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1. EXECUTIVE SUMMARY
1.1. Introduction

1.1.1.  Background

The 1991 Intermodal Surface Transportation Efficiency Act (ISTEA) promoted research,
demonstration and implementation of Intelligent Transportation Systems (ITS) technology. To
date, projects have primarily focused on applications of this technology in urban environments to
address problems such as congestion, mobility and incident management. The nation’s “real”
rural highway system (two-lane highways) — which comprises over 80 percent of road mileage in
the U.S. and accounts for approximately 40 percent of all vehicle-miles traveled each year — has
largely been ignored with respect to ITS.

The primary objective of this research effort was to prove that advanced technologies can be
successfully transferred to rural environments. The obvious approach in this proof is to deploy,
on a small scale, appropriate Intelligent Transportation Systems (ITS) technologies in rural areas
and document the resulting benefits. Potential benefits from this effort align with the national
ITS goals of improved safety, efficiency and convenience in travel. In addition, the lessons
learned from this effort can further encourage support of and investment in rural ITS
applications.

1.1.2.  Project Selection Process

Participants in this project included representatives from eight State Departments of
transportation: Montana, Idaho, Utah, Washington, Oregon, California, Wyoming, and Texas.
These representatives comprised the Technical Advisory Committee (TAC). The TAC members
provided guidance to the Western Transportation Institute (WT]I) for the research, demonstration,
and evaluation phases of the project, and were actively involved in the project selection process,
which occurred in 1999.

Following a national and state specific review of efforts to quantify rural ITS benefits, WTI and
the TAC developed demonstration project criteria reflecting gaps in existing rural 1TS research.
State Departments of Transportation were invited to submit projects for consideration, which
were rated on criteria such as “rural focus,” “uniqueness of effort,” “cost realism,” “quality of
site selection,” and “feasibility.” The two projects selected for demonstration were:

bk 11 LR 11

e A Rural Travel Time Estimation Project in Oregon. This project was designed to
provide travelers with real-time information about trip duration on a highly traveled rural
highway in coastal Oregon.

e A High Water Level Sensor Project in Texas. The objective of this project was to
provide critical real-time warning of roadway flooding conditions.

1.2. Rural Travel Time Estimation Project

Travelers routinely complain about lack of real-time information regarding trip duration on the
highway. Detection of and response to incidents has been an ever-growing concern, and
notification of the traveling public about incidents and, more importantly, expected delay/travel
time is essential. To address these needs, the FRONTIER Project TAC selected a rural travel
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time estimation system for deployment and demonstration in Oregon to inform motorists and
maintenance workers of possible delays or incidents.

The Rural Travel Time Estimation project used vehicle identification technologies to provide
travel-time estimates for two contiguous highway segments near the Oregon coast. This stretch
of highway is a significant rural travel corridor in the region and also connects two large tourist
attractions: a casino on one end and Lincoln City, a popular coastal destination, at the other end.
Congestion and incidents are a common occurrence on this corridor due to several factors,
including a high percentage of slow moving trucks and campers/mobile homes, passing
opportunities that are few and far between, mountainous terrain and speed zones.

Prior to system selection, WTI reviewed similar travel time estimation systems to learn from
those experiences. Then, a general system engineering process was followed: applicable
technologies were reviewed then a vendor was selected through a competitive open bid process.

The resulting system uses infra-red technology to read license plates for travel time
measurement. The cameras along the corridor are calibrated to recognize the license plates of
passing vehicles. The license plate numbers are privacy-protected numbers with encryption, and
time-stamped tags are sent via telephone communications network to a central server. The server
matches the timestamped tags collected at different checkpoints to identify vehicles that have
passed between two or more locations. Using the matched vehicles passage times and the
distances between observations, the system estimates the travel time between segments.

If the vision was fully and permanently deployed, the FRONTIER Rural Travel Time system
could eventually provide travel information to motorists via portable variable message signs
(VMS) along the corridor, ODOT’s statewide traveler information system TripCheck
(www.tripcheck.com), and the statewide traveler information 511 system. Motorists could then
choose alternative routes and make travel decisions based on the travel time estimates.

The travel time system was installed in early 2001. It worked well initially (in March and April
of 2001), but then developed a series of malfunctions (software issues, equipment failures) that
prevented further data collection. The system was not fully functional again until the summer of
2004. WTI and Portland State University collaborated to collect data in the summer and fall of
2004, then began work on data analysis and evaluation. For the evaluation, researchers analyzed
data collected by the system, including vehicle matches, travel time, travel speeds, and incident
detection. To validate the accuracy, a comparative analysis was conducted with data from probe
vehicles.

Two main conclusions can be deduced from the evaluation of the travel time system. First, the
results of the preliminary analyses and the comparative travel time studies showed that when
working, the system produced accurate travel time results. The system is capable of detecting
and matching vehicles, measuring travel time statistics, measuring travel speed data, and
documenting travel delays caused by incidents. The capabilities of the system were validated by
the results of the field validation, which indicated that the system can reliably predict travel times
within a minute, which is robust considering the length of the corridor (25 miles).

The second conclusion that must be drawn from this evaluation is that the potential capabilities
of this system were overshadowed by operational and maintenance concerns. Because the
system (and therefore its data) was viewed as unreliable, ODOT was reluctant to use or
disseminate any of the system information to the public. Therefore, the system’s potential as a
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public information tool has yet to be evaluated. Further research on travel time estimation
systems is recommended to produce longer-term data on technical reliability, as well as to
incorporate the data into traveler information systems.

1.3. High Water Level Sensor and Warning System

Weather and its related impacts are a significant issue to the safety of travelers and the operations
of the transportation systems in rural America. Flooding and rapidly rising water have a
significant impact on many transportation systems, and as such TxDOT was interested in this
second FRONTIER demonstration project.

The second TAC selected project was the Highway Water Level Sensor System. The site for this
project is located in Wise County, Texas on a two lane, undivided approach to a structure
crossing the West Fork of the Trinity River.

Prior to system development, WTI conducted research on previous efforts to deploy similar high
water warning system technologies. To guide deployment, TXDOT developed a concept of
operations, then technologies were determined and a pre- qualified vendor was selected for
system implementation.

This project placed infrared water level sensors at critical locations on each approach to the site.
The sensors were placed to provide the first warning, or alert mode, when water was within two
feet of reaching the roadway surface, as well as second warning, or alarm mode, when water
reached the roadway surface. The sensors are interconnected to two advanced signing
installations with LED flashers, which display the message “Possible Flooding/Water over
Road/When Flashing” during alert mode, or “Do Not Enter/High Water” during alarm mode.
The central computer also employs a pager notification system to ensure appropriate personnel
are aware of the changing conditions, especially outside normal business hours when office
personnel may not be monitoring the base station.

The high water system installation (which began in 2001) had several problems, including a
lightening strike that took out several system components. However, the vendor and TXxDOT had
the system fully operational again in 2002. The next issue became an ongoing drought in Texas,
which hindered the potential for any flood events. The first flood event during which data
collection could take place occurred during the summer of 2004.

A flood event in June 2004 resulted in a successful activation of the warning system. In
December 2004, the system also accurately detected ice on the road, and the ice detection light
was activated. The accuracy of the weather data was also validated by a comparative analysis
with a nearby NOAA weather station. Surveys and interviews conducted with maintenance
personnel indicate that they are impressed with initial performance of the system, and are
interested in installing additional systems at other locations.

1.4. Conclusions

This study basically consisted of rural deployments of two different ITS applications. The
license plate reading based travel time system, at the time of deployment, was the only one of its
kind in the U.S. The initial research showed that there were only a few vendors capable of
building and maintaining the system. The travel time system had maintenance issues for the
duration of the study, and was only fully operational for several months over a three year period.
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Rural districts generally lack the manpower and other institutional resources to provide ongoing,
high maintenance support to new technologies.

Conversely, the high water warning system was an application that was applied successfully in
the urban environment in Texas and other states. Thus, this deployment involved taking a tested
system and applying it in a new environment. The system was reliable and functioned well.

The two distinctly different results from these two projects suggest perhaps that the main
hypothesis was basically correct, but incomplete. Advanced technologies can be successfully
transferred to rural environments, if rural conditions, challenges, and resources are adequately
addressed in advance. Urban ITS applications can not be directly transferred to the rural
environment; they must be adapted to account for such factors as:

remote locations

e significantly lower AADT

e technological infrastructure

e available staffing resources and expertise

e available fiscal resources to support testing and deployment delays

The FRONTIER project has helped to identify key factors that must exist to ensure successful
deployment of ITS technologies in a rural environment. The lessons learned will contribute to
the development of criteria for future rural deployments. This project in fact underscores the
need for increased ITS research specifically aimed at rural challenges and deployed in rural
environments.

1.5. Next Steps and Future Research

As a next step, the Technical Advisory Committee should develop an action plan for
disseminating the information that was learned as part of this effort, in order to raise awareness
of the need for rural ITS and its potential benefits. This heightened awareness, in turn, will
likely provide a greater opportunity for increased focus on rural issues and targeted funding for
rural efforts.

Based on the evaluation results of this effort, there are several additional areas that would make
interesting and useful studies to DOT’s in the rural environment. Future research ideas include:

e What is appropriate level (i.e., spacing) of detection for the rural environment?

e What percentage of rural ITS deployments are completed within the project’s original
schedule and budget? How many ITS projects are actually deployed, fully-functional, on
time, in any environment?

e What impact do software and communications issues have on successful and useful
deployment in the rural environment?

e What should be the requirements for testing new technologies before deployment in rural
environments? Should only proven technologies be deployed in rural environments?

e What is the reliability of ITS devices in any environment? Is there a difference in
reliability between urban and rural environments?
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2. INTRODUCTION

This section will provide an overview of the FRONTIER project intent, background on the
rationale for the project, participating partners, general methodology for accomplishing the
project and report content.

2.1. Project Intent

The primary objective of this research effort is to prove that advanced technologies can be
successfully transferred to rural environments. The obvious approach in this proof is to deploy,
on a small scale, appropriate Intelligent Transportation Systems (ITS) technologies in rural areas
and document the resulting benefits. This information, when shared with other rural areas, can
help to encourage or “sell” the implementation of ITS to benefit rural travelers.

Secondary objectives of this project are to (1) encourage multi-state communication,
cooperation, and coordination, (2) improve efficiency by reducing the tendency to “reinvent the
wheel” from state to state and (3) advance the state-of-the-practice in rural 1TS with “regional”
deployment.

Potential benefits from this effort align with the national ITS goals of improved safety, efficiency
and convenience in travel. The multi-state approach to this effort allows for further benefit. In
the long-term, this effort may provide for “regional” rather than just site-specific deployment of
ITS technologies. In addition, the lessons learned from this effort will further encourage support
of and investment in rural ITS applications. This effort is intended to complement rather than
duplicate other rural ITS-related efforts.

2.2. Project Background

The 1991 Intermodal Surface Transportation Efficiency Act (ISTEA) promoted research,
demonstration and implementation of Intelligent Transportation Systems (ITS) technology. To
date, projects have primarily focused on applications of this technology in metropolitan
environments to address problems such as congestion, mobility and incident management. Even
efforts designated as “rural” were instituted on multi-lane, high-volume, Interstate highways
connecting major urban areas.

The nation’s “real” rural highway system (two-lane highways) — which comprises over 80
percent of road mileage in the U.S. and accounts for approximately 40 percent of all vehicle-
miles traveled each year — has largely been ignored with respect to ITS. This is true despite the
fact that 61 percent of all fatal accidents occur on rural roads. An unproven assumption has been
made that urban ITS applications are directly transferable to the rural highway environment to
meet rural traveler needs. Unfortunately, little work has been conducted in rural areas to
adequately dispute this assumption.

2.3. Project Participants

Participants in this project included representatives from eight State Departments of
transportation shown in Figure 1 and Table 1. These representatives comprise the Technical
Advisory Committee (TAC). The TAC was involved with the research, demonstration, and
evaluation phases of the project. Specifically the TAC was involved with review of: national
and state specific efforts to quantify rural ITS benefits, demonstration project criteria,
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preliminary and final proposals for potential demonstration, and system requirements. In
addition the TAC members had the responsibility to select a contractor for system design and
implementation, as well as serving as a first point of contact for WT]I researchers seeking project

related data.

WA MT

OR ID
WY

CA
X
Figure 1. FRONTIER Pooled Fund States
Table 1. FRONTIER State DOT Representatives

State DOT TAC Member Title

Washington Bill Legg ITS Engineer, Advanced
Technology Section

Oregon Galen McGill Manager, ITS Unit

California Sean Campbell ITS Development Engineer,
Division of Research and
Innovation

Idaho Bob Koberlein ITS Coordinator

Montana Steve Keller State Traffic Engineer and
ITS Coordinator

Wyoming Michael Patritch Sr.  Engineer, WYDOT
Research Center

Utah Richard Manser ITS Engineer,  Traffic
Management Division

Texas Tai Nguyen ITS Engineer, TxDOT
District 2

Western Transportation Institute

Page 15



Frontier Final Report Introduction

2.4. General Methodology
The research effort was accomplished through the following four phases:
e research,
e demonstration, and
e evaluation.

Phase | — Research consisted of a national and state-specific review of efforts related to ITS in
rural areas. The solicitation, review, and selection of potential demonstration sites followed the
review of previous efforts. Once selected, existing conditions were documented at each of the
demonstration sites.

Phase Il — Demonstration resulted in the development of detailed plans and specifications for
implementation of selected ITS technologies at specific demonstration sites. Developing
operational and maintenance procedures for the technologies deployed is critical to the success
of any system and hence, were produced as part of the Demonstration Phase. After the
demonstration technologies or groups of technologies were successfully installed, their operation
was checked to ensure reliability and accuracy.

In Phase 11l - Evaluation: a methodology was developed which details how system benefits will
be measured. While the Evaluation Phase followed the Demonstration Phase, some forethought
was given to the evaluation requirements as part of Phase | - Research to ensure that existing
conditions were adequately documented. Researchers considered both quantified benefits and
perceived benefits of system operators and the general public. Particular focus was placed on
describing the benefits resulting from improving, upgrading, or supplementing existing
infrastructure.

The original scope for the project proposed a fourth phase — Continuance — which would have
allowed for a formal, concentrated effort to be placed on disseminating the information that was
learned as part of this effort. Continuance is recommended and discussed in the “Next Steps”
section of this report.

2.5. Report Contents

This report documents the Research, Demonstration, and Evaluation Phases of this project.
Specifically, this report describes the following:

e findings from previous ITS-related efforts in rural areas,

e the project selection process,

e the deployment and implementation process for selected projects,
e operational history of selected projects

e quantified and perceived ITS benefits resulting from the selected projects, as well as
lessons learned, and

e conclusions from this effort and next steps including outreach efforts.
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3. REVIEW OF PREVIOUS EFFORTS

This section will provide an overview and examination of previous efforts relating to overall ITS
and rural needs, including a methodology and results. A subsequent review of specific ITS
efforts relating to deployed projects is shown later in the report.

3.1. Methodology

Phase | began with a review of previous and ongoing ITS-related efforts in both participating
states and nationally to avoid duplication. This gap-analysis of original research efforts began in
1998, and identified projects prior to 1998. Particular attention was paid to efforts that had
previously quantified ITS-related benefits in any of the areas of focus. The usefulness of the
previously gathered information was limited; much ITS related work that was performed at the
time was performed in urban rather than rural areas. However, researchers nonetheless built
upon previous efforts to the extent possible. Particular focus was placed on areas in need of
further research as identified in previous efforts.

At the completion of this review, the information was summarized by the research team and
distributed to the TAC members for review. TAC members were asked to supplement this
information if any obvious related efforts were overlooked. WTI researchers made efforts to
then incorporated and redistributed the updated information to all TAC members.

3.2. Findings

In order to determine the state-of-the practice at the time, researchers stratified rural ITS
applications and the associated gap analysis by examining the Advanced Rural Transportation
Systems cluster focus areas. The focus areas included Traveler Safety and Security, Emergency
Services, Tourism and Traveler Information, Public Traveler/Public Mobility Services,
Commercial Vehicle Operations, Infrastructure Operations and Maintenance, Fleet Operations
and Maintenance. From this gap-analysis shortcomings were also examined. A summary of the
analysis presented to TAC members follows.

Traveler Safety and Security
e Mostly implemented in urban areas
e Rural focus is on roadway hazard sensing at spot locations
e Benefits quantified with respect to reduced travel/response times and crash rates

e Common technologies include Variable Message Signs (VMS) and roadway condition
Sensors

Emergency Services
e Mostly implemented for large/urban fleet management

e Focus is on locating accidents, managing fleet vehicles and streamlining administrative
functions

e Benefits quantified with respect to reduced response times

Western Transportation Institute Page 17



Frontier Final Report Review of Previous Efforts

e Common technologies include global positioning systems (GPS), automatic vehicle
location (AVL) and computer aided dispatch (CAD)

Tourism and Traveler Information

e Focus is on urban traffic management

e Benefits quantified with respect to reduced travel time

e Common technologies include some form of electronic information dissemination
Public Traveler/Mobility Services

e Mostly implemented in urban areas

e Focus is on making transit more demand responsive and providing information to transit
users

e Benefits quantified with respect to increased ridership
e Common technologies include CAD, GPS and AVL
Commercial Vehicle Operations
e Implemented in rural and urban areas
e Focus is on streamlining regulatory and carrier functions and reducing travel delays
e Benefits quantified with respect to travel time and cost savings

e Common technologies include automatic vehicle identification (AVI), weigh-in-motion,
AVL, and integrated communications

Infrastructure Operation and Maintenance
e Mostly implemented/concentrated in urban areas
e Rural focus is on information and resource management
e Benefits quantified with respect cost savings

e Common technologies include VMS, loop detectors, video surveillance and roadway
condition sensors

Fleet Operations and Maintenance
e Implemented in urban and rural areas
e Focus is on maintaining accurate fleet location and on centralizing fleet operation

e Benefits quantified with respect to reduced travel/response time and administrative cost
savings

e Common technologies include AVI, AVL, GPS and CAD

3.2.1. Summary

Based on the feedback from TAC members and preliminary research, it was determined that the
shortcomings were that ITS was applied mostly in urban areas and focused primarily on urban
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issues such as congestion mitigation demand management, and information dissemination
regarding alternate routes, alternate modes, and alternate travel times. In addition, it was
determined that ITS projects were often implemented without clear evaluation methodology,
limiting the usefulness of the research results for other agencies.

From these findings, the TAC identified a need for ITS research and deployment projects that:

Tested current ITS technologies in a rural environment, and

Developed ITS systems that addressed uniquely rural challenges, such as
communications in remote locations, animal-vehicle conflicts, rural mobility in severe
weather conditions, etc.

Produced data and lessons learned that are applicable and available to other rural
transportation agencies

The project selection process was developed to address these gaps in the current body of ITS
research.
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4. PROJECT SELECTION

WTI designed a project selection process that would be equitable and beneficial to all TAC
members, and would make a significant contribution to the state-of-the-practice of rural ITS
research. The following section provides details on the methodology, criteria, proposal process
and final ranking and selection for project deployment.
4.1. Methodology
The project selection process consisted of three steps:

e defining demonstration project criteria,

e requesting, reviewing and selecting preliminary proposals for potential demonstration,
and

e requesting, reviewing and selecting final proposals for potential demonstration.

4.1.1. Define Demonstration Project Criteria

In an effort to maximize this project’s resources, WTI drew upon the expertise in each of the
participating states to select appropriate locations for demonstrations. The research team
developed a set of demonstration project criteria that helped each participating state in
determining appropriate demonstration sites. In general, the selected demonstration project
should:

e not duplicate efforts previously performed,

e have a high likelihood of proving benefits that align with the project goals,

e maximize use of existing data or minimize supplementary data collection efforts,
e fall within the funding scope of the project,

e have a high potential for public-private partnering to defray some of the deployment
costs,

e have a potential for using existing resources to defray some of the implementation costs,
and

e integrate with existing transportation-related systems to the extent possible.

Once WTI researchers developed the demonstration project criteria, the information was
distributed to all TAC members for review and comment. A TAC meeting was held at the close
of this task that allowed for further discussion of the demonstration project criteria among the
TAC members.

4.1.2. Demonstration Project Selection Process and Criteria

For this study, project selection occurred in two phases. First, each state representative
interested in pursuing a demonstration project submitted a brief one- to two-page description of
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the proposed project. An initial screening process was performed where each TAC member
voted on which projects to pursue. Proposed project descriptions selected in this first phase were
expanded to provide more detail.

The selection criteria were developed to complement the two-phase selection process. The
selection criteria for the first phase consisted of major descriptors that were easily demonstrated
in a brief proposal. The selection criteria for the second phase were more detailed and more
suited for an expanded proposal. Criteria used for the initial screening included the following:

20 points ITS Focus: Based on the goals and objectives of this study, the project must have
an ITS technology focus. Those projects that align with National ITS
Architecture market packages will be required to adhere to the National ITS
Architecture structure and National Transportation Communications Information
Protocol (NTCIP) standards for implementation. Those projects that are uniquely
rural and do not align with the National ITS Architecture market packages will
rely on the Advanced Rural Transportation Systems (ARTS) rural system
architecture currently under development. Projects should apply advanced and
emerging technologies in the fields of information processing, communications,
control and electronics to transportation operations and maintenance. The
ultimate goal is to make the transportation system safer and more efficient for
users and providers through the application of new technologies to recurring
problems.

20 points Rural Focus: Based on the goals and objectives of this study, the proposed project
is required to focus on mitigating rural rather than urban issues. However, it is
anticipated that proposed projects will have differing degrees of rural focus. For
example, rural projects benefiting rural areas will likely be weighted higher than
rural projects benefiting intercity travel. For the purposes of this project, rural is
defined as communities or areas with less than 50,000 residents.

20 points Uniqueness of Effort: The proposed project cannot duplicate other similar projects
where new, original data cannot be obtained. For information related to other
efforts, refer to the Demonstration and Evaluation of ITS for the Rural Highway
Environment Reference Guide (Appendix A). Exact duplication of these other
efforts should be avoided. However, these other efforts may spark ideas that can
be applied in the participating states.

20 points Cost Realism: The anticipated cost of the project must be reasonable and
appropriate for the project’s available funding. The total deployment budget,
including equipment and implementation costs, for this effort is $397,464.
Proposed projects should not exceed this amount unless supplemented through
innovative partnerships or alternative funding sources.

20 points Time Realism: The project must be completed within a timeframe that is useful
and appropriate for this study. The project must be fully implemented by
February 28, 2000 to allow sufficient time for evaluation of the system.

Following the initial screening and the preliminary selection of projects, detailed proposals were
submitted. The following criteria were used to finalize project selection.
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20 points Quantifiable Problem: To provide meaningful results, the proposed project should
demonstrate a quantifiable problem that will be mitigated by applying ITS
technology. This approach will provide statistically valid before/after
comparisons that provide for scientific validation of the “success” of the project.

20 points Support of Evaluation Methodology: The proposed project should support the
before/after evaluation.

Maximize Use of Existing Data: Does the proposed project maximize the use of
existing data and minimize the need for supplementary data collection efforts?

20 points Site Selection: Is the proposed project a temporary deployment or is it part of a
long-term ITS deployment plan supporting the National ITS Architecture using
the NTCIP standards and/or the Advanced Rural Transportation Systems (ARTS)
rural system architecture? In other words, to maximize the benefits of this
project, is it planned to use the deployed ITS technology beyond this study?

Existing Transportation System Integration: Does the proposed project integrate
well with the current transportation system? Does it align with regional goals and
objectives?

20 points Feasibility: The proposed project should be financially and technically feasible.

Maximizing Existing Funding Levels: Each project should strive to defray cost to
the maximum degree possible. One approach is to parallel costs of the selected
pooled fund project with other planned projects within the state (i.e., piggyback
on other project construction costs).

Private/Public Partnerships: To the extent possible, projects should demonstrate a
strong possibility to promote and utilize private partners. Vendors may be willing
to reduce the cost of equipment to demonstrate their technology.

20 points Results and Deliverables: The proposed project should provide results that are
both defensible and transferable.  The deliverables should enhance the
implementation of the findings.

Sustainable Results: Will the methodology provide valued, defensible results?
The results must provide statistically valid data that can scientifically prove or
disprove a tangible benefit by using this technology.

Transferability of Results: Can the results be transferred to similar technology, but
in different geographical locations?

4.1.3. Request, Review, and Select Preliminary Proposals for
Potential Demonstration

The demonstration project criteria, in combination with the findings from the national/state-
specific review, provided interested parties with the information needed to determine appropriate
demonstration projects within their states (preliminary proposal submittal guidelines
accompanied this material). This packet of material was sent to each of the TAC members. The
TAC members were responsible for distributing this information to interested parties within their
respective states. Each state representative interested in pursuing a demonstration project was
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asked to submit a brief, one- to two-page description of the proposed project, including its
applicability, its likelihood of success, the availability of resources to support the effort, and its
general funding requirements.

After a specified time period, the preliminary demonstration project proposals were requested,
compiled, copied, and distributed to all TAC members for review. The TAC members were
provided with a standard selection criterion and weighting scheme based on the proposed
project’s ability to meet the overall project goals. Each state had an equal vote in the selection
process. If preliminary demonstration proposals were submitted that were similar in nature or
that complemented each other and remain within the project scope, proposal combinations were
considered. The TAC selected the most promising demonstration site candidates.

4.1.4. Request, Review, and Select Final Proposals for Potential
Demonstration

State representatives whose projects were selected as one of the most promising alternative
demonstration sites were asked by the WTI research team to expand their preliminary proposal
into a more detailed proposal. State representatives were expected to describe the availability of
previously collected data to support the quantification of benefits. State representatives were
also asked to describe the potential for using existing, planned or proposed transportation-related
systems for the current project, recognizing that additional benefits from ITS can be realized if
value can be added to existing or planned systems. Anticipated benefits were detailed as part of
this effort.

If projects were proposed that were similar in nature or that could complement each other and
remain within the project scope, proposal combinations were recommended. Such a condition
required the partnering of two state representatives from the same or different states to complete
the more detailed proposal.

Again, after a specified time period, the detailed demonstration project proposals were requested,
compiled, copied, and distributed to all TAC members for review. The TAC conducted a final
screening to reduce the number of projects and request refinements to the selected proposals. At
the close of this task, a TAC meeting was held. Further deliberation and final project selection
occurred at this time.

4.2. Project Selection Results

Preliminary project selection results obtained through the TAC meeting are shown in Table 2.
Point distribution and ranking are displayed for each project submitted. From Table 2, TAC
members determined that there were similar themes and discussed which departments of
transportation were willing to champion and be committed to all aspects of the deployment and
evaluation. From these discussions, four ITS projects were initially selected. These projects, with
their final scores and rankings are shown in Table 3.

However, through an investigation of realistic deployment costs for all four projects it was
determined that four project costs exceeded the available budget. As a result, only two projects
were selected to move forward.
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The projects selected for demonstration were the two that received the highest rankings from the
Technical Advisory Committee:

e The Oregon DOT Rural Travel Time Estimation Project. This project was designed to
provide travelers with real-time information about trip duration on a highly traveled rural
highway in coastal Oregon. TAC members were interested in evaluating the
effectiveness of license plate matching technologies to determine travel times.

e The Texas DOT High Water Level Sensor project. The objective of this project was to
provide critical real-time warning of roadway flooding conditions. Similar projects had
been successfully deployed in urban locations, but not in rural areas.

The Rural Travel Time Estimation project proposal submitted by ODOT is included in Appendix
A, and the High Water Level Sensor project proposal submitted by TxDOT is included in
Appendix B.
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Table 2 Preliminary project selection and ranking.
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GENERAL PROJECT SUBMITTALS 7 7 7 7 7 7 7 7 29 =3 x
Maximum Possible Total Points 100 pts. |100 pts.|100 pts. |100 pts.| 100 pts | 100 pts | 100 pts.|100 pts.| 800 pts pts./8
Road and Weather Information Via CB Radio (California) Withdrawn
Travel Time Estimates Based on Traffic Flow (California) 75 73 90 75 85 36 90 60 584 73 1
Intelligent Road Studs (California) 65 81 90 55 70 36 75 45 517 64.625 6
Real-time Information Indicating Crosswind and Gust Velocities with 60 81 95 50 75 80 75 55 571 71.375 2
Respect to High Profile Vehicles to Prevent Overturning Crashes
(Montana)
Standardized Road Reporting/Data Sharing (Montana) 40 71 70 40 70 40 80 15 426 53.25 10
Rural Travel Time Estimation (Oregon) e Combined with Travel Time Estimates Based on Traffic Flow (California) --------------------
Highway Electrical and Lighting Monitoring System for Improved 50 81 90 50 60 80 65 80 556 69.5 4
Maintenance of Safety Lighting at Rural Interchanges, Rest Areas and
Comfort Stations (Texas)
High Water Level Sensors to Aid Maintenance Personnel’s Rapid 65 68 100 55 65 36 85 85 559 69.875 3
Response to Hazardous Water Crossing Locations (Texas)
Highway Advisory Radio Implementation on IH 35 and IH 10 Withdrawn
IApproaching San Antonio, Texas (Texas)
School Zone Flashing Beacon Pager Activation System (Texas) Withdrawn
Fog Detection System (Texas) 30 68 ‘ 70 ‘ 90 65 ‘ 96 ‘ 75 ‘ 65 519 ‘ 64.875 ‘ 5
IAdvisory Speeds at Curve (Texas) Withdrawn
Moving Incident Detection for the City to the Country — Use of an On- 30 68 80 45 80 36 75 50 464 58 9
demand Alarm Notification Enables Use of ITS Technologies in Rural
IAreas with Existing Communication Infrastructure (Texas)
Detecting and Disseminating Remote Weather/Traffic Information (Utah) 45 73 90 35 75 36 70 70 494 61.75 7
Intelligent Road Weather Information Systems (Utah) Withdrawn
Railroad Grade Crossing Project (Washington) 75 ‘ 81 ‘ 70 ‘ 45 ‘ 60 ‘ 60 ‘ 70 ‘ 25 486 ‘ 60.75 ‘ 8
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Table 3: Final Project Selection Scores and Rankings

= =
c ‘© ‘S
o] =] o o o
= s | 2| < S 5 g
S 3 <) % = S — S q DX
S 5|8 8|5 8|8 2|85 2505
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Rural Travel Time Estimation (California/Oregon) 96 95 76 82 69 75 87 75 | 655 | 81.9 1
High Water Level Sensors to Aid Maintenance Personnel’s
Rapid Response to Hazardous Water Crossing Locations | 83 70 77 75 85 70 75 70 | 605 | 75.6 2
(Texas)
Highway Electrical and Lighting Monitoring System for
Improved Maintenance of Safety Lighting at Rural | 76 75 71 61 62 90 80 60 | 575 | 71.9 4
Interchanges, Rest Areas, and Comfort Stations (Texas)
Fog-Detection-System-{(Texas) Withdrawn because of duplication.
Fog Detection for Improved Driver Guidance (California) 90 75 74 47 70 85 65 75 | 581 | 72.6 3
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5. PHASE ONE: RESEARCH

In order to guide system design, development, deployment, and evaluation, WTI conducted
research on previous efforts to deploy similar technologies.

5.1. Rural Travel Time Estimation System Research

5.1.1.  Preliminary Review of Travel Time Estimation Systems

Prior to system selection WTI, in 1998, reviewed similar travel time estimation systems to learn
from those experiences. A review of those systems is shown below.

Evaluation of Web Travel Time Estimates Released By FHWA

The Federal Highway Administration (FHWA) researched how the accuracy of travel time
estimates on traveler information web sites affects user benefits. The report uses HOWLATE
(Heuristic Online Web-Linked Arrival Time Estimator) to model the study based on archived
Advanced Traveler information Systems (ATIS) travel time data in order to quantify the user
benefits of regional ATIS deployment. The HOWLATE methodology quantifies time
management benefits of ATIS use on a per trip basis for travelers who need to be on time.

Real-Time Traffic Speed Data Available to N. Virginia Commuters

Commuters in North Virginia have the ability to access travel times customized to their own
routes. The program is available to WAP-enabled cell phones, wireless PDAs, and desktop PCs
through a service provided by RatRaceUSA, Inc. Motorists are able to specify their own travel
routes and access travel times on their chosen routes during commutes. The traffic congestion
data is drawn from a network of 143 traffic sensor stations located throughout Northern
Virginia’s interstate highway system. The sensors gather data on travel speeds, lane occupancy,
and vehicle counts. Data is then compared against historical average travel times and updated
every minute.

Travel Time Estimates Using Transit Vehicles as Probes in Washington

Transit vehicles are being used as probes to estimated travel times in King County, Washington.
These estimates increase the information density along the corridor, because previous efforts
only used probe information at specified points. This system provides speed estimates that track
the significant changes identified in inductance loop data.

ITS America Annual Meeting 2003 — Travel Time Workshop
Overall Findings include:
e Real time travel time data becoming increasingly available.
¢ No consistent method for collection, fusion, and usage.
e Limited integration of real-time/historical data.
e Little focus on predictive/forecasted travel time data.
e Limited data available concerning arterials.

e Business model unclear.
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e Benefits of travel time initiatives stem from increased coverage, not travel time itself

e Long term vision includes Automated Highway System with local deployments (10 yrs.),
regional deployments (20 yrs.), and national deployment (30 yrs.).

5.1.2.  Updated Review of Travel Time Estimation Systems

In 1998 initial research was conducted on the experience of other related travel time systems.
This research was performed as part of the system requirements development step for the Rural
Travel Time Estimation System project. At that time, there were only a few examples of existing
travel time systems. Since that time, however, there have been several more applications of
travel time estimation systems.  This section presents a summary of updated comparative
research on travel time systems (completed in 2002), which is shown in Table 4. The full paper
containing the details of the research can be examined in Appendix C, including reference
citations.

Table 4: Summary of Travel Time Systems Research

Location Technology Comments

Houston, Texas AVI (electronic toll tags at | Study concluded that AVI could be

US 290 0.5 mile spacing) economically used to collect travel
time data

San Antonio, Texas | Loop detectors at 0.5 mile | Study concluded that reasonable

IH-35 spacing travel time data could be collected
from loop detections

Columbus, Ohio Microwave radar detectors | Study concluded that work zone

I-70 in a work zone travel times  were  accurately
represented

Colorado Vehicles with GPS Study concluded that number of

I-70 probes needed to be increased to
acquire more accurate/timely data

Boston, MA Loop detectors at 0.25| The system provided accurate real-

Central/Artery mile spacing time travel time information

Tunnel

Washington, DC Utilized cellular phone | Study concluded that geolocation of

CAPITAL ITS | tracking cell phones was not accurate enough

Operational Test to produce reliable travel time results

Western License Plate reading | The study concluded that the system

Massachusetts technology provided accurate travel time data

Route 9 over a 3.7 mile long roadway
segment

Indiana License plate reading | The study concluded that the

technology equipment was too expensive to

install and maintain for IDOT.

Florida License plate reading | The study concluded that accurate

SR 436 technology travel time data was provided for a
2.2 mile segment

Transportation Probe Vehicles Established 5%  threshold for
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Research Board

determining accurate data when using
probe vehicles for freeway travel time
estimation

5.2. High Water Level Sensor Project

This section presents a summary of updated comparative research on high water systems
(completed in 2002), which is shown in Table 5. The full paper containing the details of the

research can be examined in Appendix D.

Table 5: Summary of High Water Systems Research

Location

Technology

Comments

Houston, Texas

29 weather and high water
monitoring sites

Study concluded that the
public used the additional
weather information via
website and sighage

Dallas, Texas

42 weather and high water
warning sites

Initial study was successful
and the City expanded the
system to a current total of
42 sites

Maricopa County, AZ

238 rain gauges, 136 stream
gauges, and 22 weather
stations

Created ALERT system
after floods in late 1970’s,
and have been expanding it
ever since

Savannah, GA

1 high water site with float
gauge and CMS

Tested system at one
location and in process of
expanding to 40 other
locations

Florida DOT

water
weather

Numerous  high
warning  and
stations sites

Successfully tested and then
implemented system
throughout southern Florida

The research showed that many DOT’s, cities, and counties throughout the country have
successfully tested and implemented high water warning systems. However, most of these
systems, unlike this project, are in urban areas.
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6. PHASE TWO: DEMONSTRATION

The purpose of this section is to summarize the deployment phase of the two TAC selected
projects. Each project took a different deployment approach. For the Rural Travel Time
Estimation Project a general system engineering process was followed: applicable technologies
were reviewed then a vendor was selected through a competitive open bid process. For the High
Water Level Sensor project, TXDOT developed a concept of operations, then technologies were
determined and a pre- qualified vendor was selected for system implementation. The
effectiveness of these approaches will be compared and contrasted in Conclusions section of this
the report, but the approaches are important to highlight for this section.

6.1. Rural Travel Time Estimation System

Travelers routinely complain about lack of real-time information about trip duration on the
highway. Detection of and response to incidents has been an ever-growing concern, and
notification of the traveling public about incidents and, more importantly, expected delay/travel
time is essential. To address these needs, the FRONTIER Project TAC selected a rural travel
time estimation system for deployment and demonstration in Oregon to inform motorists and
maintenance workers of possible delays or incidents.

6.1.1. Study Corridor

The Rural Travel Time Estimation project used vehicle identification technologies to provide
travel-time estimates for two contiguous highway segments: on Oregon Highway No. 39
(Salmon River Highway), MP 0 to MP 25, and US 101 between Lincoln City and the US
101/Highway 39 junction (Figure 2).
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Figure 2. Rural Travel Time Estimation Project Limits

This stretch of highway is a significant rural travel corridor in the region and also connects two
large tourist attractions: a casino on one end and Lincoln City, a popular coastal destination also
with a casino, at the other end. The highway is mostly two lane, and traverses the Siuslaw
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National Forest. 2002 ADT was 19,600 (17,881 in 1997), with the highest volume on a single
day being 28967, which occurred in 1997. ADT from 1993 through 2002 is displayed in Figure
3.
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Figure 3. Oregon Highway 39, Salmon River Highway ADT

Congestion and incidents are a common occurrence on this corridor due to several factors,
including a combination of inconsistent cross-sections, a high percentage of slow moving trucks
and campers/mobile homes (about 10% of ADT), passing opportunities that are few and far
between, mountainous terrain and speed zones (Figures 4, 5).
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Figure 5. Spirit Mountian Casino

6.1.2. General System Requirements
The systems engineering, deployment and implementation process consisted of three steps:
o defining general system requirements,

e soliciting, reviewing and selecting an outside contractor for system design and
implementation, and
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e overseeing system implementation

The WTI research team defined the general system requirements at each demonstration site.
These requirements varied depending on existing site conditions, specific benefits to be realized
and existing infrastructure that required integration. The general system requirements guide an
outside contractor in determining if they can meet the needs of the system and at what cost.

The general system requirements were presented to TAC members at the TAC meeting. All
TAC members were encouraged to actively participate in the definition of system requirements.
This approach was intended to produce system requirements that not only met the specific needs
of this project, but that would also be widely transferable to other states.

Specific system objectives of the project were to:

e provide continuous real-time trip duration estimates that would feed into Oregon’s
Traveler Information System to provide pre-trip travel estimates, and en-route travel
information.

e investigate vehicle identification technologies and how to deal with privacy issues
o facilitate faster rural incident detection and response
e integrate with the existing Traveler Information System

e provide a system solution for travel time information for FRONTIER states.

The system was envisioned to have four main components (Figure 6):

1. The onsite equipment that would do the data acquisition, selected to be easily
interchangeable.

2. The communication component includes the actual communication medium and
protocols, together with any devices (eg modems) that connect field equipment to
ODOT’s Wide Area Network

3. The processing software has an open architecture at both its data input and data
output ends. (Data input comes from the site equipment and data output goes to a
Traveler Information System server - a Microsoft SQL database format for the output
IS probably be the most compatible for most agencies.) The openness of the
architecture is essential in ensuring interfaces with FRONTIER member states’
traveler information system needs.

4. The ATIS server software that would provide for the dissemination of the travel time
information using a browser interface on ODOT’s website. [Note: ODOT currently
offers a speed map on its TripCheck website (www.tripcheck.com) that provides
speed data for the Portland urban area.]
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Figure 6. Travel Time Estimation Project Concept of Operations of Operations
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The project establishes three checkpoints as indicated on the above map at which vehicle
identification technologies were implemented. The US 101 section is considered essential
because often times congestion on this short section occurs irrespective of the congestion level of
the other stretch, and is thus a concern for motorists planning to travel on this segment.

License plate recognition (LPR) were recommended for this project. The system incorporates
algorithms to track vehicles moving past consecutive checkpoints, calculates a real-time moving
average of travel times, and provides this information to motorists.

The three locations selected as checkpoints for onsite installations are:

1. OR 22/ Hwy 39 intersection (Valley Junction), MP 23. This location has an existing
ODOT camera installation, and hence has a pole, a cabinet, power and a phone line. The
site has no nighttime illumination

2. US 101/ Hwy 39 junction, MP 0.34 . This site has a cantilevered sign support that
extends over half highway. The sign is illuminated and therefore power is readily
available, and there is a telephone riser box about 230 feet from the cantilever support.
The site has minimal artificial lighting.

3. US 101 at West Devil’s Lake Road, the first signalized intersection in Lincoln City. The
site has power, communications availability, and street lighting. A nearby DMV office
provides possible easy access to ODOT’s WAN. The highway has multiple lanes in this
section, but has one through lane (see Figure 7).

US 101
HWY 22
&

HWY 99

Figure 7. Proposed Camera Monitoring Sites

This travel estimate is then fed into the Traveler Information system. ODOT deploys portable
VMS signs at strategic decision points leading to this corridor to help travelers chose the route of
preference. (An alternate route to the coast is available.)
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The estimated average can also be compared to a pre-established free-flow (or more
appropriately ‘normal uncongested” flow) travel time. Significant differences alert a
dispatch/maintenance station for proper response after the incidents (if any) are verified. It was
not certain how timely this incident detection would be, but it served as a basis for possible
further refinement.

6.1.3. System Selection Process and Deployment

Once the general system requirements were finalized soliciting, WTI and the TAC began the
process of reviewing and selecting an outside contractor for system design and implementation,
and overseeing system implementation.

6.1.4. Solicit, Review and Select System Design and
Implementation Contractor

A competitive process was used to select a vendor for system design and implementation. The
Montana Department of Transportation, acting as the administrative agency for this effort, was
responsible for contracting with the selected vendor. However, the TAC members selected the
vendor. General system requirements were distributed to interested vendors. Proposals/cost
estimates were submitted. Selection criteria were based on cost, previous success with similar
systems and timeliness. Once the TAC selected a vendor, close cooperation between the vendor
and the WTI research team took place to ensure that the system met previously specified general
system requirements. The vendor was responsible for ensuring system reliability. Again, TAC
members who were not directly affected by the selection of a vendor for a particular project (i.e.,
there are no demonstration projects in their state), were encouraged to share their knowledge
with the other TAC members.

Investigations and literature review of the current technology revealed three potential vendors.
Their products, services, and bids are included in the original project proposal in Appendix A.

6.1.5. Oversee System Implementation

System success depends heavily on the system’s ability to meet the specified functional
requirements and to operate effectively. If problems exist with the operation of the overall
system or any of its components, the evaluation of the system will be skewed. The WTI research
team relied heavily on the respective state departments of transportation who oversaw the
implementation of the system at each demonstration site. Adherence to the National ITS
Architecture and state-developed ITS standards was monitored cooperatively by the WTI
research team and the respective state representatives.

6.1.6. System Description

The FRONTIER Rural Travel Time system consists of six license plate recognition cameras
mounted on poles above the roadway placed at two locations on OR-18 and one location on US-
101 just north of Lincoln City as shown in Figure 8 and 9. Each installation consists of two
cameras, one for each direction. The distance between cameras 2 and 3 (Segment 1) is 3.15 miles
and the distance between cameras 1 and 2 (Segment 2) is 22.25 miles. The total corridor length is
25.4 miles.
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Figure 8 Camera Installation Sites

Figure 9. Typical Camera Pole Mounting Installation

The FRONTIER Travel Time system logic was previously shown in Figure 6. The license plate
reading cameras used for this research are made by Telematica Systems Limited (TSL); TSL is
an associate company of the Trafficmaster group and describes the system as Passive Target
Flow Measurement (PTFM). The system uses infra-red technology to read license plates for
travel time measurement. Similar to the London Congestion Charging system, the cameras along
the corridor are calibrated to recognize the license plates of passing vehicles. The license plate
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numbers are privacy-protected numbers with encryption, and time-stamped tags are sent via
telephone communications network to the central server. The server matches the timestamped
tags collected at different checkpoints to identify vehicles that have passed between two or more
locations. Using the matched vehicles passage times and the distances between observations, the
system estimates the travel time between segments based on an algorithm that also incorporates
the number of vehicles passing the license plate readers and presumably other quality control
factors. [The camera system is proprietary and therefore this research did not have access to nor
test the algorithms used to predict the travel times.] If fully and permanently deployed, the
FRONTIER Rural Travel Time system could eventually provide travel information to motorists
via portable variable message signs (VMS) along the corridor, ODOT’s statewide traveler
information system TripCheck (www.tripcheck.com), and the statewide traveler information 511
system. Motorists could then presumably choose alternative routes and make travel decisions
based on the travel time estimates.

6.1.7.  System Deployment Timeline

The purpose of this section is to summarize the actual deployment timeline of the Rural Travel
Time Estimation project, and how it varied from the original project plan. Some of these
deployment changes are directly relevant to the subsequent evaluation of the deployment
effectiveness.

The FRONTIER project was initiated in 1998. The initial year of the project was spent in
development of the project hypothesis, and development of project ideas to test the hypothesis.
Once project ideas were developed, WTI and the TAC went through a detailed evaluation of
potential projects and made selections in 1999.

Once the travel time project was selected, the ODOT initiated its normal bidding process. Bids
were put out in 2000, and after the most appropriate bid was selected, the project was deployed
in 2001.

The travel time system worked well initially (in March and April of 2001), but then developed a
series of malfunctions that rendered the data collection useless. ODOT and the vendor
repeatedly attempted to fix problems, ranging from software issues to field equipment failures.
However, the system was not fully functional until the summer of 2004. During this time period,
WTI and PSU could not collect any usable data. PSU was under contract to collect travel time
data in 2002.

The duration of the rural travel time estimation project extended longer than anticipated for
several reasons.

e The project bidding and deployment process took longer than anticipated.
e System failures occurred immediately after deployment, which delayed collection of data
e The travel time system did not work properly until the summer of 2004.

During the time periods when the system was not functioning, WTI minimized project efforts
and expenses to save resources for when data was collected. There were several discussions with
TAC members about whether or not to continue or stop the project, and each time the decision
was made to continue to wait for good data collection.
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After the data was collected in summer/fall of 2004, work began on analyses of the data and
development of the final report. Data analysis and the final report were completed within 6
months of the end of the data collection period.

6.2. High Water Level Sensor Project

Weather and its related impacts are a significant issue to the safety of travelers and the operations
of the transportation systems in rural America. Flooding and rapidly rising water have a
significant impact on many transportation systems, and as such TxDOT was interested in this
second FRONTIER demonstration project.

6.2.1.  Study Corridor

The second TAC selected project was the Highway Water Level Sensor. The site for this project
is located in Wise County, Texas on Farm-to-Market road 3259 near the town of Paradise
(Figure 10). The facility is a two lane, undivided, asphaltic concrete pavement surface
connecting Farm-to-Market road 51 to State Highway 114. The specific site is a crossing of the
West Fork of the Trinity river. In 2003, the AADT for this road was 1,800.

According to the TXDOT Wise County Resident Area Engineer, the hazardous high water
conditions at this site actually occur on the approaches to the structure over the Trinity river,
rather than at the structure itself (Figure 11).

" vug"

| ._fDacatur
haway Bay* o West Fork

Deployment
Site

o R

Figure 10 Highwater Level Sensor Project Study Site
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Figure 11. Approaches to Trinity River Bridge on FM-3259

6.2.2.  System Requirements

The objective of this project was to provide critical real-time warning of roadway flooding
conditions, both on-site to the motorists directly affected by the condition and remotely to
TxDOT - Fort Worth maintenance residency. This real-time warning was intended to generate
the lead-time necessary for maintenance/operations personnel to respond to the conditions and
determine the need for a road closure, or other corrective actions, to protect motorist safety. The
project’s control systems would not initially be integrated with the department’s existing
Intelligent Transportation System (ITS) initiative, known as TransVISION. The project would
function as a stand-alone initiative for rural ITS applications, and to evaluate the effectiveness
and efficiency of the concept and equipment. If the concept is viewed as proven, the next
anticipated actions would be to expand the coverage of this proposal to other sites in Wise
County and in the other counties served by this district.

6.2.3.  System Description

High water level sensors were used to monitor the surface water depth in flood-prone areas, in
order to aid maintenance personnel’s rapid response and to enhance the traveler safety. The real-
time and predictive information was collected to improve the reliability and timeliness of advice
given to motorists. This project placed commercially available infrared water level sensors at
critical locations on each approach to the site. The sensors were placed to provide the first
warning, or alert mode, when water was within six inches of reaching the roadway surface
(Figure 12). The second sensor was placed to provide the second warning, or alarm mode, when
water reached the roadway surface. Each sensor installation contained two mechanical float
switches, and a local controller equipped with a Variable High Frequency (VHF) radio
transceiver and a solar power system. The VHF transceiver provided local interconnection with
the two advanced signing installations (Figure 13).
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Figure 12: Conceptual Design for High Water Warning System

The advanced signing installations were placed approximately % mile from the affected
approach(s). The sign installations were configured to activate amber LED flashers when either
sensor station provided a first level warning, or alert. The amber LED flashers accompanied the
default signing display of “Possible Flooding / Water over Road / When Flashing”. When either
sensor station activated a second level warning, or alarm, both signing installations activated red
LED flashers and changed the accompanying signing display to “Do Not Enter / High Water”.
These signing installations also contained a pole mounted NEMA enclosure housing a controller,
along with a mechanical changeable message sign (CMS), red and amber Light Emitting Diode
(LED) flashers, solar power system, and VHF radio transceiver for interconnection with each
other and the sensor assemblies. One of the signing installations was designated as the master
and contained a cellular telephone for communications with the central computer (Figure 14).

A central computer equipped with the vendor’s software provided a “base station” for
monitoring sensor outputs remotely. The base station provided a “heartbeat” function to monitor
status sensors, batteries and other field components. The base station also provided the ability to
reset the field components condition or over-ride a local reset based on maintenance personnel’s
evaluation of conditions (Figure 15).
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Figure 13 Roadway and Water Level Sensors

Figure 15 Field Communications System
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The central computer also employed a pager notification system to ensure appropriate personnel
were aware of the changing conditions, especially outside normal business hours when office
personnel may not be monitoring the base station.

6.2.4.  System Deployment Timeline

The purpose of this section is to summarize the actual deployment timeline of the High Water
Level Sensor project, and how it varied from the original project plan. Some of these
deployment changes are directly relevant to the subsequent evaluation of the deployment
effectiveness.

The FRONTIER project was initiated in 1998. The initial year of the project was spent in
development of the project hypothesis, and development of project ideas to test the hypothesis.
Once project ideas were developed, WTI and the TAC went through a detailed evaluation of
potential projects and made selections in 1999.

Once the high water project was selected, the Texas Department of Transportation (TXxDOT)
went through its normal bidding process. Bids were put out in 2000, and after the most
appropriate bids were selected, the project was deployed in 2001.

The high water system installation had several problems, including a lightening strike that took
out several system components. However, the vendor and TXDOT had the system fully
operational again in 2002. The next issue became an ongoing drought in Texas, which hindered
the potential for any flood events. Since the project inception, there were no flood events until
the summer of 2004.

The duration of this project extended longer than anticipated for several reasons.
e The project bidding and deployment process took longer than anticipated.
e System failures occurred immediately after deployment, which delayed collection of data
e The high water site did not flood until 2004

During the time periods when the system was not functioning, or there were no flood events,
WTI minimized project efforts and expenses to save resources for when data was collected.
There were several discussions with TAC members about whether or not to continue or stop the
project, and each time the decision was made to continue to wait for good data collection.

After the data was collected in summer/fall of 2004, work began on analyses of the data and
development of the final report. Data analysis and the final report were completed within 6
months of the end of the data collection period
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7. PHASE THREE: EVALUATION

The purpose of this section is to describe the evaluation process, and then summarize the
principal evaluation results for each of the two Frontier projects.

7.1. Evaluation Planning Process

The planning process of quantifying ITS benefits at each of the selected demonstration sites was
accomplished through four tasks:

e conducted a state-of-the-practice literature search of related evaluation plans, including
TEA-21 ITS evaluation guidelines

e documented existing conditions at each demonstration site,

e conducted meetings with TXxDOT and ODOT representatives to identify their evaluation
objectives, and

e Dbased on discussions with site demonstration DOT’s, WTI developed an evaluation
methodology and plan which was presented to the TAC in the spring of 2002 at the Rural
ITS conference in Monterrey, CA. Based on the TAC comments, the evaluation
objectives were refined and evaluation scope of work prepared.

7.1.1.  Evaluation Objectives

It is anticipated that if the rural ITS project were successful at the test site, similar projects would
be introduced and implemented regionally and nationally. Therefore, the objective of these
evaluation projects was to determine whether the deployed systems were a good investment.
Specifically, each evaluation intends to answer the following questions:

e Is the overall safety improved, in terms of reduction in incident detection time and
accident frequency?

e Is the overall mobility improved, in terms of decreased travel time delay and/or better
customer satisfaction?

e Isthe overall efficiency improved, in terms of increased throughput or effective capacity?
e Isthe overall productivity improved, in terms of cost savings?

e Isthe information provided to DOT maintenance personnel valuable in their operations?
e Are motorists responding to the information presented to them?

e Are the technologies accurate, reliable, and easy to use?

7.1.2. Evaluation Plan

Based on the TEA-21 ITS evaluation guidelines, it was envisioned that the following tasks will
be conducted as a part of each evaluation. These tasks are described below.

Task 1: Project Management
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Critical to the success of this and any project is the development of an appropriate project scope
to provide initial direction and ongoing guidance for the evaluation team. This task covers
overall project management activities that may assist in promoting communication between
project sponsors and the evaluation team.

Task 2: Safety Data Analysis

The purpose of the safety data analysis is to determine whether the implemented systems
improve the overall safety at the deployment site. Relevant data will be collected from the DOT
maintenance residency for the before/after comparison. If enough data are available, the
hypothesis that the ITS system significantly improves the overall safety of the site will be tested,
using speed studies or other appropriate studies for the site.

Task 3: Mobility Data Analysis

The purpose of the mobility data analysis is to determine whether the implemented ITS system
improves the overall mobility at the deployment site. Travel time delay data will be collected
from the DOT maintenance residency for the before/after comparison. Should such data be not
available, the change in travel time delay perceived by customers will be collected from a
motorist survey or other appropriate tool.

Task 4: Efficiency Data Analysis

The purpose of the efficiency data analysis is to determine whether the implemented ITS system
improves the overall efficiency at the deployment site. Throughput or effective capacity data
will be collected from the DOT maintenance residency for the before/after comparison.

Task 5: Cost Savings Analysis

The purpose of the cost savings analysis is to determine whether the implemented ITS system
improves the overall productivity at the deployment site. The cost of this implemented ITS
system will be compared to traditional system designed to address the same problem. Since there
can be significant liability exposure for non-action in the hazardous traffic situations, the saved
liability costs will be taken into consideration during the analysis.

Task 6: Maintenance Survey
Maintenance staff will be surveyed to determine what effects the real-time data had on
maintenance operations near the deployment site.

Task 7: Motorist Survey

Motorists will be surveyed to determine the perceived benefits and effectiveness of the system.
This survey will address questions concerning whether motorists noticed the signs and what
effect did this have on their behavior.

Task 8: Technology Assessment

The purpose of this task is to assess the accuracy, reliability, and easiness to use of technologies
applied in this deployment. Such information will be obtained through a combination of
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interviews with maintenance staff and hands-on operations by WTI staff. The reliability will
also be established through reviews of maintenance records.

Task 9: Final Report

This task will accumulate and summarize the key findings from earlier tasks as well as address
whether the initial goals and objectives of the project have been met and/or surpassed.
Recommendations for further applications will also be discussed.

The full evaluation plans for two projects are included in Appendices E and F.
7.2. Rural Travel Time Estimation System Evaluation

7.2.1.  Operational History

The Rural Travel Time Estimation System project was deployed in the spring of 2001. During
the initial first two months (March and April of 2001) of system operation, the system was
working and providing data. This data was used for some of the initial evaluation analyses.
After some initial adjustments in May and June, the system collected additional data for the
month of July (2001). After July 2001, the system failed to collect reliable data until the summer
of 2004. As discussed previously, the system has not provided reliable, consistent data, because
of variety of problems. These problems included system component failures, adjustment
problems with cameras, and software problems. The main problem that kept the system non-
functional for a long time was a faulty power supply model. The correct replacement part was
not received from the vendor for almost a year.

Once ODOT received the part, the system was not fully repaired for nearly another year. This
was due to the priorities of ODOT maintenance staff. ODOT maintenance staff attributed a low
priority to restoring the system, since it was not critical to the safe operation of their roadway
network, and there were a backlog of critical maintenance activities.

Since 2002, WTI and Portland State University (PSU) were on-hold waiting for the system
functionality to be restored to conduct travel time studies and other data. In the summer of 2004,
the system was finally repaired and functional, and PSU collected travel time data. Ironically,
during this data collection effort, the system failed to collect any data for the eastbound direction
on the second day.

Since the date of system turn on in March of 2001, the system has worked accurately for all
segments for only three out of forty months (less than 1% of the time). It is worth noting again
that for the field tests conducted in July 2004, the system was working on the first day, and failed
the second day of tests.

ODOT has indicated that they will remove the system once the study is completed, to avoid
further burdens on their maintenance staff. The reliability of the travel time system has been
marginal, and it has been difficult for ODOT to dedicate maintenance personnel to the system.
In conclusion, the inability of the system to work reliably greatly impacted the evaluation effort.

7.2.2.  Initial Analysis of Travel Time Data

This section contains an initial analysis of available system data. Data was available from
system archives for March, April, and July of 2001. The system was working reliably during
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this time period, shortly after it was installed. During the initial test phase of the system, the
system was operational for March and April of 2001. The system then went through some
modifications, and again was recording valid data for July 2001. After July 2001, the system did
not record valid data till the repairs were complete in the summer of 2004.

Unfortunately during this time of initial system installation, no travel time studies/real-time data
were collected. Thus a detailed comparative statistical analysis of the data cannot be made of
this initial data. However, a detailed analysis is presented for the system for data collected in
2004 later in the report.

7.2.2.1. Link Descriptions

The system has three camera sites and four defined links along the Salmon River Highway. Link
#1 is from Valley Junction to Otis, in the westbound direction. Link #2 is the corresponding link
in the eastbound direction. Links 1 & 2 were set-up as the long distance links, and the distance
between camera locations is approximately 22 miles. Links 3 & 4 are shorter links, from Otis
Junction to Lincoln City, a distance of approximately 3 miles. The camera site is located just
east of Lincoln City. Figures 16 and 17 show the corridor.
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Figure 16: Corridor Map for Links 1 & 2
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Figure 17: Corridor Map for Links 3 & 4
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7.2.3.  Sample System Data

The system records a variety of data for each car that passes, including the license plate
information. The data is stored in a SQL database, and for each record, includes

Numeric link Identification

Textual description of the link

Upstream site Identification

Downstream site ldentification

Calculated Standard Journey Time (SJT)

Current Average Journey Time (AJT) from the Matcher
Calculated delay time (AJT — SJT).

Calculated speed

For this analysis, the relevant data was the link identification, Date/time stamp, journey time, and
number of matches. A sample of the database output from the system is shown in Table 4. This

sample

shows data that was cleaned and sorted, i.e., data records with no matches were

eliminated, data records with results outside of normal parameters were eliminated, and the data
was sorted chronologically.

Table 6: Sample of Sorted Data Output from Travel Time System

March 1-31, 2001
Link ID | Date/Time Journey Time (minutes) | # matches | JT (sec)
1 3/1/2001 4:05 26.38 1 1583
1 3/1/2001 7:05 26.38 1 1583
1 3/1/2001 7:09 26.38 1 1583
1 3/1/2001 7:11 26.38 1 1583
1 3/1/2001 7:33 26.38 1 1583
1 3/1/2001 7:39 26.38 1 1583
1 3/1/2001 7:45 26.38 1 1583
1 3/1/2001 7:53 26.38 1 1583
1 3/1/2001 7:55 26.38 1 1583
1 3/1/2001 7:57 24.47 1 1468
1 3/1/2001 8:01 24.47 1 1468
1 3/1/2001 8:05 25.05 2 1503
1 3/1/2001 8:15 23.98 1 1439
1 3/1/2001 8:21 25.42 3 1525
1 3/1/2001 8:41 26.38 1 1583
1 3/1/2001 8:59 23.03 1 1382
1 3/1/2001 9:05 24.82 1 1489
1 3/1/2001 9:09 25.42 1 1525
1 3/1/2001 9:13 24.30 1 1458
1 3/1/2001 9:15 24.42 1 1465
1 3/1/2001 9:21 24.55 1 1473
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Figure 18 shows a plot of the travel time information for March 2001, for Link #1.

show the fluctuations in travel time over the month.
Figure 18: Sample Plot of Travel Time Data for March 2001

The plots
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7.2.4.  Data Results for Link 1, Valley Junction to Otis (westbound)

This section summarizes the results of the available data for Link #1 from March, April and July
of 2001. Table 7 shows a summary of the average daily traffic volumes compared to the match
data collected by the system. For March 2001, the total number of vehicles traveling westbound
was 286,161. Out of this pool of vehicles, the system matched 13,499 vehicles traveling from
camera site A to camera site B, which equates to a 4.7% match rate and about 435 matches per
day during March. Table 7 summarizes the same information for April and July 2001.

Table 7: Traffic and Match Summary for Link #1

March 2001 Link #1 |

Total | Westbound | Total WB for March
ADT 18521 9231 286161
# records 6418.0
# matches 13499.0 4.7%
# matches/day 435.45

April 2001 Link #1

Total | Westbound | Total WB for April
ADT 18005 8924 267720
# records 6467
# matches 11386 4.3%
# matches/day 379.53
July 2001|Link #1
Total | Westbound | Total WB for July
ADT 21809 10842 336102
# records 3782
# matches 8290 2.5%
# matches/day 267.42

Table 8 summarizes that travel time data statistics for Link #1. The table shows the average,
median, mode, maximum, and minimum speeds for the link during each of the three months.
The “average normal” statistic shows the travel time calculated removing any travel delays from
the calculations, i.e. free flow conditions.

The typical travel time for Link #1 is 1,500 seconds or 25 minutes, equaling an average speed of
52.8 mph along the link. The average speed calculated by the system during normal traffic flows
was 52. 6 mph for March, 53.0 mph for April, and 52.5 mph for July, which closely replicates
the expected travel speed.
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Table 8: Summary of Link Statistics for Link #1

Link 1, Valley Junction to Otis (westbound)

March [Journey Time Statistics

2001 seconds |minutes |hours [speed (mph)
Average 1534.9 |25.58 043 [51.6
Median 1526.5 [25.45 0.42 [51.9
Mode 1583.0 |26.38 0.44 |50.0
Max 2188.0 [36.47 0.61 [36.2
Min 1327.0 |22.12 0.37 |59.7

IAvg "normal” 1506.4 [25.11 0.42 |52.6

April  Journey Time Statistics

2001 seconds |minutes |hours |speed (mph)
IAverage 1519.9 [25.33 0.42 [b2.1
Median 1511.0 [25.18 0.42 [52.4
Mode 1583.0 [26.38 0.44 [50.0
Max 2630.0 }43.83 0.73  [30.1
Min 1293.0 [21.55 0.36 [61.3

Avg "normal"  ]1494.3  [24.91 0.42 |53.0

July Journey Time Statistics

2001 seconds |minutes |hours |speed (mph)
Average 1527.7  |25.46 0.42 [51.8
Median 1528.0 [25.47 0.42 [51.8
Mode 1583.0 [26.38 0.44 50.0
Max 1798.0 [29.97 0.50 44.0
Min 1111.0 [18.52 0.31 [71.3

Avg "normal”  [1508.6  [25.14 042 |52.5

7.2.5.  Data Results for Link 2, Valley Junction to Otis (eastbound)

This section summarizes the results of the available data for Link #2 from March, April and July
of 2001. Table 9 shows a summary of the average daily traffic volumes compared to the match
data collected by the system. For March 2001, the total number of vehicles traveling eastbound
was 288,021. Out of this pool of vehicles, the system matched 17,450 vehicles traveling from
camera site B to camera site A, which equates to a 4.7% match rate and about 432 matches per
day during March. Table 9 summarizes the same information for April and July 2001.
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Table 9: Traffic and Match Summary for Link #2

March 2001 Link #2 |
Total |Eastbound 'Total EB for March

ADT 17450 (9291 288021
# records 7023

# matches 13410 4.7%

# matches/day 432.58

April 2001 Link #2
Total |Eastbound Total EB for April

ADT 18005 (9082 272460
i records 7165

# matches 13103 4.8%

# matches/day 422.68

July 2001 Link #2
Total |Eastbound Total EB for July

ADT 21809 |10968 340008
# records 2909

# matches 5669 1.7%

# matches/day 182.87

Table 10 summarizes that travel time data statistics for Link #2. The typical travel time for link
#2 is 1,500 seconds or 25 minutes, equaling an average speed of 52.8 mph along the link. The
average speed calculated by the system during normal traffic flows was 52.9 mph for March,
53.2 mph for April, and 52.9 mph for July, which closely replicates the expected travel speed.

Table 10: Summary of Link Statistics for Link #2

Link 2, Otis to Valley Junction (eastbound)

March [Journey Time Statistics

2001 seconds  |minutes  |hours [speed (mph)
IAverage 1526.1 25.43 0.42 51.9
Median 1519.0 25.32 0.42 52.1
Mode 1583.0 26.38 044  [50.0
Max 1993.0 33.22 0.55 39.7
Min 717.0 11.95 0.20 110.5
IAvg "normal” 1496.0 24.93 0.42 52.9
April  [Journey Time Statistics
2001 seconds |minutes |hours [speed (mph)
I/Average 1521.8 25.36 0.42 52.0
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Median 1513.0 25.22 0.42 52.3
Mode 1583.0 26.38 0.44 50.0
Max 3415.0 56.92 0.95 23.2
Min 570.0 9.50 0.16 138.9
IAvg "normal” 1487.9 24.80 0.41 53.2
July Journey Time Statistics
2001 seconds |minutes |hours |speed (mph)
I/Average 1516.4 25.27 0.42 52.2
Median 1507.0 25.12 0.42 52.6
Mode 1583.0 26.38 0.44 50.0
Max 3355.0 55.92 0.93 23.6
Min 1303.0 21.72 0.36 60.8
IAvg "normal" 1496.3 24.94 0.42 52.9
7.2.6.  Data Results for Link 3, Otis to Lincoln City (westbound)

This section summarizes the results of the available data for Link #3 from March, April and July
of 2001. Table 11 shows a summary of the average daily traffic volumes compared to the match
data collected by the system. For March 2001, the total number of vehicles traveling westbound
was 135,237. Out of this pool of vehicles, the system matched 23,183 vehicles traveling from
camera site B to camera site C, which equates to a 17.1% match rate and about 747 matches per
day during March. Table 11 summarizes the same information for April and July 2001.
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Table 11: Traffic and Match Summary for Link #3

March 2001 Link #3

Total |[Westbound

Total WB for March

ADT 8725 14362.5 135237.5
# records 0346

# matches 23183 17.1%

# matches/day 747.84

April 2001 Link #3

Total [Westbound

Total WB for April

ADT 9003 4501 135038
# records 8777

# matches 18479 13.7%
# matches/day 615.97

July 2001 Link #3

Total |[Westbound

Total WB for July

ADT 10905 (5452 169020
# records 2909

# matches 5669 3.4%

# matches/day 182.87
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Table 12 summarizes that travel time data statistics for Link #3. The posted speed limit travel
time for link #3 is 215 seconds or 3.6 minutes, equaling an average speed of 40 mph along the
link. The average speed calculated by the system during normal traffic flows was 47.1 mph for

March, 47.4 mph for April, and 46.6 mph for July.

Table 12: Summary of Link Statistics for Link #3

Link 3, Otis to Lincoln City (westbound)

March  Journey Time Statistics
2001 seconds minutes  |hours  [speed (mph)
/Average 189.9 3.16 0.05 45.5
Median 184.0 3.07 0.05 47.0
Mode 215.0 3.58 0.06 40.2
Max 782.0 13.03 0.22 11.0
Min 145.0 2.42 0.04 59.6
IAvg "normal” 183.5 3.06 0.05 47.1
1515159.5
April Journey Time Statistics
2001 seconds minutes hours  [speed (mph)
Average 185.0 3.08 0.05 46.7
Median 183.0 3.05 0.05 47.2
Mode 215.0 3.58 0.06 40.2
Max 256.0 4.27 0.07 33.8
Min 143.0 2.38 0.04 60.4
IAvg "normal” 182.3 3.04 0.05 47.4
July Journey Time Statistics
2001 seconds minutes hours  [speed (mph)
I/Average 190.1 3.17 0.05 45.4
Median 187.0 3.12 0.05 46.2
Mode 215.0 3.58 0.06 40.2
Max 333.0 5.55 0.09 25.9
Min 136.0 2.27 0.04 63.5
IAvg "normal” 185.6 3.09 0.05 46.6
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7.2.7.  Data Results for Link 4, Otis to Lincoln City (eastbound)

This section summarizes the results of the available data for Link #4 from March, April and July
of 2001. Table 13 shows a summary of the average daily traffic volumes compared to the match
data collected by the system. For March 2001, the total number of vehicles traveling eastbound
was 135,237. Out of this pool of vehicles, the system matched 32,194 vehicles traveling from
camera site C to camera site B, which equates to a 23.8% match rate and about 1,038 matches
per day during March.

Table 13 summarizes the same information for April and July 2001.

Table 13: Traffic and Match Summary for Link #4

March 2001 Link #4
Total |Eastbound Total EB for March

ADT 8725 14362.5 135237.5
# records 11738

# matches 32194 23.8%

# matches/day 1038.52

April 2001 Link #4
Total |Eastbound Total EB for April

ADT 9003 14501 135038
# records 11374

# matches 28693 21.2%
# matches/day 956.43

July 2001 Link #4
Total |Eastbound [Total EB for July

ADT 10905 [5452 169020
# records 4024

# matches 10819 6.4%

# matches/day 349.00
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Table 14 summarizes that travel time data statistics for Link #4. The posted speed limit travel
time for link #3 is 215 seconds or 3.6 minutes, equaling an average speed 0f40 mph along the
link. The average speed calculated by the system during normal traffic flows was 49.4 mph for
March, 47.4 mph for April, and 48.8 mph for July.

Table 14: Summary of Link Statistics for Link #4

Link 4, Lincoln City to Otis (eastbound)
March Journey Time Statistics
2001 seconds minutes hours  |speed (mph)
Average 181.0 3.02 0.05 47.7
Median 176.0 2.93 0.05 49.1
Mode 215.0 3.58 0.06 40.2
Max 642.0 10.70 0.18 13.5
Min 115.0 1.92 0.03 75.1
Avg "normal” 174.9 2.92 0.05 49.4
April Journey Time Statistics
2001 seconds minutes hours  |speed (mph)
Average 185.0 3.08 0.05 46.7
Median 183.0 3.05 0.05 47.2
Mode 215.0 3.58 0.06 40.2
Max 256.0 4.27 0.07 33.8
Min 143.0 2.38 0.04 60.4
IAvg "normal” 182.3 3.04 0.05 47.4
July Journey Time Statistics
2001 seconds minutes hours  |speed (mph)
IAverage 180.4 3.01 0.05 47.9
Median 178.0 2.97 0.05 48.5
Mode 176.0 2.93 0.05 49.1
Max 215.0 3.58 0.06 40.2
Min 137.0 2.28 0.04 63.1
Avg "normal” 176.9 2.95 0.05 48.8

7.2.8.  Initial Analysis of Incident Data

WTI analyzed incidents reported during March and April of 2001. There were six incidents
recorded by ODOT. A prior analysis of the system data for March and April 2001 revealed that
the system was functioning, and reporting data. For each of the six reported incident dates, we
present information on the incident and how the system was reporting travel times during the
time of the incident.
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7.2.8.1. March 8, 2001

The incident occurred at milepost 20, near Grande Ronde. The incident was called in at 7:06 am,
and was declared cleared at 10:19 am. The incident involved a pick-up truck that hit a pole off
the side of the road.

The system showed no measurable delay for either Link 1 (WB) or Link 2 (EB).

7.2.8.2. March 13, 2001

The incident occurred at milepost 19.5, near Grande Ronde. The incident was called in at 7:36
am, and was declared cleared at 9:28 am. The incident involved a car fire, and the notes
indicated that the road had to be shut down.

The system showed some moderate delays for Link 2, (EB) as shown in Figure 19. The peak
delay was 130 seconds (about 2 minutes) at 8:07 am. Link 1 (WB) showed no delay.

March 13, 2001 Link 2 (EB)

= Recorded Travel Time

1500 | —/\ /- T\ Average Travel Time

Seconds

Figure 19: Delay data for March 13, 2001 Link 2 EB

7.2.8.3. March 19, 2001

The incident occurred at milepost 3, near Bear Creek. The incident was called in at 3:07 pm, and
was declared cleared at 4:30 pm. The incident involved one car, which was reported to be
partially blocking the eastbound lane.

The system showed some moderate delays for Link 1 (WB), as shown in Figure 20. The peak
delay was 150 seconds (about 2-1/2 minutes) at 2:58 pm. Link 2 (EB) showed no delay.
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Figure 20: Delay Data for March 19, Link1 WB

7.2.8.4.

March 26, 2001

The incident occurred at milepost 20, near Grande Ronde. The incident was called in at 1:51 pm,
and was declared cleared at 3:14 pm. The incident involved three cars heading westbound, and
there was glass/debris on the roadway.

The system showed some significant delays for Link 1 (WB), as shown in Figure 21. The peak
delay was 688 seconds (over 11 minutes) at 2:12 pm. Link 2 (EB) showed some moderate
delays. The system showed that normal travel times did not return till after 5 pm. For this week,
traffic volumes were heavier than normal because of spring break.
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Figure 21: Delay Data for March 26, 2001, Link 1 WB
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7.2.8.5. April 9, 2001

The incident occurred at milepost 14, near the forest corridor boundary. The incident was called
in at 6:56 am, and was declared cleared at 8:10 am. The incident involved one car off the
eastbound side of the highway, and several cars were reported to stop and help.

The system showed some moderate delays for Link 2 (EB). Link 1 (WB) showed no delay.

7.2.8.6. April 16, 2001

The incident occurred at milepost 3, near Bear Creek. The incident was called in at 7:18 am, and
was declared cleared at 10:38 am. The incident involved a tractor-trailer that fell on its side
blocking the EB lane.

The system reported some interesting results for April 16™. During the reported time of the
incident, the system recorded moderate delays for both EB and WB traffic. A plot of Link 2
(EB) is shown in Figure 22.

April 16, 2001 Link 2 (EB) Travel Time
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Figure 22: Delay Data for April 16, 2001, Link 2 EB

However, in the afternoon of April 16™, very significant delays were recorded in both directions.
Figure 23 shows the delay for Link 1 (WB), which peaked at almost 19 minutes at 1:52 pm. This
is well after ODOT reported the incident cleared, and no other incidents were listed. However,
discussions with ODOT staff indicate that the truck was towed from the site in the afternoon,
corresponding with the system delays.
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Figure 23: Delay Data for April 16, 2001, Link 1 WB

Recorded data for the EB travel time was very similar.

7.2.9.  Comparative Travel Time Analysis

Portland State University, under contract to WTI, conducted a travel time analysis of the license
plate recognition system. The travel time analysis compared the actual speed of vehicles
traveling the study segments versus the reported speed of travel from the system. The study used
the floating car method, where the study vehicles travel in a platoon at the speed of normal
traffic. This travel time analysis will provide a direct comparison of real travel speeds versus
system results.

The results of the PSU analysis are summarized below. The full report is contained in Appendix
G.

7.2.9.1. Comparative Travel Time Data Collection

Two days were selected for validation of the Rural Travel Time Estimation System: Sunday, July
13, 2003 and Friday, July 2, 2004. The validation days were chosen because of the anticipated
high volumes of traffic accessing the Oregon coast on summer and holiday weekends. The
research team desired to study the Travel Time Estimation System with variable corridor travel
times. However, on both days it turned out that there was minimal congestion in the study
corridor (delays were noticed to the west of the study corridor on both days). Due to technical
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problems with the Frontier system on the second travel day, only the westbound cameras were
operational. Therefore all data presented for July 2, 2004 only includes the westbound direction.

As an integral part of the evaluation, ODOT provided the research team with output from the
Frontier system for the study days. The system compiles a set of variables including date, time,
site ID, link ID (delineated as one to four depending on which of the four link trips the camera is
recording), number of matched tags the cameras record from camera to camera, average travel
time between sites, number of tags the cameras identify from the link within the two minute time
period, and number of flags. The data used in this analysis were exported from the system in
comma-separated format files making it easily configurable for spreadsheet software.

7.29.2. Probe Vehicle Data

The number of probes required to obtain the minimum sample-size to obtain reliable, unbiased
estimates was determined. On July 13, 2003, six probe vehicles were used and on July 2, 2004
seven vehicles were used. Each test car drove from Lincoln City to Valley Junction and Valley
Junction to Lincoln City, twice on both days. Probe vehicles left the initial starting point at
approximately 10-minute headways.

On Day 2, only westbound data was collected because only the westbound cameras were in
operation. While gathering data, the probe vehicles followed standard probe vehicle instructions
by traveling at normal travel speeds.

Four (Day 1) or five (Day 2) probe vehicles were equipped with Palm OS handheld computer
units equipped with Global Positioning System (GPS) receivers and the ITS-GPS software
developed at Portland State University. On both days, two additional vehicles were equipped
with laptop computers using CoPilot navigation software and GPS receivers. The GPS data
collection devices were programmed to record date, time, time elapsed between readings,
latitude, longitude, distance in miles traveled since last reading, and vehicle miles per hour at
three-second intervals. An example of a data set is shown in Figure 24.

These time-stamped probe vehicle locations were used to construct trajectories (on a time-
distance plane) for each vehicle run during the field experiments.

Date GVIT  |Fxed Time |Hapsed |Latifude  |Longtude  [Dist Mile Ve mitr |Oist KM | Totd Distance |Fixed Cistance
200407.02 | 232751 152751 46.06742) 12357414 00436420 52260196 0.070076 0 0
20040702 | 232754 15274 4506729 12357501 0.043441) 52120488) 0.069914 0043441] 0045236167
20040702 | 232757 152757 4506714 12357509 004423 53068072 0071173 0087654  0.09128665
2004.07.02 | 232800 152800 45.00607) -12357679] 0.045612) 54.613822) 0.073246 0.133176)  0.138679300)

[ds] [as] %] (4]

Figure 24: Sample Data Set

Subsequent to the field experiments, the data were retrieved from the Palm devices and the
laptop computers and assembled in a spreadsheet for data cleaning and statistical analysis. The
distance between each point was calculated using the spherical geometry method. Upon review
of the data, it was found that for some sections of the study corridor, the GPS devices lost a
satellite and did not record location information. The device would attempt to gather data every
three seconds until a satellite fix was re-established. As a result, total distances calculated for the
trip did not match the measured road distance for a few trips.
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Since the location information recorded by the GPS units is the distance between points as a
straight line, the distances were interpolated accordingly throughout the data sets. For example,
the total distance between the cameras was 25.4 miles but a probe vehicle only recorded 24.4
miles due to the GPS unit readings. The error was distributed among each of the data points for
the trip using the following equation:

Interpolated Distance = Distance between readings*(25.4/total distance measured
by GPS unit)

Test vehicle trajectories (plots of vehicle location versus time) like those shown in the previous
figures were used to measure variations in speed and travel time for the probe vehicles.

7.2.9.3. Analysis of Comparative Travel Time Data

In order to compare the probe vehicle data and the system predicted travel time data, they were
plotted using a time-space diagram for each study day and direction. These are shown in Figure
25 through Figure 32, where the x-axis is time and the y-axis is the distance along the highway.
The predicted travel time between each camera is shown for departure time of each vehicle as a
dashed line. In this case, the trajectory will always be straight line between camera locations,
since no intermediate travel information is known. The slope of the line indicates the average
travel speed for the corridor. For the study days, the Frontier system’s average predicted travel
times were 29 minutes for east and westbound on the first day and second day. The average
predicted speed for all trips was approximately 51 mph. The probe vehicle trajectories were
plotted knowing the vehicles’ locations and time stamp every three seconds. Since the conditions
were generally freely-flowing, the trajectories of the probe vehicles look almost identical to the
Frontier system’s predicted trajectories. If delay had been present, the probe vehicle trajectories
would have varied over time. These figures demonstrate the close similarity between most of the
system’s predicted travel times and actual probe vehicle travel times for the days analyzed.
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Figure 32: Day 2: Comparison Westbound, Total

Further statistical analysis was conducted to test the similarities between the mean trip time for
each group of probe vehicle trips with the mean of the system predicted travel time using all
times between the first and last probe vehicle departure. The summary statistics for westbound
trips are shown in Table 15 and eastbound in Table 16. Since the Frontier system’s output
occurs about every 3 seconds, the n value for the system is larger than for the probe vehicles.
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Table 15: Summary Statistics Westbound

‘Westhound

Day 1 Day 2
Trip 1 Trip 2 Trip 1 Trip 2
Probg Vehicles Cameras Probe Vehicles Cameras Probe Vehicles Cameras Probe Vehicles Cameras
i 7 16 7 26 il 14 i} 13
Mean 28:42 29:39 28:19 29:12 28:34 2843 28:32 2821
Standard Deviation 00:38 0o:37 01:08 00:28 00:23 00:36 00:40 00:45
Confidence Interval 00:28 0018 00:49 00:10 00:18 0019 00:32 00:25

Table 16: Summary Statistics Eastbound

Eastbound
Day 1
Trip 1 Trip 2
Probe Vehicles Cameras Probe Vehicles Cameras
n 6 13 6 12
Mean 28:26 28:40 28:45 28:59
Standard Deviation 00:19 00:50 00:35 00:22
Confidence Inferval 00:15 00:27 00:28 00:12

The means were then plotted with each 95% confidence interval as shown in Figure 33. The
various trips are defined by the groupings of probe vehicle departures. For example, in Figure 33,
all probe vehicles departing from 15:00 to 15:30 are considered a trip. The results show that in
all cases except for Day 2, Trip 1, the means are not significantly statistically different because
there is some overlap between the probe vehicle and Frontier system travel time confidence
intervals. Although there are some differences in the system’s ability to predict shorter trips as
mentioned below, the system is effective predicting the total 25.4 mile corridor trip.
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Figure 33: Means and Confidence Intervals for Probe Vehicle and Predicted Travel Times

Closer examination of the differences between the Frontier system predicted travel times and
probe travel times reveals that errors for the shorter and longer segments are different. The plot
in Figure 34 (a) shows travel time difference (predicted — probe vehicles) that the Frontier
system generally predicted longer travel times than observed by the probe vehicles for the
segment 1 (3.15 miles). The Frontier system predictions were a maximum of 56 seconds greater
than the probe vehicle times and were consistent longer for all probe comparisons. However, for
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the longer segment 2 (22.25 miles), the system predicted a shorter time than all but one of the
probe vehicle trips (Figure 34 (b)). For segment 2, the maximum difference of the system
predicted times and the probe was 58 seconds.
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Figure 34: Difference between Probe Vehicle’s Trip Times and Camera’s Predicted Trip
Times
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7.2.94. Comparative Travel Time Analysis Results

Based on a comparison of the mean travel times for the days examined, the Frontier Travel Time
system predicts trip times effectively for the total 25.4 mile trip based on only one of the six
comparisons being significantly statistically different. As for the short segments 1 and 2, the
cameras were also effective from a practical perspective.

7.2.10. Evaluation Conclusions

The purpose of this evaluation was to study the effectiveness of a travel time estimation system
on a rural Oregon highway. Specifically, researchers sought to determine if it the system could
produce accurate, reliable data for the purposes of keeping travelers informed of trip duration
and potential delays. For this evaluation, researchers analyzed data collected by the system,
including vehicle matches, travel time, travel speeds, and incident detection. To validate the
accuracy, a comparative analysis was conducted with data from probe vehicles.

Two main conclusions can be deduced from the evaluation of the travel time system. First, the
results of the preliminary analyses and the comparative travel time studies showed that when
working, the system produced accurate travel time results. The system is capable of:

e Detecting and matching vehicles

e Measuring travel time statistics

e Measuring travel speed data

e Documenting travel delays caused by incidents

The capabilities of the system were validated by the results of the field validation, which
indicated that the system is sufficiently accurate in predicting corridor travel times. Since the
analyses were performed while generally free flow traffic conditions prevailed, the results of this
field test have limited application. In general, however, it is shown here that the system can
reliably predict travel times within a minute, which is robust considering the length of the
corridor.

The second conclusion that must be drawn from this evaluation is that the potential capabilities
of this system were overshadowed by operational and maintenance concerns. The system was
non-functional for significant lengths of time due to initial system failures and ongoing repair
and adjustment needs. The operation and maintenance requirements of devices in rural areas
have a much greater impact on rural transportation districts. Rural transportation districts
typically have less staff covering a greater area than their urban counterparts. Further, the
introduction of the unique equipment for the travel time system required special skills to
maintain and operate, and this also placed an additional burden on maintenance staff.

Because the system (and therefore its data) was viewed as unreliable, ODOT was reluctant to use
or disseminate any of the system information to the public. Therefore, the system’s potential as a
public information tool has yet to be evaluated. Further research on travel time estimation
systems is recommended to produce longer-term data on technical reliability, as well as to
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incorporate the data into traveler information systems. Furthermore, these results underscore the
need for ITS research specifically tailored to the conditions and resources of rural areas.

7.3. High Water Level Sensor Project Evaluation

The objective of this project was to provide critical real-time warning of roadway flooding
conditions, both on-site to the motorists directly affected by the condition and remotely to
TxDOT - Fort Worth maintenance residency. This real-time warning was intended to generate
the lead-time necessary for maintenance/operations personnel to respond to the conditions and
determine the need for a road closure, or other corrective actions, to protect motorist safety.

7.3.1.  Operational History

The high water warning system was installed in the spring of 2001 by A-TEK. The system
consisted of the float sensors, controller cabinets, communications, and warning signs.
Additionally, the vendor installed a weather station with ice detection.

Initially, the system encountered problems due to communication inconsistencies, and also some
software conflicts. The vendor modified the location of the VHF antenna to improve the
communications, and the operating system software was upgraded to correct the software
conflicts.

In the fall of 2001, a severe storm passed through the Decatur area, and the District maintenance
facility was struck by lightning. The lightening caused significant damage to the system,
including burning out the power supply and serial ports of the central computer, as well as
modules and radios in the communications transceiver units at the central and repeater sites. The
vendor undertook repairs in the spring of 2002, and restored system functionality.

Since that time, the system has been working reliably. However, during the evaluation phase of
the project, from 2001-2004, that region of Texas experienced drought conditions. Thus, the site
did not experience any flood events during the project’s evaluation phase. This lack of flood
events hampered the evaluation effort.

7.3.2.  Weather Station Analysis

To evaluate the accuracy of the weather station at the bridge site, a comparative analysis of
weather data was conducted with a National Oceanic and Atmospheric (NOAA) weather station
at a nearby airport. Air temperature, wind speed, and relative humidity data were collected at
both sites on random days over a three-month period. Figure 35, Figure 36, and Figure 37 show
the relative results for each measurement.
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Comparison of Humidity

120
100 -

3. \,«VA/\//M/\[‘ I

40
20
0 rrrtrrrrrrrrrrrrrrrrrrrrrrrrr oo

Data
Collection
Days

Humidity (percent)

Data Collection Days

Figure 35: Correlation of Relative Humidity Data
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Figure 36: Correlation of Wind Speed Data
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Comparison of Air Temperature
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Figure 37: Correlation of Air Temperature Data

Researchers calculated the following correlation factors (R2) for the comparison data:

Relative Humidity: 0.827
Wind Speed: 0.746
Air Temperature: 0.953

Values greater than 0.7 are considered to show a strong degree of correlation; therefore the
results of the comparison validate the accuracy of the Frontier weather station. In addition, it is
important to note that the Frontier site is on a depressed (lower elevation) section of road that is
somewhat protected from weather conditions, while the NOAA airport site is located at a flat,
open location. These differences may account for some of the variance in the data collected.

7.3.3.  Summary of Maintenance Personnel Survey

WTI conducted an interview with several Wise County District Maintenance staff. The
interviews were conducted despite that fact that the system had yet to be triggered by a flood
event. To guide the interview process, WTI developed a questionnaire for maintenance
personnel. The questionnaire included questions regarding:

e When and how often maintenance staff accessed the system

e Usefulness of the information

e How information was specifically used/applied to their maintenance duties
e Accuracy of data compared to other sources

o Reliability of system

e System’s ease of use
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e Driver/public comments received by staff regarding system

The entire, 3-page survey tool is shown in Appendix H. However, because of the lack of a
flooding event, TXDOT requested that WTI not distribute a written survey. Instead, each staff
person was invited to participate in a discussion on the project, and the survey questions were
used to guide the discussion.

The following represents of a summary of the comments received.

Overall
e They like the system concept and operation.

e During flooding events in the past, they had to station maintenance personnel at the site
to divert motorists.

e During storm events in the past, they had maintenance personnel drive by the site every
30 minutes to check for flooding.

e The system does save maintenance personnel time and effort.
e The weather station has been accurate.

e Initial system had PC stability problems on TxDOT network until vendor upgraded to
Win XP.

e The system notification set-up (pager) works well.
e They rely on the weather station to plan for crew dispatch.

e They would like to have more weather stations and flood warning systems in their
maintenance district.

e They perform preventative maintenance once a month on the system.
e They would like the addition of a video camera at the site for visual confirmation.

e They are cautious about the concept of using automated gates, although would consider it
with video.

e Lightening protection initially was inadequate, but has been upgraded.
e Vandalism: solar panel was damaged by tossed beer bottle, and VHF antenna was shot.
e Would like system to provide e-mail notification in addition to pager

e Concern over battery life of only 3 days without solar feed, would like to see longer life.

7.3.4. Recent Flood Event

In 2004, the North Texas region experienced the wettest month of June in recent memory. For
over two weeks heavy storms created flooding on several roadways in Jack, Johnson, Parker, and
Wise counties.

On Tuesday night June 8", 2004 a very heavy rain over Wise County caused water to rise over
several roads and the monitored section of FM-3259 was flooded. Logs for the Central and the
Client computers indicate the low sensor detected water rising at 5:43 AM. At 5:44 AM, the
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yellow flashing beacon for the advisory sign turned on. Eight minutes later, at 5:51 AM, the
detector at the road surface level detected the rapidly rising water and changed the advisory
message to a warning message. The “Do not Enter / High Water” message with a red flashing
beacon activated at 5:52 am.

The maintenance crew, which came to close the manual gates, noticed the warning from a
distance away. “The system was good and has performed in a timely fashion. We are looking
into installing another station at a crossing known to flood frequently”, said Decatur area
engineer Bill Nelson.

7.3.5. Recent Ice Detection Event

During the last week of December, 2004, north Texas experienced some cold weather days with
night-time temperature drops below freezing. On December 22, 2004 at 6: 34 PM, the US-380
bridge’s pavement temperature dropped down to 34 degrees and, with light rain over the area,
the Ice Alert Alarm went off for the first time.

The weather station generated a lot of excitement during ice storm response operations this year.
Our inclement weather team saw the Ice Alert notification light and was impressed with the
system’s accuracy and timeliness. Randy Bower, the district maintenance assistant director
comments that we should contact Brownwood district and install this kind of weather station to
help response personnel answer the high volume of citizen phone calls about condition on
interstate 20 at Ranger Hill.
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8. CONCLUSIONS

The following section summarizes the conclusions and lessons learned from the FRONTIER
project. This section includes a discussion on the overall project hypothesis, a comparison of
evaluation objectives and results, lessons learned, and future issues for consideration.

8.1. Overall Project Hypothesis
The main hypothesis for this study was:

“The primary intent of this project is to prove that advanced
technologies can be successfully transferred to rural
environments.”

Based on this study’s results, applying proven applications of ITS technologies in the rural
environment can be successful, and provide many benefits to the district and their customers.
However, rural districts should be cautious in applying new, unproven technologies in the rural
environment.

Basically, there were two different ITS applications for this study. The license plate reading
based travel time system, at the time of deployment, was the only one of its kind in the U.S. The
initial research showed that there were only a few vendors that could even build the system, and
some vendors would require creation of new technologies/systems. The travel time system had
maintenance issues for the duration of the study, and basically was fully operational for only
several months over a three year period. Rural districts generally lack the manpower and other
institutional resources to provide ongoing, high maintenance support to new technologies.

Conversely, the high water warning system was an application that was applied successfully in
the urban environment in Texas and other states. Thus, it was taking a tested system and
applying it in a new environment. The system was reliable and functioned well.

8.2. Project Evaluation Objectives
The following tables summarize the results of the study compared to the initial evaluation
objectives.

8.2.1.  Travel Time System

Overall, the travel time system did not meet the stated evaluation objectives because of the
reliability challenges. However, when working, the system did produce good data. A summary
of the evaluation objectives and results is presented in Table 17.
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Table 17: Travel Time System Evaluation Objectives and Results
Travel Time Estimation System
Evaluation Query Result
Are the technologies reliable, accurate, and | The system was not reliable,

easy to use?

functioning less than 1% of the
time during the evaluation period.
Even when functioning, the system
was prone to not providing data for
all segments.

When it did function properly, the
system produced reasonable results.
ODOT staff found the maintenance
of the systems difficult.

ODOT staff found the central
software portion of the system easy
to use.

Is the overall safety improved, in terms of
reduction in incident detection time and
frequency?

When functioning, the system could
be used to detect incidents.
However, ODOT indicated that cell
phone calls and other means would
report the incidents faster and more
reliably than the system.

Is the overall mobility improved, in terms
of decreased travel time delay and/or better
customer satisfaction?

The system has the potential to
improve mobility by providing the
information to the traveling public
that could allow motorists to make
choices on routes and departure
times. However, ODOT was
justifiably reluctant to post this
information  because of the
reliability and accuracy issues. So,
during the evaluation period, the
system did not improve mobility or
enhance customer satisfaction.

Is the overall efficiency improved, in terms
of increased throughput or effective
capacity?

The system has the potential to the
efficiency of roadway operations,
but this was not realized during this
evaluation.

Is the overall productivity improved, in
terms of cost savings?

No.

Is the information provided to the ODOT
maintenance personnel valuable in their
operations?

No.

Are motorists responding to the travel time
information presented to them?

System information was
presented to motorists.

never
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8.2.2.  High Water System

Overall, the high water warning system did meet the stated evaluation objectives, and TXxDOT
was satisfied with the system performance. Unfortunately, because of the drought, full
evaluation of the system could not be completed. A summary of the evaluation objectives and
results is presented in Table 18.

Table 18: High Water Warning System Evaluation Objectives and Results

High Water Warning System

Evaluation Query

Result

Is the overall safety improved, in terms of
reduction in detection time and accident
frequency?

Yes, anecdotal information from
TxDOT and studies of other high water
warning systems show that the system
reduces the potential for incidents.

Is the overall mobility improved, in terms of
decreased travel time delay and/or better
customer satisfaction?

Yes, TxDOT indicated that by
providing the information more quickly
to the public, motorists can make the
necessary changes to their routing
sooner.

Is the overall efficiency improved, in terms of
increased throughput or effective capacity?

Yes, the efficiency of the surrounding
roadway network is improve by alerting
motorists of the closed roadway, so
motorists can make more informed
routing decisions.

Is the overall productivity improved, in terms
of cost savings?

Yes, TxDOT personnel saved time by
utilizing the information from the
system.  The system reduced the
number of trips personnel had to make
to the site.

to TxDOT
their

Is the information provided
maintenance personnel valuable in
operations?

Yes, TxDOT maintenance personnel
used the information form the system to
guide their maintenance activities.

Are motorists responding to the information
presented to them?

Yes, TxDOT staff indicated
motorists responded to the signs.

that

Are the technologies accurate, reliable, and
easy to use

Yes, once system upgrades were
installed TxDOT personnel found the
system easy to use, and the data was
accurate.
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8.3. Lessons Learned

The following section summarizes the lessons learned from the project. The lessons learned
include discussion on system accuracy, reliability, deployment, maintenance, usefulness, and
potential enhancements. The section is organized in a question and answer format to be more
useful to DOT’s consider these applications and their implications.

8.3.1.  System Accuracy
Did the Travel Time system collect enough license plate matches to be accurate?

Other research has identified a 5% guideline as needed to provide consistent real time
information on traffic flow (Chen, M. and S. Chien, TRB, 2000). As shown in Table 19, the
Travel Time system identified and matched less than 5% of the traffic volume on the long
segment between Valley Junction and Otis (22 miles).

Table 19: License Plate Match Rate for Segment 1 (Valley Junction to Otis)

Time Period Segment 1 | Segment 1
Westbound Eastbound

March 2001 4.7% 4.7%

April 2001 4.3 4.8%

July 2001 2.5% 1.7%

For the shorter segment between Otis and Lincoln City (3 miles), the system identified and
matched well over 5% of the traffic volume, as shown in Table 20.

Table 20: License Plate Match Rate for Segment 2 (Otis to Lincoln City)

Time Period Segment 2 | Segment 2
Westbound Eastbound

March 2001 17.1% 23.8%

April 2001 13.7 21.2%

July 2001 NR NR

NR—data was not reported by the system for that segment

Thus, according to stated research guidelines from FHWA, the system did not match a high
enough percentage of license plates on the long segment.
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Did the Travel Time system report reasonable travel time estimates?

The results of the 2004 travel time and delay studies showed that the Travel Time system was
statistically accurate in 5 out of 6 study periods (83 %). If we also include the three other runs
on the second day where the Travel Time system failed in the eastbound direction, the success
rate drops to 5 out of 9 (55%).

The initial analysis of Travel Time data from 2001 showed that when working, the system
predicted travel time estimates consistent with the actual travel time along the corridor. The
mean speed through the corridor was consistently reported at about 53 mph for both directions.
The results of the initial analysis were confirmed by the data from July of 2004, as shown in
Table 21.

Table 21: Mean Speed Predicted by Travel Time System

Time Period Segment 2 | Segment 2
Westbound Eastbound

March 2001 52.6 mph 52.9 mph

April 2001 53.0 mph 53.2 mph

July 2001 52.5 mph 52.9 mph

July 2004 53.4 mph 52.9 mph

Thus, for periods of normal traffic flows, the system reported accurate travel time estimates.
How did the system respond to differing traffic conditions?

For the time periods that the system reported reliable data, WTI assessed the system’s ability
during known incidents. For March and April of 2001, ODOT had identified 6 major incidents
within the study area. A summary of the incidents and the systems reaction to them is presented
in Table 22
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Table 22: System Response to Incidents

Time Incident Type Delay Comment
measurement
March 8, | Truck hit utility | None Crash was in early morning, the
2001 pole-off roadway truck was off the road,
therefore no back-up may have
been present
March 13, | Car fire, partially | Yes, peak of 2 | The system showed travel time
2001 blocking roadway | minutes delays within 5 minutes of
incident
March 19, | One car crash, | Yes, peak of 2- | The system showed delay at
2001 partially blocking | 1/2 minutes time the incident was reported.
roadway
March 26, | Three car crash, | Yes, peak of | The system showed delay at
2001 partially blocking | over 11 minutes | time the incident was reported.
roadway
April 9,2001 | One car run off | No Early morning crash, and car
road was off the road, thee fore no
delay was present.
April 16, | Truck rollover | Yes, over two | The system showed delay 12
2001--AM blocking one lane | minutes minutes after the incident was
reported.
April 16, | Removal of truck | Yes, over 19 | The system showed delay at
2001—PM minutes time the incident was reported.

Did the High Water system collect accurate weather data?

To evaluate the accuracy of the weather station at the bridge site, a comparative analysis of
weather data was conducted with a National Oceanic and Atmospheric (NOAA) weather station
at a nearby airport. Researchers calculated the correlation factors (R?) for relative humidity,
wind speed, and air temperature data:

Relative Humidity: 0.827
Wind Speed: 0.746
Air Temperature: 0.953

Values greater than 0.7 are considered to show a strong degree of correlation; therefore the
results of the comparison validate the accuracy of the Frontier weather station.

Did the High Water system record accurate water levels?

The system only reached the water level sensors one time during the evaluation period, and
reported accurately at that time (June 2004). There is not enough data to support any accuracy
conclusions.
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8.3.2.  System Reliability
Was the Travel Time system reliable?

Since the date of system turn on in March of 2001, the system has worked accurately for all
segments for only three out of forty months (less than 1% of the time). It is worth noting again
that for the field tests conducted in July 2004, the system was working on the first day, and failed
the second day of tests. Thus, the system was not reliable nor was the data trusted by ODOT.

Was the High Water system reliable?

The High Water system, since the repair from the lightning strikes in the early part of 2002 has
functioned reliably. It has been operational 100% of the time since the repairs. TxDOT staff
trusts the system.

8.3.3.  Deployment
Were the projects deployed on schedule?

Both projects were not deployed on schedule. Both had delays in delivery of materials, and both
had initial software issues that delayed system start-up for several months. Anecdotally,
conversations with DOT’s indicate that delays related to software and communications issues are
common for ITS projects. How much delay, and how typical is a subject for further research.

Thus, DOT’s should be aware of and plan for delays in the start-up of ITS projects. DOT’s
should consider contractual arrangements that enforce and encourage on-time performance.

Was there a difference in the procurement process, and did it have an impact?

Because of the nature of the two projects, ODOT and TxDOT used different procurement
processes. The Travel Time system was new technology, only a few vendors were available,
none of which had any experience or history working with ODOT. In Texas, the HW system
had been deployed in urban environments, and TXDOT was able to procure through an approved
vendor list.

Simply, the vendor in Oregon was new to the region, and installing equipment new to the US.
The vendor in Texas was on a pre-qualified list, and was installing proven equipment albeit in a
different environment. Based on comments from ODOT and TxDOT staff, there was a
significant difference in the responsiveness of the vendors. TxDOT staff were satisfied with
their vendor, but ODOT staff were not satisfied. The TxDOT vendor had more of a vested
interest, because they were on the pre-qualified list and had to perform successfully to remain on
the list and compete for future projects. Although the ODOT vendor desired a successful project
for enhancing future work opportunities, the failure would not ruin other opportunities with
ODOQOT, since there were none.

8.3.4. Site Selection

Were the sites selected appropriate for evaluation?

Both sites had obstacles that affected the evaluation. Although both sites were appropriate for
placement of the systems, whether they were the most appropriate placement for evaluation of
the systems can be questioned.

Western Transportation Institute Page 85



Frontier Final Report Conclusions

First, the High Water site in Texas had a history of flooding, albeit it was limited and
inconsistent. Prior to its selection, the site had flooded six times in the previous ten years:

e May 16, 1989 — June 22, 1989

e October 20, 1993 — October 21, 1993
e May 12,1994 — May 16, 1994

e October 28, 1996

e February 21, 1997 — February 28,1997

Since the last occurrence in 1997, the site did not flood until the summer of 2004. This was
further exacerbated by a drought that hit the region for the last several years. Even without the
drought, the number of flood events that could have been reasonably expected was low.
Furthermore, the site did not have a history of any crashes related to flood events, which
eliminates any useful statistical before and after analysis of safety data. Thus, although TXDOT
benefited from the placement of the system in Decatur and found it useful, it was not the best
choice from an evaluation perspective.

Secondly, the site in Oregon required an extremely long segment (over 22 miles) to collect travel
time information. Prior to this evaluation project, most travel time systems were set-up on links
that ranged from % mile to 4 miles, and in urban areas with higher volumes. The project was
purposely set-up to have a shorter segment (3 miles) to compare to the longer segment, but the
long segment was just too long to reliably collect travel time information. Perhaps a more
rigorous analysis of expected match rates, in a test lab, would have provided information on the
distance limits of the system.

8.3.5.  Usefulness of Data
Were the data collected and reported by the systems useful?

ODOT indicated that the Travel Time system data, if reliable, would have been very useful to
them to provide to travelers for their TripCheck traveler information system. However, ODOT
was intent on building customer confidence in the reliability of the information on Tripcheck,
and did not trust the data from the TT system. The data would have provided travelers with
current conditions, and allowed them an informed choice of alternate routes or alternate
departure times.

TxDOT staff indicated that the weather data from the HW system data was useful to them.
TxDOT routinely utilized the weather station information during storm events. During the one
flood event, TXDOT used the information from the HW system

8.3.6.  System Enhancements

Based on comments from ODOT and TxDOT staff, below is a list of suggested enhancements
for the systems:

Travel Time system
e Improve system reliability

e Integrate system into Tripcheck (ODOT’s traveler information system).
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e For this system, the cameras had to placed over the road, which made maintaining the
cameras more difficult. Newer systems have cameras that can be placed on the side of
the road.

High Water system
e Integrate system into Ft. Worth ITS
e Provide e-mail notification
e Bolster lightning protection

e CCTV could be added to provide visual check. TxDOT stated that a low bandwidth
CCTV or even a camera that took snapshots at periodic intervals would be valuable.

e TxDOT has concerns over the potential use of automated gates.

8.4. Overall Conclusions

The two distinctly different results from these two projects suggest perhaps that the main
hypothesis was basically correct, but incomplete. Advanced technologies can be successfully
transferred to rural environments, if rural conditions, challenges, and resources are adequately
addressed in advance. Urban ITS applications can not be directly transferred to the rural
environment; they must be adapted to account for such factors as:

e remote locations

e significantly lower AADT

e technological infrastructure

e available staffing resources and expertise

e available fiscal resources to support testing and deployment delays

The FRONTIER project has helped to identify key factors that must exist to ensure successful
deployment of ITS technologies in a rural environment. The lessons learned will contribute to
the development of criteria for future rural deployments. This project underscores the need for
increased ITS research specifically aimed at rural challenges and deployed in rural environments.
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9. NEXT STEPS AND FUTURE RESEARCH

The authors recommend that the Technical Advisory Committee discuss and consider an action
plan for disseminating the information that was learned as part of this effort. Through this
information dissemination, awareness of the need for and resulting benefits of rural ITS can be
raised. This heightened awareness, in turn, will likely provide a greater opportunity for
increased focus on rural issues and targeted funding for rural efforts.

Based on the evaluation results of this effort, there are several additional areas that would make
interesting and useful studies to DOT’s in the rural environment. Future research ideas include:

e What is appropriate level (i.e., spacing) of detection for the rural environment?

e What is the success rate of deployment on-time in rural? How many ITS projects are
actually deployed, fully, functional, on time, in any environment?

e What impact do software and communications issues have on successful and useful
deployment in the rural environment?

e What should be the requirements for testing new technologies before deployment in rural
environments? Should only proven technologies be deployed in rural environments?

e What is the reliability of ITS devices in any environment? Is there a difference in
reliability between urban and rural environments?
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APPENDIX A

Department of Transportation
Traffic Management Section

5th Floor Transportation Bldg.
Salem, OR 97310-1354

(503) 986-3568

Movember 18, 1598

FILE CODE:

Jodi Carson

Western Transportation Institute
416 Cobleigh Hall, MSU-Rozeman
Rozeman, MT 59717-0395

FRONTIER Phase 2 Proposal

The Phase 2 proposal for “Rural Travel Time Estimation” is enclosed.
Please call me if you have any questions at (503) 986-3588,

Robert Fynn
Senior ITS Specilist

Enclosures

REicl ?/?7*‘ 14 s

Fhaie 2 proposal to WTI

PFarm PH-2372 (4/97)
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FRONTIER FHWA Pooled fund Project
Stage 2 Project Proposal — Oregon/California

Contact: Robert Fynn, ODOT, (503) 986-358%

Problem Title:
Rural Travel Time Estimation

Problem Description:
Travelers routinely complain about lack of real-time information about trip duration on the
highway. Detection of and response to incidents has been an ever-growing concern, and
notification of the travelling public about incidents and, more importantly, expected delay/travel
time is essential. This project will use vehicle identification technologies to provide travel-time
estimates on Oregon Highway No. 39 (Salmon River Hwy), MP 0 to MP 25,

Proposed Project and its Objectives:
This project will use vehicle identification technologies to provide travel-time estimates for two
contiguous highway segments: on Oregon Highway No. 39 (Salmon River Hwy), MP 0 to MP 25, and
US 101 between Lincoln City, and the US 101/Highway 39 junction. This stretch of highway serves
significant rural travel and also connects two large tourist attractions: a casino on one end and Lincoln
City, a popular coastal destination also with a casino, at the other end. The highway is mostly 2 lane,
and traverses the Siuslaw National Forest. 1997 ADT was 17881 (11491 in 1994), with the highest
volume on a single day in 1997 being 28967. A combination of inconsistent cross-sections, high
percentage of slow moving trucks and campers/mobile homes (about 10% of ADT), passing
opportunities that are few and far between, mountainous terrain and speed zones routinely cause
congestion and incidents.

The project would establish three checkpoints as indicated on the above map at which vehicle
identification technologies would be implemented. The US 101 section is considered essential
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because often times congestion on this short section occurs irrespective of the congestion level of
the other stretch, and is thus a concern for motorists going to this destination.

License plate recognition (LPR) is being recommended for this project. The system would incorporate
algorithms to track vehicles moving past consecutive checkpoints, calculate a real-time moving
average of travel times and provide this mformation to motorists.

The system is envisioned to have four main components (see fig 1)

1. The onsite equipment that would do the data acquisition. This should be selected to be easily
interchangeable.

2. The communication component will include the actual communication medium and protocols,
together with any devices (¢g modems) that would connect field equipment to ODOT's Wide Area
Network

3. The processing software that would have an open architecture at both its data input (from the site
equipment) and data output (to a Traveler Information System server - a Microsoft SQL database
format for the output would probably be the most compatible for most agencies) ends. The
openness of the architecture would be essential in ensuring interfaces with FRONTIER member
states’ traveler information system needs.

4. The ATIS server software that would provide for the dissemination of the travel time information
using a browser interface on ODOT’s website. ODOT has this currently in development.

The three locations which have been identified as checkpoints for onsite installations are (fig 2):

. OR 22/ Hwy 39 intersection (Valley Junction), MP 23. This location has an existing ODOT
camera installation, and hence has a pole, a cabinet, power and a phone line. The site has no
nighttime illumination

. US 101/ Hwy 39 junction, MP 0.34 . This site has a cantilevered sign support that extends
over half highway. The sign is illuminated and therefore power is readily available, and there
is a telephone riser box about 230 feet from the cantilever support. The site has minimal
artificial lighting.

. US 101 at West Devil's Lake Road, the first signalized intersection in Lincoln City. The site
has power, communications availability, and street lighting. A nearby DMV office provides
possible easy access to ODOT’s WAN. The highway has multiple lanes in this section, but
has one through lane.

Investigations and literature review of the current technology revealed the following currently

available vendors and their products/services (divided into components 1,2 and 3 as defined

above, component 4 currently being developed by ODOT):

(a) Pearpoint Inc :

Component 1: The setup would include cameras mounted on overhead sign supports (or
roadside pole at the proper camera angle). The cameras would be connected to license plate
readers in a cabinet at the site. The license plate reader would convert the image captured by
the camera to data (locally). It would read the license plate, convert it to a binary ID number
ranging from 1 to 32767 (and dispose of the actual number read), time stamp the number and
transmit it to a central server for travel time calculation. The algorithm supposedly ensures that
there is less than a (0.1% chance that a vehicle ID number will be mismatched downstream..
The tag would be disposed of after use, such that the privacy of the driver and vehicle would be
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preserved. The equipment would also read license plates at night, since it works only with an

infra red illuminator installed at the sites, and doesn't rely on or respond to other light sources.
Component 2: Data transmission would be to via a local phone call (or possibly by radic modem
or other communication method deemed feasible and economical) to the nearest ODOT
facility/network connection point.
Component 3: Pearpoint Inc. of California has proprietary processing software from their
affiliates TrafficMaster of UK. We could have Pearpoint essentially be system integrators and
supply as with this software, but this then would not be public domain. Alternately we could
have the software developed for and owned by FRONTIER. This would probably imply greater
initial costs, some post-installation debugging, ete, but could be a better option since we have
input into the development of the algorithms and software,

Anticipated costs (from Pearpoint) are as follows:

Cost of LPR equipment: 6 cameras, recognizer assemblies, illuminators =5 49,300
ALPR software dev’t (on-site license recognition) and licensing =35 25,500
Travel-time estimate and algorithm and software development =% 30,600
On-site surveys and commissioning =% 19,380
Equipment installations, communication, travel time server, poles, etc* =3$ 30,000
TOTAL =5 154,780**

ALPR software development would be to customize the software to recognize Oregon plates.
Initial discussions indicate that this would be a one-time recognition/training cost for a state that
wants to use the ALPR system. Annual fees for use of the ALPR will be waived. On-site
surveys and commissioning would be to inventory the site, and ensure the system functions.
Costs may be reduced due to the pre-existence of poles, etc. Pearpoint would not provide
system integration or erection of poles, or arranging for phone connection, among other things.
* Estimate. Also includes cabinets, ete

(b) Computer Recognition Systems (CRS):
Component 1: Another system developed by Computer Recognition Systems, based in
Cambridge, has a Numberplate Reading System (NRS) that performs similar functions, albeit
with distinct differences. The NRS, which runs on a Windows NT platform, has been used
primarily for violation enforcement (red light, speed, HOV). It may be adaptable for the project.
It works by capturing the image of the license plate, and then using optical character recognition
(OCR) and specified syntax —checking rules to read the license number. This system depends on
ambient illumination at the site (daylight or installed night/infra-red illumination) and would be
inoperable during periods of low light and poor visibility (snow, fog, etc). Product information
claims an average recognition rate of 85-95% for unobstructed vehicle numberplates in good
weather (and lighting). The NRS can supposedly also read all countries’ plates at maximum
vehicle speeds using visible or infrared illumination at night.
Component 2: NRS ‘offers extensive communication facilities and extensive image and text
database capabilities.” ‘A range of network protocols is supported and the NRS can store data
locally for later transmission should a communication link go down’,
Component 3: Product catalogs did not indicate any travel-time software. CRS is only a vendor
of components, not a system integrator.
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fe) Transformation Systems, Inc.
Component 1: Transfo is essentially a system integrator, and uses CRS's equipment; they've also
started deploying a High Resolution Digital System which they say can be used for our
application. Transfo supplied four cameras, lights and four LPRs to WsDOT for a border
crossing time estimate project for about the $140,000 without system integration. The system
has not yet been installed by WsDOT. They also partnered with TxDOT to implement a video
based HOV enforcement project using LPR (more information on their website -
http:/fwww.transfo.com/recent.htm),
Component 2: No information was readily available but they indicated they could work with
various communication interfaces,
Component 3: The total cost quoted above includes $125,000 for software. They were hesitant
to give out too much information at this point, but are open for discussion of the project.

It is important to note that the travel-time estimation system can be built using different
manufacturers/sources for the various components, if that is desired.

This travel estimate would then be fed into the Traveler Information system. ODOT intends to deploy
some portable VMS signs at strategic decision points leading to this corridor to help travelers chose
the route of preference. (An alternate route to the coast is available.)

The estimated average would also be compared to a pre-established free-flow ( or more appropriately
‘normal uncongested’ flow) travel time. Significant differences would alert a dispatch/maintenance
station for proper response after the incidents (if any) are verified. It is not certain how timely this
incident detection will be, but will serve as a basis for possible further refinement.

Objectives of the project are:

* Provide continuous real-time trip duration estimates that would feed into Oregon’s Traveler
Information System to provide pre-trip travel estimates, and en-route travel information
Investigate vehicle identification technologies and how to deal with privacy issues
Facilitate faster rural incident detection and response

Integrate with the existing Traveler Information System

Provide a system solution for travel time information for FRONTIER states.

* Provide travelers the information needed to plan their trips before starting out, thus cutting
down delay, congestion, pollution, noise etc

* Help with continuous monitoring of travel conditions and Levels Of Service
Reduce traveler frustration about lack of incident information

* Provide faster incident detection and response technology, and potentially save lives. There
were 189 accidents from 1995 to 1997, of which 9 were fatal

s Generate delay estimates for en-route advisories via VMS signs, HAR, etc

Data availability for project evaluation:
A permanent Automatic Traffic recorder (ATR) station situated at MP 23.76 provides vehicle
classification data. Permanent count stations also exist on the alternate route to possibly provide
information and correlation between increase in traffic on alternate route and message displayed on
the VMS signs.
In a few months the experimental video system should generate speed and density/occupancy data
at this same location.
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Accident information is collected under Oregon’s Safety Priority Indexing System (SPIS).
Corridor studies have been done in the recent past that included some data collection. 1996 travel
time estimates have been measured for different sections of this corridor on a per-mile basis for
auto traffic, truck traffic and combined traffic. The data also has projected travel times per section
under different scenarios.

**OQDOT is prepared to provide some State of Oregon funding for the project.

Estimated Timeline:
The estimated duration for ordering the equipment with the required algorithm, preparing the site,
installing the equipment with all necessary communication links, to final commissioning, is 6
months
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APPENDIX B

FRONTIER
FHWA Pooled Fund Project

Detailed Proposal

CONTACT INFOEMATION:
Name: Tai T. Nguven

Title: Intelligent Transportation Systems Manager
Affiliation: Texas Department of Transportation

Address: 2501 8. W. Loop 820
Fort Worth, Texas 76133

Phone: (817) 370-6624
Fax: (817)370-6707
Email: tnguv@mailew.dot.state.tx.us

PROBLEM TITLE:

High Water Level Sensors To Aid Maintenance Personnel’s Rapid Response To Hazardous
Water Crossing Locations,

PROBLEM DESCRIPTION:

We have several rural locations which have a history of "water over the roadway" problems. We
would like to test a water level sensor installation on these two-lane facilities to reduce detection
time of and improve response time to this hazardous condition.

The system we propose would use sensors to detect water above a safe level, and/or above the
roadway surface. When activated by high water the system would access a cellular telephone to
notify a central location “base station” of the conditions. The base station would provide pre-
recorded voice and/or pager notification of the alarm condition to maintenance personnel. Itis
proposed that this system will also provide an immediate local wamning to drivers by activating
flashers on an appropriately located " Water over R.oad When Flashing" advisory or “Do Not
Enter / High Water” warning sign, until maintenance personnel can arrive to place barricades if
necessary.

To make this installation feasible and cost effective in rural areas, solar cells are envisioned as the
power source and Cellular telephone is the recommended communications method.
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PROPOSED PROJECT AND OBJECTIVES:

The objective of this project is to provide critical real-time warning of roadway flooding
conditions, both on-site to the motorists directly affected by the condition and remotely to
TxDOT - Fort Worth maintenance residency. This real-time warning will generate the lead time
necessary for maintenance personnel to respond to the conditions and determine the need for a
road closure, or other corrective action, to protect motorist safety.

The method proposed for providing this real-time warning is to install infrared water level sensors
at a location identified by our Wise County Area Engineer. The proposed location has a history
of flooding on the approaches to the structure, which creates an illusion of safety. The site will be
more fully described in the following section “PROJECT SITE(S)".

The proposed project will place commercially available infrared water level sensors at critical
locations on each approach to the site. These sensors will be placed in a vertical tube constructed
to allow free flow of water, but to minimize interference from debris and sediment that the water
may contain. The sensor installations, by nature, will not accommodate a breakaway mounting
installation method. The sensors will be placed to provide the first warning, or alert mode, when
water is within two feet of reaching the roadway surface. The second sensor will be placed to
provide the second warning, or alarm mode, when water reaches the roadway surface. Each
sensor installation will contain two infrared sensors, and a local controller equipped with a VHF
radio transceiver and a solar power system. The VHF transceiver will provide local
interconnection with the two advanced signing installations.

The advance signing installations, Figure 1, will be placed approximately % mile from the affected
approach(s). The sign installations will be configured to activate amber LED flashers when either
sensor station provides a first level warning, or
alert. The amber LED flashers will accompany the
default signing display of “Possible Flooding /
water over road / when flashing”. If either sensor
station activates a second level warning, or alarm,
both signing installations will activate red LED
flashers and change the accompanying signing
display to “Do Not Enter / High Water”. These
signing installations will also contain a pole
mounted NEMA enclosure housing a local
controller, along with a mechanical changeable
message sign, red and amber LED flashers, solar
power system, and VHF Radio transceiver for
interconnection with each other and the sensor
assemblies. One signing installation will be
designated as the master and will also contain a
cellular telephone for communications with the Figure 1

central computer “base station”, The signing

installation will be installed with breakaway mounts to meet current roadside installation safety
guidelines.
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A central computer equipped with the vendor's software will provide a “base station™ for
monitoring sensor outputs remotely, The base station provides a “heartbeat” function to monitor
status of sensors, batteries and other field components. The base station also provides the ability
to reset the field components condition or over-ride a local reset based on maintenance
personnel’s evaluation of conditions. The central computer will also employ a pager notification
system to insure that the appropriate personnel are aware of changing conditions, especially
outside normal business hours when the base station may not be monitored by office personnel.
Figure 2 illustrates the conceptual system design for this proposal.

[HIGH WATER WARNING SYSTEM]|

WATER. SENSOR I 7 WATER SENSOR

Wi VHF RADIO {WEET FO Wi VHF RADIO
TRANSCEIVER / 'I'RIN'[T’I?A> TRAMSCEIVER
RIVER
CELL PHOME
COMM
CENTRAL
CONTROL
STATION
PAGER HOTIFICATION OF

MAINTEHANCE PEESONHFEL

Figure 2

An option has been identified to also place a CCTV video camera near the field locations to
provide additional service to maintenance and operations personnel, however this option is not
included in the current proposal due to anticipated funding limitations. If funding permits TxDOT
will investigate this enhancement at a later date, the enhancement is described herein for
reference. Depending on site conditions, the video enhancement would consist of one or two 40’
utility poles fitted with a fixed mount, or pan/tilt/zoom mounted, monochrome video camera in a
controlled environment housing. The housing should be fitted with both heater and wiper
mechanisms. The installation would also include a solar panel, a cellular telephone antenna and a
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small enclosure near the base of the pole containing the camera control receiver, a cellular
telephone and modem, a solar charging system with batteries, and a commercially available video
compression unit. During normal (non-incident) conditions the cellular telephone would be
powered but the camera would not. During High Water alerts and/or alarms, maintenance and/or
operations personnel would be able to dial-in to the camera, power the camera up and view the
conditions reported by the detection system prior to dispatching maintenance personnel. This
would provide additional awareness and information about site conditions that maintenance
supervisors could use to determine proper response, and to allocate appropriate material and
personnel resources.

ANTICIPATED BENEFITS AND DELIVERABLES:

The key benefit is to provide a reliable notification of dangerous “water over the roadway”
conditions to motorists and appropriate agency maintenance, and/or operations, personngl
whenever those conditions occur. There is significant liability exposure for non-action in these
hazardous situations whether we were aware of them or not. This project attempts to improve
agency awareness.

If this project proves viable and reliable, this warning system, deployed area-wide, will provide
agency personnel the necessary notification of problem areas and the appropriate response time to
protect the driving public and the department from a dangerous situation. The deployment will
also provide an immediate local warning to motorists to protect them until agency personnel can
arrive to manage the site.

Deliverables for this project will include design and operational experiences gained by the
department and an evaluation by the department’s maintenance/operations personnel of the real-
world usefulness of this type of installation. Additionally, an outlined set of design, installation,
maintenance and operations guidelines, specifications and standards plan sheets will be delivered
for use by other agencies.

It is anticipated that the installations described in this proposal can additionally provide a
reasonably priced foundation for additional rural and/or remote capabilities, depending on an
agency’s needs. By changing or adding the appropriate sensors an agency can deploy a remote
site capable of any or all of the following envisioned capabilities:

Detection of roadway icing conditions;

Detection of visibility hazards, such as fog;

Detection of hazardous high crosswind conditions;

Monitoring of funding related environmental conditions, such as ozone.

While researching commercial availability of systems to support this High Water Detection
System proposal, we discovered that reasonably priced sensors are available to allow an agency to
tailor this proposal to any or all of the above listed capabilities.

Western Transportation Institute Page B-4



Appendices

DATA AVAILABILITY:

The data available for evaluation of the site and the effectiveness of this proposal includes the
following:

* Average rainfall during a 24-hour period which causes the site to flood,

® MNumber of times during previous three years that the site has experienced water over
the roadway;

® Number of times during the previous three years that maintenance personnel have had
to close the site due to water over the roadway;

® Average time from water covering the roadway to notification of maintenance
personnel to maintenance personnel arriving on-site.

¢ Number of property damage claims or injuries associated with High Water hazard at
this site compared with county-wide reports;

Data sources include:

® Master accident listing;
® TxDOT Maintenance and Engineering records;
® Base station data logs (evaluation phase);

PROJECT SITE(S):

The proposed site is located in Wise County, Texas on Farm-to-Market road 3259 near the town
of Paradise, as shown in Figure 3. The facility is a two lane, undivided, asphaltic concrete
pavement surface connecting Farm-to-Market road 51 to State Highway 114, The specific site is
a crossing of the West Fork of the Trinity river.

According to the Wise County Resident Area Engineer, the hazardous High Water conditions at
this site actually occur on the approaches to the structure over the Trinity river, rather than at the
structure itself.

There are no existing transportation systems at the proposed site.

The proposed project’s control systems will be not initially be integrated with the department’s
existing Intelligent Transportation System (ITS) initiative, known as TransVISION. The project
will function as a stand-alone initiative for rural ITS applications, and to evaluate the effectiveness
and efficiency of the concept and equipment. If the concept is proven, the next anticipated actions
will be to expand the coverage of this proposal to other sites in Wise County and in the other
counties served by this district. '

Western Transportation Institute Page B-5



Appendices

Prposed High
Water Deatsction
Pra ject Site

FM-3259% Crossin
the West Fork o
the Trinity River

Wise County, Texas

Figure 3

Western Transportation Institute Page B-6



Appendices

ESTIMATED EQUIPMENT AND IMPLEMENTATION COSTS:

A commercial product was located to perform the required functions of this proposal.
Discussion of this proposal with Department engineering/maintenance personnel and the vendor
produced the following equipment requirements:

Qompgnem Lig.*mg; and estimated pricing:
) Qt}. I'._.i':'.

1200

G “//Description’” GEE
Sentry H Roadway High Water Warning System |nc|ude5
(2) infrared sensors, (2) light/sign stations.

Each light/sign station includes: one 36" x 36”
changeable message sign (high intensity), (1) amber 12"
LED flasher, (1) red LED flasher, (1) Model 4600
controller/VHF radio transceiver w/ antenna , (1) 100
Amp - 12 VDC GelCell battery w/ solar charger and
regulator, (1) 15" x 4” aluminum pole, (1) 187 x 24" x
18" aluminum enclosure, all cables and mounting
hardware, (1) set Complete Installation, Operating and
Maintenance Manuals.

I Price (each)’
5 10,988.00

3012

Additional remote roadway wireless water level sensor
station, includes (2) infrared sensors with VHF radio

9015

$3,395.00

transceiver. )

Upgrade llghu’mgn stations to break-awa}r pole mounts:
includes base, collar and pole.

$595.00

8002

Central Computer Display and Remote Control Station,
includes current technology personal computer w/
printer, receiver, Sentinel software, and dial-out.

$5,595.00

7402

Cellular phone auto-dialer module

$2,500.00 |

NIA

System installation, configuration and testing provided
by vendor.

$ 5,000.00

Sub-Total

$43,051.00

+

Incidentals and Contingencies (10%)

$ 4,305.00

Total

5 47,356.00

Toinsure cost and quality controls, we believe that procurements for this project should be a
proprietary purchase. This method will allow local TXDOT purchasers to negotiate the final price
with a short list of qualified vendors known to be able to deliver the specified items, within the
specified timeframe. To further control costs, TXDOT will provide all necessary traffic control
and will make department owned equipment and operators available to the vendor for operations
such as drilling foundation cores. TxDOT will also provide inspection services for this project.
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The optional video enhancement for this project would require:

o  Two 40" utility poles;
Two monochrome closed circuit television cameras, with manual zoom lens;
Two controlled environment housings, with heater and wiper mechanism;
Two fixed camera mounts compatible with pole type used,
Two pole mounted NEMA enclosures (2’ x3’, approximately);
Two camera control receivers,
Two solar power systems with extended storage capacity to service heater
applications;
Two cellular telephone systems with modems;
Two video compression systems compatible with dial-up/cellular telephone service;
One video compression system central unit compatible with field units and dial-
up/cellular telephone service.

The cost of the optional video enhancement is estimated at $60,000.00, for this project.

ESTIMATED TIMELINE:
The estimated duration of equipment purchase and installation is 6 months.

Due to the need for specific environmental conditions to evaluate the effectiveness of this
proposal, TxDOT suggests a lengthy evaluation period on the order of 2-3 years.
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APPENDIX C

Rural Travel Time Estimation

(Literature Search for the Frontier Pooled Fund Study)

1.0 Introduction

Travel time estimation is an important input for ATIS applications, which are suitable to be
adopted in rural transportation settings (e g., Oregon in this project). The real-time information
provides motorists opportunities to make informed decisions. It is also used to implement traffic

management applications and strategies for optimizing network productivity.

1.1. Topic Areas
e Other travel time estimation projects
e Use of video for license plate reading

e Product information from manufacturers of license plate reading systems

e Privacy issues related to reading license plates
e Use of traveler information by the traveling public in rural areas
e Benefits of travel time estimation/traveler information in rural areas

e Algorithms used for travel time estimation

1.2. Methodology
1. TRIS Online v2.6 database: keyword search
Keywords used:
e “Travel time estimation”
e “Travel time” and estimation and rural
e “Traffic surveillance” and “incident detection” and project
e “License plate” and reading
e “License plate” and privacy
e “Traffic surveillance” and privacy
e “License plate” and manufacturer
e “Information dissemination” and traveler
e “Traveler information” + rural

e “Travel time” and estimation and algorithm and accuracy
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2. Yahoo! Advanced Search
Keywords used:

e “Travel time estimation”

e Video and “license plate reading”

e Privacy and “license plate reading”

e Product and “license plate reading”

e “Traveler information dissemination”

e “Rural traveler information” and benefits

e “Travel time” and estimation and benefits
1.3. Summary of Results

1.3.1.  Other travel time estimation projects
1. Review of Current Practices on Freeways (Paracha and McDermott, 2001)

The objective of the paper is was to improve the understanding of current practices related to
real-time travel time data collection, applications, issues, and effectiveness. In addition to an
extensive literature review, a survey of thirteen transportation agencies was conducted. The
survey results indicate that motorists like this information and would like to have more
reliability, coverage, and predictability.

2. Travel Time Estimation on Freeways Using Loop Detectors and AVI Technologies

In the paper (Ford, 1998), a literature review, phone interviews and a questionnaire were used to
help identify the current state-of-the-practice and the advantages and disadvantages for loop
detectors and Automatic Vehicle Identification (AVI) technologies used for travel time
estimation on freeways.

It was found that many state agencies are familiar with installing and maintaining loop detectors
and that the cost of a loop detector system to measure travel time is relatively low. However, the
travel time data is subject to errors in high speed or congested conditions. Loop detectors are also
prone to failure and often require maintenance, which often leads to lane closures and the
interruption of traffic.

Travel time can be accurately estimated with minimal roadway equipment by using AVI
technology. Radio frequency antennas are often mounted on existing structures and spaced up to
10.8 km between reader stations. AVI technology is ideal for traffic management and ATIS due
to their numerous uses of accurate travel time data. However, the biggest drawback of AV1 is the
capital and installation cost.

3. Evaluation of Travel Time Estimation Methodologies (Hamm, 1993)

The report investigates different travel time estimation methodologies in order to evaluate their
advantages, limitations accuracy, ease of measurement, and applicability for different uses. The
first section of the report describes four existing methods that are currently used to collect travel
time data: floating car, license plate matching, cellular telephone reporting and detector systems.
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The second section identifies emerging technologies: automatic vehicle identification and global
positioning.

4. Travel Time Estimation in Houston and San Antonio (Eisele and Rilett, 2002)

The paper describes how ITS data can be used to provide travel time information specific to
commercial vehicles and to perform transportation system monitoring. Data were collected along
a two-mile (3.2-kilometer) freeway segment in Houston (US 290) instrumented with AVI1 at 0.5-
mile spacing. Data were also collected along a two-mile (3.2-kilometer) freeway segment in San
Antonio (IH-35) instrumented with inductance loop detectors at 0.5-mile spacing. Commercial
vehicle travel time data were simultaneously collected by video along the corridor for
comparison to AVI and inductance loop detectors. Instrumented test vehicle data were also
simultaneously collected using distance-measuring instruments (DMIs) along the corridor at less
than five-minute headways.

The results provide insight into how corridor travel time mean and variance may be estimated
from both AVI and inductance loop detectors, and how these estimates compare to estimates of
mean and variance for commercial vehicles. It was found that it may be reasonable to provide
travel time maps and information in real-time specifically for commercial vehicles for just-in-
time or fleet operations. ITS travel time data sources, such as AVI in Houston, were also found
to provide a very cost-effective data collection method.

5. A Real-time Travel Time Prediction System in a Freeway Construction Work Zone

The paper (Zwahlen and Russ, 2002) summarizes the evaluation of the accuracy of displayed
travel times from a real-time travel time prediction system (TIPS) in a construction work zone,
The system includes changeable message signs (CMSs) displaying the travel time and distance to
the end of the work zone to motorists, which are computed by an intelligent traffic algorithm and
travel-time estimation model of the TIPS software. The inputs for the model are taken from
strategically placed microwave radar sensors that detect the vehicle traffic on each lane of the
freeway. The TIPS system also includes the computer and microcontroller computing the travel
times, 220 MHz radios for transmitting data from the sensors to the computer and from the
computer to the CMSs, and trailers with solar panels and batteries to power the radar sensors,
CMSs, and radios.

TIPS was specially developed for applications in freeway work zones, but can be used on any
freeway that experiences recurring congestion. It is recommended that the Ohio DOT implement
TIPS in suburban or rural freeways (Pant, 2000).

6. Using Cell Phones as Traffic Probes in the San Francisco Bay Area (Ygnace, Drane, Yim and
Lacvivier, 2000)

The report describes research that evaluated the feasibility of using cell phones as traffic probes
in the San Francisco Bay Area. The report discusses the associated institutional environment,
followed by a review of cellular positioning techniques. Results from analytical and simulation
models are reported. The report concludes with a discussion regarding how a field trial could be
implemented, which would consist of making actual travel time measurements using one or more
cellular telephone systems, making ground truth measurements using existing technologies, and
comparing the results with a Global Positioning System (GPS) vehicle probe solution.

7. Estimating Link Travel Time on I-70 Corridor in Rural Colorado (Khan and Thanasupsin,
2000)
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The report represents the findings of a study that demonstrates the feasibility of estimating link
travel time and speed in real-time for rural, mountainous sections of interstate freeway in
Colorado using vehicles instrumented with GPS receivers, serving as probes in traffic streams.

The system configuration developed includes a cost-effective, portable GPS deployment unit,
communication links to a server PC and an integrated prototype system for vehicle tracking and
estimating link travel time statistics. This study was carried out in two phases. The objective of
the first phase was to identify a cost-effective means of monitoring traffic within a rural,
mountainous stretch of the 1-70 freeway. An algorithm was developed to estimate average link
speed, travel time and the standard error of estimates to provide user information on the
reliability of the estimates based on the probe data. In the second phase of the project, a real-time
demonstrational prototype was developed to receive, process and estimate link travel time and
speed statistics in real-time. The system was tested off-line and on-line based on field data
received from the 1-70 corridor. In addition, GPS receivers were deployed using a commercial
vanpool service and the system was evaluated further.

8. The Central Artery/ Tunnel project in Boston, Massachusetts (Gregorski, 2000)

The "brains” of the system, the two redundant, mirror-image central processing units and the
operations control center (OCC), are already working. The goals of the system are efficient travel
control, rapid incident detection and incident management, support for the police and fire
agencies, environmentally safe tunnels, and efficient operations and management. Within the
overall system, over 1,400 loop detectors measure traffic volume and occupancy, including video
detection systems, which are currently being field-tested, to supplement the loop detectors and
integrate traffic surveillance and monitoring.

9. Arterial Link Travel Time Estimation in the Minneapolis/St. Paul area

The envisioned operational tests of ATIS and ATMS in the Minneapolis/St. Paul area call for the
provision of timely and reliable travel times over an entire road network. The project (Zhang,
Kwon, Wu, Sommers, and Habib, 1997) examines the development of improved arterial travel
time models using loop detector data. In the first phase, researchers reviewed existing travel time
models, collected traffic data, and developed a travel time database. The second phase will seek
to develop and evaluate new travel time estimation models.

10. CAPITAL ITS Operational Test and Demonstration Project

Focus of the project (University of Maryland - College Park, Transportation Studies, 1997) was
assessing the viability of using cellular-based traffic probes as a vehicular traffic surveillance
technique in the Washington D.C. metropolitan area. The project had three objectives: 1) to
determine if cellular phones provide a cost-effective means of wide area traffic surveillance; 2)
to determine if this type of information can be effectively integrated into a real-time area-wide
traffic management system; and, 3) to determine if packet data transmission over a cellular
phone communications network provides an effective means of disseminating real-time traffic
information. Results were promising, however, the project did not produce the level of accuracy
as hoped for due to several factors, including: geolocation accuracy, speed estimation algorithm,
and incident detection algorithm.

11. Construction of the AVI System on the Metropolitan Expressway

AVI terminal equipment has been installed at 19 points on the Metropolitan Expressway to
collect license plate information (Morikawa, Takahashi, Yano, Hirao, Kojima, Komada, and
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Shimada, 1996). Travel times are calculated using speed data from vehicle detectors, but with
AVI terminal equipment, vehicle identification has become possible offering improved accuracy.
Although such travel time information is the result of making the best use of features of AVI
terminal equipment, this equipment can also be applied to many systems, e.g., the Dynamic
Origin-Destination (OD) information. The paper describes the AVI system structure, travel time
verification results, the authors' concrete policies regarding equipment installation for Dynamic
OD information using AVI terminal, and discusses the feasibility of AVI applied systems.

12. Travel Time Estimation and Incident Detection Software of ADVANCE (1991-1996)

The ADVANCE archive (http://ais.its-
program.anl.gov/advance/reports/travel.time.software.html) contains the reports that document
the development of the software algorithms used at the Traffic Information Center to estimate
and predict both average and dynamic (real-time) travel times in the ADVANCE network, based
on data obtained in real time from remote sources such as vehicle location probes, in-pavement
traffic volume and occupancy detectors, and anecdotal incident reports.

13. Travel Time Estimation On Japanese Rural Expressways

In order to estimate the time required to pass through the bottleneck sections on Japanese rural
expressways, the highway authorities have equipped their expressway systems with vehicle
detectors or AVI systems.

The objective of the study (Makigami, Murakami, Takeuchi, and Shimizu, 1995) is to investigate
the reliability of the travel time information obtained. A traffic survey was conducted along with
travel time measurements using AVI cameras; the traffic flow was recorded using television
cameras at a junction. From the results, an investigation was undertaken to determine the
relationship between the rate of recognition of vehicle license numbers and recording conditions,
such as traffic volume fluctuation and traffic jam conditions. Particular attention was paid to the
accuracy and reliability of travel time measurements from the video recordings.

14. Santa Monica Freeway Smart Corridor Demonstration Project (Roseman and Skehan, 1995)

Transportation engineers from the City of Los Angeles DOT working closely with JHK &
Associates have developed an arterial incident detection methodology. They have produced an
algorithm that has been integrated into a multi-agency traffic management system. The
integrated arterial incident detection system currently provides automated incident surveillance
on the five-hundred forty signalized intersection Smart Corridor arterial network.

See also: Caltrans Realtime Freeway Speed Map at http://www.dot.ca.gov/traffic/.
15. TRANSMIT Project (Marshall and Batz, 1994)

The Transportation Operations Coordinating Committee's System for Managing Incidents and
Traffic (TRANSMIT) within the greater New York City area was initiated to establish the
feasibility of using Electronic Toll and Traffic Management (ETTM) equipment for traffic
surveillance and incident detection applications. ETTM technology offers the potential for using
vehicles equipped with toll tags to serve as vehicle probes within the traffic stream of the area for
which surveillance is being established.

16. Automated Travel Time Information System on Route 9 in Western Massachusetts
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A travel time information system using automated license plate imaging has been implemented
on a segment of Route 9 in west