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Executive Summary

Travel time to a destination is a key piece of
information that motorists want and need. It is

vital for travelers to make good decisions about
which route to take and whether to divert from

their planned path. Technology now makes it
feasible to provide drivers with real-time information

about how long it will take to reach a given destination.

While travel time information has traditionally been
provided by transportation agencies only on major
urban freeways, there is interest in travel time

messages now being communicated on rural highways.

The collection of travel time data and proper
dissemination is a challenging problem that deserves a
systematic review. The purpose of this project was to
identify, review, and synthesize information on current
and potential future efforts in real-time travel time on
rural highways.

There were four main objectives:

« Identifying, reviewing, and synthesizing available
and emerging technology (both nationally and
internationally) for obtaining data necessary for
calculating travel times on rural highways,

¢ Collecting and summarizing agencies' experiences
with using such technology,

» Providing guidance to agencies for making the
best use of available and emerging technologies
to meet future needs,

« Determining the feasibility of deploying such
technologies.

It should be noted that the current report focuses

on rural highway travel time (RTT) data technology
considerations. It is not a primer for general travel
time best practices. A good source of general travel
time guidelines can be found in Turner, Eisele, Benz,
& Douglas, 1998. Also, a separate report on arterial
travel time data collection technology can be found in

Singer, Robinson, Krueger, Atkinson, & Myers (2013).

A more recent set of guidelines has been developed
based on the experiences of the I-95 Corridor Coalition
Vehicle Probe Project (University of Maryland Center
for Advanced Transportation Technology, 201 1).

The Transportation Management Center (TMC) Pooled
Fund Study recognized the need to collect travel

time data on rural roads, knowing that it must first

be determined if technologies are being developed to
obtain data necessary for calculating travel times that
address specific challenges. Due to the challenges
inherent in this environment and a limited history

of implementations, there was a need to provide
transportation agencies with information that will help
them to implement such systems in a practical and
cost-effective way. There are many challenges and
benefits in collecting and distributing travel times on
rural highways.

For example:

» Travel times are not collected in isolation and
often their use is determined by the local goals
and communication needs—and these can be quite
different for and between rural roads.

¢ Rural roadways can vary greatly in their location
and use: some may be remote and carry low
traffic volumes, while others may be major
interurban thoroughfares.

« Low traffic volumes may create challenges in
acquiring sufficient data to be able to generate
accurate and timely travel time estimates.

» The focus is not only identifying and dealing with
congestion, but also tracking the occurrence of
major incidents and providing alternate route
information in the event of road closure.

» They can be hilly, rocky, curvy and mostly
unsuitable for deployment of reliable intelligent
transportation system (ITS) equipment or even
cell phone reception in some cases.

« Some do not have parallel alternate routes, so
it may be necessary to communicate issues to
drivers 60 miles or more away.

» There are numerous approaches being developed,
implemented, or experimented with nationally and
internationally to deal with some of these issues.
The table on the next page briefly summarizes
candidate technologies.
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Machine Vision

Use of video cameras to monitor flow; installed
above the roadway or on poles on the roadside;
data bandwidth is a consideration; highly
customizable set of features; privacy can be a
concern for high-resolution systems; potential
uses are likely to expand with advances in
technology, processing power, and data
transmission capabilities.

To further hone the opportunity of providing
useful and accurate travel time information
in rural locations, it is important to ask the
following questions:

What insights and experiences have agencies
developed with these technologies, and what are
the best uses of these technologies?

Given challenges faced in calculating and providing
travel time information on rural highways, how

c ted Vehicl
feasible is deploying such technology? onnected venicie

Short range radio communications between
vehicles and vehicles to infrastructure,
technology is in very early stages of
development, radio transceiver installed in host
device within a vehicle, privacy protocols are
being established, very inexpensive cost on a per

The core of the report discusses available and
emerging RTT data sources as well as implementation
considerations, advantages, and limitations of each.

The key highlights of each follow:

Bluetooth Detection

Wireless technology that allows electronic
devices to communicate directly with one
another; recently emerged as viable RTT
collection tech; open standard, allows for off-
the-shelf equipment; detection range limited to
about 328 feet (100 meters); less expensive
than many other options; flexible; some potential
privacy concerns; detection technology relies on
drivers' use of Bluetooth enabled devices.

Toll Tag Reader

Detect radio frequency ID of automated toll tags,
mature technology, inconspicuous, detection
accuracy can decrease with distance, limited to
areas with adequate toll tag fleet penetration,
some potential privacy concerns, electronic
tolling becoming increasingly common.

In-pavement Magnetic Detectors

Arrays of magnetometers installed in pavement,
can identify and match vehicles based on each
vehicle's unigue magnetic signature, quick
installation and self-calibrating, wireless sensors
require access points and possibly repeaters,
high vehicle detection rate, device life span of
about 10 years, no privacy concerns.

Automatic License Plate Readers

Optical cameras capture images of license
plates and software “reads” the information;
mature technology (over 30 years); installed
above the roadway and requires direct line-
of-sight; particularly sensitive to factors that
reduce visibility; privacy issues are a concern.

unit basis, usefulness for travel time calculations
uncertain, depends on implementation factors,
potential for widespread use if initiative
continues to develops.

Radar, Microwave, and LIDAR

A sensor emits radio waves (radar), microwaves,
or a laser beam (LIDAR), which reflects off of
vehicles, mature and widely used technology,
many products available with a variety of
different implementation approaches, complete
privacy to drivers.

Inductive Loops

Magnetic loops in pavement detect vehicle
presence, and multiple loops can be used to
calculate travel times; mature and widely
used technology; high detection rate; very
inexpensive, but invasive installation and
maintenance can increase costs; complete
privacy to drivers.

Crowdsourcing

Drivers’ vehicles or mobile devices provide
information to a public or private entity, and that
information is used to generate traffic/travel
time, early stage technology, critical mass of
users are necessary for success, vehicle/motorist
must have device capable of transmitting
information, no roadway infrastructure needed,
privacy issues are minimal or non-existent when
data transmitted to agencies who purchase data,
use likely to increase.
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Cell Phone Signal Monitoring

Cell phone location information is automatically
and anonymously downloaded from cellular
network switching centers in real-time;
relatively mature technology and cell phone
use is almost ubiquitous; data provided by
vendors, and data are anonymous when
provided to agencies; shows adequately precise
measurements of travel time.

Several implementations of RTT data collection are
also discussed:

Various State routes in Wisconsin

* |-45 from Houston to Dallas, TX

» Various routes in Oregon as part of the Frontier
Travel Time project

» State Route 520 in Orange County, FL
¢ [-90 Snoqualmie Pass in Washington.

« In addition, two case studies are reviewed in
detail: Minnesota DOT's I-35 temporary travel
time system and Maine DOT's use of variable
speed limit signs to provide real-time traveler
information.

In addition, two case studies are reviewed in
detail and lessons learned from the implementations
are summarized:

Minnesota
» Define terms and requirements

» Use current rather than historical data
for estimations

« Consider alternative methods for comparing
travel time

« Drivers appreciated information, especially
about alternative routes

» Costs less and more affordable than
permanent system

Maine

¢ Costs much less than a traditional system of
dynamic message signs (DMS)

» Posted variable speed information may imply
the need for alternative routes

» Considering mobile phone applications

The report synthesizes the prior information and
brings together the state-of-the-art in RTT data
collection technologies and the state-of-the-practice
in RTT implementations to develop a set of best
practices that are based on systematic evaluation
(where possible) and real-world experiences. The best
practices relate to the data collection technology
only; a complete set of best practices for RTT
programs is beyond the scope of this effort. Best
practices were developed with the understanding
that every implementation of RTT involves a unique
set of objectives, challenges, constraints, and
environments. Therefore, rather than providing
prescriptive guidance, this chapter emphasizes the
key considerations at each step of the planning,
implementation, and management process.

One of the most important lessons learned by
RTT program implementers is the importance
of asking the right questions during the planning
and implementation stages. Therefore, each key
consideration is phrased as a question and is
followed by discussion of related issues.

These questions are focused on the following
general areas (including sample questions for each):

Needs Assessment, Planning,
and Specifications Development

* What are the ultimate outcomes desired?

» What are the funding and scheduling constraints?
* What is the desired RTT coverage area?

» What are the needs for scalability and mobility?

e Are real-time data required?

» What secondary benefits can be achieved?

» What are the requirements for data accuracy
and timeliness?

» What partnerships are beneficial and necessary?
» What are the infrastructure requirements?

» Are data needed during low volume times?

Rural Data Collection Technology
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Selecting and Acquiring Data Collection
Technology

» What software, hardware, and other
architectural requirements exist?

» What are the initial and ongoing costs
of each technology?

« Should the technology be purchased or rented?
* How long is the data path?

» What system features can be automated?

» How will data security and privacy be protected?

* How can preliminary data collection technology
be conducted?

* How should a vendor be solicited?

« How much ongoing support is offered by
the vendor?

* What is the division of responsibilities and rights?

* Who owns the data?

Implementation, Management, and Evaluation
* How can sensor locations be selected?
* What technology documentation is available?

* How should the program operate when
missing data?

* How should field equipment be monitored
and maintained?

e How can data quality be verified?

¢ How should public and media
relations be handled?

¢ How can the effectiveness of the program
be evaluated?

Although RTT data collection is a relatively new

and rapidly evolving area, RTT can be successfully
implemented when a project is properly planned

and executed. The importance of proper planning
cannot be overstated. Successful implementers have
carefully considered project objectives and have
provided detailed implementation plans. Regardless of
the latest specific data collection technology released,
asking the right questions is paramount, beginning
with planning, continuing to the selection stage, and
culminating with execution and evaluation.

Practitioners who focus on asking the right
guestions and heed the lessons learned by
colleagues will greatly increase the chances of
a successful implementation.
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1 Introduction

1.1 Background and Objectives

Travel time to a destination is a key piece of
information that motorists want and need. It is vital in
travelers making good decisions about which route to
take and whether to divert from their planned path. If
motorists were to be provided travel time information
on rural highways, they may plan their trips
accordingly with this new information, decreasing
delays and the potential for congestion downstream.
They may also be warned in advance of an incident,
allowing sufficient time to choose an alternate route
around congestion and delays.

Technology now makes it feasible to provide drivers
with real-time information about how long it will take
to reach a given destination. Many jurisdictions within
the United States collect information on freeways and
that information is generally provided to travelers

via DMS along freeways. In contrast, cases where the
information is collected and displayed on non-freeway
roads such as rural highways are relatively rare.
Figure 1 shows examples of typical practice.

Travel time is also a key piece of information for
transportation agencies. Real-time travel time
information can allow agencies to monitor roadway
performance, identify problems, develop forecasts,
plan future projects, and evaluate the effects of new
projects. Travel time data can also help to meet
goals for integrated corridor management or meet
Federal information provision mandates such as the
Real-Time System Management Information Program,
which was included in Section 1201 of the Safe,
Accountable, Flexible, Efficient Transportation
Equity Act: A Legacy for Users (SAFETEA-LU).

Current use of travel times for rural highways is
still limited. However, interest is high and examples
of successful implementations are becoming
increasingly common. Researchers are investigating
a variety of data collection methods that can be
applied to rural highway settings, such as the use

of Bluetooth technology (e.g., Click and Lloyd,
2012; Puckett & Vickich, 2010), toll tag readers

RTT Signs in Washington State and Minnesota

( snoqualmie Pass 35

Source: wsdotblog.blogspot.com

Source: Jackels, 2012
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(e.g., Wright and Dahlgren, 200 1), automatic license
plate readers (e.g., Eberline, 2008), in-pavement
magnetic detection (e.q., Klein, Mills, & Gibson,
2006), machine vision, radar/microwave/LIDAR,
crowdsourcing (e.qg., INRIX, 2012), connected vehicle,
cell phone signal monitoring (e.g., Avni, 2007),

and inductive loop detectors (e.g., Jeng, 2010).

As this list demonstrates, there is a litany of data
collection technologies which have been used for
rural highway travel times, but each has its own
advantages and disadvantages. At this point there
is no comprehensive guidance on data collection
technologies and procedures.

There are numerous reviews and syntheses of travel
time data collection in general. But, travel time data
collection and dissemination for rural highways has
unique challenges for the practitioner.

For example:

¢ Travel times are not collected in isolation, and
often their uses are determined by the goals and
communication needs at a location; these goals
and communication needs can be quite different
for rural versus urban roadways, and often vary
among individual rural roads.

Rural roadways can vary greatly in their location
and use: some may be remote and carry low
traffic volumes, while others may be major
interurban thoroughfares.

Low traffice volumes may create challenges in
acquiring sufficient data to be able to generate
accurate and timely travel time estimates.

The focus is on not only identifying and dealing
with congestion, but also tracking the occurrence
of major incidents and the need to provide
alternate route information in the event of

road closure.

» Rural highways can be hilly, rocky, curvy and
mostly unsuitable for deployment of reliable ITS
equipment or even cell phone reception in
some cases.

» There can be a lack of necessary technological
backbone to support data collection and
information sharing. In Missouri, for example, a
fiber backbone doesn't exist in many of the rural
localities, which forces transportation engineers
to resort to less reliable means of data transfer.

» Some rural roads do have parallel alternate
routes, so it may be necessary to communicate
issues to drivers 60 miles or more away.

e The TMC Pooled Fund Study has recognized
the need to determine if technologies are being
developed to obtain data necessary for calculating
travel times that address specific challenges. State
and local agencies face the challenge of providing
real-time travel time to motorists—which entails
obtaining information on arterials—in a manner
that allows drivers to take full advantage of it.

To further hone the opportunity of providing useful
and accurate travel time information in rural highway
locations, it is important to ask the following questions:

What insights and experiences have agencies
developed with these technologies, and what are
the best uses of these technologies?

Given challenges faced in calculating and providing
travel time information on rural highways, how
feasible is deploying such technology?

The purpose of this project and the resulting report
was to identify, review, and synthesize information

on current and potential future efforts in real-time
travel time on rural highways. There were four main
objectives: a) identifying, reviewing, and synthesizing
available and emerging technology (both nationally
and internationally) for obtaining data necessary for
calculating travel times on rural highways, b) collecting
and summarizing agencies’ experiences with using
such technology, ¢) providing guidance to agencies

for making the best use of available and emerging
technologies to meet future needs, and d) determining
the feasibility of deploying such technologies.

The first objective (reviewing) is dealt with
while being mindful of the ever-changing nature of
recent technological advances. Unlike synthesis
reports in non-technological domains that focus
on research publications, many of the sources for
this report were from vendors, State agencies, and
practitioners who are the most up-to-date on the
rapidly changing technological developments and
implementation approaches.
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The second objective (experiences) is addressed
by incorporating lessons learned and advice
(including from unsuccessful projects) from agencies’
experiences using a given technological approach.

These lessons give extremely helpful insights that
can be provided to the practitioner and allow the
current synthesis to go beyond a simple summary of
documents.

The third objective (guidance) is based on a
synthesis of the first two, taking information gained
from reviewing technologies and merging it with real-
world experiences of practitioners. This led to the
development of lists of considerations in the form of
qguestions (and high level guidance in response) that
a practitioner should use when going through the
phases of assessing, planning, selecting, acquiring,
implementing, managing, and evaluating a rural
highway travel time system.

The final objective (feasibility assessment) was
not a formal financial feasibility analysis. Instead,
feasibility is taken in a broader context and refers to
environmental constraints that a practitioner should
take into consideration when weighing what type of
system to implement. Financial information is given
where available, but only in the context of background
information to use when evaluating the entire
practicality of an implementation approach.

The primary audience for this report is
transportation agencies who are either interested
in implementing a rural highway travel time

data collection system, or considering making
changes to an existing system. It is important to
obtain, synthesize, and distribute information now
so that objectively based recommendations can
be provided to practitioners as they design and
implement such systems.

It should be noted that the current report focuses
on rural highway travel time data technology
considerations and is not a primer for general travel
time best practices. A good source of general travel
time guidelines can be found in Turner, Eisele, Benz,
& Douglas (1998). This report also focuses on
travel time data collection methods that use vehicle
speeds or link travel times as data sources. Efforts
to estimate travel times using other data sources

(e.g., traffic volumes) such as the Minnesota Arterial
Travel Time Project (Athey Creek Consultants, 2009)
are not addressed. In addition, there is a separate
report from this project that focuses on travel time
data collection technology used for arterial highways
(Singer, Robinson, Krueger, Atkinson, & Myers, 201 3).

1.2 Methodology

The information search for this project involved
two main components: the review of data collection
technology and the review of practice. The search
effort began with an organized set of keyword
searches. Five search categories were created to
encompass the key project dimensions. Using these
categories, a list of search terms was compiled
within each category (see Table 2). As an example,
the search terms “Bluetooth” and “GPS" were both
placed in the Specific Technologies category. The
table below shows the initial set of search terms used
within each category. Additional search terms were
added for follow-up searches. Note that an asterisk
represents a “wildcard"” character.

The keyword search effort revealed relatively
little information on RTT implementations and
evaluations. The search effort then expanded to
include targeted searches to explore the state of
the art technologies and practices used for RTT.
This search revealed a rapidly expanding world of
data collection technologies and practices.

Finally, contacts with experts and implementers were
made to gain a clearer understanding of current and
emerging practice and acquire additional details and
direct experience reports. Two general approaches
were used: 1) contacts with heads of committees and
professional organizations, and 2) contacts made
directly with travel time system implementers to learn
about relevant implementation details. Individuals

and organizations were selected for contact based on
knowledge gaps that they were expected to be able
to fill and their involvement in travel time programs

of interest. Contacts with implementers provided a
basis for implementation summaries and case studies
with emphasis on explaining project logistics, decision
making processes, and lessons learned. Organizational
contacts provided little new information about current
practice; many implementations of RTT have not

been widely publicized and do not appear to be widely
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Table 2 Table of Search Terms and Categories

- Specific
Core Concept Data and Technology Location Technologies Supplementary
Travel time data/data collection en-route RFID network
Journey time monitor* rural highway Connected Vehicle guidelin