diversion)  (Pre 8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
gs
Total vehicle number 262,082
Average Travel Time (min) 13.83 14.93 14.61 16.17 14.20
Travel i i
et '(mfnfv' nos f’ef 0.32 -1.24 0.73
oy vt fime ssvings 1,390.78 -541636  3,179.49
Total travel time savings ($) 30,235.60 -117,751.70 69,122.14

* Datacollection period: 7:00 ~9:00 am
7.2.2.4 Incident case IV
In Table 7-23, the number of the impacted vehicles for the incident (no diversion) scenario is

significantly decreased. The capacity reduction resulted in a severe impact on the incident link
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throughput. Average travel time was increased in incident (no diversion) scenario and not
improved significantly in the ATIS scenarios. The incident induced congestion continued in the
ATIS scenarios. The extreme capacity impact of Incident 1V overwhelms the ability of the
network to handle the demand through route diversion. In Table 7-24, it can be seen that the

diversion rate increased as the percentage of vehicles in the ATIS group increased. Diverted

vehicle were able to save travel time.

Table 7-23 Impacted link analysisresultsfor Incident IV

Scenarios No indid Incident Existing ATIS  Planned ATIS|  Planned ATIS I

MOES oincident i giversion)  (Pre 8%, VMS2%) (Pre 15%, VM S5%) (Pre 15%, VM S15%)
# of impacted vehicles 1,888 396 399 399 405
Differencein vehicleson

impacted links (#) 3 3 9
Differencein vehicles on

impacted links (%) . 1% 1% 2%
Average travel time on 24.21 55.52 55.78 55.41 56.23

impacted links (min)

* Datacollection period: 7:00 ~9:00 am

Table 7-24 Impacted vehicle analysisresultsfor Incident 1V

Scenarios No incident Incident EXising ATIS  Planned ATIS|  Planned ATIS I

MOES (No diversion)  (Pre 8%, VMS2%) (Pre 15%, VM S5%) (Pre 15%, VM S15%)
Number of vehicle

Total Impacted vehicles 1,888 1,888 1,887 1,888 1,888
Non-diverted vehicles 1,888 1,741 1,551 1,396
Diverted vehicles 0 146 337 492
Diversion rate 0% 7.7% 17.8% 26.1%
Average Travel Time (min)

Total Impacted vehicles 24.21 58.52 56.12 52.09 50.44
Non-diverted vehicles 58.52 58.43 56.7 57.8
Diverted vehicles 28.65 30.87 29.58

* Datacollection period: 7:00 ~9:00 am

In Table 7-25, the Planned ATIS Il scenario is best adternative for 1-40 and 1-85 route

performance. It had the highest VMT, the highest average speed, and the smallest average travel

time among five scenarios.

However, Table 7-26 shows similar pattern with Table 7-25.



Planned ATIS | performed worse than the No ATIS scenario. Route diversion resulted in severe
congestion in the network. As with Incident 111, when VMS information use increased under
Planned ATIS I1, this congestion was relieved. Travel time savings are estimated and presented

in Table 7-27.

Table 7-25 MOEsfor the-40 and -85 for Incident |V

Scenarios No incident Incident ExitingATIS  PlannedATIS|  Planned ATISII
MOES (Nodiversion)  (Pre 8%, VMS2%) (Pre 15%, VMS5%6) (Pre 15%, VM S15%6)
VMT (Volumes) 126,972.77 112,337.00 114,822.36 116,359.73  118,366.89
VHT (hours) 1,844.85 2,006.79 2,029.66 2,055.72 2,076.34
Average Speed (mile/hour) 68.83 55.98 56.57 56.60 57.01
Average Travel Time (min) 21.17 26.35 26.07 26.04 25.85

* Data collection period: 7:00 ~8:00 am

Table 7-26 Networ k-wide MOEs for Incident 1V

Scenarios No incident Incident Exising ATIS ~ Planned ATIS|  Planned ATIS I
MOES (Nodiversion)  (Pre 8%, VMS2%) (Pre 15%, VM S5%) (Pre 15%, VM S15%)
Average Travel Time (min) 14.38 16.03 18.21 14.78 14.52
Stop time (min) 3.30 3.88 6.35 3.25 3.16
Average trip distance (mile) 8.50 8.50 8.46 8,51 8.52

* Datacollection period: 7:00 ~9:00 am

Table 7-27 ATI S benefits for Incident 1V

Scenarios No indid Incident Existing ATIS  Planned ATIS|  Planned ATIS I
Trevel fime s oincident o diversion)  (Pre 8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM SL5%)
gs
Total vehicle number 262, 129
Average Travel Time (min) 14.38 16.03 18.21 14.78 14.52
Travel ti i
Vé&:}/del(m?nﬁavmgsr)er -2.18 1.25 151
Total trave ti i
(hc(’)ur) ravel time savings -9,537.13 5,442.23 6,596.91
Total travel time savings ($) -207,337.14 118,314.19 143,416.89

* Data collection period: 7:00 ~9:00 am
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7.2.2.5 Work zone case |

Because the work zone duration is 10 hours, the number of impacted vehicle is much higher
than the incident cases. The results of the work zone cases shows similar pattern to those of the
incident cases. As shown in Table 7-28, the number of impacted vehicles for the work zone (no
diversion) scenario was significantly decreased. The capacity reductions have a severe effect on
the throughput of the work zone link. Average travel time was increased in the work zone (no
diversion) scenario and decreased with increasing percentage of information users. Even though
construction was at night when demand is low, the long duration of the lane closure resulted in
severe congestion. ATIS provides some relief, but severe congestion continues to exist. As
presented in Table 7-29, the diversion rate increased as the percentage of vehicles in the ATIS

group increased. Diverted vehicles could save a significant amount on their travel time.

Table 7-28 Impacted link analysisresultsfor Work zonel|

Scenarios | N work zone  Work zone ExisingATIS ~ Planned ATIS|  Planned ATIS I
MOEs (No diversion) (Pre 8%, VMS2%) (Pre 15%, VM S5%) (Pre 15%, VM S15%)
#of impacted vehicles 10220 8753 8,766 8,972 8,448
o I ) ] 13 219 305
o ISR ] . 0% 3% 3%
et (" 1808  137.94 122.78 103.56 67.09

* Data collection period: 8:00 pm ~6:00 am

Table 7-29 Impacted vehicle analysisresultsfor Work zonell

Scenarios No work zone Work zone Existing ATIS Planned ATIS | Planned ATIS I

MOEs (Nodiversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
Number of vehicle

Total Impacted vehicles 10,220 10,220 10,220 10,220 10,220
Non-diverted vehicles . 10,220 9,284 8,480 7,847
Diverted vehicles . 0 936 1,740 2,373
Diversion rate . 0% 9.2% 17.0% 23.2%
Average Travel Time (min)
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Total Impacted vehicles 18.08 142.79 113.20 94.64 59.69
Non-diverted vehicles 142.79 122.17 109.03 70.30
Diverted vehicles 24.26 2451 24.58

* Data collection period: 8:00 pm ~6:00 am

In Table 7-30, Planned ATIS Il scenario has the highest VMT and the smallest average travel

time among the five scenarios but its average speed was not highest for 1-40 and 1-85. However,

Table 7-31 shows that the planned ATIS Il scenario is the best alternative from a network

perspective. It has the lowest average travel time and stop time among of the ATIS scenarios.

Travel time savings are estimated and presented in Table 7-32.

Table 7-30 MOEsfor thel-40 and -85 for Work zone |

Scenarios | o work zone  Work zone Exising ATIS ~ Planned ATIS|  Planned ATIS I
MOEs (Nodiversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
VMT (Volumes) 202,011.77 156,408.22 162,909.08 166,110.06 175,931.84
VHT (hours) 2,886.25 2,967.29 3,310.56 3,075.01 3,398.81
Average Speed (mile/hour) 69.99 52.71 49.21 54.02 51.76
Average Travel Time (min) 20.89 27.44 29.38 26.74 27.90
* Data collection period: 8:00 pm ~12:00 am
Table 7-31 Network-wide MOEsfor Work zonel
Scenarios | N work zone  Work zone Exising ATIS ~ Planned ATISI  Planned ATIS I
MOEs (Nodiversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
Average Travel Time (min) 8.72 15.75 12.87 11.77 10.07
Stop time (min) 1.11 6.52 410 3.29 1.95
Average trip distance (mile) 6.98 6.98 6.98 6.98 6.98
* Data collection period: 8:00 pm ~6:00 am
Table 7-32 ATIS benefitsfor Work zonell
Scenarios Incident ExitingATIS  Planned ATIS|  Planned ATIS I

No work zone
Travel time savings

(No diversion) ~ (Pre 8%, VMS2%) (Pre 15%, VM S5%) (Pre 15%, VM S15%)

Total vehicle number 454 621
Average Travel Time (min) 8.72 15.75 12.87 11.77 10.07
Travel time savings per 2.88 3.98 5.68

vehicle (min)
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gy et timesavings 21,807.41 30,126.22  43,002.60
Totd travel time savings ($) 474,093.13 654,943.99 934,876.53
* Data collection period: 8:00 pm ~6:00 am

7.2.2.6 Work zone case |1

Work zone Il had more severe congestion than Work zone |I. Capacity reduction on 1-40
freeway created several bottlenecks. Spillback from these bottlenecks blocked movements on
arterial routes. Therefore, 10% of generated vehicles remained in the network at the end of the
simulation time. Therefore, in Table 7-34, some of initial impacted vehicles were exclude from
statistics because they could not complete their travel. This fact resulted in an underestimation
of average travel time in the work zone (no diversion) scenario and in the existing ATIS scenario
in Table 7-33, Table 7-34, Table 7-36, and Table 7-37. As presented in Table 7-34, the diversion
rate increased as the percentage of vehicles in the ATIS group increased. Diverted vehicles
could realize significant travel time savings. Asthe diversion rate increased under Planned ATIS

I1, congestion was reduced and average travel time was increased.

Table 7-33 Impacted link analysisresultsfor Work zone ||

Scenarios | N work zone  Work zone ExisingATIS ~ Planned ATIS|  Planned ATIS I
MOEs (No diversion) (Pre 8%, VMS2%) (Pre 15%, VM S5%) (Pre 15%, VM S15%)
# of impacted vehicles 9,442 3,129 4,387 8,481 8,091
bttt . . 1,258 5,352 4,962
e gy e . . 40% 171% 159%
e e 17.61 91.38 94.71 76.39 55.06

* Data collection period: 8:00 pm ~6:00 am
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Table 7-34 Impacted vehicle analysisresultsfor Work zonell |

Scenarios No work zone Work zone Existing ATIS Planned ATIS | Planned ATIS I

MOES (Nodiversion) (Pre 8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
Number of vehicle

Total Impacted vehicles 9,442 1,764 5,696 9,442 9,442
Non-diverted vehicles . 1,764 4,812 7,955 7,313
Diverted vehicles " 0 884 1,487 2,129
Diversion rate . N/A N/A 15.7% 22.5%
Average Travel Time (min)

Total Impacted vehicles 17.61 102.23 118.29 71.2 50.81
Non-diverted vehicles y 102.23 135.12 80.1 56.68
Diverted vehicles . 26.66 23.59 23.8

* Data collection period: 8:00. .pm ~6:00 am

Network performance results of the Work Zone Il have avery similar pattern to Work Zone .
In Table 7-35, Planned ATIS Il scenario has the highest VMT and the smallest average travel
time among the five scenarios but not the highest average speed for 1-40 and 1-85. However,
Table 7-36 shows that planned ATIS |l scenario is the best aternative from a network
perspective. It has the lowest average travel time and stop time among ATIS scenarios. Travel
time savings are estimated and presented in Table 7-37. However, the benefit calculation is not
correct because the average travel time of no work zone scenario did not include the average

travel time of the vehicles that remained in the network.

Table 7-35 MOEsfor thel-40 and 1-85 for Work zone |

Scenarios |\ work zone  Work zone Exising ATIS ~ Planned ATIS|  Planned ATIS I
MOES (No diversion)  (Pre 8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VMS15%)
VMT (Volumes) 184,852.23 159,480.43 163,009.23 164,329.02 166,110.40
VHT (hours) 2,641.06 3,415.68 3,374.15 3,564.03 3,606.19
Average Speed (mile/hour) 69.99 46.69 48.31 46.11 46.06
Average Travel Time (min) 20.73 30.73 29.71 31.08 31.09

* Data collection period: 8:00 pm ~12:00 am
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Table 7-36 Networ k-wide MOEs for Work zonell

Scenarios No work zone Work zone Existing ATIS Planned ATIS | Planned ATIS I
MOEs (Nodiversion) (Pre8%, VMS2%) (Pre 15%, VMS5%) (Pre 15%, VM S15%)
Average Travel Time (min) 8.71 66.87 39.22 11.52 9.90
Stop time (min) 1.10 54.84 29.02 2.96 1.72
Average trip distance (mile) 6.98 6.29 6.54 6.99 6.98

* Data collection period: 8:00 pm ~6:00 am

Table 7-37 ATIS benefitsfor Work zonel |

Scenarios ‘ Incident Existing ATIS ~ Planned ATIS|  Planned ATIS I
Trevel i ) Nowork zone i diversion) ~ (Pre 8%, VMS2%) (Pre 15%, VM S5%) (Pre 15%, VMS15%)
ravel time savings

Total vehicle number 454 296

Average Travel Time (min) 8.71 66.87 39.22 11.52 9.90
Travel ti i

V;‘ivde“(”r;?njav'”gs ™ 27.66 55.36 56.97
ey Vet time savings 20942516 419,141.82  431,370.71
Total travel time savings ($) 4,552,902.89 9,112,143.13 9,377,999.22

* Data collection period: 8:00 pm ~6:00 am

7.2.3 Conclusions from DYNASMART-P Case Study

DYNASMART-P is an excellent tool to investigate driver’s response to ATIS. It could
model driver’s path change behavior according to their information type and network conditions.
Also, it provides various outputs to help interpret the simulation results from multiple
prospective. The project team could get network wide performance and selected link
performance and aso see impacted vehicle' s diversion behavior and travel time savings. In this
case study, DYNASMART-P seemed to generate quite reasonable results. Route diversion rates
increased as the percentage of ATIS usersincreased. Generally ATIS reduced congestion due to
incidents or work zones.

However, the current DYNASMART-P model revealed several shortcomings. It required

significant input data. It was not easy to prepare network data, calibrate demand level, and to

157



calibrate the traffic flow model. The OD demand matrix should be included or developed. It
was difficult to calibrate demand level and observed link volumes. It took a long time to run
simulation for a large network and long simulation duration like the work zone cases (it took
about 5 hours for actual 12 hour duration to simulation). Also, it was difficult to get actual
information usage rate and response rate in a network.

While carrying out this case study, several items were revised and added to assist network
preparation and calibration.

- Function for increasing capacity of centroid connectors. To increase the capacity of
generation or destination link, it set centroid connectors have 9 lanes.

- Function for demand level calibration: It compares observed link volume and simulated one
and calculates MSE and MAE.

In addition, two tools were developed with support from an external consultant to extract
output and understand the simulation results.

- Export link performance tool: This tool makes anaysis work for specific major routes and
speed measurement alot easier.

- Impacted vehicle analysis tool: This tool enables direct analysis of the route diversion
behaviors of impacted vehicles and the travel time savings of impacted vehicles under ATIS.
The impacted vehicle analysis tool was especialy helpful for examining ATIS effects. It

looks for the impacted vehicles and reports their paths and travel times. By comparing the
number of impacted vehicles and their travel times for each scenario, improvement on impacted
links was estimated. Another major function of the tool is reporting the route diversion behavior
of vehicles that traversed the impacted links in base case, no incident or work zone run. Some of

initial impacted vehicles have traveler information, so they change their path to new shortest path.
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Others have no information will stick to their original path. So, this function helped us to see
ATIS effects on impacted vehicles' route diversion and travel time saving. To use this function,
it was necessary to save an impacted vehicle file after loading the base case simulation results.
Impacted vehicles are vehicles that satisfy the following three conditions:

(a) Pass through the work zones/incidents or incidents during the intervals defined by the

corresponding starting time and end time,

(b) Complete their trips and

(c) Depart during the statistics collection interval

The tool collates the saved impacted vehicle file with the vehicle trgjectory file of the other
scenarios and reports the number of non-diverted and diverted vehicles along with their average

travel time and details on which information group the vehicles belong to.

7.3 FREEVAL Case Study
In order to compare different incident / work zone scenarios with and without Advanced
Traveler Information Systems (ATIS), comprehensive case studies in FREEVAL simulation

software were conducted. The ssmulation results are described in this section.

7.3.1 Network Preparation
The following network in FREEVAL demonstrates the ssmplified and actual road networks

(see Figure 8.4 for the smplified network and Figure 8.3 for the actual network). Based on
NCDOT recommendation, the study area chosen is Durham, Chapel Hill and Hillsborough in
North Carolina, where [-40, -85 and NC-147 intersect. Travelers could have used other routes
for diversion purpose if one route had active incident or work zone events. This portion of 1-40
is about 20 miles, and the number of lanes per direction ranges from 2 to 4. At the relevant

portion of 1-85 & NC-147, the length is about 21 miles with two lanes per direction. All routes
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have a free flow speed in 65-70 mile per hour. To the extent possible, the team utilized real-
world data in the analysis. For instance, the 2005 average daily traffic (ADT) data was extracted
from the 2005 run of the Triangle Regional Model (TRM); the weekday/weekend factor and
directional factor were based on count data from an Automatic Traffic Recorder (ATR) station in
the corridor of study. Then weekday/weekend hourly traffic volume was estimated based on
these field data.

To be clear, two routes were modeled in FREEVAL. As shown in Figure 7.4, one route was
[-85 and NC-147. Another route included the extra link on the upper-left corner (where 1-40 and
-85 run together), 1-40 continuing to the link on the lower-right corner.

7.3.2 Results
Table 7-38 presents the modeling results of different performance measures under different

scenarios of Incident case study 1. The first two columns show the performance measures when
there are no incidents versus when there is an incident but no diversions. So column 1 represents
the upper bound in terms of ATIS mitigation strategies, i.e., the best the NCDOT may be able to
achieve in terms of the performance measures reported in column 1. Note that in this particular
case, the FREEV AL software provides performance measures that are the same. The reason is
that, with low incident severity (minor capacity reduction), there is no remarkable incident-
induced queue/delay that can be identified. So essentialy, diversions are not expected to
improve the situation, as modeled macroscopically in FREEVAL.

Calculation of one of the performance measure requires special mention. The equations used
to Average Travel Time (ATT) are shown below, as they involved calculating the space mean
speed for two facilities. Given that FREEVAL reports ATT for individual links, one

approximation used to find overall ATT was asfollows:
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Where,
VMT = Vehicle Miles Traveled
L= Length of facility

ATT = Average Travel Time reported for the facility.

Another approximation (based on space mean speed) was:

VMT, VMT,

X ATT; + x ATT,

ATT for two freeway facilities= Ly Lo (7.11)
. VMT, + VM,

L,+L,

There was no essential difference between two approximations, therefore, the first equation
above was used to calculate the average travel time and report it. The last column reports the
percentage changes relative to the incident or work zone base case. Thus, al percentages are
based on the second column of each table. (It is possible to use another column as a
base/denominator.)
7.3.2.1 Incident Cases

The total travel time and delays increase slightly with more diversions (i.e., 0%, 10%, 20%,
and 30%). For example, the total delay with 30% diversion is nearly 40% higher compared with
the base case. In other words, the network performance for the case with low incident severity

but a relatively high road network demand/volume worsens with more route diversions. The
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increase in total travel time and total delay is mainly due to the rapid increase of delays on the
alternative route due to additional diverted travelers (to 1-85). In addition, the alternate route in
this ssimulation is slightly longer than the normal route, which is another factor that contributes to
the increasing total delay. However, practical relative differences in total travel times are below
1%. In short, thisincident case does not require any diversions (largely because the effect of the
incident is negligible).

Modeling results for incident case study set 2 are shown in Table 7-39. Notice that the VMT
for volume is less than VMT for demand, which indicates that incident-induced queue still
remains inside the ssimplified road network even at the end of the ssimulation modeling (60
minutes for thisincident case). It isobvious from Table 7-39 that for higher levels of diversion,
the incident-induced queue shortens compared to the base case where travelers do not have
traveler information and do not divert. In addition, total travel time and total delay decrease
remarkably with additional diversions. For example, compared to the base case, total travel time
and total delay for planned ATIS aternative 2 (30% diversion rate), shows a 13% and 32%
reduction, respectively. Therefore, in situations with high incident severity and a high demand
volume, diversions can be beneficial.

Table 7-40 displays the modeling results for incident case study 3, where an incident with
low severity occurs on 1-85 as indicated in Figure 7.4 (the aternative route is shorter than the
usua route). The first two columns have the same values, implying that there is essentially no
difference between the no-incident and incident scenarios, and the potential for ATIS is non-
existent.

There are no queues left at the end of all scenarios. These results are quite different from

case study 1. Total travel time decreases dlightly with more route diversions and total delay first
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decreases with more diversions and then increases when the diversion rate goes up to 30%.
Basically, when the incident occurs on the facility that is slightly more congested, diversions can
be beneficial. However, the opposite was true in case study 1, where the incident occurred on
the less congested facility and route diversion increased traffic demand on the more congested
facility.

Modeling results for incident case study 4 (Figure 7.4) are shown in Table 7-41. Similar to
incident case 2 the incident-induced queue decreases when more diversions take place. All
network performance measures, e.g., tota travel time and total delay, improve with more
diversions (ATIS deployment). However, the magnitudes are relatively less than those for case
study 2.
7.3.2.2 Incident Cases

The total travel time and delays increase slightly with more diversions (i.e., 0%, 10%, 20%,
and 30%). For example, the total delay with 30% diversion is nearly 40% higher compared with
the base case. In other words, the network performance for the case with low incident severity
but a relatively high road network demand/volume worsens with more route diversions. The
increase in total travel time and total delay is mainly due to the rapid increase of delays on the
alternative route due to additional diverted travelers (to 1-85). In addition, the alternate route in
this ssimulation is slightly longer than the normal route, which is another factor that contributes to
the increasing total delay. However, practical relative differencesin tota travel times are below
1%. In short, thisincident case does not require any diversions (largely because the effect of the
incident is negligible).

Modeling results for incident case study set 2 are shown in Table 7-39. Notice that the VMT

for volume is less than VMT for demand, which indicates that incident-induced queue is still
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remains inside the ssimplified road network even at the end of the ssimulation modeling (60
minutes for thisincident case). It is obvious from Table 7-39 that for higher levels of diversion,
the incident-induced queue shortens compared to the base case where travelers do not have
traveler information and do not divert. In addition, total travel time and total delay decrease
remarkably with additional diversions. For example, compared to the base case, total travel time
and total delay for planned ATIS aternative 2 (30% diversion rate), shows a 13% and 32%
reduction, respectively. Therefore, in situations with high incident severity and a high demand
volume, diversions can be beneficial.

Table 7-40 displays the modeling results for incident case study 3, where an incident with
low severity occurs on 1-85 as indicated in Figure 7.4 (the aternative route is shorter than the
usua route). The first two columns have the same values, implying that there is essentially no
difference between the no-incident and incident scenarios, and the potential for ATIS is non-
existent.

There are no queues left at the end of all scenarios. These results are quite different from
case study 1. Total travel time decreases dlightly with more route diversions and total delay first
decreases with more diversions and then increases when the diversion rate goes up to 30%.
Basically, when the incident occurs on the facility that is slightly more congested, diversions can
be beneficial. However, the opposite was true in case study 1, where the incident occurred on
the less congested facility and route diversion increased traffic demand on the more congested
facility.

Modeling results for incident case study 4 (Figure 7.4) are shown in Table 7-41. Similar to
incident case 2 the incident-induced queue decreases when more diversions take place. All

network performance measures, e.g., tota travel time and total delay, improve with more
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diversions (ATIS deployment). However, the magnitudes are relatively less than those for case

study 2.
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7.3.2.3 Work Zone Cases

On busy urban freeways in North Carolina, road construction is usually carried out during
weekend nights, but sometimes roadwork is done on weekday nights. Therefore, in the work
zone case studies, the weekday off peak hours from 8 pm-12 am was used. There were two

considerations for choosing this time period:

e On average, there was low traffic volume during 12 am-6 am (only about 7% of ADT),
whereas traffic volume during 8 pm-12 am was higher at about 12% of ADT.

e Work zone operating on weekdays 8 pm-12 am may have more severe effects than those
during weekend because weekday 8 pm-12 am traffic volume (about 12% of ADT),

which is dlightly larger than weekend 8 pm-12 am traffic volume (about 11% of ADT).

Table 7-2 shows work zone parameters used in the work zone scenarios. Two work zone
cases were modeled during weekday off peak time (8 pm-12 am). They were assumed to have
the same capacity reduction and same duration, but in different directions on [-40.
Correspondingly, different work zone scenarios would have different diversion plans when a

traveler information system was available.
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Table 7-42 displays the modeling results for work zone case study 1, where awork zone with
75% capacity reduction occurs on the northwest corner of 1-40, effecting WB traffic. The total
travel time and total delay decline dramatically with ATIS deployment. With highest ATIS
deployment (guiding 30% travelers from usua route to aternative route), total travel time and
total delay reduces by 30%, and 98%, respectively, compared with the base case. Interestingly,
planned ATIS alternative 2 has virtually the same network performance measures than planned
ATIS dternative 1. In other words, higher AITS deployment in this case may not the margina
benefits in terms of the performance measures.

Modeling results for work zone case study 2 are shown in Table 7-43, where a work zone
with 75% capacity reduction occurs on the southeast corner of 1-40, effecting EB traffic. Similar
to work zone case set 1, tota travel time and total delay decrease significantly with more
diversions (ATIS deployment). For example, compared to the base case, total delay is reduced
by 71% when 30% travelers are divert from usua route to alternative route, presumably by

acquiring electronic traveler information.

169



0T

uliw
%TZ'92- 90'S2 %¥Y0'6T- 61,2 %/.L TT- 96'62 96°EE 122 oL _m\mm ] Pv%m oAy
%6.L°LE 82'SS %98't¢ 0T’0S %6T T 28'sh rAN0 % 1S9 (Inoye i) peads sbeleny
%09 T.- 18698  %96TS- 9696  %EPZE-  60°ZEET Y€ T.6T 0012 (unoy) Aepq 101
%62',2- 60'GV.E  %IS6I- STOSTY  %.ECT- 92€ISh  SPOSTS T1°002E (Jnoy) swil prell el
%670 T62H0L0C %ET0 16806902 %900 T6'GL/902 66T+990Z2 00249902 @) EwnoA) LINA
%670 T62H0L0Z %ET0 66'806902 %900 £6'G//902 00249902 00249902 @w) (puewesq) LINA
sbueyd an Sbueyd an sbueyd an an an
B0 A o0 A B0 A A A
(UosBAIP (UosoAIp
%0E) ZONBURIY  %0Z) TOARURIY (oD SUOSRAp - U0z
: : 0 ulisi Oou) ase 10 (0]
S1LY POULRK SILY PURK %0T) S1LV buiispa )esed  DHOMON
Z Apnis ase) auoz Y IoN\ J0)S1nsay Bulppo N -/ 3|ge.L
. . . . . . . . (uu)
%8/ '62- £5'TC %58'82- 18'T2 %29'9T- 1SS 99'0 V22 ol prelL SPenY
%09°SH 0579 %29'Sh 1S9 %2E T2 6t 7S 267y €579 (Inoye|1w) pasds sbeeny
%82'86- 66'SC %TE 86- 612 %¢8'9G-  89°009 16°06ET 08'22 (unoy) AepQ 101
%60°0S- S9LVIE  %6T0S- 8OSKIE  %9v'LT-  029T.E  S¥'20SY 9ZvETE (Inoy) awil prell eloL
%6E0  26°/E0S0C %920  2S'€LI20C  WET0  ST'60S202 SLtvee0Z  €Lvvee0e @) GwnioA) LINA
%6E'0  26°/E0S0C %920  2S'€LI20C  WET0  2T'60S20C E€L1v220Z  €Lvee0e @) (puewsq) LINA
mmcmco an mmcmco on w@cmco an on on
B0y BA LEOR] A WBOBd] A A A
(UosRAIP (UoslAIP
060) ZONRURIY  9602) T OAIRUBIY (Lo oS (SuosAp - auoz
: : 0, UullSl| Oou) ase JOAN O
SILV pouLe g S| Ly pouLeld %60T) SILV Bunspg )eseg  IOMON

T Apnis 8seD 8U0Z X JOAN 104 S1NSaY Bulppo N 2~/ 31ge L



7.3.3 Conclusions from FREEVAL Case Studies

To represent the effects of different levels of ATIS deployment under either incident or work

zone situations, FREEV AL simulation modeling software was used. Redlistic case studies were

developed for the purpose of modeling and obtaining insights into network performance with

increasing levels of ATIS deployment and associated diversions. The network around

Hillsborough, Chapel Hill and Durham region in NC was simulated.

Certain assumptions were made about the network (e.g., the values of traffic flow

parameters, incident parameters, and work zone parameters) and traveler behavior (e.g., route

diversion rates associated with ATIS deployment levels). Key findings about ATIS deployment

are.

In general, higher levels of ATIS deployment (and associated higher levels of route
diversions) produce more benefit (in terms of travel time performance measures) to the
individual traveler. For example, total travel time and total delay declined significantly
with more ATIS deployment in most of the simulated cases in the network, especially for
those with high incident/work zone severity.

In some cases, lower diversion rates associated with the assumed moderate ATIS
deployment might be sufficient compared with high ATIS deployment (see Table 8.42
for an example). Thisimpliesthat, in order to avoid unnecessary deployment, operation
and maintenance costs of ATIS, it is useful to determine which level of ATIS deployment
will be more appropriate for certain incident/work zone situation.

With low incident/work zone severity but arelatively high freeway traffic
demand/volume, ATIS deployment may not provide much value, i.e., the deployment
may have alow impact, or even negative impact in terms of performance measures
considered (see Table 7-40 for detail).
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7.4 Further Study on theWork Zone Casel|
In sections 7.1 and 7.2, DYNASMART-P and FREEVAL were applied to case study based

ATIS evaluation. The results from the two evaluation tools reveal that traveler information can
improve network performance by providing increased opportunities for route diversion based on
the information. The results also showed that the delay and travel time were decreased and the
average speed was increased due to the provision of traveler information. However, the results
from the two tools were not in total agreement. More specifically, the simulation results showed
significant differences in vehicle mile traveled (VMT) and average speed between the two tools.
One of the reasons was that the vehicle generation methods of the two simulation tools were
different. Hence, it is not reasonable to compare the results from the two tools.

Another issue was that the lane closure length of the 1-40 resurfacing work was much smaller
than that set in this study. To compare the speed measurement of the work zone from field and
the simulators, the work zone section length set in the ssimulation tasks should be adjusted
(shortened) to the real value.

Therefore, adjustments were made for the items described above. First, the lane closure
settings for Work zone |1 case and the demand volumes were synchronized between the two
tools to the greatest degree possible. The results from the two tools were compared after these
adjustments. The speed measurements from the two tools and from the field were also compared.
Finally, the project team conducted an ATIS benefit cost analysis for the revised Work zone I1.

7.4.1 Comparison DYNASMART-P with FREEVAL
Even though same network, same analysis time period, and same scenario were used in the

two simulators, the results from them showed significant differences in vehicle mile traveled
(VMT) and average speed. The main reason of the differences in VMT was that it was not

possible to simulate exactly the same link volume in the two tools. Traffic count data were
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estimated values for input link volumes of the two tools. In FREEVAL, the traffic count data
were input directly. However, because DY NASMART-P generates vehicle demand using an OD
demand matrix, the TRM OD demand matrix (AM peak 4 hours OD and off peak 16 hours OD)
provided the demand input. Next, an attempt was made to calibrate link volumes by using a
multiplication factor at the network demand level. It was difficult to match the volumes from
traffic assignment and traffic count data. Actualy, traffic counts were estimated based on the
AADT data and the weekly, directional, and hourly distribution from a single permanent count
location in network. In the traffic count estimation step, directional distributions of
WB45%/EB55% for the AM peak period and WB49%/EB51% for the off peak period were
assumed. However, the traffic assignment results from TRM OD matrix were different from
these assumed vaues. Specifically, the eastbound traffic was heavier than the assumed
distribution. For the Incident | and Il cases, the effects of ATIS on Westbound (or Northbound)
travels were evaluated while for Incident |11 and IV cases, Eastbound (or Southbound) travel was
considered. VMT for Incident | and Il in the DY NASMART-P results were much smaller than
those of the FREEVAL results. VMT for Incident 111 and IV in the DY NASMART-P results are
little higher than those of the FREEV AL results. If the VMT of Incident | and Il are increased,
the VMT of Incident 111 and IV will aso beincreased. Therefore, it isdifficult, if not impossible
to match VMTs of the two tools by modifying demand levelsin DYNASMART-P. If, however,
FREEVAL uses new input volumes which were derived from DYNASMART-P under an
assumption that DYNASMART-P assignment results are reasonable, similar VMTs could be
derived.

One of the reasons for the difference in average speed was that different free flow speeds

were used in the two tools. In DY NASMART-P, 70mph (posted speed limit of 65 mph + 5 mph)
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was set as the free flow speed on the freeways while 65mph was set in FREEVAL. To compare
two tools, the two tools should have a same free flow speed.

Therefore, to enable a more valid comparison of the results from the two tools, the link
volumes and free flow speeds should be set to be the same. The work zone location was
modified to be identical to the location of the real construction work to compare the simulation
results using speed data. According to the 1-40 construction report given by NCDOT, June 6"
was chosen for the work zone scenario. The location and direction of the work at that day were
similar to those of Work zone |1, but the lane closure section length was about 1 mile from Exit
274 to 275 (EB).

The Work zone |l settings were adjusted to have the same construction location of this
selected day, and DYNASMART-P was rerun. The FFS was set to 68 mph for this run because
based on NCDOT speed data shown in Appendix G, 68 mph was a reasonable FFS for the
freeway links in the network. In FREEVAL, the same construction section and the same FFS,
68mph, were used. Also, new FREEV AL input volumes for the baseline case were derived from
the DYNASMART-P assignment results in order to match the demand level. Route diversion
method followed the initially used method in FREEVAL. 10%, 20%, and 30% of the whole
impacted vehicles from 1-40 to 1-85/ NC-147 route were diverted.

The revised Work zone |1 case showed less severe congestion than the original Work zone Il
case as expected. Vehicles kept in the network were not shown any more. In Table 7-45, all of
the initial impacted vehicles were included in the statistics because they could complete their
travel. Diversion rates again increased as the percentage of vehicles belonging to the ATIS
group increased. Table 7-44 presents the fact that as ATIS percentage increases, diversion rates

also increase causing decreasing throughput in the work zone link. Diverted vehicles again
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realize significant travel time savings. Non-diverted vehicles average travel time also decreases.

Asshown in Table 7-46 and Table 7-47, ATIS reduced congestion and average travel time.

Table 7-44 Impacted link analysisresultsfor therevised Work zonel |

Scenarios No work zone Work zone Existing ATIS Planned ATIS | Planned ATIS I
MOEs (Nodiversion)  (Pre8%, VMS2%)  (Pre15%, VMS5%)  (Pre 15%, VM S15%)
# of impacted vehicles 7,447 7,446 7,201 6,848 6,571
Differencein vehicleson
Differencein vehicleson
irr|1pacted Ii:1k\s/ (0/:)) -3% -8% -12%
Average travel time on impacted
links (min) 20.7 70.96 61 49.25 37.62
* Data collection period: 8:00 pm ~6:00 am

Table 7-45 Impacted vehicle analysisresultsfor therevised Work zonel |
Scenarios No work zone Work zone Existing ATIS Planned ATIS | Planned ATIS I

MOEs

(No diversion) (Pre 8%, VM S2%)

(Pre 15%, VM S5%)

(Pre 15%, VM S15%)

Number of vehicle

Total Impacted vehicles 7,447 7,447 7,447 7,447 7,447
Non-diverted vehicles 7,447 6,900 6,382 5,979
Diverted vehicles 0 547 1,065 1,468
Diversion rate 0% 7.3% 14.3% 19.7%
Average Travel Time (min)
Total Impacted vehicles 20.7 70.96 59.89 47.39 36.36
Non-diverted vehicles 70.96 62.71 51.72 39.28
Diverted vehicles . 24.38 24.12 24.44
* Data collection period: 8:00 pm ~6:00 am
Table 7-46 DYNASMART-P MOEsfor 1-40 and 1-85 for the revised Work zonel|
Scenarios No work zone Wor_k zone Existing ATIS Planned ATIS | Planned ATIS I
MOEs (Nodiversion)  (Pre8%, VMS20%)  (Pre 15%, VMS5%)  (Pre 15%, VM S15%)
VMT (Volumes) 187,13455 178,890.61 179,464.04 180,268.16 181,102.25
VHT (hours) 2,752.36 3,247.07 3,218.25 3,193.14 3,104.62
Average Speed (mile/hour) 67.99 55.09 55.76 56.45 58.33
Average Travel Time (min) 21.33 26.23 25.89 25.54 24.67

* Data collection period: 8:00 pm ~12:00 am
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Table 7-47 Networ k-wide M OEs for therevised Work zonel |

Scenarios No work zone Work zone Existing ATIS Planned ATIS | Planned ATIS I
MOEs (No diversion) (Pre 8%, VMS2%)  (Pre15%, VMS5%)  (Pre 15%, VM S15%)
Average Travel Time (min) 8.97 10.19 9.83 9.50 9.27
Stop time (min) 1.11 1.99 1.72 1.46 1.29
Average trip distance (mile) 6.96 6.96 6.96 6.96 6.96

* Data collection period: 8:00 pm ~6:00 am

Table 7-48 shows the FREEV AL results for the revised Work zone Il. It had similar VMT to
that of DYNASMART-P as shown in Table 7-46. DYNASMART-P showed smaller VMT
because DY NASMART-P reflected the capacity reduction effects on the throughput amount and
the diversion to other routes which were not included in the statistics for two major routes. In
the FREEV AL results, because 10% diversion was still not enough to make the link demand on
the work zone link be under capacity, the work zone links had congestion and the average travel
speed was less than those of other ATIS scenarios. In the 20% and 30% diversion scenarios the
demands on the work zone link were under the reduced capacity. The average speed approached

67 mph.

Table 7-48 FREEVAL resultsfor therevised Work zonell

Scenarios No work zone Wor_k zone Existir_lg ATIS Plannegl ATISI Plannec_l ATISII

MOEs (No diversion) (10% diversion) (20% diversion) (30% diversion)
VMT (Demand) (mile) 192,712.03  192,712.03 192,346.37 191,980.70 191,615.05
VMT (Volume) (mile) 192,712.03  192,712.03 192,346.38 191,980.70 191,615.05
Total Travel Time (hour) 2,861.40 3,385.96 3,211.07 2,875.49 2,869.63
Total Delay (hour) 27.40 526.11 357.55 28.31 28.79
Average Speed (mile/hour) 67.35 56.92 59.90 66.76 66.77
Average Travel Time (min) 21.15 24.17 23.07 21.07 20.96

* Data collection period: 8:00 pm ~12:00 am
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7.4.2 Speed measurements

The NCDOT Traveler Information Management System (TIMS) website provides real time

information about travel, incident, and adverse weather. TIMS manages and distributes travel

information to ten ITS regions (Asheville vicinity, Eastern Mountains, Metrolina, Northern

Coastal, Rural Piedmont, Southern Coastal, Triad, Triangle, and Western Mountains). The case

study area is in the Triang

le region.

The web site traveler information panel shows traffic

condition based on speed detector information and video images from CCTVs. Figure 7.17

shows the location of speed detectors in the Triangle region. The project team downloaded the

raw speed data (one-minute average speeds).

compared with synthetic speed from the simulation tools.
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Figure7.17 NCDOT TIMSWeb Service

Hence, measured speed from the field can be
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As mentioned in a previous section, June 6™, 2007 was selected for modeling the revised
Work zone Il case. This day’s lane closing direction was eastbound and two of three lanes were
closed from mile marker (MM) 274 to 275. To examine the effect of ATIS on the upstream and
downstream of the work zone, speed data from MM 270 to MM 285 were collected during
construction period (June 6™ 8:00 PM ~ June 7" 6:00 AM). One minute average speeds for
every 15 minute interval were picked out (8:00~8:01 pm, 8:15~8:16 pm, 8:30~8:31 pm ...
5:30~5:31 am, and 5:45~5:46 am). The link performance export tool in DYNASMART-PED
was used to extract speed data from the DY NASMART-P results. Simulated links at the same
locations where the detectors were installed were selected. Figure 7.18 shows the locations of
the speed detectors around the revised work zone case Il. In the FREEVAL run, one hour
average speed was available because analysis time period was one hour. Each scenario had four

data sets (8:00~9:00 pm, 9:00~10:00 pm, 10:00~11:00 pm, and 11:00 pm ~12:00 am).

. ] R <] |
MM 273 H H / -

Exit 273 Exit 274 [ . Exit 276 Exit 278

Work Zone

Figure 7.18 The L ocations of the Speed Detectors around the Work Zone

Figure 7.19 through Figure 7.22 provided comparison of the field speeds and

DYNASMART-P link speedsin the revised Work zone Il. The scale of y axisis % of Free Flow
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Speed (FFS). Most of the field speeds showed some fluctuations. One of the reasons of these

fluctuations is that the detector |ocations were near exit ramps (on or off ramps).

% FFS on MM273 (EB)

60% | - |

% FFS

40% | |

20% - N .
N /
0% -
8:00PM 12:00AM Time 6:00AM
Field data —a—- DSP no path change ——=—— DSP Pre8% VMS2%

—>—DSP Pre 15% VMS5% —e—DSP Pre 15% VMS15%

Figure7.19 Speed M easurementson MM 273 from Field and DYNASMART-P
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Figure7.20 Speed Measurementson MM 274 from Field and DYNASMART-P
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Figure7.21 Speed M easurementson MM 276 from Field and DYNASMART-P
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Figure7.22 Speed Measurementson MM 277 from Field and DYNASMART-P

MM 273 is located upstream of the work zone. ‘DY NASMART-P no path change' scenario
in Figure 7.19 shows very low speeds during the work time period. This indicates that the
upstream link had heavy congestion and long queues. The congestion disappeared at about 3:00
AM. Very low demand helped dissipate the queues. The significant congestion due to the
construction work was not present in the DYNASMART-P ATIS scenarios. Field speeds
fluctuate near the FFS as expected because ATIS was deployed in the study area at that time.
Field speeds could be compared to the results from an ATIS scenario.

The construction work occurred around MM 274. Figure 7.20 shows the speeds on this
location. The MM 274 detector was also located on right after the on-ramp. This fact could be a
reason for the large speed fluctuation during the time period of lane closure. The speed data

showed the congestion due to the lane closure and the time this congestion began to be mitigated.
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As the percent of information user increased, the speeds recovered earlier. The 15% pre-trip
information and 5% VM S scenarios gave the similar results to those from the field data.

Figure 7.21 and Figure 7.22 present the speeds on the downstream of the work zone. The
speeds from DYNASMART-P on downstream of the work zone were at free flow speed.
Because the bottleneck reduced the throughput, even the speeds of the no path change scenario
reached free flow speed. However, the field speeds on MM 276 showed some speed reduction.
In fact, the speeds of MM 276 should be less than free flow speed because vehicles needed
acceleration time. DYNASMART-P cannot reflect this fact. However, the field speeds on MM
276 showed severe fluctuation. There is a possibility that one of the three lanes was closed in
this area to make atemporary taper.

Figure 7.23 through Figure 7.26 depict the field speeds and FREEVAL link speeds in the
revised Work zone Il. In FREEVAL, one hour average speeds during four hours were available
as aresult of setting one hour as the time analysis period and setting the simulation duration for
four hours. In Figure 7.23 and Figure 7.24, the no diversion and 10% diversion scenarios had
similar speed outputs. Because 10% diversion was still not enough to bring the link demand on
the work zone link under capacity, the work zone links were congestion, and the average travel
speed was less than those of other ATIS scenarios. The number of diverted vehicle was
estimated by multiplying diversion rate to the volume in the first link after the split point of the
two magor roads. The numbers in parentheses are diversion rates compared to average link
volume. The demand in the work zone in the 20% and 30% diversion scenarios became less than
the reduced capacity. As shown in Figure 7.22, the upstream speeds of the 20% and 30%
diversion scenarios were not affected by the work zone. Figure 7.24 shows that the speeds of the

20% and 30% diversion scenarios follow the work zone speed limits (55 mph) on MM 274.
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Figure 7.25 and Figure 7.26 show the FREEVAL speeds on the downstream of the work
zone. The speeds of FREEVAL on the downstream of the work zone were free flow speed.
Because the bottleneck reduced the throughput, the speeds of the downstream became near free

flow speed.

% FFS on MM273 (EB)
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Figure7.23 Speed Measurementson MM 273 from Field and FREEVAL
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Figure 7.24 Speed Measurementson MM 274 from Field and FREEVAL
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Figure7.25 Speed M easurementson MM 276 from Field and FREEVAL
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Figure7.26 Speed Measurementson MM 277 from Field and FREEVAL

7.4.3 Benefit cost analysis

Benefit cost analysis can be a helpful tool for selecting a best aternative. It is not simple,
however, to do this kind of analysis for ATIS evaluation studies. For example, it is not easy to
define benefit types, spatial range, and time duration according to the investment of ATIS
facilities. Some of qualitative benefits such as users' satisfaction are hard to measure. The
benefit of additional investment is more than difficult to separate from the effects of the entire
ATIS facilities. Furthermore, it is hard to define user’s responsive rate to ATIS. This section
provides the results of a benefit cost analysis for the revised Work zone Il case. Some
assumptions were made to address the difficulties described above.

NCDOT has been collecting data using CCTVs and providing traveler information by

Internet, 511, TV, and HAR. Recently, NCDOT installed speed detectors, permanent VMSs, and
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portable VMSs in the Triangle area. Furthermore, there was a significant effort to inform
travelers about construction work through various pre-trip information sources such as TV and
Internet. In the study network, the planned ATIS |l equipment were defined as 29 speed
detectors, 10 permanent VMSs, and six portable VMSs (auxiliary equipment was not considered).
Table 7-49 shows the initial investment costs per unit, the annual operation and maintenance
(O&M) costs per unit, and the life cycles for these equipment investments. The capital cost was
calculated by multiplying the number of units by the initial investment cost per unit. The
annualized capital costs were estimated based on the initial cost of the equipment, a 5% interest
rate, and the life cycle. The annual O&M costs were calculated by multiplying the numbers of
units and O&M costs per unit. Total annual cost is the sum of the annualized capital costs and

the annual O&M costs. As shown in Table 7-49, total annual cost was estimated as $281,027.

Table 7-49 Costs of additional investment for planned ATISII

Number Initial Annual operation Life Cavital Annualized  Annua Totd

of units investment cost and management Cycle C(?g ) Capita O& M Annua Cost
Devices per unit ($) cost per unit ($)  (year) Cost ($) Cost ($) ()]
Speed detector 29 8,500 200 10 246,500 31,922 5,800 37,722
Permanent VMS 10 150,000 5,000 12 1,500,000 169,200 50,000 219,200
Portable VM S 6 25,000 500 9 150,000 21,105 3,000 24,105
Total annual cost 281,027

Note: 1. Estimations of initia investment, annual O& M costs are based on NCDOT cost data
and cost database from ITS Joint Program Office (http://www.benefitcost.its.dot.gov).

2. Annualized Capital cost = P(A/P, i, n), where, P: first cost of equipment, A: annualized
capital cost, i: interest, and n: life cycle of equipment.

(A/P, 5%, 10) = 0.13, (A/P, 5%, 12) = 0.11, (A/P, 5%, 9) =0.14

The revised Work zone Il case was simulated using one day of the real 1-40 resurfacing work
day. Thework location changed day by day, but work zone duration, the number of closing lane,

and the lane closure length was kept similar. Therefore, one could assume that the effect of the
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revised Work zone Il represented one day of the ATIS effect of 1-40 resurfacing work. The re-

pavement work was planned as one year work. The number of construction work days was

assumed to be 150 days (the winter season (about 4 months) and rainy days were excluded).

Only travel time saving benefits were considered.

Table 7-50 shows the calculated benefit for one year of the ATIS implementation for the

revised Work zone I1.

Table 7-50 ATI S benefits of therevised Work zonel |

Scenarios No incident Incident Existing ATIS Planned ATIS Planned ATIS I
Travel time savings (Nodiversion)  (Pre8%, VMS2%)  (Pre15%, VMS5%)  (Pre 15%, VM S15%)
Vehicles on network 454,199 454,199 454,199 454,199 454,199
Average Travel Time (min) 8.97 10.19 9.83 9.50 9.27
Travel time savings per vehicle
s 0.35 0.69 0.92
Total travel time savings per day
(hour) 2,678 5,187 6,943
(g ravel timesavingsper &y 58,225 112,780 150,944
e et time savings per 11,645075 22,556,161 30,188,984
Benefit of additional investment - 8,183,314 13,907,932

per year ($)

Note: 1. Average wage = $21.74
2. The number of work zoneis set to 150 days per year.
3. Data collection period: 8:00 pm ~6:00 am

The benefit of ATIS alternatives could be estimated by calculating the increase of the travel

time saving of ATIS aternativesin comparison to the travel time saving of the No ATIS scenario.

In Table 7-7, the second row from the bottom shows the amount of the benefits of ATIS

aternatives.

Then, one could estimate the benefit of the recent investment by calculating the increase of

the travel time saving of planned aternatives in comparison to the travel time saving of the

existing ATIS. Last row of
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Table 7-50 shows the benefit of the recent investment. The benefit of Planned ATIS | was
about 8 million dollars. The benefit of Planned ATIS Il was about 14 million dollars.

According to the speed measurement results in the previous section, Planned ATIS 1l (15%
pre trip and 15% VMYS) fitted the speed data from the field relatively well. Then, one could say
that the 0.28 million dollars investment produced 14 million dollars benefit on one year of the
[-40 resurfacing work. If the benefit of reducing the impact of incidents and recurring
congestion were added to the benefit calculation, the benefit of the recent investment should be

increased.
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CHAPTER 8. EVALUATION FRAMEWORK RECOMMENDATIONS

As envisioned by task 10 of the Effectiveness of Traveler Information Tools project, the
culmination of the research is a recommended framework for NCDOT’s ongoing ATIS project
selection and evauation activities. This chapter presents this recommended framework aong
with describing and supporting the project team’s recommendation that the DY NASMART-P
software program be used as the integrating tool for implementing the framework. This chapter
begins with a high level description of the framework followed by a discussion of
DYNASMART-P's recommended integration role. Also included is a brief description of the
supplemental role that simpler, corridor focused tools such as FREEVAL will play in the ATIS
evaluation framework. Summary recommendations related to the framework, along with broader
recommendations engendered by the project are provided in Chapter 10 — Recommendations.

8.1 Framework Description

Figure 8.1 provides a concise illustration of the recommended ATIS evaluation framework.
Although simplified, it highlights the key components and information flows. In the center of
the diagram is the evaluation methodology encapsulated within an integrative evaluation tool.
Inputs flow into the evaluation from the elements that define the physical network context, the
ATIS dternatives under consideration, and the travel demand and driver response conditions.
The evauation results in turn provide decision support for ongoing ATIS deployment and
enhancement decisions directly and through ongoing evauation of ATIS deployments. A

discussion of the individual components follows.
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Figure8.1 ATIS Evaluation Framewor k

8.1.1 Framework I nputs

Base Transportation Network — This framework element relates to the physical

transportation network and its operationa characteristics. It does not include the ATIS

components in place and/or the ATIS deployment alternatives under consideration.

It does

include network impacts for any work zone configurations that may be the subject of evaluation.
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The network must be represented in a format that is compatible with the specified evaluation
tool.

ATIS Deployment Alternatives — Full specification of this element involves the definition
of all ATIS deployment alternatives that are being considered both in the case of new
deployments where no ATIS components are currently in place or in the case where
enhancement of current ATIS systems are being contemplated. The relative richness of the
evaluation tool’s capability to accurately model the deployment alternatives is an important
determinant of the quality and usefulness of the evaluation results.

Travel Demand — Accurate representation of the travel demand during the time period or
periods to be evaluated is directly related to the accuracy of the evaluation results. For ATIS, a
clear understanding of travel demand under recurrent and incident induced congestion situations
is needed. Behavioral surveys and socioeconomic data are needed to assess travel demand.
Specific recommendations on traffic data sources and systems are included in Chapter 10.

Driver Response — Future research may provide driver response models that can be
embedded in integrative evaluation tools. However, this will require specialized behavioral
surveys and modeling of behavioral responses to various types of information. The cross
classification and driver response modeling conducted for this project and discussed in Chapter
6, represent early steps in this direction. When such models are sufficiently mature and included
directly in evaluation tools, the input would be driver demographic and travel characteristics and
prediction of driver decisions would be internal to the evaluation methodol ogy.

However, in the current state of the practice, driver response to travel information must be
determined and defined separately, requiring assumptions about individuals behavior.

Therefore, the inputs to the current framework include direct or indirect parameters that
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determine the type and level of driver response for the various ATIS devices and technologies to
be evaluated.
8.1.2 Evaluation Methodology and Tool

As a complement to Figure 8.1, which provides a concise outline of the recommended
framework, Figure 8.2 provides a more detailed sketch of the framework, include detail on the
critical components of the evaluation tool. In simple terms, the evaluation methodology involves
modeling of traffic operations under the various scenarios selected for analysis. Reasonable
representation of the traffic conditions in turn requires sufficiently accurate modeling of the user
decisions in response to dynamic traffic conditions and scenario dependent traveler information

and the path assignments that flow from these user decisions.

Network Data

-Node, Link, Zone - ATIS Evaluation Tool
-OD Demand :
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Tool Output
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Figure 8.2 Detailed Evaluation Framework

Therefore, the ideal evaluation tool must include robust modules for traffic simulation, user
decisions, and path assignment. As mentioned above, the current status of driver response

models and related tool implementation necessitates that the embedded user decision module
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provides simple application of ATIS usage and response formulated outside the tool (as
represented in the “Inputs’ section of Figure 8.2). As the science and application of driver
behavior advances, key elements of user behavior modeling will likely move from the “Inputs’
to “Process’ and be incorporated into the evaluation tool. It should be note that the application
of FREEVAL to ATIS evaluation further requires that path choice be separated out as an input.
Thisis because FREEV AL does not have the capability to model path changes, instead providing
macroscopic simulation of given traffic conditions only. Although FREEVAL represents a
simple and relatively straightforward way to assess ATIS impacts, DY NASMART-P provides
greater capabilities as an integrating tool for implementing the ATIS framework.
8.1.3 Framework Outputs

The primary evauation tool outputs will be network measures of effectiveness under the
various operationa scenarios defined for comparative analysis. These measures of effectiveness,
such as average travel time and vehicle delay, will provide direct support to ATIS deployment
decisions (both new deployments and system enhancements) and can also be incorporated into
comparative analyses of benefits and costs. The framework also envisions the establishment of
an ongoing program for evaluating the effectiveness of deployed ATIS systems. This ongoing
evaluation will help refine the NCDOT’s understanding of the relative vaue of ATIS
investments, which in turn will improve future deployment planning and project decisions.
8.2 Recommended I ntegration Tool

As mentioned above, the project research team recommends that the NCDOT strongly
consider using the DYNASMART-P program as the integration tool for an ingtitutiona ATIS
evaluation framework. The key characteristics and capabilities of DYNASMART-P were

presented in Chapter 3. The initia rating of DYNASMART-P as one of the most appropriate
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evaluation tools was born out through the case study analyses. Chief among its pivotal features
iISDYNASMART-P s ability to model driver response to various ATIS devices and deployments.
Other important features include the relative ease of incorporating network and origin-
destination data from regiona travel demand models and dynamic traffic assignment. In
summary, DYNASMART-P is well suited to serve as the key integrating tool in the proposed
ATIS evaluation framework.
8.3 Supplemental Modeling Tools

Although DYNASMART-P is recommended as the system-level integration tool for the
ATIS evauation framework, there is a clear role in detailed corridor-level, project-specific
evaluation for a ssimpler, macroscopic modeling tool such as FREEVAL. As the case study
results revealed, when DYNASMART-P and FREEV AL are given the same flow parameters and
ATIS impacts, their inherently disparate modeling approaches yield very similar results. Given
the ease and flexibility of conducting FREEVAL analyses, a tool such as FREEVAL could be
used to evaluate a series of detailed ATIS deployment aternatives with much lower cost in terms

of analyst effort and computational burden.
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CHAPTER 9. FINDINGS AND CONCLUSIONS

Findings and conclusions arising from the project research activities are organized as
follows. Section 9.1 presents key findings and conclusions from the Phase 1 tasks, and section
9.2 presents the key findings and conclusions from the Phase 2 tasks. Recommendations arising
from the project findings are presented in Chapter 10.

9.1 Phase 1 Findings and Conclusions

Chapter 2 through Chapter 6 presents comprehensive findings on all the Phase 1 research
tasks. The sections below highlight key findings and conclusions regarding the evaluation tool
assessment task and the general ATIS evaluation.

9.1.1 Evaluation Tool Assessment

The tool evaluation presented in Chapter 3 revealed that DY NASMART-P and a hypothetical
extension of the FREEVAL-based IMAP tool were the most promising tools when judged
relative to the objective criteria established by the project team (see Table 3-1). These subjective
assessments were affirmed by the preliminary case study (see section 3.2).

The results of the completed evaluation tool assessment task led the conclusion that IDAS,
although useful in the context of broad programmatic sketch planning, was not effective in
supporting project specific decisions. This is primarily a result of the inability of IDAS to
estimate and consider driver response to ATIS devices. Rather IDAS uses simple multiplicative
factors to estimate the benefits of various ATIS device option.

Although DYNASMART-P does not provide full functionality vis-a-vis al the idea tool
criteria, it did emerge as the most fully featured of the candidate tools. Through the preliminary

case study, DYNASMART-P demonstrated the capability to provide reasonable dynamic
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assignment based modeling of the network impacts resulting from driver decisions in the
presence of traveler information.

What was originally termed as an investigation of a possible extension to the IMAP planning
tool was in essence an evaluation of the ATIS evaluation functionality of the FREEVAL freeway
facilities tool. The underlying traffic flow models in the IMAP tool were derived from
FREEVAL analyses. Thetool evaluation task confirmed that FREEV AL can provide reasonable
evaluation results.  However, it should not and cannot be compared directly with
DYNASMART-P. Unlike DYNASMART-P, FREEVAL does not directly model driver
behavior. Driver behavior such as diversion percentages must be determined separately and
submitted to FREEVAL as inputs. Furthermore, FREEVAL cannot model mixed freeway and
surface street networks. Nevertheless, FREEVAL did demonstrate effectivenessin corridor level
freeway ATIS evaluation. Therefore, it should be considered a complementary tool that can
provide simple evaluations of freeway sub-networks.

The origina idea was that if FREEVAL could provide adequate modeling of ATIS
investments, a similar user friendly graphical user interface could be developed. However, for
the purpose of freeway ATIS evaluation the FREEV AL tool is sufficiently easy to use. Thisfact,
coupled with the limitations discussed in the previous paragraphs, does not motivate a need for
investing in development of a front end user interface for the application of FREEVAL to ATIS
evaluation.

9.1.2 General ATIS Evaluation

The general ATIS evaluation was based on a series of special questions added to the Triangle

Travel Survey (see section Chapter 6). In addition to providing useful information regarding

percentages of traveler information users among Triangle region drivers and their propensity for
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route changes, the survey findings also provided several important findings. Some were not
surprising, such as the correlation of higher level information sources, such as the Internet, with a
higher incidence of travel change decisions. The top level finding was that roughly half of
survey respondents use traveler information sources. Although this could be considered a
discouraging finding, it should be viewed in the light of the related finding that the mgjority of
travelers who use traveler information sources consult them frequently, essentially daily.
9.2 Phase 2 Findings and Conclusions

The key Phase 2 tasks were the case study based ATIS evaluation using the evaluation tools
selected in Phase 1 (see Chapter 7) and the development of an evaluation framework (Chapter 8).
The key findings and conclusions from these tasks are summarized below.
9.2.1 Case Study Based ATI S Evaluation

9.2.1.1 DYNASMART-P

Ovedl, DYNASMART-P performed well in evaluation various levels of ATIS deployment
in the work zone and incident case studies (see section 7.2). The case studies did however reveal
several areas for improvement. As aresult of the project team working closely with FHWA'’s
DYNASMART-P support team, some of these shortcomings were addressed with modifications
to the software during the course of the project. The modifications included the additions of two
functions, one to increase centroid connector capacity and one to support demand level
calibration by generating goodness of fit statistics between expected and actua link demands.
The modifications aso included the development of two new tools that greatly enhanced the
ATIS evaluation and enabled more directly comparison between the DYNASMART-P and

FREEVAL results. The new tools are a tool to isolate measures of effectiveness for impacted
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vehicles (defined as vehicles whose original route was effected by a work zone or incident) and a
tool to calculate link based measures of effectiveness.

Even with these enhancements, two key weaknesses remain. First, in the absence of any
specifically defined traveler information source, none of the simulated DY NASMART-P drivers
will deviate from their original route even in the presence of extreme congestion. This behavior
isunrealistic, because drivers will make re-routing decision based on visual clues. Second, while
DYNASMART-P models queue propagation and any resulting spillback blockage, the
simulation logic grows all queues at jam density. Therefore, queues grow more slowly in the
DYNASMART-P simulation and are not as long as they would be in real life under similar
conditions.

9.2.1.2 FREEVAL

The FREEVAL tool aso provided reasonable case study results. As mentioned above,
vehicle flow diversion from the base case routing must be estimated outside of FREEVAL and
the freeway mainline and ramp flows must be adjusted accordingly.

9.2.1.3 Tool Comparison

Initially there were some significant discrepancies between the DY NASMART-P results and
the FREEVAL results for some of the scenarios. However, the primary reason for the
differences flowed directly from the decision to test each tool as redlistically as possible relative
to how they would be used independently to analyze the selected network. This resulted in
completely different demand estimates. The DYNASMART-P demand levels were based on the
OD demands taken from the Triangle regional travel demand model. FREEVAL on the other
hand was run using demand flow derived from reported AADT vaues with a directional split

derived from a single permanent count station.
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In order to provide a more clear direct comparison, the project team decided to rerun the
FREEVAL tool using the demand levels from the DYNASMART-P model. When the demand
levels were thus synchronized, the results of the two projects were very similar. Therefore, the
project team concluded that both tools are valid for ATIS evauation when given appropriate
inputs.

9.2.1.4 Speed Validation

As discussed in section 7.4.2, speed data was acquired for a time period for the 1-40
resurfacing work zone during which the extents of the work zone were known. The specific
work zone condition was model in both DYNASMART-P and FREEVAL. Both tools gave
reasonable speed results. Although this did not represent a rigorous validation, it provided
further support for the conclusion that both tools were providing reasonabl e results.

9.2.1.5 Benefit Cost Analysis

The example benefit cost analysis presented in section 7.4.3 illustrates that high benefit to
cost ratios can be derived for effective traveler information (higher than 20:1 for the case study
evauations). However, it must be stressed that this is in essence based on benefits of traveler
information and not necessarily the modeled ATIS investments. It continues to difficult to
isolate the margina effect of individual ATIS technology investments. Therefore, the ability to
perform more and more precise benefit cost analyses will come with improved understanding of
the impact of specific ATIS technologies on driver behavior and improved data collection and
analysis procedures.

9.2.2 Evaluation Framework
In the course of reflecting on the project tasks and developing the recommended framework

under task 10, three guiding principles were identified —
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1. Theevaluation of ATIS alternatives should be conducted at a system level. Thiswill
avoid unnecessarily sending the problem downstream or creating a more serious
problem through unintended network effects.

2. Theintegrating tool should be able to easily extract network and demand information
from existing travel demand models.

3. The integrating tool should be able to model driver response and include dynamic
assignment functionality.

These guiding principles were considered in the development of the framework presented in

Chapter 8.
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CHAPTER 10. RECOMMENDATIONS

The project findings and conclusions give rise to concrete recommendations. The project
team's recommendations are concisely presented in this chapter beginning with
recommendations for the NCDOT followed by recommendations for future research.

10.1 Recommendations for the NCDOT

The bottom line general recommendation is that NCDOT continue its focus on seeking to
make wise investments in systems that provide travelers with ever more accurate, timely, and
valuable information both pre-trip and en-route. Another high level recommendation is that the
NCDOT continue to seek opportunities and develop strategies for continually increasing the
genera awareness of traveler information. The ATIS survey questions reveal that most
information users are regular information users. Although the questions did not include one on
whether or not the respondents were familiar with traveler information sources, there is a strong
implication that once travelers are aware of the information sources, they find it to be valuable.

The remaining recommendations are presented under the headings of evaluation framework
and ATIS data collection.

10.1.1 Evaluation Framework

The recommended evaluation framework is presented in Chapter 8. Implementation of this
framework will provide the NCDOT arational and systematic methodology for evaluation ATIS
investment alternatives and evaluating the effectiveness of existing systems and devices. As
discussed in Chapter 8, DY NASMART-P is recommended as the integrating evaluation tool.
10.1.2 Ongoing ATI S Data Collection

The project research revealed an important need for richer and more extensive data collection

to support ATIS planning and evaluation. The needed data are both from the operation, traffic
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stream environment and from the traveling public in terms of datato increase our understanding
of driver behavior, especialy with regard to travel changes in the presence of advanced traveler
information.

While there will always be practical and fiscal limits on the level of traffic data collection
that is feasible at any given point in time, it is true the more, the better in terms of remotely
sensed traffic stream data. Also, the data collection needed to properly support the evaluation of
ATIS will also support the increased accuracy and availability of accurate real time data. The
Traffic.com data that will be coming online in the near future will help. However, the NCDOT
should be continually looking for cost effective ways to implement more data collection. Third-
party data sources, including travel time data from for profit transportation services companies,
are also likely to be key in the future.

No matter how extensive the traffic stream data collection is, it will aways be difficult to
isolate the impact of traveler information from the panoply of factors that affect driver behavior
and resulting system performance. Therefore it will also be critical going forward for the
NCDOT to seek ways to strategically gather data to increase understanding of driver behavior
and to assist in isolating the marginal impact of traveler information investments.

10.2 Future Research

All research effortsin the ATIS domain will provide additional motivation for basic research
to increase our understanding driver behavior and decision making and applied research in
network modeling including the representation of driver decisons and dynamic traffic
assignments. In addition to these general calls for further research, the project team recommends

specific research effortsaimed at —
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. Developing a realistic model of driver response to visual recognition of downstream
congestion. (Ideally with testing and implementation within DY NASMART-P.)

. Developing a redlistic model of queue propagation that can be implemented in a
mesoscopic model such as DY NASMART-P

. Continued research to develop increasingly valid and accurate models of driver

behavior.
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CHAPTER 11. IMPLEMENTATION AND TECHNOLOGY TRANSFER PLAN

The primary research product for this project is the project final report. The key
implementation element of the report is the recommended ATIS framework. This report and the
framework should be used by the Intelligent Transportation Systems Operations Unit, the
Intelligent Transportation Systems Section and other NCDOT units involved in the planning and
operation of the Advanced Traveler Information Systems in the state of North Carolina. The
report will aso provide valuable information for North Carolina MPOs in their ATIS project
evaluation efforts.

This research project aso involved the development of DYNASMART-P and FREEVAL
models for avariety of scenarios based around the 1-40/1-85/NC-147 freeway network in western
Wake and Durham Counties. The computer files necessary to run these models will be provided
to the NCDOT on CDROM media. These models may be useful in continue evaluation of the
subject freeway network as well as providing a valuable case study example to aid the NCDOT
in applying the recommended evaluation framework in other areas.ill be provided to the ITS
Unit. However, as explained in the report, none of the currently available ssimulation tools are
ideal for analysis of extensive evacuation networks. Furthermore, there are scalability and
output processing issues that render it impractical for the NCDOT to consider these models to be

readily accessible and useful in the current state of the practice.
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APPENDIX A. ITSUSER SERVICES

User Service Bundle User Service

1.1  Pretrip Travel Information

1.2  En-route Driver Information

1.3  Route Guidance

14  Ride Matching And Reservation
15  Traveler Services Information

1.6  Traffic Control

1.7  Incident Management

1.8  Travel Demand Management

19 Emissions Testing And Mitigation
1.10 Highway Rail Intersection

Travel and Traffic Management

2.1  Public Transportation Management
Public Transportation 2.2  En-route Transit Information

M anagement 2.3 Personalized Public Transit

24  Public Travel Security

Electronic Payment Services 3.1  Electronic Payment Services

4.1  Commercial Vehicle Electronic Clearance

4.2  Automated Roadside Safety Inspection

4.3  On-board Safety And Security Monitoring

4.4  Commercia Vehicle Administrative Processes

45  Hazardous Materials Security & Incident Response
4.6  Freight Mobility

51  Emergency Notification And Personal Security
Emergency Management 5.2  Emergency Vehicle Management
53  Disaster Response And Evacuation

Commercial Vehicle Operations

6.1  Longitudina Collision Avoidance
6.2 Lateral Collision Avoidance
6.3 Intersection Collision Avoidance

é;l;:nr::d Venicle Safety 6.4 Vision Enhancement For Crash Avoidance
6.5  Safety Readiness
6.6  Pre-crash Restraint Deployment
6.7  Automated Vehicle Operation
Information Management 7.1 Archived Data
Maintenance and Construction 81 Maintenance And Construction Operations
M anagement

Source; http://itsarch.iteris.com/itsarch/html/user/userserv.htm Accessed October 15, 2005.

218




APPENDIX B. ITSDEPLOYMENT IN 78 LARGEST METRO AREASIN THE US

78 Largest Metropolitan Areas
Summary Indicators*

Freeway miles with real-tims rafiic
daia collection technologies

Fresway miles coverad by on-call
sarvice patrols

Arerial miles covered by on-call
sarvice patrols

Signalized intersections undsr
centralized or closed loop control

Toll collection lanes with Elsctronic
Tell Collection capabilizy

Fixed-route transit wehicles equipped
with Automatic Vehicle Location

Fixed-routs buses acoepiing
elecironic fare paymean:

Highwray-rail intersections under
elecironic surveillance

Emergency managemsn: vehicles
urder Compuier-Aided Dispatch

Freeway conditions disseminated

to the public
2%
1957 | | | | | |
B 0o 0% 1% 0% 0% 40% S0% 60% 70% ©60% S0% 100%
[ 2000 .
B 200z Percent Deployment Opportunity™*
[ 2005

ndicators are single surrogates that do not necessarily reflect the full breadth of ITS deploymeant activity.
** Deployment cpportunity reflects potential totals that do not necessarily reflec: actual need.

Source: Gordon & Trombley (2004), p. 3
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APPENDIX E. EXISTING AND PLANNED ATISDEPLOYMENTSFOR NORTH

CAROLINA

The North Carolina ITS Strategic Deployment Plan deds with al ITS options. The
information about the existing and planned ATIS deployments for each ITS region isincluded in
the each regional report. Most contents of this section are captured and quoted directly from

those nine regional ITS reports.

E.1 Asheville
E.1.1. Regional overview and existing ATIS deployments

The Asheville Region encompasses Buncombe, Henderson, Madison, Yancey, Mitchell,
McDowell, Polk, Rutherford and Cleveland Counties. It has a population of greater than
250,000 people, and includes the area surrounding the cities of Asheville, and Hendersonville.
Other cities in the Asheville Region include: Black Mountain, Fairview, Weaverville, and
Woodfin.

The deployed ATIS facility in Ashevilleis not found in the Asheville regional ITS reports.

E.1.2. Recommended Project and Technologies

Transportation needs
Four key program areas for the Asheville Region were identified:

e Tourist Information
e Traveler Information
e Weather Information

e Road Condition/Construction Information
Also, the key transportation issues were identified based on the discussions of the various

groups in the break-out session in the regional Summit. For the Traveler Information:
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e Lack of pre-trip tourist information

e Highway Advisory Radio (HAR) is not as effective as it could/should be

e Lack of real timetraffic information

e Lack of traveler information — via message signs

e NoIMAP unit

e Need IMAP Coordinator

e Need up-to-date HAZMAT information

¢ Real-time weather information, fog detection, and early warning of reduced visibility
e Information on construction, weather, road conditions, rock slides

e Traveler Information Kiosks (@ Rest areas, hotels, Super K, malls, other locations)

FCC *211 — cellular telephone — information
Following describes the recommended ATIS projects for Ashville. Table E.1 shows items

and costs for these recommended projects.

Short-Term (2000 - 2006) Technologies

1. DMS. There is a need for motorists on maor highways and arterials to have
frequently updated information regarding road construction, incidents, and road conditions.
In a mountainous region such as Asheville, signs also can be employed to display weather-
related information such as fog advisories, and warnings to truckers about steep mountain
grades.

Signs will be installed at 2 sites in the Asheville Region. The anticipated cost for these
improvements is $400,000.

2. Additional HAR sites. NCDOT will expand the existing HAR system by adding
additional HAR sites on both AM and FM radio. These sites will permit a focused response
to traffic incidents and issues by aerting motorists to their existence and detailing the
appropriate response. These additional HAR' s are estimated to cost atotal of $120,000.

3. Regional traveler/transportation website. NCDOT will develop awebsite or set of
pages at an existing website to provide static travel information. This information may
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include transit schedules, fares and routes, published road closures, weather, traffic policies,
major generator and special event information, rideshare matching information, and links to
the MPO, other city and NCDOT websites. This project is anticipated to cost $50,000
beyond the development costs being borne internally by NCDOT for various ITS web
development projects.

4. Traveler information system. A clearinghouse will be established to store real-time
data for traveler information. This system will include data from system detectors,
intersections, detector stations, posted incident reports, IMAP incident reports, HAZMAT,
and real-time bus schedule information. This information will also be accessible from a
central location, whether it is stored locally or remotely. The development of this
clearinghouse will be used in kiosks and websites, with the development geared for long-
term projects, such as a voice activated telephone system. The anticipated cost to develop
this clearinghouse is $100,000.

5. Web-based roadway information. As mentioned previousy, NCDOT is in the
process of developing a web-based real-time regional roadway information system to inform
motorists of short-term and long-term road closures. This project will al be done internally
to NCDOT, so al of the costs are internal to NCDOT.

Long-Term (2006 - 2011) Technologies

1. DMS. The long-term project involves installation of six additional in the Asheville
region to provide motorists with important information as they travel. DMS will assist in
traffic management for specia events, aid tourists unfamiliar with the area, and provide
information on delays and alternate routes during congested periods and in the event of
traffic incidents. The expected cost for these improvementsis $1,200,000.

2. Kiosks at major public venues. The NCDOT and the cities in the Asheville Region
will develop and install five (5) kiosks that use web-based technologies to link to websitesin
the area that display local traffic and event information. In addition, these kiosks will display
information of interest for tourists, including destinations, lodging, restaurants, and
information centers. Potential locations include regional malls, rest areas, visitors bureaus,
chambers of commerce, arenas and coliseums, hotels, racetracks, convention centers, and
others.

Kiosks provide NCDOT the opportunity to enter into ventures with private entitiesin two
ways. Thefirstis by selling or leasing kiosks at locations that are not public facilities. This
may include large employers, malls, or hotels. Also, if additional kiosks are requested at
locations, they may be sold or leased as well.

The second opportunity is to permit the generation of kiosk operating revenue by either
selling advertising or licensing the kiosks. This would permit NCDOT to recover some of
the costs of providing the data and hosting websites.
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The cost of installing 5 kiosks throughout the Asheville region is approximately $300,000.
There are additional costs associated with the long-term operations of kiosks, especially as
more are added, for updating information and adding bandwidth.

The development costs of the kiosk content needs to be shared among the many
interested parties. Traffic and transit data is only a small portion of the information that is
available, and is typically the least used. The most used information is concerning local
interests and directions to destinations. Therefore, the development costs of the content need
to be borne by those who will benefit the most: tourist destinations, restaurants, and hotels.

3. Expand thetraveler information system. The traveler information system identified
as a short-term project limits the user input to selecting bus routes and identifying “hot spots’
along magor routes. As a long-term project, NCDOT will expand the system to provide
additional real-time information, such as transit arrival, estimated travel times and video
images from Asheville. The expansion of this system, with regard to integration and website
development (including hardware) is estimated to cost $1,500,000.

4. 511 traveler information number. As part of a nationa program, a traveler
information line will be set up using the telephone number 511. This number would operate
much the same way as 911 provides emergency police service to callers, except the number
would alow any caler to get instant, rea-time information on directions to unfamiliar
destinations, local highway conditions, weather, traffic delays, and public transit schedules.

TableE.1 Summary of ATIS Project and Estimated costs (based on year 2001 dollars)

Short-Term Projects Long-Term Projects
Description Cost ($000) | Description Cost ($000)
S-3 | Dynamic Message Signs $400 L-1 DMS Expansion $1,200
S6 | Additiona HAR Sites $120 L3 | Kiossa Maor Public $300
Venues
Regional i Expand the Traveler
S7 Traveler/Transportation Website $50 L-4 Information System $1,500
S8 | Traveler Information System $100 L-5 511 Traveler Information *x
Number
S9 Web—Ba$d Roadway .
Information
Total $270 Total $3,000

**No direct costs

***Costs are borne internally by NCDOT

Source: This table is extracted from the Asheville regional report. Original table include all kind of ITS options but this
table shows only ATIS deployments.
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E.2 Eastern
E.2.1. Regional overview and existing ATI S deployments

The Eastern Region includes Onsow, PFitt, Craven, Carteret, Lenoir, Beaufort, Duplin,
Pender, Pasguotank, Dare, Martin, Hertford, Bertie, Currituck, Greene, Chowan, Pamlico,
Washington, Perquimans, Gates, Jones, Camden, Hyde and Tyyrell Counties and portions of
Wayne, Cumberland, Sampson, Edgecombe, Bladen, Wilson, Halifax, Columbus, Robeson,
Northampton and Johnston Counties. The Eastern Region has a population of approximately
1,236,000 people, and includes the area surrounding the cities of Jacksonville, Greenville and
Goldsboro. Other cities in the Eastern Region include: Mount Olive, New Bern, Havelock,
Morehead City, Newport, Kinston, Clinton, Washington, Warsaw, Tarboro, Burgaw, Elizabeth
City, Manteo, Wanchese, Kill Devil Hills, Elizabethtown, Bladensboro, Williamston, Jamesville,
Ahoskie, Murfreesboro, Windsor, Scotland Neck, Currituck, Corolla, Snow Hill, Chadbourn,
Edenton, Bayboro, Plymouth, Rich Square, Hertford, Gatesville, Trenton, Camden, Swan
Quarter and Columbia.

The Eastern region has the plan for severa deployments to respond during hurricane

evacuations. The Wilmington region isincluded in this Hurricane evacuation plan.

Hurricane Evacuation Plan
The eastern part of North Carolinais a frequent target of hurricanes. In order to effectively

deal with these occurrences, NCDOT, along with other agencies, has developed a plan for
evacuating coastal areas in the event of a hurricane. The evacuation plan incorporates one-way
operation of Interstate 40, the major travel route to and from the eastern coastal area of North
Carolina. There is also a plan for deployments of ITS elements that will support evacuation.

These elements include DMS HAR, CCTV, count stations, wind gauges, information kiosks, and
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traffic signal improvements throughout eastern North Carolina. Table E.2 includes provides a
summary of the proposed ITS elements for hurricane evacuation.

Table E.2 Summary of the Proposed I TS Elementsfor Hurricane Evacuation

Device Type
County CCTV | HAR (DO'VL'? (F?o'\éST) ('FD,:\E"[;Q’) ATR | GATE | WIND
Bertie 1 1
Bertie/Martin 1 1
Bladen/Robeson 1 1
Brunswick 1 1 2
Camden 2
Carteret 1 1 2 2
Chowan 1 1 1
Chowan/Bertie 1
Chowan/Washington 1
Craven 1 3 1
Cumberland 2 1 1
Currituck 1 3
Dare 4 3 2 3 3 1
Duplin 1 1 1
Harnett 1 1
Johnson 3 2 1 2
Johnston 3 1 2 1
Jones 1
Lenoir 1
Martin 1
Nash 1 1 1
New Hanover 3 2 1 2
Pender 1
Perquimans 1 1
Sampson 1
Sampson/Duplin 1
Wake 7 1 2
Washington 1 1
Wayne 1 2
Wilson 1

Source: Eastern regional report
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E.2.2. Recommended Project and Technologies

Transportation needs
Theidentified user needs for the Eastern Region:

e Safety improvements
e Congestion/mobility/traffic management
e Traveler information
e Provider Information

For the Traveler Information:

24-hour, accurate pre-trip and en-route traveler information

¢ Rea-time alternate route guidance

e Broadcast traffic conditions

e A statewide TMC or information clearinghouse with current traveler and road conditions
e Expandthe SMARTLINK web-based, real-time traffic information

e Moreéefficient integration of transit with other modes

e Accessto up-to-date traveler information at public venues

Following describes the recommended ATIS projects for Eastern. Table E.3 shows items

and costs for these recommended projects.

Short-Term (2000 - 2006) Projects

1. Traveler information kiosks at major public venues. The NCDOT, working with
severa cities and other locations in the Eastern Region, will develop and install 10 kiosks that
use web-based technologies to link to the web sites in the area that display local traffic and event
information. The kiosks will consist of an interactive computer, using an HTML-based touch-

screen interface. The kiosk will be designed to feature (when available) real-time traffic and
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accident information (such as the location of accident sites at a particular time and place).
Currently available information (Phase | deployment) will include general safety information,
current weather with radar and area forecasts, and tourist information for the area. The kiosks
will be updated using digital telephony services (ISDN) or T-1 lines.

Another feature may be an interactive kiosk at one or more key truck stops to provide
information on truck safety, bridge information and restriction, signage and enforcement, and
overall safety awareness. The kiosks would be updated using digital telephony services (ISDN).
In addition, these kiosks will display information if interest for tourists, including destinations,
lodging, restaurants, and information centers. Potential locations include: welcome centers, rest
areas, hotels, Super K, shops in high use tourist areas, at Ferry Terminals, the State Aquariums,
and other locations.

Kiosks provide the NCDOT with the opportunity to enter into public-private partnerships.
The recommended contracting method is for the State to lease kiosks from a rural advanced
traveler information service (RATIS) provider, similarly to how North Carolina’'s welcome
center kiosk services are managed. Kiosks will be provided in public buildings as well as at
locations that are not public facilities, with the owners agreement. The kiosk contractor will be
responsible for studying and selecting locations and securing space arrangements with private
property owners. The second opportunity for partnering is to permit the contractor to cover the
costs of kiosk operating, maintenance, and upgrading by either selling advertising or licensing
the kiosks. The lease should be with an experienced, private RATIS firm.

The cost of installing 10 kiosks throughout the Eastern Region is approximately $775,000.

There would be additional costs associated with the long-term operations of kiosks, especidly as

247



more are added, for updating information and adding bandwidth. These costs are approximated
at $25,000 per year.

2. Web-based mapping and route identification. The web-based alternative route
database will allow users to lookup route aternatives when the shortest time route is unavailable.
This system will work in conjunction with the NCDOT road closure reporting system. Parts of
this project are aready being developed by NCDOT, including the development of real-time
mapping and a dia-up information hotline.

This project is anticipated to cost $81,500.
3. Internet traveler information system. The NCDOT will develop a web site or set of

pages at an existing web site to provide static travel information. This information may include
transit schedules, fares and routes, published road closures, traffic policies, maor generator and
special event information, rideshare matching information, and links to other city and NCDOT
websites. This project is anticipated to cost $95,000.

4. CCTV Linksto Web Pages. The NCDOT will develop asimilar web site for the Eastern
Region as has previously been developed for the Triangle Region that displays static images of
the CCTV cameras.

This project is anticipated to cost $37,500.

5. ATIStraveler information clearinghouse. An interim clearinghouse will be established
to store real-time data for traveler information. This system will include data from system loops,
intersections, detector station, posted incident reports, IMAP incident reports, and real time bus
schedule information. This information will al be accessible from a central location, whether it
is stored locally or remotely. The development of this clearinghouse will be used in the kiosks

and web sites, with the development geared for long-term projects, such as a voice activated
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system. The anticipated marginal cost of this system to include a database for the Eastern

Region is $200,000.

Long-Term (2006 - 2011) Projects

1. Voice Remote Access System (VRAS). En-route traveler information was identified as
one of the key needs within the Region. One of the more effective methods of en-route traveler
information is via a voice-activated system using standard cellular phones. This system will
include a 511 number and the computer support to allow the entire system to be voice activated
without the need for operators. This system will be developed statewide so there will not be any
development costs particular to the Eastern Region. However, the Region will have to pay for
the local information added to the statewide expansion and promoting costs that could be
billboards, commercials, etc. It isanticipated that these responsibilities will cost $1,000,000.

2. Internet traveler information system (Phase I1). The Internet system, both existing and
that being developed in the short-term projects, will be expanded from a static system to a
dynamic system with constant updates from the various detection stations in the Region. In
addition, as more bandwidth becomes available, more options for the CCTV video feeds will be
available for streaming video to the Internet from the various CCTV cameras in use. This
expansion is anticipated to cost $250,000.

3. Regional archived data warehouse. ITS data collection components provide a
significant amount of information that can be used in the long-term planning process, as well as
for various optimization routines and strategies. The data collected through the ITS elements
will be collected/warehoused in a database for future use in these processes. All of the data from
the Region will be available at one central location for future use and reference. The anticipated

cost of this system $750,000.
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TableE.3 Project Summary

Short-Term Projects Long-Term Projects
_— Cost _ Cost
Description ($000) Description ($000)
Portable Dynamic V oice Remote Access
S1 M e Signs $250 L-2 System $1,000
. Internet Traveler
s | Web based mapping and $82 | L-3 |Information System $250
route identification
(Phase 1)
Traveler Information Regional Archived Data
S7 | Clea nghouse (Phase ) $200 L4 | Warehouse $750
Internet Traveler
S8 | Information System (Phase |  $95
1)
S9 | CCTV LinkstoWebpages | $38
S10 Kiosks at Mgor Public 775
Venues
Total $1,439 Total $2,000

**No direct costs

***Costs are borne internally by NCDOT

Source: This table is extracted from the Eastern regional report. Original table include all kind of ITS options but this
table shows only ATIS deployments.

E.3 Fayetteville
E.3.1. Regional overview and existing ATI S deployments
The Fayetteville ITS Planning Region has a population of only approximately 225,000. The
Fayetteville Region encompasses parts of Cumberland and Harnett counties and includes the
Cities of Fayetteville, Spring Lake and Hope Mills, in addition to Fort Bragg.
The deployed ATIS in Fayetteville is portable Highway Advisory Radio station.

E.3.2. Recommended Project and Technologies

Transportation needs
As a result of the meetings, summits, and breakout groups, four key program areas for the

Fayetteville Region were identified:

e Safety improvements
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e Congestion/mobility/traffic management

e Advanced traveler information

e Interagency data exchange

For the Traveler Information, following key transportation issues are identified:

Lack of real time traffic information

e Lack of traveler information — about incidents while driving

e Highway Advisory Radio (HAR) is not as effective asit could/should be
e Lack of traveler information — Via Message Signs

e Lack of route guidance for getting around incidents

e Specia Event Traffic Management

e Desrefor in-vehicle traffic information

o Lack of traveler information — At rest areas and welcome centers
e Local Streets being used for route diversion

o Lack of traveler information — Via Cellular Phone

e Lack of pre-trip traveler information

e Lack of recreational information for rural communities

e Truckers should have access to traffic information

Following describes the recommended ATIS projects for Fayetteville. Table E.4 shows

items and costs for these recommended projects.

Short-Term (2000 - 2006) Technologies
1. Additional HAR Sites. NCDOT will expand the existing HAR system by adding five

additional HAR sites. These sites will permit afocused response to traffic incidents and issues by
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alerting motorists to their existence and detailing the appropriate response. These five additional
HAR'’s are estimated to cost atotal of $120,000.

2. Regional Traveler/Transportation Website. NCDOT will develop a website of series
of pages at an existing website to provide static travel information. This information may
include transit schedules, fares and routes, published road closures, traffic policies, major
generator and specia event information, rideshare matching information and links to FAMPO,
other city and NCDOT websites. This project is anticipated to cost $50,000 beyond the
development costs being borne internally by NCDOT for various I TS web development projects.

3. Traveler Information System. A clearinghouse will be established to store real-time
datafor traveler information. This system will include data from system detectors, intersections,
detector stations, posted incident reports, IMAP incident reports, and real time bus schedule
information. Thisinformation will also be accessible from a central location, whether it is stored
locally or remotely. The development of this clearinghouse will be used in kiosks and websites,
with the development geared for long-term projects, such as a voice activated telephone system.
The anticipated cost to develop this clearinghouse is $100,000.

4. Web-Based Roadway Information. As mentioned previously, NCDOT isin the process
of developing aweb-based real-time regional roadway information system to inform motorists of
short-term and long-term road closures. This project will al be done internally to NCDOT, so

al of the costs are internal to NCDOT.

Long-Term (2006 - 2011) Technologies

1. DMSon Owen Drive. There are four sites that have been identified along Owen Drive

between the colissum and the hospital that would benefit from having DMS to provide
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information to motorists. The cost of these four signs is expected to total approximately
$800,000.

2. Kiosks at Major Public Venues. NCDOT and the cities in the Fayetteville Region will
develop and install five (5) kiosks that use web-based technologies to link to the websites in the
area that display local traffic and event information. In addition, these kiosks will display
information of interest for tourists, including destinations, lodging, restaurants, and information
centers. Potential locations include regional malls, rest areas, visitors bureaus, chambers of
commerce, arenas and coliseums, hotels, racetracks, convention centers and others.

Kiosks provide NCDOT the opportunity to enter into ventures with private entities in two
ways. Thefirstis by selling or leasing kiosks at locations that are not public facilities, including
large employers, malls, or hotels. In addition, if additional kiosks are requested at locations, they
aso may be sold or leased. The second opportunity is to permit the generation of kiosk
operating revenue by either selling, advertising, or licensing the kiosks. This would permit
NCDOT to recover some of the costs of providing the data and hosting websites.

The cost of installing 5 kiosks throughout the Fayetteville region is approximately $300,000.
There are additional costs associated with the long-term operations of kiosks, especially as more
are added, for updating information and adding bandwidth.

The development costs of the kiosk content needs to be shared amongst the many interested
parties. Traffic and transit datais only a small portion of the information that is available, and is
typically the least used. The most used information is concerning local interests and directions to
destinations. Therefore, the development costs of the content needs to be borne by those who

will benefit the most: tourist destinations, restaurants, and hotels.
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3. Expand the Traveler Information System. The traveler information system identified
as a short-term project limits the user input to selecting bus routes and identifying “hot spots’
aong major routes. As a long-term project, NCDOT will expand the system to provide
additional real-time information, such as transit arrival, estimated travel times and video images
from Fayetteville. The expansion of this system, with regard to integration and web site
development (including hardware) is estimated to cost $1,500,000.

Table E.4 Project Summary

Short-Term Projects Long-Term Projects
_— Cost _ Cost
Description ($000) Description ($000)
o . i Dynamic Message Signs
S5 | Additional HAR Sites $120 L-4 on Owen Drive $800
Regiona . . .
S6 | Traveler/Transportation $50 L-5 \5' osks at Major Public $300
: enues
Website
Traveler Information Expands Traveler
S7 Clearinghouse $100 L-6 Information System $1,500
Web-based Roadway
S_8 i * k%
Information
Subtotal $270 Subtotal $2,600

**No direct costs

***Costs are borne internally by NCDOT

Source: This table is extracted from the Fayetteville regional report. Original table include all kind of ITS options but
this table shows only ATIS deployments.

E4  Metrolina
E.4.1. Regional overview and existing ATI S deployments
The Metrolina Region encompasses Mecklenburg, Cabarrus, Gaston, Union Counties, and a
portion of Rowan and Iredell County. It has a population of approximately 1,121,000 people.
Interstate 85 runs west/northeast through the Metrolina, connecting the region with Gastonia to
the west and Concord to the northeast. Highway 29 and 74 run west/southeast through the

Metrolina, connecting the region with Gastonia to the west and Monroe to the southeast.
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Metrolina Region provides Travel information through Metrolina TMC Web page with link
status map and camera images and Charlotte network television station linked to 7 CCTV in the
Charlotte CBD. At the heart of the existing deployments in the Metrolina Region is the
Metrolina Regional Transportation Management Center (MRTMC). This center currently
manages the system of cameras and message boards on I-77 and 1-85 and in the future will be the
central hub for the entire Metrolina Region ITS Architecture.

NCDOT Divisions 9, 10 and 12 have a very aggressive plan for ITS deployment over the
next few years, including numerous projects that are on the Transportation Improvement Plan
(TIP) as well as some that projects are planned but not funded. The project lists are shown in

Table E.5. Some of the projects are included as recommended short- and long-term deployments.
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E.4.2. Recommended Project and Technologies

Transportation needs

As aresult of the meetings, summits, and breakout groups focused on three key areas for the

Metrolina area were identified:

Automobiles

Transit

Commercial vehicles

For the Traveler Information, following key transportation issues are identified:

Too few operational dynamic message signs with current traveler information

Poor traffic control at major trip generators and highway access points

Lack of real-time transit information, including travel times, pre-trip and at bus stops
Poor advance warning of and traffic control in work zones

Lack of user-friendly, customized traffic information

Lack of accessto traveler information through kiosks and television

Poor availability and content of digital traveler information broadcasts to portable
communication devices (personal digital assistants, pagers, email, etc.)

Lack of information on park-and-ride facilities

Lack of remote, interactive voice access to location-specific traveler information

Lack of remote voice accessto traveler information

Following describes the recommended ATIS projects for Metrolina. Table E.6 shows items

and costs for these recommended projects.

Short-Term (2001-2006) Technologies
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1. Web-Based Roadway Information. NCDOT is in the process of developing a web-
based real-time regional roadway information system to inform motorists of short-term and long-
term road closures. This project will al be done internally to NCDOT, so al of the costs are
internal to NCDOT.

2. Value Added Information from MRTMC. There are many private companies that are
beginning to repackage ITS data to provide to customers. MapQuest, as described later in this
report, is currently providing this information on their website. NCDOT will investigate
opportunities to sell or provide thisinformation to these companies. Thiswill require little effort
from the DOT aside from identifying potential partners and preparing legal documents relating to
the partnership. Data messaging and other efforts required to convert information into a format
compatible with the needs of the private partner will be the responsibility of the partner. All of
the costs associated with this project are internal to NCDOT.

3. Traveler Information System. A clearinghouse will be established to store real-time
datafor traveler information. This system will include data from system detectors, intersections,
detector stations, posted incident reports, IMAP incident reports, and real time bus schedule
information. Thisinformation will also be accessible from a central location, whether it is stored
locally or remotely. The development of this clearinghouse will be used in kiosks and websites,
with the development geared for long-term projects, such as a voice activated telephone system.
The anticipated cost to develop this clearinghouse is $250,000.

NCDOT currently provides road conditions and traveler information over the
www.ncsmartlink.org web site.  However, the site currently only shows conditions in the
Triangle and Salisbury area. Using information from the MRTMC, red-time roadway

information will be uploaded to the website to permit users to change travel times and routes
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based on traffic conditions. A link to the MRTMC web page will be provided upon completion
of system acceptance testing in late spring 2001.

4. Additional Highway Advisory Radio (HAR) Sites. NCDOT will expand the existing
HAR system by adding two additional HAR sites. These sites will permit a focused response to
traffic incidents and issues by aerting motorists to their existence and detailing the appropriate

response. The two additional HAR' s are estimated to cost atotal of $24,000.

Long-Term (2006-2011) Technologies

1. Kiosks at Major Public Venues. NCDOT and the cities in the Metrolina Region will
develop and install twenty (20) kiosks that use web-based technologies to link to the websites in
the area that display local traffic and event information. In addition, these kiosks will display
information of interest for tourists, including destinations, lodging, restaurants, and information
centers. Potential locations include regional malls, rest areas, visitors bureaus, chambers of
commerce, arenas and coliseums, hotels, racetracks, convention centers and others.

Kiosks provide NCDOT the opportunity to enter into ventures with private entities in two
ways. Thefirstis by selling or leasing kiosks at locations that are not public facilities, including
large employers, malls, or hotels. In addition, if additional kiosks are requested at locations, they
aso may be sold or leased. The second opportunity is to permit the generation of kiosk
operating revenue by either selling, advertising, or licensing the kiosks. This would permit
NCDOT to recover some of the costs of providing the data and hosting websites.

The cost of installing 20 kiosks throughout the Metrolina region is approximately $1,200,000.
There are additional costs associated with the long-term operations of kiosks, including
maintenance and upkeep of the kiosks themselves and the cost associated with keeping the

information on the kiosks up to date.
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There is aso a recurring cost of providing the data link between the kiosk and the central
server. The development costs of the kiosk content needs to be shared amongst the many
interested parties. Traffic and transit data is only a small portion of the information that is
available, and istypically the least used. The most used information is concerning local interests
and directions to destinations. Therefore, the development costs of the content needs to be borne
by those who will benefit the most: tourist destinations, restaurants, and hotels.

2. Expand the Traveler Information System. The traveler information system identified
as a short-term project limits the user input to selecting bus routes and identifying “hot spots’
aong major routes. As a long-term project, NCDOT will expand the system to provide
additional real-time information, such as transit arrival and estimated travel times. The
expansion of this system, with regard to integration and web site development (including
hardware) is estimated to cost $1,500,000.

Table E.6 Project Summary

Short-Term Projects Long-Term Projects
Description &%%O) Description &%%O)
N A [N A e
S17 'IS')r/aStv:Imerlnformation $250
S-18 | Additional HAR Sites $24

Subtotal $274 Subtotal $2,700

**No direct costs

***Costs are borne internally by NCDOT

Source: This table is extracted from the Metrolina regional report. Original table include all kind of ITS options but
this table shows only ATIS deployments.
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E.5 Piedmont
E.5.1. Regional overview and existing ATI S deployments

The Piedmont Region encompasses Rockingham, Stanley, Lee, Chatham, Franklin,
Richmond, Granville, Stokes, Vance, Scotland, Person, Davie, Anson, Montgomery, Caswell,
Warren, Rowan counties and portions of Hoke, Moore, Randolph, Robeson, Harnett, Bladen,
Columbus, Surry, and Y adkin, counties. It has a population of approximately 1,387,000 people,
and includes the area surrounding the cities of Asheboro, Salisbury, Pinehurst, Oxford,
Henderson and Laurinburg. Other cities in the Piedmont Region include: Reidsville, Eden,
Southern Pines, Albemarle, Sanford, Pittsboro, Siler City, Louisburg, Rockingham, Hamlet,
Roxboro, Mount Airy, Mocksville, Raeford, Spring Hope, Wadesboro, Pembroke, Y anceyville
and Yadkinville.

The deployed ATIS projects in the Piedmont Region are 1 HAR on [-85 in Orange County, 1
HAR on 1-85 in Vance County, and 2+ portable HAR.

11.1.1.1 Recommended Project and Technologies

Transportation needs
The identified user needs resulted in the development of four key program areas for the
Piedmont Region:

e Safety improvements

Congestion/mobility/traffic management

Traveler information

Provider Information
For the Traveler Information, following key transportation issues are identified:

e 24-hour, accurate pre-trip and en-route travel er information
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¢ Real-time alternate route guidance

e Broadcast traffic conditions

e A statewide TMC or information clearinghouse with current traveler and road conditions
e Expand the SMARTLINK web-based, real-time traffic information

e Moreefficient integration of transit with other modes

e Accessto up-to-date traveler information at public venues

Following describes the recommended ATIS projects for Piedmont. Table E.7 shows items

and costs for these recommended projects.

Short-Term (2000 - 2006) Projects

1. Kiosks at Major Public Venues. NCDOT and several cities and other locations in the
Piedmont Region will develop and install ten (10) kiosks that use web-based technologies to link
to the web sites in the area that display local traffic and event information. The kiosks will
consist of an interactive computer, using an HTML-based touch-screen interface. The kiosk will
be designed to feature (when available) real-time traffic and accident information (such as the
location of accident sites at a particular time and place).

Currently-available information (Phase | deployment) will include general safety information,
current weather with radar and area forecasts, and tourist information for the area. Another
feature may be an interactive kiosk at one or more key truck stops to provide information on
truck safety, truck escape ramps on mountain grades, signage and enforcement on grades, and
overall safety awareness. The kiosks would be updated using digital telephony services (ISDN).

In addition, these kiosks will display information if interest for tourists, including
destinations, lodging, restaurants, and information centers. Potential |ocations include: rest areas,

truck stops, hotels, chambers of commerce, malls, recreation areas, and other locations.
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Kiosks provide NCDOT the opportunity to enter into ventures with private entities in two
ways. The first is by leasing kiosks in both public buildings and locations that are not public
facilities. This may include large employers, malls, or hotels. In addition, if additional kiosks
are requested at locations, they may be sold or leased as well. The second opportunity is to
permit the generation of kiosk operating revenue by either selling advertising or licensing the
kiosks. This would permit NCDOT to recover some of the costs of providing the data and
hosting web sites.

The cost of installing 10 kiosks throughout the Piedmont Region is approximately $775,000.
There would be additional costs associated with the long-term operations of kiosks, especidly as
more are added, for updating information and adding bandwidth. These costs are approximated
at $25,000 per year.

2. Web-based Alternative Route Database. The web-based alternative route database will
allow users to lookup route alternatives when the shortest time route is unavailable. This system
will work in conjunction with the NCDOT road closure reporting system. Parts of this project
are already being developed by NCDOT, including the development of real-time mapping and a
dia-up information hotline. This project is anticipated to cost $81,500.

3. Internet Traveler Information System. NCDOT will develop aweb site or set of pages
at an existing web site to provide static travel information. This information may include transit
schedules, fares and routes, published road closures, traffic policies, mgor generator and special
event information, rideshare matching information, and links to other city and NCDOT websites.

This project is anticipated to cost $95,000.
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4, CCTV Linksto Web Pages. NCDOT will develop a similar web site for the Piedmont
Region as has previously been developed for the Triangle Region that displays static images of
the CCTV cameras. This project is anticipated to cost $37,500.

5. Traveer Information Clearinghouse. A clearinghouse will be established to store real-
time data for traveler information. This system will include data from system loops,
intersections, detector station, posted incident reports, IMAP incident reports, and real time bus
schedule information. This information will al be accessible from a central location, whether it
is stored locally or remotely. The development of this clearinghouse will be used in the kiosks
and web sites, with the development geared for long-term projects, such as a voice activated
system. The anticipated marginal cost of this system to include a database for the Piedmont

Region is $200,000.

Long-Term (2006 - 2011) Projects

1. Voice Remote Access System (VRAS). En-route traveler information was identified as
one of the key needs within the Region. One of the more effective methods of en-route traveler
information is via a voice-activated system using standard cellular phones. This system will
include a 511 number and the computer support to allow the entire system to be voice activated
without the need for operators. This system will be developed statewide so there will not be any
development costs particular to the Piedmont Region. However, the Region will have to pay for
the local information added to the statewide expansion and promoting costs that could be
billboards, commercials, etc. It isanticipated that these responsibilities will cost $1,500,000.

2. Internet Traveler Information System (Phase I1). The Internet system, both existing
and that being developed in the short-term projects, will be expanded from a static system to a

dynamic system with constant updates from the various detection stations in the Region. In
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addition, as more bandwidth becomes available, more options for the CCTV video feeds will be
available for streaming video to the Internet from the various CCTV cameras in use. This
expansion is anticipated to cost $250,000.

3. Regional Archived Data Warehouse. ITS data collection components provide a
significant amount of information that can be used in the long-term planning process, as well as
for various optimization routines and strategies. The data collected through the ITS elements
will be collected/warehoused in a database for future use in these processes. All of the datafrom
the Region will be available at one central location for future use and reference. The anticipated
cost of this system $750,000.

Table E.7 Project Summary

Short-Term Projects Long-Term Projects
. Cost _ Cost
Description ($000) Description ($000)
Portable Changeable V oice Remote Access
S3 | Message $250 L-2 System (VRAS) $1,500
Signs
. : : Internet Traveler
s | Kiosksamajor public $775 | L-3 | Information System $250
venues
(Phase 1)
Web-based Alternative Regiona Archived Data
S7 | Route Database $81.5 L4 | \Warehouse $750
Internet Traveler
S8 Information System $95
S9 | CCTV Linksto Web Pages | $37.5
Traveler Information
S10 Clearinghouse $200
Subtotal $1,439 Subtotal $2,500

**No direct costs

***Costs are borne internally by NCDOT

Source: This table is extracted from the Piedmont regional report. Original table include all kind of ITS options but
this table shows only ATIS deployments.
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E.6 Triad
E.6.1. Regional overview and existing ATI S deployments

The Triad Region encompasses Guilford, Forsyth, Davidson, and Alamance Counties, as
well as part of Randolph County. The Triad Region has a population of approximately 958,000
inhabitants and includes the area surrounding the Cities of Greensboro and Winston-Salem. The
Triad Region includes portions of NCDOT Divisions 7, 8, and 9. Interstate 40 runs east/west
through the Triad Region, connecting the region with Raleigh to the east and Statesville to the
west. Interstate 85 runs east/southwest through the Triad Region, connecting the region with
Durham to the east and Charlotte to the southwest.

Various media sources provide travel time, speeds or conditions and TV picture of roadway
conditionsin Triad region. Also City of Greensboro has public access cable channel that shows
video form the CCTV cameras. At the heart of the existing deploymentsin the Triad Region are
the Eastern and Western Triad Regional Transportation Management Centers (ETRTMC and
WTRTMC). This center currently manages the system of cameras and message boards on
several roads in the Greenspboro and Winston-Salem areas and in the future will be combined to
form asingle TMC that will be the central hub for the entire Triad Region ITS Architecture.

NCDOT Divisions 7 and 9 have a very aggressive plan for ITS deployment over the next few
years. Thisincludes a number of projects that are on the Transportation Improvement Plan (TIP)
as well as some that are planned but not funded. Table E.8 shows the lists of these projects.

Some of these projects are included as recommended short and long term deployments.

267



89¢

000'0052T$ / UOSIAIQ 1N0yBNOI L | 10jSIO1emp 008 | - : pepUNJuN UooePd £ UOBIAIG
au1] A1unod Yd jopue/pio}|ing
001'889'7% aU1 0} O WoJj 02z SN Buo|y v ¢ c papunyun ZSINA 022 SN
0/ SN 0}8Ul| AUNoD PIOJINDALRYBU B0
00V /2878 au wouj ozz SN Buoly v 3 5 pepunjun TSING 022 SN
Ot-1 018ul| Aunod
0SG'¥80'9$ | Pioy]INDweyBUBPOY 8U} WoJj 62 SN Buo|Y v 3 o papunyun TSWA6Zsn
aur AunoD ydjopuex/pIo}|ino
0SZ'E2T'ES au) 01 11ds O-| 941 Wwouj Gg-| Buojy v : c pepunun £ SING 68|
1500 10172007 UOITe| e U | Kol BUIO | SWA | ALDD BqUNN BWeN 1090 1d
pepunjun
€052 v . o
002'G/0'78 | S 0162 SN Wouy dooT ussses ay) Buojy 06252-N ¢ doo ueses
62'SN 01 W00 PY
000°00L'T$ 0/ SN 8y woly doo e ay) Buojy v E v a5z52-Nn z doo usses
U01E00PY 0/
0S0'72Z'T$ | SN 01 TYOE ¥S Wouj dooT useises ay) Buojy v ¢ . V5252-N 1 doo usseg
pd punoibe g pIO v I i
0SS'7£9$ pue ssedAg 0J0gsusaI9) JO UO1SS B! BY) aresz-n ZSINQ L uosIAIQ
OvEZ us o) . - .
0S8'00Z'T$ | 'PAIE teAig woly doo uBISA ay) Buo |y Ov2sz-N 5 doo uesaM
pAIg veAig
002'250'T$ | 01 /bTZ ¥S Wiy dooT uBISsM 8y} Buojy v [ ¢ ggvesz-n  doo uBISOM
112
0SE'798'TS ¥S 01 Op-| Wi} doo ] w1 BUO|Y v c v varzsz-n ¢ doo uesaM
TYGT &S 01 peoy . y ,
00Z'TEV'TS | UI0d YBIH Woy dooT ulse ays Buojy ovresz-N z doo uesaMm
[peocy wiod C@_I 0] UMOBWO00ID
0ST'EES'TS Jeu Gg-| Wouj doo LIS 8U) BUO|Y/ v ¢ s avrzsz-n 1 doo ueseM
059'096'9% po1}10905 10U UO100]) AIUNGD) PIOJ[IND) v - 81 S2ove-| TSING Z UOSIAIQ
000'009$ | TYOE &S PUE 000E &S USSAI] G8-1 BUOTY - z - azovz-| £ SING 8-
00L°0GE'TS | 000E &S PUE pTEE 1S USOMIq Gg-| BUo|Y - - 7 D20vZ-| T ALDD S8
viecus )
00L'TSV'Z$ PUe 00EE US Usamaq ssedAq Gg-| BUO|y i v g2ovez-| ZSIWA 58-I
002€ o3 - 2 -
000'009% | Ppue 0JogsussIS usamiag ssedAq Gg-| Buo|v VZore-| TSING 8-
05825V TS 9T9T US 01 #5GT &S WOl} Op-| BUO|Y v T - 31022 TSING Ov-|
¥GGT 4S JO 1580 013]|/SBURY] . ) -
005'GLL'T$ 1 0G8T S WOl Op-| 31022 SUO IO IUNLILIOD OF-|
00 10176907 Uo e |fesu| Ao BUIO | SWA | ALDD BqUNN aweN 190 1d
pepun-

L
uosIAIQ

2T pue QT ‘6 SUOKSIAIQ UISII0Id papunjun pue papund g'39|qe L




69¢

Jojoemep
aulT AunoD ploy|InSyifsio ansnIU! z S
002'G/0'€$ 8y 01 Op-| oty TTE SN Buoly -uou gy 'v papunyun TTIESN
BAY ubjpe A 01 peoy
00.'8€9'C$ suowwa D 8||1AsIMa wolj Tz SN Buoly v ¢ 5 papunjun T T¢hsn
auI7 Auno) A1INS sM01S
006'€06'7$ 01 AyseAIUN WO} 25 SN Buo|y v 4 g papunjun T25SN
005'962'5$ | Peoy abpiy Apues 01 25 SN woly Op-| Buo|y v Z 0T papunun ov-
) UO|7e00 7 UoITe|[esu| Auoey eyli0 | SWA | ALOD BaunN awreN 180.d
papunjun
J013®RP
8GTSNOITTE SAISNIUI - -
008'850'c$ SN WoJj TZy SNssausng op-| buoy -uou 9 'V 0/282N Zsseuisng Op-|
W [eS-UOISUIAN Ul 18841S BN 01 i} -
086'€or$ 18IS Uiy WU T2k SN/sseusng Of-| Buoly v d/28¢-N Tsssulsng O-|
J1010918p
abueyoselul doo uLISS N S-M pasodo.d aAINIUI e 9
0SE'6TE'9% a1 01 ssedAg op-18Y1 wouy g SN Buoly -uou 96 'V 09282-N €25SN
BNUBAY UCSRIRd 01Ssaulsng
002'S8'c$ Ob-1 wol} 25 SN Buoje wo es-uosuIp v . 2 d928¢-N Z25SN
¥8G'69/$ 25 SN Buofe we es-uosuimn \Y T 9 Vv928¢2-N T25-SN 6
Jlojoemep uoisinlg
Ov-1/12tSN 01 ¢S SAISNIUI YA 1T
0S5'606'9% SN wouy Aemipg UBYUON S-M 8y} Buo|y -uou 9/ 'v 6/G2-N / Remipg ueyLoN
25SN01/9
002'62i7'c$ ON wouy femipg UBYLON S-M 8y Buoly v c < /vZcd 9 Afemifpg UBYLION
/9 ON v 1 g
009'958'T$ | O1HTET ¥S wol) Alemipg UBYLION S-M 38U L alvee-d G Aemipg UBULION
VIET IS 01 T2y v z v
007'899'T$ SN wouy Aeemipg UBYLUON S-M 8y} Buo|y 90/vce-d ¥ Remaipg UBYLON
peoy
UsAeH adead pue Ty SN Ylim ssbueyosiul \Y - 1%
009°€92'2$ aup e femipg UBYLION S-M 38U L \YOVA/AAs ¢ femifpg UBYLION
T2rsSn v - -
000'222$ | Ppue Op-| usamieq Aemipg UBYLION S- au} d4a/v¢c-d Z femipg uBYLION
0SS'VTY$ | Op-1 Yumabueyoeiul Aemipg UBYLION 8y L \% - 14 vd/veec-d T Aemipg UBULION
Ot-1018ST v 1 ¢
0SE‘0EE' VS SN Wouy doo UBISSM Wa [eS-UOISUIA 8 L V.vZZ-d T doo ueSBM S-M
006'S0Zv$ | 0S8T HS 01 2992 ¥S Usamiag Tz SN Buo|y \Y% [4 8 92560-d ¢ N1OD T2 SN
0GV'62.$ | 2992 S pue 85T SN usemiaq Ty SN Buoly \Y% - Z Vv2560-d T ALOD T2 SN
150D uoI1ed0 7 uolre|eisu| Ao} BYIO SINd | ALDD RqunN aweN 198 [0.1d
papund
uonePp
Juspioul




042

1INpuod pue 3|qed d1ido Y4 Vv

Auno) abuelo ul 11(ds

00S'9¢eTTS 0Ob-1/G8-1841 01 9 DN WoJj O-1/58-1 Buo|v pepunjun 0P-1/58-1 meloid
Auno) uospireg uolfoy

u1eBew z5/02/62 SN 8u1 018Ul AlunoD v 9 0T peliL

062'€56'8% ydjopuey/pioy|In9 8y wouiy gg-| Buoly pepunjun G8-1 | pepunjun
1500 uo11ed07 uolle|eisu| Aypoey BYO [ SINA | ALDD BWNN aweN 19014 BYIO

papunyun

0Ov-1 03aull Awnod v I c
0S9'0/8'T$ yisio-uospined sy wioly 05T DN Buoly papunyun 0ST ON




E.6.2. Recommended Project and Technologies

Transportation needs
As aresult of the meetings, summits, and breakout groups, three key areas for in the

Triad Region were identified:

Automobiles

Transit

Commercia Vehicles

For the Traveler Information, following key transportation issues are identified:

Lack of 24-hour, accurate location specific pre-trip and en-route traveler
information (route guidance)

Lack of 24-hour, real-time alternate route information

Additional DM S with current traveler information

Traveler information customized to type of motorist

Advanced warning of work zones and better traffic control for work zones
Centralized information clearinghouse with current traveler and road conditions
information (wesather, visibility-fog)

Provide real-time or near real-time video of traffic conditions

Web-based, real-time transit information

Better planning to reduce changesin travel modes

Include ride-sharing in transit management

Improve route choices for public transit-3

Increase incentives to use transit

Allow driversto update traffic and roadway conditions database
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e Lack of accessto up-to-date traveler information at public venues

e Provide remote, interactive voice access to traveler information

e Improve route choices for public transit

e Arterial Congestion

Following describes the recommended ATIS projects for Triad. Table E.9 shows

items and costs for these recommended projects.

Short-Term (2006 ) Technologies

1. Traffic Detection Plan. The first phase of aregional traveler information system
is the development of a regiona traffic detection plan. This plan will identify the
locations throughout the region where detection is required. Based on this plan the
locations of new and existing detection can be easily identified. The development of this
plan for the entire region is anticipated to cost approximately $250,000. The freeway
segment of this plan will account for approximately 50% of the project cost. The
remaining $125,000 will be to identify system detector locations in Burlington-Graham,
Greensboro, Winston-Salem and High Point which will be used to implement signal
plansin the event of amajor regional incident.

2. Web-based alternative route database. The web-based alternative route
database will enable users to look up route alternatives throughout the Triad Region.
This system will work in conjunction with the NCDOT road closure reporting system.
Parts of this project are already being developed by NCDOT, including the development
of real-time mapping and a dia-up information hotline. The anticipated cost of this

project is $81,500.
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3. Enhancementsto local cable television. The Cities of Greensboro and Winston-
Salem currently broadcast live video and traveler information over their cable access
channels during peak travel time.

The cities of High Point and Burlington-Graham are planning to broadcast similar
information. This system will be enhanced to provide additional video images from
throughout the region and increase coverage beyond the peak travel times. As video
from other regions becomes available, specificaly the Triangle and Metrolina Regions,
this information will aso be broadcast. The anticipated cost of implementing the new
channels and upgrading the existing equipment is $1,000,000. The Burlington-Graham
connection will be most effective when full motion video is available from both Winston-
Salem and Greensboro and the Triangle Region.

4. Internet Traveler Information System. NCDOT will develop awebsite or set of
pages at an existing website to provide static traveler information. This information may
include transit schedules, transit fares and routes, published road closures, traffic policies,
major generator and special event information, rideshare matching information, and links
to other city and NCDOT websites. NCDOT is aready preparing a base website for this
information to be used throughout the state. A majority of the costs of this project are
internal to NCDOT. The anticipated external cost of this project is $150,000.

5. CCTV Links to Web Pages. NCDOT will develop a website for the Triad
Region — similar to one previously developed for the Triangle Region — that displays
static images of the CCTV cameras. The base web site design has aready been
developed by NCDOT, and the magjority of the costs associated with the modifications

and web hosting are being borne internally to NCDOT. The anticipated external cost of
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this project is $75,000, which includes the video capture devices, servers, and other
required hardware and software.

6. Kiosksat major public venues. NCDOT and the surrounding cities in the Triad
Region will develop and install 10 kiosks that use web-based technologies to link to the
websites in the area that display local traffic and event information. In addition, these
kiosks will display information of interest for tourists, including destinations, lodging,
restaurants, and information centers. Potential locations include the Greensboro
Coliseum, Winston-Salem Coliseum, Winston-Salem Transit Center, Greensboro Four
Seasons Mall and Hotel, Winston-Salem Adams Mark Hotel, Triad Region Airport,
Burlington Mall Outlet Center, Visitor and Convention Center, and the High Point Oak
Hollow Mall.

Kiosks provide NCDOT with the opportunity to enter into ventures with private
entities in two ways. The first is by selling or leasing kiosks at locations that are not
public facilities, including large employers, malls, or hotels. In addition, if additional
kiosks are requested at locations, they also may be sold or leased. The second
opportunity is to permit the generation of kiosk operating revenue by either selling,
advertising, or licensing the kiosks. This would permit NCDOT to recover some of the
costs of providing the data and hosting websites.

The cost of installing 10 kiosks throughout the Triad Region is approximately
$1,250,000. There are additional costs associated with the long-term operations of kiosks,
including maintenance and upkeep of the kiosks themselves and the cost associated with

keeping the information on the kiosk up to date.
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There is also a recurring cost of providing the data link between the kiosk and the
central server. The development costs of the kiosk content needs to be shared amongst
the many interested parties. Traffic and transit data is only a small portion of the
information that is available, and istypically the least used. The most used information is
concerning local interests and directions to destinations. Therefore, the development
costs of the content needs to be borne by those who will benefit the most: tourist
destinations, restaurants, and hotels.

7. Traveler Information Clearinghouse. A clearinghouse will be established to
store data for traveler information collected from various sources throughout the region,
including NCDOT, the cities and transit agencies. This system will feature data from
system loops, intersections, detector station, posted incident reports, IMAP incident
reports, and live bus schedule information. All this information will be accessible from a
central location, whether it is stored locally or remotely. The clearinghouse will be used
in to provide live and historical datato kiosks and websites, with the development geared
for long-term projects, such as a voice activated system. The anticipated estimated cost
of this system is $1,500,000.

7. 511 Dial-up Conversion. In the summer of 2000, the Federa Communications
Commission (FCC) ruled that the phone number 511 will be reserved for traffic and
traveler information nationwide. The Piedmont Authority for Regional Transportation
(PART), which encompasses the Triad Region, will be applying for federal funds to
convert existing dial-up phone numbers to 511 for traveler and traffic information. The
number will provide travelers information on transit schedules, weather conditions,

congestion, accidents, and construction activities in the Triad Region. Currently, the
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Winston-Salem Transit Authority (WSTA) provides separate telephone numbers for
several services including bus routes, trolley rides, park & ride, park & shuttle,
ridesharing and vanpooling, bike & ride, transportation for the physically disabled, and
transportation for the elderly. The 511 conversion will create one number for each of
these services.

To assist in the conversion, funding is available from section 5001(a)(5) of the
Transportation Equity Act for the 21st Century (TEA-21), Public Law 105-178, 112 Stat.
107, 419 (1998). The maximum amount of money granted to an application is $50,000
per fiscal year and supports system design, conversion support including hardware and
software modifications, and system acceptance and testing. No additional monies should
be required for the conversion.

8. Travel Demand Management (TDM). NCDOT is currently working with
business in urban areas throughout the state to implement TDM. TDM consists of
reducing peak hour commuters by varying work arrival and departure times or by
offering telecommuting or other methods to reduce travel demand on the network.
NCDOT is currently offering many employees the opportunity to work at home on a part
time basis. Although there is no direct cost to NCDOT associated with this project, there
isthe potential for better implementation by offering incentives to companies and through
a more focused marketing and outreach campaign to document the effort and the
potential benefits. The incentives and outreach campaign can al be performed by
NCDOT employees at no direct cost. These TDM efforts should be implemented in the

Triad Region as well.
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Long-Term (2011) Technologies

1. Value Added Information from ETRTMC and WTRTMC. There are many
private companies that are beginning to repackage ITS data to provide to customers, as
described later in this report. NCDOT will investigate opportunities to sell or provide
this information to these companies. This will require little effort from the DOT aside
from identifying potentia partners and preparing legal documents relating to the
partnership. Data messaging and other efforts required to convert information into a
format compatible with the needs of the private partner will be the responsibility of the
partner. All of the costs associated with this project are internal to NCDOT.

2. VRAS - Voice Remote Access System. En-route traveler information was
identified as one of the key needs within the region. One of the more effective methods
of en-route traveler information is via a voice activated system using standard cellular
phones. This system will include a 511 number and the computer support to allow the
entire system to be voice activated without the need for operators. This system would
potentially be combined with a statewide effort and/or a public/private venture, and tied
into existing systems. This system is anticipated to cost $1,000,000.

This project will also be undertaken on a statewide level to provide travel information
throughout the state via telephone. The design of the 511 systems in the Triad Region
will include hooks and other tie-insto alarger statewide system.

3. Internet Traveler Information System. The Internet system, both existing and
that being developed in the short-term projects, will be expanded from a static systemto a
dynamic system with constant updates from the various detection stations in the region.

In addition, as more bandwidth becomes available, more options for the CCTV video
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feeds will be available for streaming video to the Internet from the various CCTV

camerasin use. Thisexpansion is anticipated to cost $1,500,000.

4. Regional Archived Data Warehouse. ITS data collection components provide a

significant amount of information that can be used in the long-term planning process, as

well as for various optimization routines and strategies. The data collected through the

ITS elements will be collected/warehoused in a database for future use in these processes.

All data from the region will be available a one central location for future use and

reference. The anticipated cost of this system is $750,000.

Table E.9 Project Summary

Short-Term Projects

Long-Term Projects

Description Cost Description Cost
P ($000) P ($000)
Web-based Alternative )
S1 Route Database $31.5 L-1 | Voice Remote System $1,000
Enhancement to Local Internet Traveler
S2 $12.5 L-2 | Information System $350
Cable Access
(Phase 1)
Regional Architecture
S3 :mg’r‘ﬁt mgﬁ";'gm $95 | L-3 | DataWarehouse $100
(Clearinghouse Phase 1)
Additional CCTV
S4 | CCTV LinkstoWeb $37.5 L-6 | Camera $5,250
on Arterials
S5 Kiosks at major public $775
venues
Traveler Information
S6 Clearinghouse $250
S8 | Portable VMS $250
Subtotal $1’§51' Subtotal $6,700

**No direct costs

***Costs are borne internally by NCDOT

Source: This table is extracted from the Triad regional report. Original table include all kind of ITS options

but this table shows only ATIS deployments.
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E.7 Triangle
E.7.1. Regional overview and existing ATI S deployments

The Triangle Region encompasses Wake, Durham and Orange Counties, and a
portion of Johnston County. It has a population of approximately 941,000 people, and
includes the area surrounding the cities of Raleigh, Durham, and Chapel Hill. Other
cities in the Triangle Region include: Cary, Garner, Apex, Wake Forest, Carrboro and
Clayton.

The deployed ATIS in the Triangle Region are Internet web Sites, Traffic Patrol
Broadcasting through WRAL-TV online, and Call-in Telephone. They have cooperative
Agreements for use of live video images with NCSHP, WRAL-TV, WTVD-TV, NBC-17.
The Triangle Regions provides the transit information through Carolina Trail
ways/Greyhound, and Triangle Transit Authority, Traveler information. Also Kiosks are
planned to install in state welcome center. At the heart of the existing deploymentsin the
Triangle Region is the Triangle Regional Transportation Management Center (TRTMC).
This center currently manages the system of cameras and message boards on 1-40 and in
the future will be the central hub for the entire Triangle Region ITS Architecture.

NCDOT Division 5 and 7 have an aggressive plan for ITS deployment over the next
few years, including numerous projects that are on the Transportation Improvement Plan
(TIP) as well as some that projects are planned but not funded. These projects are all
listed and described in Table E.10. Some of the projects are included as recommended

short- and long-term deployments.
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E.7.2. Recommended Project and Technologies

Transportation needs
As aresult of the meetings, summits, and breakout groups, four key program areas for

the Triangle Region were identified:

e Safety improvements

e Congestion/mobility/traffic management

e Advanced traveler information

e Interagency data exchange

For the Traveler Information, following key transportation issues are identified:

e Too many single occupant vehicles

e Need accessto traveler and transit information at work and public places

e Need web-based, real-time transit information

e Need more traffic conditions (including congestion status and incidents) radio
broadcasts, including commercia radio and highway advisory radio (HAR),
customized to the type of motorist

¢ Incident management should include all alternate routes

e Lack of 24-hour, real-time alternate route information

e Traveler information should include travel time estimates

¢ Need single access point to transit schedules by al transit providers

e Need complete, point-to-point, real-time transit route information

e Lack of 24-hour, accurate, location-specific pre-trip and en-route traveler

information (route guidance)
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e Need a centralized information clearinghouse with current traveler and road
conditions information (weather, visibility-fog)

e Need web-based incident and closure information using Geographic Information
System (GIS) based road maps

e Need more operational DM S with current traveler information

e Need advance warning of and better traffic control for work zones

e Keep motorists better informed of incident clearance measures

e Need traveler information customized to type of motorist

e Too many changesin travel mode

e Provide early warning of heavy truck traffic

Following describes the recommended ATIS projects for Triangle. Table E.11 shows

items and costs for these recommended projects.

Short-term (2000 - 2005) Technologies

1. Regional Traveler/Transportation Website. NCDOT will develop a website or
series of pages at an existing website to provide static travel information. This
information may include transit schedules, fares and routes, published road closures,
traffic policies, magor generator and special event information, rideshare matching
information, and links to other city and NCDOT websites. The costs for this project are
being borne internally by NCDOT for various ITS web development projects.
Development beyond the basic linking of sites may require additional financial resources.

2. Web-Based Roadway Information. As mentioned previously, NCDOT isin the

process of developing a web-based, real-time regional roadway information system to
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inform motorists of short-and long-term road closures. This project will al be done
within NCDOT so al of the costs are internal to NCDOT.

3. Interagency Coordination of Traveler Information. NCDOT isin the process
of developing a method of sharing and coordinating traveler information throughout the
Triangle Region. For the purposes of the short-term (five year horizon), this coordination
will occur via telephone and low bandwidth communications. Higher speed
communication will be used as the regional communication network is devel oped.

Most of this project involves interagency coordination, that is identifying the data and
information that is valuable to share and developing a coordinated response plan. These

costs are all being borne internally by NCDOT.

Long-term (2006 - 2010) Technologies

1. Traveler Information Clearinghouse. A clearinghouse will be established to
store real-time data for traveler information. This system will feature data from system
loops, intersections, detector stations, posted incident reports, IMAP incident reports, and
real-time bus schedule information. All this information whether it is stored locally or
remotely will be accessible from a central location. The development of this
clearinghouse will be used in kiosks and websites, with the development geared for long-
term projects, such as a voice activated system. The anticipated cost of this system is
$250,000.

2. Regional Archived Data Warehouse. ITS data collection components provide a
significant amount of information that can be used in the long-term planning process, as
well as for various optimization routines and strategies. The data collected through the

ITS elements will be collected/warehoused in a database for future use in these processes.
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All data from the region will be available a one centra location for future use and
reference. The anticipated cost of this system is $100,000.

3. Vaue-Added Information from the TRTMC. There are many private
companies that are beginning to repackage I TS datato provide to customers, as described
later in this report. NCDOT will investigate opportunities to sell or provide this
information to these companies. This effort will require little effort from the Department,
aside from identifying potential partners and preparing legal documents relating to the
partnership. Data messaging and other efforts required to convert information into a
format compatible with the needs of the private partner will be the responsibility of the
partner. All of the costs associated with this project are internal to NCDOT.

4. Kiosks at Major Public Venues. NCDOT and the cities in the Triangle Region
will develop and install 10 kiosks that use web-based technologies to link to the websites
in the area that display local traffic and event information. In addition, these kiosks will
display information of interest for tourists, including destinations, lodging, restaurants,
and information centers. Potential locations include regional malls, rest areas, visitors
bureaus, chambers of commerce, arenas and coliseums, hotels, racetracks, convention
centers, and others.

Kiosks provide NCDOT with the opportunity to enter into ventures with private
entities in two ways. The first is by selling or leasing kiosks at locations that are not
public facilities, including large employers, malls, or hotels. In addition, if additional
kiosks are requested at locations, they also may be sold or leased. The second

opportunity is to permit the generation of kiosk operating revenue by either selling,
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advertising, or licensing the kiosks. This would enable NCDOT to recover some of the
costs of providing the data and hosting websites.

The cost of instaling 10 kiosks throughout the Triangle Region is approximately
$600,000. There are additional costs associated with the long-term operations of kiosks,
especially as more are added, for updating information and adding bandwidth.

The development costs of the kiosk content needs to be shared among the many
interested parties. Traffic and transit datais only a small portion of the information that is
available, and is typically the least used. The most used information is concerning local
interests and directions to destinations. Therefore, the development costs of the content
needs to be borne by those who will benefit the most: tourist destinations, restaurants, and
hotels.

5. Expand the Traveler Information System. The traveler information systems
identified as a short-term project limits the user input to selecting bus routes and
identifying “hot spots” along major routes. As along-term project, NCDOT will expand
the system to provide additional real-time information, such as transit arrival, estimated
travel times and video images from the Triangle Region. The expansion of this system,
with regard to integration and web site development (including hardware), is estimated to

cost $1,500,000.
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Table E.11 Project Summary

Short-Term Projects Long-Term Projects
Description Cost Description Cost
($000) ($000)
S14 Interagency Coordination *okk L-7  Traveler Information $250
of Traveler Information Clearinghouse
S 15 Web-Based Roadway *okk L-8 Regiona Archived Data $100
Information Warehouse
S16 Regiona *rx L-9 VaueAdded *oxk
Traveler/Transportation Information from
Website TRTMC
L-10 Expand the Traveler $1,500
Information System
L-11  Kiosksat mgjor public 600
venues
Subtotal $0 Subtotal $2,450

**No direct costs

***Costs are borne internally by NCDOT

Source: This table is extracted from the Triangle regional report. Original table include all kind of ITS
options but this table shows only ATIS deployments.

E.8 Western
E.8.1. Regional overview and existing ATI S deployments

The Western Region includes Catawba, Cleveland, Burke, Caldwell, Wilkes,
Rutherford, Lincoln, Haywood, McDowell, Watauga, Alexander, Jackson, Macon,
Transylvania, Ashe, Cherokee, Madison, Polk, Yancey, Avery, Mitchell, Swain,
Alleghany, Clay, Iredell and Graham Counties and portions of Surry and Yadkin
Counties. The Western Region has a population of approximately 1,209,000 people, and
includes the area surrounding the cities of Hickory, Boone, Forest City and Waynesville.
Other cities in the Western Region include: Conover, Newton, Statesville, Shelby, Kings
Mountain, Boiling Springs, Morganton, Lenoir, Wilkesboro, Millers Creek, Mulberry,

Spindale, Lincolnton, Etowah, Marion, Blowing Rock, Dobson, Taylorsville, Sylva,
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Cullowhee, Franklin, Highlands, Brevard, Jefferson, Andrews, Murphy, Marshall, Mars
Hill, Burnsville, Newland, Spruce Pine, Elkin, Bryson City, Sparta and Hayesville.
The existing ATIS deployment in the Western Region is not revealed in the reports.

E.8.2. Recommended Project and Technologies

Transportation needs
The meetings, summits, and breakout groups resulted in the identification of four key

program areas for the Western Region:
e Safety improvements
e Congestion/mobility/traffic management
e Advanced traveler information
e Provider Information
For the Traveler Information, following key transportation issues are identified:
e 24-hour, accurate pre-trip and en-route traveler information
e Real-time alternate route guidance
e Broadcast traffic conditions
e A statewide TMC or information clearinghouse with current traveler and road
conditions
e Expand the SMARTLINK web-based, real-time traffic information
e Moreefficient integration of transit with other modes
e Accessto up-to-date traveler information at public venues
Following describes the recommended ATIS projects for Western. Table E.12 shows

items and costs for these recommended projects.

Short-Term (2000 — 2006) Technologies
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1. Traveler Information Kiosks at Major Public Venues. The NCDOT, working
with severa cities and other groups in the Western Region, will develop and install 10
kiosks that use web-based technologies to link to web sites in the area that display local
traffic and event information. The kiosks will consist of an interactive computer, using
an HTML-based touch-screen interface, and a printer. The kiosk will be designed to
feature, when available, real-time traffic and accident information (such as the location of
accident sites at a particular time and place). Currently available information (Phase |
deployment) will include genera safety information, current weather with radar and area
forecasts, and tourist information for the area. The kiosks will be updated using digital
telephony services (ISDN) or T-1 lines.

Another feature may be an interactive kiosk at one or more key truck stops to provide
information on truck safety, truck escape ramps on mountain grades, signage and
enforcement on grades, and overall safety awareness.

In addition, these kiosks will display information of interest to tourists, including
destinations, lodging, restaurants, and information centers. One element of the
deployment plan for these kiosks will be to do a detailed market forecast on the
effectiveness of each competing location. Although exact locations are to be determined,
potential sitesto consider include rest areas, hotels, Super K’s, shops on the Blue Ridge

Parkway, shopping centers and other high-use tourist areas, Grandfather Mountain,
ski resorts, Deep Gap, ASU, WCU, visitor centers at the Smoky Mountains, Cherokee,
Jackson County, Franklin County, Murphy, and other locations. It is expected that
approximately 10 locations will be chosen from this list, although other sites may be

substituted as more information becomes available.

289



Kiosks provide the NCDOT with the opportunity to enter into public-private
partnerships. The recommended contracting method is for the State to |ease kiosks from
arural advanced traveler information service provider, similarly to how North Carolina' s
welcome center kiosk services are managed. Kiosks will be provided in public buildings
as well as at locations that are not public facilities, with the owners agreement. The
kiosk contractor will be responsible for studying and selecting locations and securing
space arrangements with private property owners. The second opportunity for partnering
is to permit the contractor to cover the costs of kiosk operating, maintenance, and
upgrading by either selling advertising or licensing the kiosks. The lease should be with
an experienced, magjor private RATIS firm.

The cost of installing 10 kiosks throughout the Western Region is approximately
$800,000. This cost includes high-speed telephony services purchased through state
contract. ISDN or T-1 lines will provide the capability of updating weather and
traffic/incident information on areal-time basis. There will be additional costs associated
with the long-term operations of kiosks, especialy as more are added, for updating
information, and adding bandwidth. These costs are approximated at $20,000 per kiosk
for the first year (including installation and software) and $10,000 per year for operations
and maintenance in succeeding years.

2. Web-based Mapping and Route I dentification. The web-based aternative route
database will alow users to look up route aternatives when the quickest route is
unavailable. This system will work together with the NCDOT road closure reporting

system. Parts of this project are aready being developed by the NCDOT, including the
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development of real-time mapping and a dial-up information hotline. This project is
anticipated to cost $130,000.

3. Enhancements to Broadcast Video and Data. This project will provide
coverage of traffic information on local access cable. The coverage will be enhanced by
informative narratives that describe incidents at key locations. Six cities in the Western
Region are candidates for the development of this type of project.

All infrastructure costs will be borne by the cable provider, and thus are not included
in this cost estimate. The public sector cost for this project is anticipated to be $12,500
per location, for atotal of $75,000.

4. Internet Traveler Information System. The NCDOT will develop aweb site or
set of pages at an existing web site to provide static travel information. This information
may include published road closures, traffic policies, maor generator and special event
information, rideshare matching information, and links to other city and NCDOT
websites. This project is anticipated to cost $65,000. The Department will develop a
web site for the Western Region (similar to the one previously developed for the Triangle
Region) that displays static images of the CCTV cameras. This aspect of the project is
anticipated to cost $110,000 (Total project cost: $175,000).

5. ATIS Traveler Information Clearinghouse. An interim clearinghouse will be
established to store realtime data for traveler information. This system will include data
from system loops, intersections, detector station, posted incident reports, IMAP incident
reports, and real time bus schedule information. This information will al be accessible
from a central location, whether it is stored locally or remotely. The development of this

clearinghouse will be used in the kiosks and web sites, with the development geared for
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long-term projects, such as a voice activated system. The anticipated marginal cost of

this system to include a database for the Western Region is $100,000.

Long-Term (2006 - 2011) Technologies

1. Voice Remote Access System (VRAS). En-route traveler information was
identified as one of the key needs within the Region. One of the more effective methods
of en-route traveler information is via a voice-activated system using standard cellular
phones. This system will include a 511 number and the computer support to allow the
entire system to be voice activated without the need for operators. This system is
anticipated to cost $1,000,000.

2. Internet Traveler Information System (Phase I1). The Internet system, both
existing and that which is being developed in the short-term projects, will be expanded
from a static system to a dynamic system with constant updates from various detection
stations in the Region. In addition, as more bandwidth becomes available, more options
for the CCTV video feeds will be available for streaming video to the Internet from the
various CCTV camerasin use. Thisexpansion is anticipated to cost $200,000.

3. Regional Archived Data Warehouse. ITS data collection components provide a
significant amount of information that can be used in the long-term planning process, as
well as for various optimization routines and strategies. The data collected through the
ITS elements will be collected/warehoused in a database for future use in these processes.
All of the datafrom the Region will be available at one central location for future use and

reference. The anticipated cost of this system $100,000.
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Table E.12 Project Summary

Short-Term Projects

Long-Term Projects

Description Cost Description Cost
($000) ($000)
S-2  Portable Dynamic $800 L-3  Voice Remote Access $1,000
Message Signs System (VRAYS)
S5 Traveler Information $800 L-4  Internet Traveler $200
Kiosks at major public Information System
venues Enhancement (Phase |)
S6 Web-Based Mapping and $130 L-5 Regiona Archived Data $100
Route Identification Warehouse
S-7 Enhancementsto $75
Broadcast Video & Data
S8 Internet Traveler $175
Information System (Phase
)
S9 Traveler Information $100
Clearinghouse
Subtotal $2,080 Subtotal $1,300

**No direct costs
***Costs are borne internally by NCDOT

Source: This table is extracted from the Western regional report. Original table include all kind of ITS

options but this table shows only ATIS deployments.

E.9

Wilmington

E.9.1. Regional overview and existing ATI S deployments

The Wilmington Region encompasses parts of New Hanover, Brunswick, and

Columbus counties. The Wilmington Region has a population of approximately 259,000

people and includes the cities Wilmington, Carolina Beach, Wrightsville Beach, Castle

Hayne, Shallotte, Long Beach, and Whiteville.

Wilmington is aso in the eastern part of North Carolina and a frequent target of

hurricanes. As mentioned above, Wilmington area is included in the North Carolina

Hurricane Evacuation Plan with the Eastern area. Table E.13

summary of the proposed ITS elements for hurricane evacuation.

includes provides a
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E.9.2. Recommended Project and Technologies

Transportation needs

As aresult of the meetings, summits, and breakout groups, four key program areas for

the Wilmington Region were identified:

For the Traveler Information, following key transportation issues are identified:

hurricane evacuation
en-route driver information
pre-trip travel information

route guidance

Lack of real time traffic information

Lack of traveler information — via message signs

Lack of traveler information — at rest areas and welcome centers
Too few dynamic message signs with current traveler information
Lack of accessto traveler information through kiosks and television
Lack of 24-hr, real time alternate route information

Better directional signing, speed limit, pedestrian warnings

1-800 Central phone number for traffic information

Link local, regional websitesto NCSMARTLINK

Link traffic information to local TV, Cable

Better aternate route guidance

Traveler Information Kiosks (@ Rest areas, hotels, shops, malls, Visitor Centers,

airports, etc.)
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Following describes the recommended ATIS projects for Wilmington. Table 5.15

shows items and costs for these recommended projects.

Short-Term (2000 - 2006) Technologies

1. Regional Traveler/Transportation Website. NCDOT will develop awebsite or
set of pages at an existing website to provide static travel information. This information
may include transit schedules, fares and routes, published road closures, traffic policies,
major generator and specia event information, rideshare matching information and links
to FAMPO, NCSmartLink, other city and NCDOT websites. This project is anticipated
to cost $50,000 beyond the development costs being borne internally by NCDOT for
various ITS web development projects.

2. Traveler Information System. A clearinghouse will be established to store real-
time data for traveler information. This system will include data from system detectors,
intersections, detector stations, posted incident reports, IMAP incident reports, and redl
time bus schedule information. This information will also be accessible from a central
location, whether it is stored locally or remotely. The development of this clearinghouse
will be used in kiosks and websites, with the development geared for long-term projects,
such as a voice activated telephone system. The anticipated cost to develop this
clearinghouse is $100,000.

3. Web-Based Roadway Information. As mentioned previously, NCDOT isin the
process of developing a web-based real-time regional roadway information system to
inform motorists of short-term and long-term road closures. This project will all be done

internally to NCDOT, so al of the costs areinternal to NCDOT.

Long-Term (2006 - 2011) Technologies
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1. Kiosks at Major Public Venues. NCDOT and the cities in the Wilmington
Region will develop and install five (5) kiosks that use web-based technologies to link to
the websites in the area that display local traffic and event information. In addition, these
kiosks will display information of interest for tourists, including destinations, lodging,
restaurants, and information centers. Potential locations include regional malls, rest areas,
visitors' bureaus, chambers of commerce, arenas and coliseums, hotels, racetracks,
convention centers and others.

Kiosks provide NCDOT the opportunity to enter into ventures with private entitiesin
two ways. The first is by selling or leasing kiosks at locations that are not public
facilities. This may include large employers, malls, or hotels. In addition, if additional
kiosks are requested at locations, they may be sold or leased as well. The second
opportunity is to permit the generation of kiosk operating revenue by either selling
advertising or licensing the kiosks. This would permit NCDOT to recover some of the
costs of providing the data and hosting websites.

The cost of installing 5 kiosks throughout the Wilmington region is approximately
$300,000. There are additional costs associated with the long-term operations of kiosks,
especially as more are added, for updating information and adding bandwidth.

The development costs of the kiosk content needs to be shared amongst the many
interested parties. Traffic and transit data is only a small portion of the information that
is available, and is typically the least used. The most used information is concerning
local interests and directions to destinations. Therefore, the development costs of the
content needs to be borne by those who will benefit the most: tourist destinations,

restaurants, and hotels.
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2. Expand the Traveler Information System. The traveler information system
identified as a short-term project limits the user input to selecting bus routes and
identifying “hot spots” along major routes. As along-term project, NCDOT will expand
the system to provide additional real-time information, such as transit arrival, estimated
travel times and video images from Wilmington. The expansion of this system, with
regard to integration and web site development (including hardware) is estimated to cost
$250,000.

Table E.13 Project Summary

Short-Term Projects Long-Term Projects
Description Cost Description Cost
($000) ($000)
S-2  Dynamic Message Signs $2,000 L-5 Kiosksat mgor public $300
venues
S5 Regiona $50 L-6  Expansion of Traveler $250
Traveler/Transportation Information System
Website
S6 Traveler Information $100
System
S7 Web-Based Roadway *xK
Information
Subtotal $2,150 Subtotal $550

**No direct costs

***Costs are borne internally by NCDOT

Source: This table is extracted from the Wilmington regional report. Original table include all kind of ITS
options but this table shows only ATIS deployments.
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APPENDIX F. TRAFFIC COUNT ESTIMATION

1. Available traffic counts for study area

Source: TRM (Triangle Regional Model)

b. ATR (Automatic Traffic Record) Station A3101
- Loop detectors are located on 1-85, 0.1 miles west of US 501 bypass
2001 and 2002 data (this station has been out of service since 2002)

FigureF.1 ADT (Average Daily Traffic) 2005

- Weekday/Weekend factor
Weekday 1.06
Weekend 0.85

- Weekday directional factor
North 0.45
South 0.55

- Weekend directional factor
North 0.49
South 0.51

298



66¢

uo 0s pue

wdegzorwez=¢

WegS.ToOlWRe T =T

we 6G:¢T 0y we ¢T =0

%YT'C [%S82 [%99°€ [%eEr [%82'S [%60°9 [%2L°9 [%6T L [%.5 2 [%l2 L [%2T L [%66°9 [%v2'9 [%28'S [%r6 v [%r9e [%el 2 [%el T [%20T [%26°0 [%82 T [%60T°T [%87'T [%28T | abeiony
%80°C  |%08C |%TS€ |%9T'V |%6Z'S |%86'S %999 |%TT L |%V9'L |%90°L |%6.L'9 [%SL'9 [%¥0'9 [%89°S %86V |%08°€ |%E6'C  [%Z6'T |%ZZ'T |%8T'T |%69°T |%9T'T |%SL'T |%V8'T yinos
%02'C  [%06°C  |%T8'E  |%LV'Y [%8Z'S (%029 [%6L9 (%L L [%0S L [%8Y L (Y%L (%l L (%19 [%696°S (%68 (%661°E [TSC  |%SS'T |%T6°0 [%92°0 |%98°0 |%SO'T |%TZ'T |[%6L°'T YHON
€¢ t44 1¢ (014 61 8T /T 91 ST v1 €T T 1T 0T 6 8 A 9 S 14 € Z 1 0 ANnoH
uonnquisip AjInoy pusxea -

uo 0s pue

wdegzorwez=2¢

WweeS:Toluwe T=T

Wwe 6G:gT O1we g1 =0

%v0C [%TSZ [%82€ [%r8E [%TS ¥ [%S8'S [%.2L [%62 L [%6S9°9 [%696°S [%9.°S [96€2°S [%¥E'S [%6€0°S [%20°S [%1T9 [%692°9 [%T0t [%2L T [%ET'T [%£6°0 [2%668°0 [%€6°0 [%T+'T | abeiony
%CE'C  |%L9C  |%LZE |W%6LE |%6ZV |%0S'S %289 |%89'9 |%60°9 |%95°S |%0V'S [%TS'S [%6T'S (%681 [%S0°S (%0179 |%8EL  [%TS'V [%60°C |%61'T |%ZZ'T |%0T'T |%60°T [%69°'T yinos
%LLT |%SEC  |%6Z'E  |%68E  |WELY |%0Z'9 |%EL L |%06°L 1% L |%LED |%CT' [%S6'S [%8Y'S [%9T'S %86V |%68°S |Y%ET'9  |%ZS'E |%SE'T %220 |%19°0 %290 |%LL°0 |%ZT'T YLON
€C 144 1c 0¢ 6T 8T /T 9T ST 4 €T cT 1T 0T 6 8 L 9 S 14 € 14 T 0 INoH

uonnquisip Ajnoy Aepxiso -



2. Weekday AM peak hour volume estimation (for incident case study)

a AM 7:00~8:00 has the highest hourly volume during the morning according to the above

ATR data.
b. AM peak directional distribution

1-851-40

1-85

Us15/501

SD:/E//‘

FigureF.2 AM Peak Directional Distribution
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c. Weekday AM 7:00~8:00 hourly volume (vph)

= ADT *weekday factor * weekday directional factor* hourly factor
= ADT *1.06* weekday directional factor*0.0676

1-851-40

2160 2834

-85

2325|1902

2257|2759

#EA¢ North or West bound

#HEHE South or East bound

FigureF.3 AM Peak Hour Volume Estimates
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3. Weekday off peak hours (20:00~24:00) volume estimation (for work zone case study)
a. Itisconsidered that work zone has more severe effect during weekday 20:00~24:00
because weekday 20:00~24:00 traffic volume is larger than weekend 20:00~24:00 traffic
volume.

b. Off peak directional distribution

1-851-40

-85

Us15/501

SDify/‘

Figure F.4 Off Peak Directional Distribution
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c. Weekday 20:00~24:00 hourly volume (vph)
= ADT * weekday factor * weekday directional factor* hourly factor
=ADT * 1.06 * weekday directional factor* hourly factor
Where, hourly factors are;
- 20:00~21:00: 0.0384
- 21:00~22:00: 0.0328
- 22:00~23:00: 0.0251
- 23:00~24:00: 0.0204

1-85

1225 | 177

1396 ( 1453
nc-147

#HERE North or West bound

#HEHE  South or East bound

Figure F.5 Hourly Volume 20:00 to 21:00
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1-851-40
1141 1550

1193{1241

NC-147
g71/1011

#HERE North or West bound

#HHEE South or East bound

1-851-40
873
I-85

HC-147

#HEHE Morth or West bound

#HEHE South or East bound

Figure F.7 Hourly Volume 22:00 to 23:00
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1-85

NC-147

i Morth or West bound

FHHEE South or East bound

Figure F.8 Hourly Volume 23:00 to 24:00
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4. Ramp volumes for Freeval input
a. Location of key Exits, distances (distances were estimated based on Exit numbers), and

number of lane

1-851-40

-85

. Location of On/Off Ramp
2  Distance (miles)

(2) Humber of lane per direction

Figure F.9 Ramp Locations and Approximate Link Distances
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b. Weekday AM 7:00 ~ 8:00 Westbound (For incident cases 1 and 2)

1-851-40

I-85

HC-147
2246

E'/'. On ramp and ramp vohame

.\E OFf ramp and ramp volume

Figure F.10 AM Peak Hour Westbound Ramp Volumes (Incident Cases 1 and 2)
c. Weekday AM 7:00 ~ 8:00 Eastbound (For incident cases 3 and 4)

1-851-40

I-85

@/'. On ramp and ramp vohame

.\@ Off ramp and ramp volume

FigureF.11 AM Peak Hour Eastbound Ramp Volumes (Incident Cases 3 and 4)

307



d. Weekday 20:00~21:00 Westbound (For work zone case 1)

3

1-851-40

1-85

E|/V. Om ramp and ramp volume

.’\E OFf ramp and ramp volume

FigureF.12 Hourly Westbound Ramp Volume 20:00 to 21:00 (Work Zone Case 1)
e. Weekday 21:00~22:00 Westbound (For work zone case 1)

I1-851-40

3

=

EI/V. On ramp and ramg volume

.\E OFf ramp and ramp volume

Figure F.13 Hourly Westbound Ramp Volume 21:00 to 22:00 (Work Zone Case 1)
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f. Weekday 22:00~23:00 Westbound (For work zone case 1)

I1-851-40

-85

3

@/v. On ramg and ramgp volume

.\E OFf ramp and ramg volume
(1]

Figure F.14 Hourly Westbound Ramp Volume 22:00 to 23:00 (Work Zone Case 1)
0. Weekday 23:00~24:00 Westbound (For work zone case 1)

1-351-40

@/V. On ramp and ramp volame

.\@ OFf raangy aned ramp volume

Figure F.15 Hourly Westbound Ramp Volume 23:00 to 24:00 (Work Zone Case 1)
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h. Weekday 20:00~21:00 Eastbound (For work zone case 2)

1-851-40

@/v. On ramnp and ramg volume:

.\E Off ramp and ramp volume 2%

Figure F.16 Hourly Eastbound Ramp Volume 20:00 to 21:00 (Work Zone Case 2)
i. Weekday 21:00~22:00 Eastbound (For work zone case 2)

1-851-40

FigureF.17 Hourly Eastbound Ramp Volume 21:00 to 22:00 (Work Zone Case 2)
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J. Weekday 22:00~23:00 Eastbound (For work zone case 2)

1-851-40

E|/V. On ramp and ramp volume

.’\E OFf ramp and ramp volume

Figure F.18 Hourly Eastbound Ramp Volume 22:00 to 23:00 (Work Zone Case 2)
k. Weekday 23:00~24:00 Eastbound (For work zone case 2)

1-851-40

-85

@/'. On ramg and ramp volame

.\@ OFf ranng and ramp volume

Figure F.19 Hourly Eastbound Ramp Volume 23:00 to 24:00 (Work Zone Case 2)
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APPENDIX G. SUB AREA ANALYSISFOR DYNASMART-P NETWORK

PREPARATION

1. Make corrections in ‘Loaded Highway’ geographic file

e Change number of lane from two to three lanes ( 1-40 Exit 270 ~ Exit 279)
e Capacity change (7?)

Hourly capacity: 4282 - 6423

AM Peak capacity (4 hour): 14987-> 22480

Off Peak capacity (16 hour): 30573245860

2. Subareaanalysis

e Create boundary
e Create network (Centroids: node ID<=2389)
e Do subareaanalysis
- Open road geographic file, created network file, OD matrix
- Create Sub_OD (planning-> planning utility->subarea analysis)
i. Createinterzona demand (planning-> planning utility-> interzonal
travel times)
ii. Matrix->fill-> formula: if [demand]=>0 then [demand] else 0
- Create sub network geographic file
i. Create sub_link (tool-> export)
3. Export TransCAD datato DYNASMART-P

3.1 Node information
Table G.1 Required data fieldsfor importing NODEINFO file

Field Name Data Type Description

ID Integer Node ID assigned by GIS software
LONGITUDE Float / Double | Longitude coordinate of the node
LATITUDE Float / Double | Latitude coordinate of the node
CTRL_TYPE Integer Defined for signal control type of the

node with the following values:

1. No control

. Yield sign

2
3. 4-way stop sign

4. Pre-timed control

5. Actuated signal control

6. 2-way stop sign

ZONE_NO Integer If the node is a destination node for a
zone, then thisfield is supplied with the
corresponding zone TAZ number;
otherwise, put it as 0.

Source: Dynabuilder user guide
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e Nodedataview in Transcad
- Control type
i. add control field to node table
ii. fill using Tag option (using layer: Network, Tag with signals)
= CTDN, control density (1, 2, 3, 4, 5, 99)
iii. fill using Tag option (using layer: Network, Tag with Special)
=> Specid: Link type

1 = Interstate/Freeway

2 = Suburban Freeway

3 = Urban Freeway

4 = Rural Highway

21 = Freeway bo freeway ramps

22 = Freeway bo freeway loop ramp with weave
23 = Freeway bo freeway loop ramp
24 = Freeway bo arterial rampfloop
25 = Arterial ko freeway rampfloop
26 = Arterial bo arterial rampjloop
31 = Centroid connector

41 = HOW link

54 = Parking lat link

55 = Transit anly link

99 = all ather highway link types

- Zone number
i. add NewTAZ field to node table
ii. Sort increasing with ID
iii. Select TAZ>=0
iv. Fill with sequence (start =1, step=1)

e Open excd file and edit
- changeto control type style
i. 1: no control (TAZ): if signal controller density is 99, then no control.
ii. 5: Actuated signal control (Others)

3.2 Link information
Table G.2 Required data fieldsfor importing LINKINFO file

Field Name Data Type Description
ID Integer Link ID assigned by GIS software
FROM_ID Integer From node 1D, which should be consistent
with the node ID given in NODEINFO
TO_ID Integer To node 1D, which should be consistent
with the node ID given in NODEINFO
DIR Integer Defined as the direction of alink, with the
following values:
1. from FromID to TolD
-1. from TolD to FromID
0. two way
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Field Name Data Type Description
LENGTH Float / Double | Length of the link (feet).
TYPE Integer Defined as the type of link, with the
following value:
1. Freeway
2. Freeway segment with detector
3. On-ramp
4. Off-ramp
5. Arteria
6. Non-freeway HOT link
7. Highway
8. Non-freeway HOV link
9. Freeway HOT link
10. Freeway HOV link
LANES Integer Number of lanes of the link
ZONE_NO Integer If thislink isageneration link for a zone,

then supply with the corresponding zone
TAZ number; otherwise, put it as 0.

Sour ce: Dynabuilder user guide

e Network dataview in transcad
- change (From node, To node)

dataview-> formulafields-> node field-> ID (ZONE id)->both option-> O.K.

- saveas*.xls

e openexcd fileto edit
- length: mile=>» feet
Length (ft) = Length (mile) *5280)

- Type

using post speed = define aterial, freeway
Type = if (Speedlimit>=55, 1, 5)

- Lanesand direction
i. sort by direction
ii. edit to“From nodeto To node” direction

- Generation link = if from nodeis TAZ, then Generation link.

3.3 Zoneinformation

Table G.3 Required data fieldsfor importing ZONEINFO file

Filed Name Data Type Description
ID Integer Zone ID assigned by GIS software
TAZ Integer Transportation Analysis Zone ID provided
by users for planning purpose

Source: Dynabuilder user guide

e Import zoneinfo file.




3.4 Demand (OD matrix)
e SUB _OD matrix in TransCAD

i.
ii.
iii.
iv.

Open SUB_OD matrix in Transcad

Give new index with newTAZ (DY NASMART-P need sequential OD
numbers)

Matrix-> export to ASCII file (.txt -> cell with afield for each matrix
Open Demand.txt file and add header and footer.

Header

/I Thefirst part begins here

/I # of zones

760

/I OD demand matrix

/I from zoneid, to zone id, one-hour demand rate

Footer

/I The second part begins here
Il # of periods

1

Il temporal profile

11

4. Import datato DY NASMART-P (Dynabuilder)

Convert GIS Metwork |

| Import Modelnfo ]

Irnpart Linklnfo |

Import Zonelnfo |

Irnport ModeGeo [optional] |

Irnport Link G eo [optional] |

Import ZoneGeo [optional] |

Irnport Dermand b atris |

Output D ataSet |

Ok

Cancel |
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5. Run and error check in DYNASMART-P program

e FErrors: Control data
Edit control type

616050 0 =>616010 O

Node number, type, number of phase, cycle length

e Errors. Memory is not enough
Solution: decrease network size, aggregate the OD, or decrease K in K shortest path

algorithm.

e Errors: Memory is not enough
Flag for the sequential loading mode isincorrect.
Check last field of system.dat

O Allow U-turn movement

Movement .dat
change the last column from 0 to 1 in movement.dat to enable

> > u-turns.
O Increase capacity of centroid connectors (1-2>9)

O Delete traffic controls of intersections at links with centroid connectors
Edit control .dat
Edit some major intersection
Max.green—>100

Assume all links has left turn bay ( to increase capacity of left turn movement)

6. Edit using DYNASMART-PED

e Centroid connectors
All connectors have only one lane when imported from TransCAD,

So we give these connectors alarge number of lanes, 9 lanes, to have high capacity.
Similar to TransCAD creates congestions for traffic movesin and out of these
connectors. Without fixing these problems, DY NASMART-P results will look pretty bad
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because all these connectors have only one lane and inbound traffic got stuck before
getting into these connectors.

menu->tools-> increase connector capacity and save

e Signa inlinksto centroid connectors: del ete these signal
Dynabuilder makes traffic signals for intersections in links to centroid connectors;

actually some of them do not exist in real network. We should not add
connectors adjacent to a signal intersection. In this case, we should

remove the signal or remove the connector.

Edit signals with unrealistically high congestion (gave protected |eft turn phase)

: 6013, 3378, 3364, 3338, 3398, 3401, 5893, 5952, 6079, 5384, 5390, 5450, 5452, 3567,
5905, 3385, 3330, 6112, 5175, 5172, 5171, 4141, 3598, 3603, 3654, 5899, 5217, 9539,

9568, 12027, 4872, 5334, 5354, 4696, 4611, 4654, 4828, 5356
delete traffic control: 3568, 9988, 5995,
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Demand level Calibration

Demand data

Separate two vehicle type: passenger (SOV + HOV) and CV
Do Subarea analysis for each demand

Do Export and import steps separately

Givefile name

passenger (SOV + HOV) demand =» demand.dat
CV demand =» demand_truck.dat

Demand level

AM peak demand (7:00 ~ 8:00 am)
Hourly ratio from traffic count data of 4 hour AM peak OD matrix
i. 6:00~7:00=>» 0.175
ii. 7:00~8:00 = 0.295
Prepare 3 level demand for passenger car
i. 0~ 60 min: 0.175 ( for feeding network)
ii.  60~120 min: 0.295
Prepare OD matrix for each period and each vehicle type
(Open *OD.bin filein TransCAD-> add new field and fill using formula
‘demand* volume rate’ - save astext file)
Do Export and import steps for getting Demand matrices
Start multiplication factor one then calibrate it
Statistic collection time (analysis period: 60~120min)

Weekday 4 hour demand (20:00~24:00)
Hourly ratio from traffic count data of 16 hour Off peak OD matrix
i. 19:00~20:00 = 0.094
ii. 20:00~21:00 = 0.077
iii. 21:00~22:00 =» 0.066
iv. 22:00~23:00 =» 0.050
v. 23:00~24:00 = 0.041
Prepare 3 level demand for passenger car
i. 0~ 60 min: 0.094 ( for feeding network)
ii.  60~180 min: 0.143 (0.077+0.066=0.143)
lii.  180~300 min: 0.091 (0.050+0.041=0.091
Prepare OD matrix for each period and each vehicle type
(Open *OD.bin filein TransCAD-> add new field and fill using formula
‘demand* volume rate’ - save astext file)
Do Export and import steps for getting Demand matrices
Start multiplication factor one then calibrate it
Statistic collection time (analysis period: 60~400min)
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System parameter setting for base network run (Option 1)

Parameter Settings ' |

— Solubon Mode

One-shot Simulation-Assignment
Planning horizon: 400 Minute
Other parameters. default values

* One-Shat Simulstion-Assignment
" Iterstive Consistent Assignment [E quilibrium)
" Dayto-Day Simulation

i~ Time Periods:

Planning Horizon (Min]: 360
AwegalionlrﬂmvallMin]zl 1.0 vl Canvargance Thrashnld:|||_||| -I

Aszsignment Interval [Min): I'all 'I
Max Mumber of Iterations; Il *I

= | MUC Threshold;

II.'I.'5 "I

Scenario setting for base network run

Demand: OD trip Table

Mewt » |

Capability Selection x|

— Metwork Characteristice—

Traffic kanagement Strategies

Capacity Reduction

& 00 Trip Table
€ Activity Chain
[T ith Path File
I= | w/ith Partial Path il

szer Class

I j‘

¥ Metwark ™ Ramp Metering nput... || | T Incident Input,,,l
[~ HOY Links [ “aiiable Message Sign Input... I
v Signal [ Path Coordination I™ “wiork Zone Input...l
™ Conidor Coordination
—Demand —Yehicle Types—————— —User Clazs Perc. of Combined Demand -

Pazsenger Cars: I_ 4
[ =
HOW: [ =

v Input MULC Distributions for
Different Wehicle Types

Trucks:

Input Details |

r— Congestion Fricing

Unrezponsive [Class 1]:

[ =
System Optimal [Class 2: I_ E4
Wsen EeiFiio (ss 3 |_ %
|_ %
WS Responsive [Class 5] I_ %

Erroute Info [Class 4):

Cost on Regular Links ($]:

" Link Specific and/or Time Dependent Pricing InpLt... |
 Across the Board Static Pricing

Cost of LOY an HOT Links ($):
Cost of HOY on HOT Links [$]:

S
I
—

Walue of Time [$4hr]:

—

<Back | Firish |

Fleasze verify that the contents in the
following files are comect.

Origin
Demand
Cantrol

Cancel
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- Vehicletypes: Check ‘Input MUC distributions for different vehicle types -
Click ‘input detail’ button\
- For Trucks demand use Separate Demand table, MUC Distribution is same as PC

A i

x
Demand Input Mode | MUL Distribution
Uniesponsive 50 UE  Enmoute M5
gepera‘; gm";-'d Fraction of [Class 1] [Class 2] [Class 3 Infa  Responsive
Vehicls Tupes: emane - Leman D':"'m“'"“d [Class 4] [Class 5)

[V Passenger Cars = IW % | ™ PC l_ |_° W % l— % l— %
W Trucks « C [T =z | FsameaPt [ %[0 =i %0 z[0 =z
™ HoOv o &= [0 z |Fsaessfe o %[0 *fim 20 z[0 =z

K I Cancel

e Compare link flows with traffic count
- resize demand level by changing multiplication factor

7. Vaidation

e Look travel time between important origin and destination nodes and compare with
other route.
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